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HaumoHanHa TMnonoruja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

1.YBOJ

HakoH BuwerogmMiikber Npoyyasatsa 1 paja Ha 13pa-
O TMnonorvja ctambenux 3rpaga Cpbuje objasrbeHvx y
BMLIE HayuYHMX MOHOrpaduja', CTU UCTPaXMBAYUKK TVIM
ApxuteKToHCKOr dakynTeTa, MalumHcKor 1 EnekTpoTtex-
HUUKOr GakynTeTa, AedrHMCa0 je 1 HaumoHanHy TMnono-
rvjy Wwkonckmx 3rpaga. OHa je Aeo Wvper NpoyyaBarhba,
cnposefeHor y nepunoay 2016-2018. roaunHe, Koje ce ny6-
NVKyje NCToBpeMeHO a 6aBK NCTpaXkMBaH-em eHepreTcke

' Bupnetn moHorpadwvje rpyne aytopa (JosaHoswh lNonoswh
M, Virreatoswh [, Pagmsojesuh A, Pajunh A, fiykoswrh
Nribatosuh H, HykaHosuh Jb. 1 Heanh M) y n3nary GlZ-a
1 APXUTEKTOHCKOT dakynTeTa: ATnac nopoanuHux Kyha
Cpbuije/Atlas of Family housing in Serbia (2012), Atnac
BMLWenopoanuHnx 3rpaga Cpbuje/Atlas of Family housing in
Serbia (2013) 1 HaumoHanHa TMnonoruja crambeHrx 3rpasa
Cpb6uije/National Typology of Residential Buildings in Serbia
(2013).

1. INTRODUCTION

Having completed the extensive research and de-
velopment work on the typologies of Serbian residential
buildings that were published in a number of scientific
monographs,' the same research team from University
of Belgrade Faculties of Architecture, Mechanical Engi-
neering and Electrical Engineering went on to define the
National Typology of School Buildings. This typology is
part of a wider research into the energy efficiency of the
public buildings in Serbia, conducted between 2016 and
2018, and published concurrently. The research as well as
the publication of the results was supported by the GIZ

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



edukacHoCTV GoHAa jaBHMX 3rpafa y Cpbujn. VicTpaxu-

Barbe, Kao 1 MybnvKkoBare pesyntata nogpkao je M3

(Deutsche gezellschaft fur internationale zusammenar

biet). PesynTaty ucTpaxunsarba nyonunkyjy ce, pagm nak-

wer npaherba MaTepyje 1 BeAMKOr 0buMa, y OKBMPY TpK

MOHorpadwje:

+ Kroura 1 32pade wKosackux u npedwKocKux ycma-
HOB8A — MemMOoJOI0WKU OK8UP hopMUpdra muno-
J102uje u N0bO/bWArLA eHepemcKe ehukacHocmu
noapasymesa MCTOPWjCKM Nperfief pa3goja 3rpaja
WKOMCKMX M NPeLKONCKMX YCTaHOBa, Pa3Boj pery-
naTvBe 13 0Be 06MaCcTW, METOAOMNOM )Y BpLIEHa No-
nvca n opmrparsa TMNoornje 3rpafa, MpopadyH
NOTeHUMjanHWX ylUTeia eHepruje 1 CMakbetba emu-
CUje yribeH- AMOKCWaA KPO3 NpoLece eHepreTcke
obHOBe 3rpaaa

+ Krbura 2 Tunosnozuja wikonckux 32paoa

+ Krbura 3 Tunosozuja 32pada npedwKoIcKuX ycmaHoea

lMoacTvuaj 3a NCTpaxKBarbe KBanuTeTa 3rpaja jas-
He HameHe jecTe UMkbeHMLa Aa, Y3 CTambeHe 3rpaje, oHe
unHe Hajgehu geo rpaheBMHCKOr GOHAR 3eMsbe, a Holi-
XOBOM eHepreTCKoM OBHOBOM MOXeE Ce, Y BENMKO] MepW,
CMarb1TV NOTPOWHA eHepruje, anv U emucuja yribeH-
anokcmaa y Cpbuju. Takobe, unaHCTBOM Yy EHepreTckoj
3ajegHuum, Cpbuja je npeysena Ha cebe obasese Koje
cy y noTnyHocTn ycknahere ca upekTtrusama EBponcke
yHUuje? a Tnuy ce yHanpeherba eHepreTcke epuKacHOCTU
rpaheBuHCKOr GOHAa 3rpafa na je OBO UCTPaxuBarbe Yy
KOHTEKCTy nocTojehnx obasesa anu 1 notpebda.

Krbura 2 Tunonoauja WKoaCKuUX 32padd nofpasyme-
Ba KnacudrKoBarbe LUKOMCKYX 3rpaja Nno BeAMYMHI 1 ne-
proauma rpaare, aeduHuile moryhe HUBOE eHepreTcke
obHoBe (OMOTay 3rpafie, anvi ¥ MaWWHCKK 1 enekTpoe-
HEPreTCKM CUCTEMM, KAO 1 MOTeHUMjanHe ywTeae eHep-
rvje Ha HuBoy Penybnuke Cpbuje). M3abpaHu v npuka-
3aHK penpe3eHT NpefcTaB/bajy CTBApPHEe 3rpafe Koje

2Directive 2010/31/EU on the energy performance of buildings
(recast) - 19 May 2010 n

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

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

(Deutsche Gesellschaft fir Internationale Zusammenar-
beit GmbH). For the purpose of easier perusal of the vo-
luminous research, it was decided to publish the results
in three separate monographs:
Book 1 School and Kindergarten Buildings -
A methodological framework for the formation of
typology and the improvement of energy efficiency,
which provides a historical overview of the develop-
ment of school and kindergarten buildings, the ad-
vancement of the regulations in this field, the meth-
odology of the inventory and the formation of the
typology of buildings, and the calculations of poten-
tial energy savings and the reduction of carbon di-
oxide emissions through the processes of energy-ef-
ficient renovation of the buildings
Book 2 Typology of School Buildings
Book 3 Typology of Kindergarten Buildings

The incentive to research the quality of public build-
ings was provided by the fact that they, along with residen-
tial buildings, account for the largest share of the country’s
building stock and that their deep renovation can greatly re-
duce energy consumption and carbon dioxide emissions in
Serbia. Moreover, by joining the Energy Community, Serbia
has assumed obligations that are fully harmonized with the
European Union directives’ and are concerned with the im-
provement of the energy efficiency of the building stock. In
this light, the present research should be viewed in the con-
text of both the existing obligations and demands.

Book 2, Typology of School Buildings, offers the clas-
sification of school buildings by size and periods of con-
struction, and defines possible scope of energy-efficient
renovation of not only the envelope of the buildings but
also mechanical and electrical power and energy sys-
tems, as well as the potential energy savings at the lev-
el of the Republic of Serbia. The selected and present-
ed samples are real buildings that correspond to the

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

Directive 2012/27/EU of the European Parliament and of the
Council of 25 October 2012 on energy efficiency, amending
Directives 2009/125/EC and 2010/30/EU and repealing
Directives 2004/8/EC and 2006/32/EC Text with EEA relevance
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0froBapajy MOLEeNCKIM 3rpajjaMa uuje Cy KapakTepucTu-
ke yTBphHEHE Ha OCHOBY MOMKMCa U KnacTep aHanmse. 3Ha-
uaj TMNONOLWKe KnacuduKaumje WKONCKMX 3rpaaa orneaa
Ce Y LUMPOKO] MPUMEHSBMBOCTY NMPK AOHOLEHY CTpaTell-
KX OAJlyKa 3a OOHOBY W OCTaVIX LUKOMCKMX 3rpada Koje
YnHe 0Baj fAeo rpahesuHckor doHaa Cpbuje.

2. IUKONCKE 3rPAAE Y BPOJEBUMA

[Monuc WKONCKKX 3rpafia je CNpoBeeH Ha TepeHy To-
Kom 2016. 1 2017. roaurHe, a fobmnjeHV nofaum cy yHeTu
y CneumjanHo kpenpaHy 6a3y nofataka, NoToM npeyse-
TV, KOPUWNEHW ¥ NPEeTPaXMBaHN NPUMEHOM Creuujan-
HO KperpaHor codTBepa WTO je AeTa/bHO U3NOXKEHO Y
Kromsn 1 32pade wKoaCKUX U NpeOWKOICKUX ycmaHosa
— MemoOoJIoWKU OK8UP (hopMuparea munosioauje u no-
60/bWArba eHepeemcke epukacHoCmMu.

Kopuwhere oBor codTeepa je omoryhuno npetpa-
XUBatbe KpevpaHe 6aze MO CBUM MOCTaBSbEHVM MU-
TakblMa KPO3 TPU HUBOA YNUTHMKA®:

+ MPBUW HUBO YMUTHMKa 0byXxBaTa NeT NuTarba Kojuma
Cy MOEHTUGMKOBaHE NHCTUTYLM]E jaBHe HamMeHe,

« APYIN HMBO YNUTHMKA YMHN 14 NnTarba, @ HamerbeH
je NCKIbYYMBO 3a aIMMHUCTPATMBHE 3rpaje, LUKose 1
BpTWhe; NUTakbMa cy AedurHUCaHN NoNoxaj (aape-
Ca, KaTaCTapcKa napuena) kao 1 OCHOBHW NOAaLM O
3rpaau (Bpeme rpahersa, HameHa rpadHbe, MoCTojaHe
enabopata eHepreTcke ePpUKaCHOCTY UK eHepreT-
CKOT Mperneaa, kao v ceptndrkata o eHepreTckum
CBOjCTBMMA 3rpajia Tj. eHepreTCKm NacoLw),

« Tpehu, 1 HAJOBUMHWjI, HABO YNUTHMKA CafpKK 48
NUTakba 1 HaMerbeH je camo 3a Wkone v BpTuhe, a
00yXBaTMO je apXUTEKTOHCKe KapaKTepUCTYIKe 3rpa-
[e, Kao 1 MpUMeHeHe c1cTeMe 13 JoMeHa MalluviH-
CKINX 1 eNeKkTponHCTanaumja.

HakoH cnposeaeHor Nonuca, yHolwera nofataka y
bopmmpany 6asy v Banuaaumje NpUKynbeHrx nogaraka
bopmmpaH je y3opak o 1.857 WKONCKMX 3rpada.

3Y Krbm3m 1 32pade wKoackux u npeoduwKoICKUX ycmaHosa —
MemOoOOJIOWKU OKBUP (popMUParba munosioauje U Nobosbarea
eHepeemcke eqoukacHoOCMu AaTo je NpeLr3Ho objallberbe
CTPYKTYPE 1 HaumnHa Gopmmparsa ynmnTHIKa

8

model buildings, characteristics of which have been de-
termined upon the inventory and cluster analysis. The
significance of a typological classification of schools lies
in its wide applicability to strategic decisions about the
renovation of other schools that make up this segment
of the building stock of Serbia.

2. SCHOOL BUILDINGS IN FIGURES

The inventory of school buildings was compiled in the
field in 2016 and 2017. The obtained data were entered
into a specially created database and then retrieved, pro-
cessed and searched using custom-designed software,
which is detailed in Book 1 School and Kindergarten Build-
ings — A methodological framework for the formation of
typology and the improvement of energy efficiency.

The software made it possible to search the created
database by all the queries through the three levels of
the inventory questionnaire:

The first level of the questionnaire with five queries,

which identified public bodies;

The second level with 14 queries, which was filled

only for administration buildings, schools and kin-

dergartens, and which specified the location (ad-
dress, cadastral parcel) and basic data about the
building: when it was built, whether it was purpose-
built, whether an energy efficiency study or energy
audit were conducted, and whether it was issued

Certificate of Energy Performance of Buildings (en-

ergy passport);

The third and most comprehensive level with 48

queries, which was filled only for schools and kin-

dergartens, and which included the architectural
characteristics of the building as well as the applied
mechanical and electrical installation systems.

After the compilation of the inventory, the formation of
the database and the validation of the data, it was found
that a sample of 1,857 school buildings was formed.

?Book 1 School and Kindergarten Buildings — A methodological
framework for the formation of typology and the improvement of
energy efficiency, offers a precise explanation of the structure
and the method of forming the questionnaire



bpoj wkonckux 3rpaga y Cpbujn

YkynaH 6poj wkonckmx 3rpaga y Cpbwju yceojeH je Ha
OCHOBY aHanu3e nofataka Koje fajy fBa jaBHO JOCTyMHa
13BOpPA:

1. Ha cajty Penybnunukor 3aBofa 3a CTatncTuky Cp-
6uje peaoBHO ce 0bjaBrbyjy NybnvKaumje 13 obnactu fe-
noBatba 0Be MHCTUTYLWje. LLIkoncke 3rpage cy obpahere
y BYLUE 13BOPA:

« Cmamucmuyku 200ukak Penybsuke Cpbuje- 06pa-

308arbe*, KOju Cce 0bjaBrbyje roanilHe 1
+yoksupy CaonuwTersa: OCHOBHO WKO/ICKO 06pa30-

garbe y Penybnuyu Cpbuju’ u CpedrowKoIcko 0bpa-

308arbe y Penybnuyu Cpbuju® koju ce objassbyjy no-

UETKOM W1 Kpajem CBake LUKOJCKe roAnHe.

Y oba v3BOpa je youeHO Aa He MOCTOjU MPeunsHo fe-
drHMCaHa pasnurka namehy WKOMCKKX 3rpaga v UHCTU-
TyuWja WwKona v Tek nopeherbem ca ApyrvimM 13BOprMa
MOTJIO Ce 3aK/byunTV Aa je pey O WKOCKMM 3rpajama.
Takohe, 6pOj LLKONA, Na TMMe W LUKOACKIMX 3rpaja, Npome-
H/BUB je 13 roavHe Y rofrHy: 6p0j OCHOBHWX LKOMa Ona-
Aa a 6poj cpenrux Wkona pacte. OBe npomeHe cy y oba
Cnyyaja MUHUManNHe, Marbe of 1%.

2. MMHWCTapCTBO MpPOCBETE, HayKe M TEXHOMOWKON
pa3soja Peybnuke Cpbuje Takohe objaBrbyje nopaTke
O WKOMlaMa 1 WKOMCKMM 3rpafiama y Cpbuju’. YeBugom y
nofaTke MOXe Ce KOHCTaToBaTu Aa ce 6a3a cacToju of
YKYMHO 4.444 NHCTUTYLMje, LUKOJE U MOAPYKHE LWKOoSIe ca
yKynHo 6.052 pa3nuunta objekTa y cBom cactasy. Mehy-
TVM, BENVIKM BPOj LKONa He nocefyje HujeaHy 3rpagy, a
HaBefeH je BennKM OpOj LWKoNa ca Bpo Manum 6pojem
ydyeHuKka (oo net). M3bauvBarbem 13 6ase wkona 6e3
3rpafa, Kao M MHCTUTYUMja ca Makbim 6pojem Haka of
neT, 6poj WKONCKMX 3rpaja je ceefieH Ha 5.474. OBaj 6poj

* httpy//webrzs.stat.gov.rs/WebSite/repository
documents/00/02/63/78/05-Obrazovanje.pdf

> http://www.stat.gov.rs/WebSite/repository/
documents/00/02/06/06/dd10032016.pdf

© http://webrzs.stat.gov.rs/WebSite/repository/
documents/00/02/48/33/SB-621-SrednjeSkole2016-17.pdf
’ http://opendata.mpn.gov.rs/
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The number of school buildings in Serbia

The total number of school buildings in Serbia was ad-
opted upon the data analysis provided by two publicly
available sources:

1. The Statistical Office of the Republic of Serbia reg-
ularly publishes updates on its activities on its website.
School buildings are covered in several sources:

Statistical Yearbook of the Republic of Serbia —

Education,* published annually, and

within the Communiqués: Primary School Education

in the Republic of Serbia,’ and Secondary Education in

the Republic of Serbia,® published at the beginning

and end of each school year.
As it was noticed that neither of the sources contained
a precisely defined difference between school buildings
and schoolinstitutions, the conclusion that the figures re-
ferred to school buildings was only possible by compari-
son with other sources. Besides, the number of schools,
i.e. school buildings, varied from year to year: the num-
ber of primary schools was decreasing while the num-
ber of secondary schools was growing. In either case, the
changes were minimal as they were lower than 19%.

2.The Ministry of Education, Science and Technologi-
cal Development of the Republic of Serbia also publishes
data on schools and school buildings in Serbia.” In light
of the data presented, it can be concluded that the in-
ventory lists a total of 4,444 institutions, schools and af-
filiated schools with 6,052 facilities. However, as a con-
siderable number of schools do not either own a single
building or have very few nynunc (up to 5), these were
omitted from the study, so the number of school build-
ings was reduced to 5,474. This figure should also not
be considered as final because other facilities, such as

* httpy//webrzs.stat.gov.rs/WebSite/repository/
documents/00/02/63/78/05-Obrazovanje.pdf

> http//www.stat.gov.rs/WebSite/repository/
documents/00/02/06/06/dd10032016.pdf

© http://webrzs.stat.gov.rs/WebSite/repository/
documents/00/02/48/33/5SB-621-SrednjeSkole2016-17.pdf
’ http://opendata.mpn.gov.rs/
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HWje KoHadaH Byayhuv fa cy nonncaHy 1 apyrin objekTw,
a He CaMO OHW Y KOjuMa Ce OABMja YUMOHMYKa HacCTaBa:
calne, KOTIapHULE, PafMOHNMLIE, OCTaBe, NOSbONPUBPEA-
HW 0BjeKTY, CTaHOBM 3a yunTesbe.

Mpempa nogauvma MuHUCTapCTBa MPOCBETE, Mako
BP0 OOMMHI 1 Ca BENMKUM BpOojeM noaaTaka no CBakoj
LWKONCKOJ UHCTUTYLM}W, He Aajy MpeLn3aH 6poj WKONCKMX
3rpafia Koje ¢y y QyHKUMjU 1 Y KojUMa Cce peloBHO OfiBMja
HacTaBa, 3a Aasby aHanum3y je KopunwheH nofgatak 3aBosa
3a CTaTUCTUKY. Tako, y 2016. rognHn y Cpbujm nma ykyn-
HO 3.890 OCHOBHUX ¥ CpPeArbUX LIKONa CBUX npoduna.
Kako je farba aHanmsa cnposefeHa Ha y3opky of 1.857
MOMMCAHMX LIKONCKKMX 3rpaja, LWTO Yy OOHOCY Ha yCBoje-
HW yKynaH 6poj o 3.890 wkonckux 3rpaga y Cpbujn y
2076. roanHy NpefcTas/ba N3y3eTHO BEVKN CTaTUCTNY-
K1 y30paK, KOHCTaTOBaHO je Aa dopmmpaHa 6asa nogata-
Ka omoryhaea AoHoLLerbe peneBaHTHIX 3aK/byYaka.

OCHOBHe KapaKTepuCTVKe LWKONCKMX 3rpaga W3-
rpaherux Ha TepuTopujn Cpbuje, Ha OCHOBY M3BPLIEHOT
UCTPaXKMBakba, MOy Ce 1CKazaTu Kpo3 Behu 6poj acne-
KaTa obpaheHnx y Aarbem TeKCTY.

Mepuvop n3rpagrwe

AHanunsupajyhv 6poj Wkona no BpemeHy Kaaa cy us-
rpaheHe KOHCTaTyjeMo Aa je cauyBaH BeNnKM 6pOj LWKOA-
CKMX 3rpafla 13 nepuopa npe [pBor CBETCKOr pata K
n3Mehy ABa CBeTCKa paTa Koje Cy jow yBeK y GyHKUMju.
Kao meprofu HajuHTeH3nBHMje N3rpafrbe NCTudy ce ne-
proan nocne [lpyror CBeTCKOr paTa Na ce MOXKe 3aK/by-
YTV Aa je M3rpadkea LKona npatuia obrmHy ObHOBY
M m3rpagry cTambernx 3rpaga y Cpbujn koja je 6una
HajuHTEH3MBHMja Y nepuody 1946-1979. rognne.? Mpo-
LEeHTyanHa pacnogena nonvcaHnx WKONCKMX 3rpada no
BPEMEHCKO] Knacuwvkaumjv 4aToj y YNUTHUKY NpUKasa-
Ha je Ha MpaduKoHy 2.1.

8 JosaHosuh Monosuh M, Uriatosuh [1, Pagvsojesurh A,
Pajunh A, hiykosumh Urbatosuh H, HykaHosuh Jb, Heauh M.
(2013) HauuoHanHa munonoeuja cmambeHux 32pada Cpbuje.
ApXuTeKTOHCKM GakynTeT, GIZ.

gymnasiums, boiler rooms, workshops, storages, agri-
cultural facilities, and teachers’accommodation quarters
were listed together with classrooms.

Since the data of the Ministry of Education, although
extensive and detailed in the account of each school in-
stitution, did not provide the exact number of functional
school buildings that maintained regular classroom op-
eration, the data from the Statistical Office were used
for further analysis. According to this source, there were
3,890 primary and secondary schools of all profiles in Ser-
bia in 2016. As the present study was carried out on the
sample of 1,857 school buildings listed, it was noted that
the statistical sample used to create the database was
large enough to allow for valid conclusions.

Based on the current research, the main character-
istics of school buildings built on the territory of Ser-
bia can be expressed through a number of aspects dis-
cussed below.

Period of construction

The analysis of the number of schools by the time
they were built indicates that there are many school
buildings built before the First World War and between
the two World Wars that have been preserved and that
are still in operation. The periods of most intensive re-
newal and construction of residential buildings in Serbia
occurred after the Second World War, in the period be-
tween 1946 and 19792 which suggests that it was ac-
companied by the extensive construction of schools. The
percentage distribution of the listed school buildings ac-
cording to the time classification given in the question-
naire is shown in Figure 2.1.

8 Jovanovic¢ Popovi¢ M., Ignjatovi¢ D., Radivojevi¢ A., Rajcic¢
A., Cukovi¢ Ignjatovi¢ N, Buknovi¢ Lj, Nedi¢ M. (2013)
National Typology of Residential Buildings in Serbia. Faculty of
Architecture, GIZ.



MpadukoH 2.1. 3aCTyn/beHOCT LWKOMCKMX 3rpaja NpemMa
nepuopny n3rpagroe [%]

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

>2012.

Huje geduHmcaHo N/A

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

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

0 10

Bynyhn na ce no CBOjUM OONMKOBHMM KapaKTepuc-
TMKaMa, Kao 1 KapaKTepucT1KamMa TePMUUKOr OMOTada 1
NPVYMEFSEHNX MHCTANAUMOHMX CUCTEMA, LKOSCKE 3rpage
HUCY MHTEH3WBHO Metbase, 3a notpebe dopmrparba -
nonoruje nepuoamnsalmja je CBeAeHa Ha YETVPY KapakTe-
PUCTWYHa Neproaa n3rparbe objeantbaBarbem Neproaa
JedVHUCaHNX KPO3 aHKeTHa NitTakba Y yNUTHULMMA. VcTe
KapaKTepuCTuKe NeproavisaLimje 3aapxane cy 1y Knacu-
brKaUmjm NpUMeH-eHOj 3a K3pagy TURNorvje ca nepuoan-
Ma 06jefViFbEeHNM Ha OCHOBY aPXUTEKTOHCKMX KapakTe-
pYCTVKa 3rpafja v noctojehe perynatuee’. (MadrkoH 2.2.)

MpadukoH 2.2. 3aCTyr/beHOCT WKOMCKMX 3rpaaa NpemMa
nepuoamn3aunjv yceojeHoj paan dopmmparsa tunonoruje [%]

< 1945.

1946-1970.

1971-1990.

> 1991.
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Huje geduHmcaHo N/A
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However, as there had not been any dramatic chang-
es in school buildings with respect to the characteristics
of design, the thermal envelope, or the applied installa-
tion systems, the periodization was reduced to four char-
acteristic periods of construction in order to form the ty-
pology by unifying the periods defined by questionnaire
queries. The same periodization characteristics were re-
tained in the classification used to develop the typology,
with the periods classified according to the architectural
characteristics of buildings and the existing regulations

(Figure 2.2)?°

Figure 2.2. Distribution of school buildings
according to the periodization used to form the typology [%]
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° Krbuira 1 3epade WKosCcKux U NpeowKonCKUX yCmaHoea —
MemoOoIOWKU OK8UP (hopMUpara munosioauje U Nobobwarea
eHepaemcke eukacHocmu

30 40 50 60 70 80 90 100

°Book 1 School and Kindergarten Buildings — A methodological
framework for the formation of typology and the improvement of
energy efficiency
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2.1. ApXMTEKTOHCKE KapaKTepuCTuKe
KoMnakTHOCT 3rpage

[Likoncke 3rpage AenvmmyHe pasybeHoctn dpopwme,
a MOTOM W 3rpafie KomMnakTHe popme YmHe Hajgehun feo
doHaa wkonckmx 3rpafa y Cpbuju; AOK Cy PeTKo, y Camo
21% cnydajeBa, WkKone rpaheHe kao pasyheHe dopme.
OBakaB MpOJeKTAaHTCKM MPUCTYN Mpom3nasu 13 QyHK-
Uuje WKOCKOr objeKTa rae ce yuroHuLe, CTaHaapaHor
00nMKa 1 AUMEH3Nja, 1 KabuHEeTU ca npaTehrM KOMyHW-
Kalyjama 1 CaHWUTapHUM MPOCTOPOM Hajuelwhe rpynu-
LWy OKO XOJNCKOT, MyNTUdYHKUMOHANHOT npocTopa. Vctu
NPOCTOPHYW pacrnoper] NoHaB/ba Ce 1 Ha CNpaTHUM eTa-
*ama ko Behunx objekata. Ha MpadukoHy 2.3. npurikasa-
Ha je NPOLEHTYyanHa 3acTyr/beHoCT 6poja 3rpada npema
KOMMaKTHOCTMW.

lpadukoH 2.3. 3aCTyn/beHOCT 6poja WKONCKMX 3rpaja
npema KOMNaKTHOCTW [%]

KOMMaKTHa compact

nenvmmnyHo pasyheHa partially complex

pasyheHa complex

Huje neduHmncaHo N/A

2.1. Architectural characteristics
Compactness of floor plan

Most of the school building stock in Serbia is com-
prised of schools with a partially complex or compact
floor plan, whereas the rare fully complex layout accounts
for only 21%. Such a design approach is derived from the
very function of the school facility, where the classrooms,
of standard shapes and sizes, the science laboratories,
the art and music rooms, and the accompanying com-
munications and sanitary facilities are most commonly
grouped around a multifunctional space of the central
hall. The same spatial arrangement is then repeated on
the upper floors in larger buildings. Figure 2.3 shows the
percentage distribution of the number of buildings ac-
cording to the compactness of the floor plan.

Figure 2.3. Distribution of school buildings
by compactness of floor plan [%]
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CnpaTHOCT wKona

[aneko Hajsehwn 6poj wkona y Cpbuju, ckopo nono-
BMHa, rpaheHe Cy Kao npu3emHe 3rpage. HewTo suiwe
Ofl YUeTBPTMHe 3rpafla MMa ABe HaazemHe etaxe (M+1),
TO JeCT HeWTOo BULLIEe Off YETBPTUHE VMa NpU3emsbe 1 [1Ba
cnpara. (MpadukoH 2.4.)

Bpoj WwKona ca BuLLE eTaxa je 13y3eTHo Manu 1 Beha
CNpaTHOCT ce cpehe camo Kof wkona ca sehvm 6pojem
YUMOHMUa, TO jecT Behe nospluvHe. Takobhe, WKone cy pe-
TKO rpaheHe ca NoapyMrMa, BULLE Off Mona WKoMa Hema

30 40 50 60 70 80 90 100

Number of floors

By far the largest number, almost half, of the schools
in Serbia was built as one-story buildings. Slightly more
than a quarter have two levels above the ground (GF +
1), while almost the same percentage has the ground
floor and two floors above (Figure 2.4).

Multi-storey schools are very few, with more floors
found only in schools with a great number of classrooms
or larger floor areas. Moreover, schools rarely have base-
ments; more than a half have no basement (55%), or



noapyme (55%) 1nn NOCToju jefHa NOAPYMCKa eTaxa y
KOjy ce cMellTajy noMohHe npocTopuje, Hajuewhe ocTa-
Be 3a orpes. (padukoH 2.5.)

MpadukoH 2.4. 3aCTyn/beHOCT LWKOMCKMUX 3rpajaa
npema CnpPaTHOCTU — Yy OAHOCY Ha 6poj Haa3emHux eTaxa [%]

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

there is a single basement level with the auxiliary rooms,
most often fuel storages (Figure 2.5).

Figure 2.4. Distribution of school buildings
by the number of floors relative to the number of levels
above the ground floor [%]

npusembe ground floor (GF) 49
M+1 GF+1 27
M+2 GF+2 15
n+3GrF+3 M4
M+4 GF+4 |1
Huje aeduHmcaro N/A 4
0 10 20 30 40 50 60 70 80 90 100
MpadukoH 2.5. 3aCTyn/beHOCT WKOMCKMX 3rpaaa Figure 2.5. Distribution of school buildings
npema CnpaTHOCTMN — Y OAHOCY Ha 6pOoj NoA3eMHUX eTaxka [%] by the number of floors relative to the number of levels
below the ground floor [%]
0 55
1 35
2 |1
Huje pedrHmucaHo N/A 8
0 10 20 30 40 50 60 70 80 90 100
MoBpLmHa WwKone Building size

(6pyTO pa3sujeHa rpaheBMHCKa NOBPLUMHA)

Hajsehn 6poj wkona y Cpbuju, Maga He 1 AOMU-
HaHTHO, CMafla y Knacy mManvx wkona, Ao 500 m? wro
notephyje 1 unkbeHnla Aa Cy TO YraBHOM NpusemMHe
3rpage rpabeHe y paHujuM neprioavma v Hajuelhe BaH
rpafckux cpeanHa. Cpearnx v BeNMKMX WKoAa MMa Npu-
6AVKHO jefiHaK OpOoj 1 MOXKe Ce 3aK/byunTy fia cy rpahe-
He Y KaCHMjUM NeproanmMa, y rpaickim CpearHama, kaaa
je 1 aowno [o Harnor nopacta 6poja CTaHOBHWLWITBA U
HaTtanuTeTa (Nepwoa nocne [pyror ceeTckor parta). (Mpa-
bUKOH 2.6.)

(gross floor area)

In Serbia, there is a slight preponderance of the type
of small schools with the gross floor area of up to 500 m?,
which corroborates the fact that these are mostly one-
story buildings, built usually outside the city in earlier pe-
riods. There is an approximately equal number of medi-
um-sized and large schools, which were mainly built in
urban areas in later periods, when there was a rapid in-
crease in population and birth rates (post-Second World
War period) (Figure 2.6).
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lpadukoH 2.6. 3aCTyn/beHOCT LWKONCKMX 3rpaja
npema pa3sujeHoj OpyTo NoBPLLMHM [%)]

<500 m?

500-2000 m?

> 2000 m?

Huje feduHmncaHo N/A

Figure 2.6. Distribution of school buildings
by the gross floor area [%]
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Tun KpoBa 1 Kopuwhere NOTKPOBHE eTaxe

Kapa je obnMkoBarbe KpoBa Yy MNuTarby, [aneko
Hajsehy 6pOj LIKONCKKMX 3rpafia MMa KOCK KPOB, Yak 85%.
(MpaduKoH 2.7.) loM1HaHTHa je n3rpafba KOCKX KpOBO-
Ba Y CBMM MepuMOAMMa, Ca PEeTKMM K3y3elrma npojek-
TOBakba PaBHOI KPOBa Kafa Cy TO KapaKTepUCTUYHM
APXUTEKTOHCKM MpaBuM y oapeheHnmM nepuoamma Ha-
mMeTanu, npseHcTBeHO 70-ux 1 80-1Mx rofgnHa npoLnor
Beka. YecTe cy MHTepBEHLMje Ha OPUTVHANHKM KPOBO-
BMMa LWITO Ce KO KOCKX KPOBOBA Ornefa y 1Ay afanta-
LMja TaBaHCKOr MPOCTOpa Y KOPUCTaH MpoCTop, a TUme
1 nosehasa KBagpaTypa WKONCKMX 3rpada. Koa paBHMx
KPOBOBa Ce HakHafHe afjanTaumje ofHOCe Ha JOrpaarby
HOBOI MPOCTOpPa, FAe je MCTOBPEMEHO M3BPLUEeHa U pe-
KOHCTPYKLMja paBHVX KPOBOBa Koje, ycnen CTapocTu u
nojage Lyperba, Tpeba caHnpaTH.

lpadukoH 2.7. 3aCTyn/beHOCT LWKONCKMX 3rpaja npema Tuny
KpoBa [%]

pagaH flat
Koc pitched
KombrHoBaH combined

Huje feduHmncaHo N/A
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Roof type and attic use

With respect to the roof form, by far the most com-
mon type is the pitched roof, accounting for as much as
85% of the school buildings (Figure 2.7). The pitched roof
was predominant in all the construction periods, while
the flat roof design was a rare exception imposed by
the architectural styles characteristic of certain periods,
primarily the nineteen-seventies and -eighties. The in-
terventions on the original roof were very common. In
pitched roofs, the attic was usually converted to a usable
space, which at the same time increased the floor area of
the school building. In flat roofs, the subsequent adapta-
tions were vertical extensions to gain more space and at
the same time to reconstruct the flat roof in need for re-
habilitation, probably due to age and leakage.

Figure 2.7. Distribution of school buildings by roof type [%]

85

30 40 50 60 70 80 90 100



MpadukoH 2.8. 3aCTyn/bEHOCT PA3NUUUTIIX KPOBHMX NMOKPMBaYa
Ha WKoNCK1M 3rpadama [%)]

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

Figure 2.8. Distribution of roofing materials [%]

upen clay tiles 69
nvm metal sheet
LWibyHaK gravel
6eToHCKe nnoye concrete slabs 1
apyro other 7
0 10 20 30 40 50 60 70 80 90 100

3aCTyN/beHOCT  Pas3nyUTUX  KPOBHKX MOKPYBaYa
npuvKasaHa je Ha [padumkoHy 2.8. Moxe ce KOHCTaTOBa-
TV Aa naneko Hajgehn 6poj 3rpada 1Mva upen Kao KpoB-
HV NOKpPWMBaY, JOK je Apyri No 3acTynbeHocTv num. OBo
y MOTNYHOCTW OAroBapa paHujoj KOHCTatauujn fa je
Hajsehur 6poj Wwkona rpaheH ca kocm KpoBoM. Hapas-
HO, LUKONEe 13 paHuWjVx Nepuoda MoKpriBaHe Cy Lpenom,
[IOK Ce€ HELUTO KacHWje KopWCTMO nm. Manu 6poj WKo-
na, N3BEAEHMX Ca PaBHNM KPOBOM, MOKPMBAH je LbyH-
KOM mnv GeTOHCKMM nnovyama. Ha ocHoBY npoueHTyan-
He 3acTyn/beHOCTW, TaBaHCKM MPOCTOp ce Y Hajsehem
6pojy cnyyajesa (90%) He kopucTw. (MpadukoH 2.9.) Camo
Y W3Y3eTHUM Cfly4ajeBrMa NOTKPOBIbE je MPOojeKTOBaHO
Kao KOPWCTaH WKONCKM NPOCTOP WV je HakHaAHO aaan-
TMpaHo. Kao WTo je momeHyTo, ajantauuja TaBaHCKMX
NpOCTOpa M AOrPaHba eTaxa KOf LUKOMa Ca PaBHMM Kpo-
BOM je BWA HakHagHe MHTepBeHUuje, anu byayhn na ce
UCTPaXKMBarbe 6asvpa Ha OPUMMHANHOM MPOJEKTOBAHOM
CTatby, OBe [JOrpadH-e HUCY Y3MMaHe y 0031p.

MpadukoH 2.9. 3acTyn/beHoCT Kopuwhera TaBaHCKOr
npoctopa [%)]

The distribution of the types of roof cladding is shown
in Figure 2.8. It can be noted that most buildings were
clad in clay tiles, followed by metal roofing sheets. This
fully supports the earlier finding that most schools were
built with a pitched roof. Obviously, the schools built in
the earlier periods were clad in clay tile, while metal roof-
ing appeared later. Gravel or concrete slabs were used in
the few schools with flat roofs. Based on the percentage
distribution, most of the attic space (90%) was not uti-
lized (Figure 2.9). Very rarely, the attic was designed as a
purposeful school facility, or was subsequently adapted.
As mentioned above, the adaptations of attic spaces and
the vertical extensions on flat roofs occurred as types of
subsequent interventions so that such additions were
not considered in the present research, as it was based
on the original designs.

Figure 2.9. Distribution of the use of the attic space [%)]

navyes 5
He no 90
Huje aeduHmcaHo N/A 5
0 10 20 30 40 50 60 70 80 90 100

Takohe, TaBaHWLa MCNOA HerpejaHor TaBaHa, y Hajsehoj
Mepu, Huje n3onosaHa. (MpadwkoH 2.10.)

Moreover, most floor constructions to the unheated attic
were not insulated (Figure 2.10.).

wi



HaumoHanHa TMnonoruja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

lpadukon 2.10. MocTojarbe TepMour3sonalpje y cknony
TaBaHMLe Ka HerpejaHoM TaBaHy (%]

Figure 2.10. Existence of thermal insulation in the floor
construction to the unheated attic [%]
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navyes 7
He no
HUuje pedunHmMcaHo N/A 7
0 10 20

Kopuwhetre noapyMckrx npoctopa

Beh je HarnalweHo fa Buile Of NONOBKHE aHanM3vpa-
HVX WKOMa Hema Noapym. Y CiydajeBrmMa Kaaa LWKOMCKa
3rpafa “ma NoapyMm, CIMYHO TPETMaHy TaBaHCKOr NMPOC-
TOPa, KOPMUCTL Ce Kao MOMONHM NPOCTOP KOjM Ce He rpeje,
a TaBaHMUa Ka MoApyMmy Yy CBOM CKJIOMy HemMa Cnoj Tep-
MUUKe 3allTUTE LWTO je ui1yCTpoBaHo Ha lpadwmkoHy 2.11.

Camo 1% wWwkona uma yrpaheHy Tepmowsonauujy
y cKknony mehycnpatHe KOHCTPYKLUMje Ka HerpejaHom
noapymy. lNpetnocTasba ce Aa Cy TO YrMaBHOM LUKOne
NpOojeKTOBaHe Yy CKOpWjeM Nepuoay, of yBohera npBux
nponMca O TEPMUYKOj 3aliTUTL 3rpafa Koju cy obage-
3VIBaNV Ha NPOPayYyH TEPMMYKIMX KapakTePUCTUKa CBUX
efnemMeHaTa TePMUYKOr OMOTauva 3rpafe. Y Hekum chy-
YajeBrMma, KaCHMjOM adanTaLnjom, HapoYUTO NocCe Npw-
K/byyerba 3rpafja Ha Ja/bMHCKe cucTeme rpejarba, Nof-
pyMCKe MpocTopuje paHuje KopuwheHe Kao ocTage 3a
OrpeB W NIOXMOHMLE NpeHaMereHe Cy y KOPUCHEe pafgHe
npocTtope (Tpnesapvje, b1bnAnoTeKe ).
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Basement use

As it was mentioned above, more than half of the
school buildings in the present study did not have a
basement. In cases where there was a basement, it was
treated similarly to the attic area, as an unheated auxiliary
space with a floor above the basement without thermal
insulation in the construction (Figure 2.11).

Only 1% of schools had thermal insulation installed
as part of the floor construction to the unheated base-
ment. It can be assumed that these are mainly schools
designed in the recent period, since the introduction of
the first regulations on thermal protection of buildings
that obligated the calculation of thermal properties of all
elements of the thermal envelope. In some cases, espe-
cially after the buildings were connected to the district
heating systems, the basement areas previously used for
boiler rooms or fuel storage were converted into useful
workspaces, such as dining rooms or libraries.



MpadukoH 2.11. MNocTojarbe TepMou3onauuje y cknomny
TaBaHuLe Ka HerpejaHom noapymy [%]

nayes 1
He no

Huje aedunHmMcaHo N/A

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

Figure 2.11. Existence of thermal insulation in the floor
construction to the unheated basement [%)]
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3acTyn/beHoCT Npo3opa Ha pacaaun

AHanvsa 3acTym/beHoCTV Mnpo3opa Ha dacaaun je
ypaheHa npema apXWUTEKTOHCKUM KapaKTepucTMKama
3rpaja, To jecT npema HauvHy TpeTMaHa npo3opa Yy pas-
JIMYNTUM MCTOPU]CKMUM Nepuroamma. Moxe ce pehu fa cy
y PaHWjM NeproaMMa Npo30pw TPETUPaHW NojeanHaY-
HO, U Y OAHOCY Ha MOBPLUMHY YUMOHMLE Kao Marbk OT-
BopW, ca Behnm Bpojem NoAeoHMX NPeYKK, Y3poKyjyhu
4ecTo M HefloBOSbaH OCBeT/baj y NpocTopy. Ca Hanpe-
TKOM VHIYCTPMje 1 NOjaBOM KBaNUTETHU|MX MPO30pa U
moryhHouwhy yrpafrse BeNnx CTakneHrx NoBPLWWHA, Kao
1 yBoherbem Nponumca ca AedUHUCaHNM HMBOMMA OCBe-
T/baja M BUCMHe MapaneTa y yYnmoHmLama, v NPO30PCKM
oTBOpYW Cy noctanu Behn obe3behyjyhu y yuroHmyama
He CamMO KBafMTETaH OCBET/baj HEOMXOAAH 3a KBanuUTeT-
HO Npahetbe HacTaBe Beh 1 6OSbY BM3YEHN KOHTAKT Ca
CNosbHOM CpeanHoM. LLIkona ca Bennkim NpoLeHTom oT-
BOpa Ha Gacaam y aHanm3mnpaHoMm y30pKy 1ma oko 70%,
WTO je NpwKazaHo Ha MpadukoHy 2.12. Koa marber 6poja
OBMX LWIKOMA MPO30pW Cy CNOjeHr Yy BUAY NPO30PCKMX
Tpaka, WTO ce Takohe MOXKe TyMaumnTV Kao MoLTOBarbe
CTUACKMX OANMKA apxuTeKType oapeheHor neproaa.
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Window-to-wall ratio

The facade window-to-wall ratio was analyzed with
regard to the architectural characteristics of the build-
ings, i.e. how this feature was treated in different histori-
cal periods. It can be said that in the earlier periods win-
dows were treated as single openings, small in relation
to the classroom floor area, with a multitude of muntins,
which frequently provided insufficient lighting of the
space. With the advancement in window manufacturing
that enabled the installation of large glass surfaces, as
well as the introduction of regulations that defined the il-
lumination levels and parapet heights in the classrooms,
the window openings became larger, providing not only
good lighting conditions necessary for classwork, but
also better visual contact with the outside environment.
In the analyzed sample, approximately 70% of schools
had a high window-to-wall ratio, as shown in Figure 2.12.
In a few of these schools, the windows were organized in
ribbons, which can be interpreted as respecting the sty-
listic features of the architecture of a particular period.
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lpadukoH 2.12. 3acTynsbeHoCT Npo3opa Ha dacaan [%]

[10CTa oTBOpa (NojeanHauHn>50%) high ratio (single>50%)
focTa otBopa (y BMAY Tpaka>50%) high ratio (ribbon>50%)

ca mano oTsopa low ratio

lpadukoH 2.13. 3acTyn/beHOCT BPCTa NPO30pa
npemMa maTepujany npo3opckor okerpa [%]

KombrHoBaHo combined
anymmHmjym aluminium
MBL PVC

apBo wood

[lo nojase PVC npo3opa Haj3acTyrbeHujn cy ounm
APBEHW MPO30PW, Y MOYETKY jeAHOCTPYKM, a KacHuje
ABOCTPYKM Ca WMPOKOM WM YCKOM KYTUjOM WK TUM NPo-
30pa ,KPWIo Ha Kpwno” VICToBpemeHo, CropeaHu wunm
XONCKM MPOCTOPW MOTIM Cy BTV 3aCTaKIbEHN 1 METANHIM
npo30pKnMa, TO jecT Nperpagama, T38. LPHOM 6paBapujom.
[aHac, ckopo 90% wkona 1ma Npo3ope Ca APBEHUM, Of-
HocHO PYC pamoBKMMa, IOK je MpUMeHa anyMUHM]YMCKMX
Npo30pa peTka WTo Npukasyje lpadukoH 2.13.

Tpeba nctahwv fa je y npouecy caHauwmje WKONCKMX
3rpafa npsa mepa obHoBe ynpaBo Ouna 3ameHa A0Tpaja-
NVX ApBeHVX Npo3opa 1 upHe 6pasapuje PVC nposzo-
pVMa Ca M30MaUMOHUM CTaKIMMa, YMME Ce NOCTM3ano
1 nobosbliarbe eHepreTcke ePUKaCHOCTN OOHOBHLEHNX
3rpafa. Mako je npumeHa oBe Mepa 0OOHOBE Y BENVKOM
6pojy cnyvajeBa Aosena Ao Nobosbliakba eHepreTcKor
paspefia 3a jeflHy Knacy Kako je Hawum nponucrma o
TEPMMYKOj 3aWTUTK ObjekaTa ycnosmbeHo'?, PVC npo3zo-

10 MpaBWHKK O YCIOBUMA, CAAPMKUHI 1 HAUMHY 13[aBatba
cepTudmKaTa 0 eHepreTckum CBojcTBMMa 3rpafa (Cr. rmacHuK
PC, 6p.69/2012)

Figure 2.12. Facade window-to-wall ratio [%]
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Figure 2.13. Distribution of window types
by frame materials [%)]
60 70 80 90 100

Before the emergence of PVC units, wood was the
most common material for windows. At first, these were
single- and later double-framed units in a wide or a nar-
row box, or had connected double frames. At the same
time, the auxiliary spaces or hall areas could have cast
iron windows or muntins installed. As soon as PVC win-
dows appeared, they gained wide popularity so that al-
most 90% of schools in the present study had wooden
or PVC frames, while the use of aluminum windows was
rare (Figure 2.13).

It should be noted that the first measure in the pro-
cess of renovation of school buildings was the replace-
ment of deteriorated wooden and cast iron windows
with PVC insulating glass units, which also helped to im-
prove the energy efficiency of the renovated buildings.
Although in many cases this renovation measure led to
an improvement of one energy class according to our
regulations on thermal protection of buildings,'® the PVC

"The Rulebook on the conditions, content and manner of
issuance of certificates of energy performance of buildings
(Official Gazette of the RS, No. 69/12)



pvi yrpahuBaHy Npu PEKOHCTPYKUWKM Hajuewhe Hucy
OfroBapan faHalbKiM 3axTeBMMa perynatuee'’, nako
NPUMEHEHM CTaKIOMNaKeTV jecy ABOCTPYKM M30MaLmno-
HW, an NPO30PCKM Pam HIje 3aA0BObaBajyNnx KapakTe-
pYCTVIKa. 3aTO Ce, Kao jeaHa oA Mepa yHanpeherba WKon-
CKUX 3rpafa, NpYMerbyje 1 Mepa Koja feduHuile camo
3aMeHy Mpo30pa, anun Ca KapaKTepucT1Mkama npema 3a-
XTEBaHVM CaBPEMEHVM Mponucyma. Tpeba nctahu ga 'y
CnyyYyajeBuMa rae Cy Npo30py 3aMerEeHY, Mepa NMOHOBHE
3aMeHe MOXe [I0BECTU [10 esbeHOor Nobosbliarba Camo
aKo Cy NpO30pK M3Y3eTHO KBANUTETHU U yrpaheHu Tako
[la ce NoCTUrHe [obpa 3anTUBEHOCT.

3acTopu

YNPKOC NOCTOjatby BEMMKMX MPO30PCKMX MOBPLIMHA
jy»KHe opujeHTaumje, Hajsehn 6pOj LKOACKMX 3rpafa Y
Cpbujn H1je onpemsbeH 3acTopuma (Yak 63 %) oK camo
1% WwkKona nmMa cnorballkbe 3aCTope, WTO je jJaCHO BULASbU-
BO Ha [padukoHy 2.14.

OBa UmMrbeHMLa yKa3yje Ha lole YCnoBe TOMIOTHOT U1
cBeTnocHor komdopa y wkonama. Maga wkone He pane
TOKOM jyNna 1 aBrycTa, AnpekTHo CyHUYEBO 3paderbe, Yak U1
TOKOM 3UMCKMX MeCeLr, MOXKe AOBECTU 10 NperpeBat-a
Koje ce Hajuelwhe pellaBa OTBapaH-em Npo3opa na ce He-
notpebHo rybu Tonnota. AnpektHo CyHUeBO 3paverbe,
Kof npo3opa 6e3 yHyTpallkbKX 1 CrosballHbix 3aCTopa,
610 Aa Cy NOKPeTHW nnn y dopmu CTpexa 1 bpurconeja,
CUrYPHO AOBOAM 1 10 NOjaBe brbecka Koju oMeTa KBanu-
TeTHO Npaherbe HacTase 1 jedaH je of OWUTHKX GakTopa
cgeTnocHor komdopa (Crankosuh, Koctuh, JoBaHosuh
Monoswuh, 2014).

' 3a npo3ope y noctojehim 3rpagama Koje ce obHaBsbajy
KoedVUMjeHT Nponasa TonaoTe NPo3opa U3HOCK HajMarbe
U=1,4W/m?K, npema MpaBunHnky o eHepreTckoj eprkacHOCTH
3rpaaa (Cn. rmacHuk PC, 6p. 61/2011)

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

windows installed often did not comply with the current
requirements.” The characteristics of the window frames
were found to be unsatisfactory even though double-
glazed glass units were applied. For this reason, as one of
the measures for the improvement of school buildings,
there is a suggestion that defines only the replacement of
windows, the performance of which will be in accordance
with the contemporary regulations. It should be noted
that in schools in which windows have already been re-
placed, the replacement measure can lead to the desired
improvement only if the windows are of high quality and
installed so that solid water- and air-sealing is ensured.

Blinds

Despite the fact that there were large south-oriented
window surfaces, most school buildings in Serbia were
not equipped with blinds (as much as 63%), while only
1% of schools had external blinds (Figure 2.14).

This indicates poor thermal and lighting comfort in
schools. Although schools do not work during July and
August, direct sunlight can lead to overheating even dur-
ing the winter months; this is most often solved by open-
ing the windows, which causes unnecessary heat losses.
Without a shade, either internal or external, movable or
fixed as in awnings or brise soleil, direct sunlight will in-
variably cause a reflection that interferes with classwork,
and is an important factor of light comfort (Stankovic,
Kosti¢, Jovanovic¢ Popovic, 2014).

" For windows in existing buildings to undergo renovation,
the heat transfer coefficient for windows is at least U=1.4
W/m?K, according to the Rulebook on Energy Efficiency of
Buildings (Official Gazette of the RS, N0.61/2011)
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lpadukoH 2.14. 3acTyn/beHOCT 1 BPCTE 3aCTopa Ha NPO30oprMa
LIKONCKKX 3rpaga [%)]

Hema no blinds
cnosbalkby external

yHyTpaLutsu internal

Mprimer-eHn MaTepurjanu GpacagHor 3vuaa

TpaanumoHanHo Hajuelwhe kopuwheHn Matepwujanm
3a 3uaarbe 3rpafa y Cpbuju cy oneka (Mpso myHa a noTom
1 OWYnSbeHa) a 3aTM Yy HOBUWjEM MEPUOLY OMneKapCKu
6nok. OBa fiBa MaTepujana Cy 3acTyrnsbeHa y dacagHum
31OBMMA LKONCKMX 3rpafa Yak y 85% cryyajesa, WTO
je unyctpoBaHo Ha lpadmkoHy 2.15. Kpo3 NPoLeHTYanHy
3aCTYM/bEHOCT PAsNNUUTUX TPaNEeBMHCKMX MaTepujana.
3aCTyn/beHOCT BETOHCKIIX 3U10BA je 13Y3ETHO Masa, Tako
[a ce npumMeHa 6eToHa cpehe Hajuewhe camo Kao cac-
TaBHW €0 KOHCTPYKTMBHOM cucTema. Mafa ce y nepu-
ofly npe [lpyror CBETCKOr paTa a HapouuTo npe Bennkor
paTa hepnuh unn Haboj KOPUCTNO Kao KOHCTPYKTVBHM
maTepujan y nojefuHm pervoHvma Cpouje, a'y apyrima
APBO, HIXOBA 3aCTYM/bEHOCT Y MOCMaTPaHOM Y30pKY je
TaKo Mara fla ce MoXe Y MOTNyHOCTH 3aHeMapuTu. To je y
CKMaay Ca NPeTXOAHUM 3aKbyulliMa O rybrberby permo-
HalHVIX KapakKTepuUCTMKa rpadhe HakoH [lpyror ceeTckor
pata (JosaHosuh [Monosuh, CraHkosuh, Majkuh, 2014).
VinaK, WKONCKMM 3rpafama carpaheHnm of OBKX maTe-
pujana Tpeba NOCBETUTU NMOCEOHY Naxkby, Na vy Cydajy
[a npectaHe mUX0BO Kopuwherbe Kao WKONCKOr Npoc-
Topa. Tpeba vx cauyBaT, OBHOBWTY M 3aLUTUTUTL Kao €0
Halle UCTopujcke BaliTUHe, a NUTarbe HKXOBE eHepreT-
CKe CaHaluje 3axTeBa NOCEOHY Maxkby Yy CKIOMy CBeo-
byxsaTHe NpobnemaTuke 06HOBE 1 3alUTUTe, CAIMYHO M-
Tatby OOHOBe cTambeHor GpoOHAA KOjU AaTMpa M3 MCTOr
nepvofa (hykaroswh, Pagnsojeswn, Pajunh, 2016).
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Figure 2.14. Distribution and types of blinds in schools [%]
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Facade wall materials

Traditionally, the most commonly used building ma-
terial in Serbia is brick (solid in earlier periods and hol-
low afterwards), followed by hollow clay block in recent
times. These two materials accounted for as much as
85% of the facade walls of school buildings, as illustrat-
ed in Figure 2.15, which shows the percentage distribu-
tion of different construction materials used in school
buildings. The share of concrete walls is low, whereas
concrete was most often used only as an integral part of
the construction system. Although adobe and rammed
earth were used as structural materials in some regions
of Serbia while timber was used in others in the period
prior to the Second World War and especially before the
Great War, their representation in the observed sample
was so small that it could be completely ignored. This is
in line with the previous observations on the disappear-
ance of regional characteristics in construction after the
Second World War (Jovanovi¢ Popovic, Stankovi¢, Pajki¢,
2014). However, the school buildings built of these mate-
rials should be given special attention, even if their origi-
nal use was discontinued. They should be preserved, re-
stored and protected as part of our heritage, while the
issues of their energy rehabilitation require special atten-
tion as part of a comprehensive program of reconstruc-
tion and protection, similarly to the issues of the renew-
al of the housing stock that dates from the same period
(Bukanovi¢, Radivojevi¢, Rajci¢, 2016).



MpadukoH 2.15. 3aCTyn/beHOCT NPUMEHeHX MaTepujana
bacagHNX 31A0BA LKONCKKX 3rpaa [%)]

oneka clay brick
6nok hollow clay block 9
6eToH concrete 5

apeo timber |0

hepnwvih adobe |0

apyro other |3

Huje fedrHmcaro N/A ’
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Figure 2.15. Distribution of the materials used for the facade
wall [%]
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Tepmowusonauuja dacagHor 3uga

Haj3zHauajHuju nponucy o TepMUYKOj 3alITWUTW 3rpa-
Ja, Koju cy obyxsaTuiun CBe TMMNOBE 3rpaja na 1 WKone,
objaBmbeHn cy 1980. roanHe'”. Ako ce ynopean 6poj nz-
rpabeHVx WKoNCKMX 3rpafa y nepuody nocne 1980. ro-
[MHe A0 AaHac Ca NPOLEHTOM 3rpafa Koje vmajy Tep-
MOWV30M10BaHy dacafly, MOxe Ce KOHCTaToBaTu fa je
ynpaso Taj $oHA 3rpafa (y oba cnyyaja 14%, MpadukoH
2.16) NpojeKToBaH Ca CojeM TepMor3onaumje y CKnomny
dacapHor 3uaa , Aok cy ctapuje 3rpage vsrpaheqe 6e3
Tepmowzonauuje. [lebrorHa nprmerseHe Tepmon3ona-
Umje je y Hajsehem Bpojy cnydajera, WTO je oAroBapano
TaAalWHOj NpakcK, bruna ao 5 cm (y yak 61% cnydajesa,
MpadukoH 2.17). [lebrbu cnojesn Tepmovzonaumje npu-
Merbyjy Ce Y KaCHWjUM Mepuoarma, HapouuTo Mo CTy-
Marby Ha CHary caBpemeHux mpomwuca'® ma je huxosa
3aCTYIM/bEHOCT Y UCMUTMBAHOM Y30PKY Mana: camo 3%
WKONCKIMX 3rpafa y cknony dacagHor 31aa nma Tepmo-
n3onauujy aebmwmre 15 cm. (MpadukoH 2.17)

12JyCY.J5.600
13 MpaBWnHKK O eHepreTckoj eprKacHOCTM 3rpaga
(Cn. rnacHuk PC, 6p. 61/2011)
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Thermal insulation of the facade wall

The most important regulations on thermal protec-
tion of buildings, which also included schools among all
other types of buildings, were published in 1980." In the
current study, if the number of school buildings built af-
ter 1980 is observed relative to the percentage of those
with facade thermal insulation, it can be noted that the
given building stock (in both cases 14%, Figure 2.16) was
designed with a layer of thermal insulation in the facade
wall, unlike the schools built earlier. In most cases, the
thickness of the applied thermal insulation was up to 5 cm
(@as much as 61%, Figure 2.17), which was the practice
at the time. As thicker layers of thermal insulation came
into use only later, especially after the current regula-
tions were introduced,® their representation in the test-
ed sample is small: only 3% of the school buildings had
15 c¢m thermal insulation in the facade wall construction
(Figure 2.17).

12JUS U.J5.600
"¥The Rulebook on Energy Efficiency of Buildings
(Official Gazette of the RS, No.61/2011)
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lpadukoH 2.16. [MocTojarbe TepMoun3sonauuje y cknony
bacanHNx 3vA0Ba LWKONCKKX 3rpada [%)]

navyes

He no
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lpadukoH 2.17. 3aCTyn/beHOCT Pas3nnumTmx AebmbiHa
npumMerbeHe Tepmomr3sonauje dacagHor 3uaa (%]

15cm
10cm
8cm

<5cm

Mpeosnahyjyhn Tun dpacage

Mpema TpeTmaHy dacafe WKoCKe 3rpafe UMajy ao-
MVHAHTHO TpaaMUMOoHanHy obpaay: koa 85% 3rpaaa 3a-
BPLWHa obpafa dacaja je y Mantepy wro nokasyje lpadw-
KOH 2.18. To je y cknagy Ca NPeTXOLHMM 3ak/byylyma O
3aCTYM/bEHOCTV TPAAMUMOHANHWX rpaheBnHCKIX MaTe-
pwvjana nomyT oneke 1 onekapckux 6nokosa. Osakea 06-
pafa dacage, yKONMKO ManTep Huje AeBacTMpaH, ca ac-
nekTa eHepreTcke 06HOBe oMOryhasa lako MOCTaB/baHe
HOBOT TepMoM30naLmMoHor cnoja. Y 10% cnydajesa cpehe
ce 1 dacafHa oneka Kao 3aBPLIHW C/10j, 0K Cy OCTanu
TMNoBM obpafe dacafa 3aCTyn/beHW y 3aHeMap/bBOM
6pojy. Obnararbe UenokynHux dacaga uan aenosa da-
cafla MaTepujanm3oBanmnx y dacagHoj oneun, yKoamKo ce
npw 06HOBM NMpUMetbyje MCNPaBaH NPUCTYN ¥ 3afpxa-
Ba apXMTEKTOHCKM 13pa3, U3MCKyje BLMLWe Hanopa. [1peko
NoCTaB/beHe TepMOM30naLmje HEOMXOAHO je MOCTaBUTH
AOAATHM 3aBPLUHM CNOJ KOjW CBOjJUM M3rnefom noaceha
Ha oneky (onekapcke nnoymue 1nn GacagHu naHenn ca
3aBPLWHUM CIOjeM KOjJU UMUTUPA OMeKy).

Figure 2.16. Existence of thermal insulation in the facade wall
construction [%]
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Figure 2.17. Distribution of different facade thermal insulation
thickness [%]
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Predominant facade types

The facade treatment in school buildings is predomi-
nantly traditional: plaster was used in 85% of the build-
ings as the facade finishing (Figure 2.18). This is in line
with the earlier observations on the high representation
of traditional building materials such as brick and hollow
clay block. From the aspect of energy renovation, such
facade finishing enables easier installation of a new ther-
mal insulation layer unless plaster has deteriorated sig-
nificantly. On the other hand, facade brick was used as a
finishing layer in 10% of the schools, while other types of
facade finishes contributed to only a negligible percent-
age. The intervention on the entire facade or its parts
clad in facade brick will require more effort if the correct
approach is applied to the renovation and if the architec-
tural expression is to be retained. It is also necessary to
cover the installed thermal insulation with an additional
finishing layer that will resemble brickwork (brick tiles or
faux brick facade panels).



MpadukoH 2.18. 3aCTyn/beHOCT Pa3NNUUTKIX TUMOBA
MaTepwjanusaunje 3aspluHe obpage dacage [%)]

npyro other I 2

napknekc Parklex
KameH stone
anykoborg Alucobond 0

LeMeHTHe nioye cement pane\s 0

6eToH concrete 4
oneka brickwork 10
manTtep plaster
0 10 20

Crame MNCNpPaBHOCTU 3rpaje

Kapa je y nuTarby NpoueHa CTaka MCnpaBHOCTY 3rpa-
e, Ha MOCTaB/bEHO NUTaH-E Aa NW je Ha 3rpaan NoTpedbHO
M3BPLUMTI HEKe MHTEPBEHUMjE, NOHYHeHO je neT Moryhnx
OAroBOpa Yy CKNady ca CTakbem MCNPaBHOCTM Koje ce Haj-
vewhe cpehe y npakcn. To cy cnegehe moryhHocTu:
1. ncnpasHa
2. noTpebHa nonpaeka 1nwu AenMm1MyHa 3aMeHa
3. noTpebHa PeKOHCTPYKUMja, afanTaumja uiv 3ameHa
enemeHaTa TepMUYKOr OMOTayva
4. potpajana
5. HefoBplweHa

Ha Hajsehem Opojy WKONCKMX 3rpaga, YKYnHo 65%,
noTpebHO je M3BPWMTA MHTEPBEHUMjY. Ha nocTaBbeHo
M1Takbe O BPCTU MHTepBeHUMje Hajuelwhe je oaroBapaHo
[a je noTpebHo nonpaeuT Gacady, KPOB WAN 3aMeHN-
TV npo3ope. Vnak, 23% wkona cy y oOpoMm CTarby, AOK,
HaXkanocT, Tpeba KoHcTaToBaTh Aa ce 13% wkona y Cp-
6ujn cmaTpa foTpajanvm. CTakbe MCNPaBHOCTY LUKOACKMX
3rpaga y Cpbujn je nprkasaHo Ha MpadwmkoHy 2.19.

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

Figure 2.18. Distribution of different facade finishing
materials [%)]
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Condition assessment of the building

In order to assess the condition of the building, it was
necessary to establish whether any improvements were
required. Five potential measures were suggested that
were in accordance with the conditions most often en-
countered in practice, as follows:
1.in good condtition
2.in need of repair or partial replacement
3.in need of reconstruction, renovation, or replacement
of elements of the thermal envelope
4. in disrepair
5. unfinished

Most school buildings, 65% overall, required some
improvements. It was most frequently stated that the fa-
cade and the roof needed repair, and that the windows
were in need of replacement. While 23% of schools were
in good condition, it should be noted that, unfortunately,
13% of schools in Serbia were considered to be in disre-
pair. The condition assessment of the school buildings in
Serbia is shown in Figure 2.19.

23
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lpadukoH 2.19. 3aCTynsbeHOCT PasnNnUnTUX ObMMKa CTakba
MCMPaBHOCTY WKONCKMX 3rpaaa [%]

ncnpasHa in good condition

notpebHa nonpaska in need of repair

noTpebHa pekoHCTpyKLpja in need of reconstruction
noTpajana in disrepair

HepoBspueHa unfinished

Figure 2.19. Distribution of measures for condition assessment
of school buildings [%]
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KakaB je TpeTmaH fena rpahesvHcKor GoHaa WKos-
CKMX 3rpafa Koje ce cMaTpajy aoTpajanum? [a ou ce fo-
Heo peneBaHTaH 3ak/byyak NoTpebHa je 1 Aarba aHanw-
3a. [peBacxoaHo Tpeba yTBPANTY Y KOjUM CpearHamMa ce
OBe WKoJe Hanase 1 fia v, Kpo3s byayhy cTpaterujy o6-
pa3oBarba y Cpbuju, UMajy Aarby NepcneKkTUBy pada wim
ce ycneq aemorpadcke cuTyalvje nnaHMpa 3aTsaparbe.
Y Tom Cnyyajy, eBeHTyanHa obHoBa 3rpaga Tpeba Aa byae
nnaHvpaHa y cknagy ca HOBOM HamMeHOM.

2.2. TepmoTeXHMYKe NHCTanauunje

Y cknony ynutHuka Tpeher HMBOA, Ha CeT MUTakba
O CTatby TEPMOTEXHWUYKMX MHCTanauvja y WwKonama, Ha-
XKanoCT, Ha Heka NuTarba HWCY AaTv OArOBOPMK, Ma je 3a
nojeavHe aHanmse KopuwheH HewTo MakK y30pak of
YKyMHOr 6poja y30paKa aHKeTVPaHWX WKOMCKMX 3rpaja
(1.857). Paznor HajBepoBaTHMje NEXN Yy KOMMNEKCHOCTH
OBOr aCMeKTa Uy HMBOY NMoTpebHe TeXHUUKe ekcrnepTye
1 JOCTYNHOCTY NoAaTaka.

[pejarbe, BeHTMNAUWja, KNMMaTU3aLUmja

Y BeNnHK WKONa NOCTOJM MHCTanauvja rpejarba y ue-
N0j UK Hajeehem aeny WKocke 3rpage, WTO je 1 OYeKn-
BAHO 1y CKMady Ca KIMMATCKMM KapakTepucTnkama Cp-
6uje. (MpadumkoH 2.20.)
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There is the issue of how to treat the part of the
school building stock that is considered to be in disre-
pair. In order to arrive at a relevant conclusion, further
analysis is needed. It is vital first to identify the environ-
ments in which these schools are located and whether
the future education strategy in Serbia will provide them
with a reasonable prospect of further operation, or their
closure is planned due to the demographic situation. In
the latter case, the potential renovation of the buildings
should be planned in accordance with the new purpose.

2.2 HVAC systems

Within the third level of the questionnaire, there
was a list of questions related to the current state of the
HVAC systems in schools. Unfortunately, there were no
responses to some of the questions, so that certain anal-
yses had a slightly smaller number of elaborated surveys
than the total number of the analysed school buildings
(1,857). This was probably caused by the complexity of
the task, the required technical expertise of the person
responsible, and data availability.

Heating, ventilataion, air conditioning

Most schools had a heating system installed in the
whole building or in the major part of the building. This
was quite expected considering the climatic conditions
of Serbia (Figure 2.20).



MpadukoH 2.20. 3aCTyn/beHOCT NMOKPUBEHOCTM LUKOMCKMX
3rpaga rpejarbem [%)]

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

Figure 2.20. Distribution of the heating system in school
buildings [%]

uena 3rpaga whole building 66
Hajsehm feo 3rpage major part of the building 23
Marby 10 3rpaae minor part of the building 9
He nocTojn does not exist | 2
0 10 20 30 40 50 60 70 80 90 100

Hajsehn 6poj wkona, ¢ 063MpoM Ha nepwop W3-
rpadke, NpojekToBaH je 1 n3rpaheH 6e3 MHCTanauwja
BeHTUMaLUMje 1 KIMmMatusauumje. Mlako TOKOM NeTrber u
3MMCKOT pacrycTa y WKonama Hema haka, Benvku 6poj
KoNa paav TOKOM Uene rofuHe, Guno fa ce [enosu
WKOMCKe 3rpage M3dajy y 3akyn unv ce 'y woj oasujajy
[pyre akTMBHOCTW. VIHCTanauwmje BeHTUNaumje n Knvuma-
TV3alwje NocToje y Manom 6pojy 1y GyHKUMjK Cy camo Y
marbem aeny 3rpage. (MadukoH 2.21. u MpadnkoH 2.22.)
Hajuewhe je peu o mpocTopy ynpage Koja paaun fyxu
BPEMEHCKM MEPUOA, Kao M O MojefuHUM KabuHeTu-
Ma Ca CneumjanHym 3axTeBMMa MAM NPOCTOpPUMA pyre
HameHe.

MpadukoH 2.21. 3aCTyN/bEHOCT MOKPUBEHOCTM LUKOMCKMX
3rpafa BeHTUnaumjom [%]

uena 3rpaga whole building 1
Hajsehu feo 3rpage major part of the building
Makby 10 3rpaae minor part of the building

He nocTojn does not exist

Considering the construction period, most schools
were designed and built without any HVAC systems pro-
posed. Also, school calendar schedule includes sum-
mer and winter vacations, when there are no students in
the buildings. Nowadays, however, a significant number
of schools are operative during the whole year, leasing
parts of the building or running other activities. Ventila-
tion and air conditioning systems were applied in a small
number of schools, and usually installed only in the mi-
nor part of the building (Figures 2.21 and 2.22). It can be
assumed that these were usually administrative offices
with working periods longer than the teaching schedule,
specialised classrooms, or areas for other purposes.

Figure 2.21. Distribution of ventilation
in school buildings [%]
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[padukoH 2.22. 3aCTyn/beHOCT MNOKPYBEHOCTY LUKONCKMX
3rpana knvmatrsaumjom [%]
uena 3rpaga whole building M2
Hajsehu feo 3rpage major part of the building J§ 1
Marbm 1eo 3rpaae minor part of the building 7

He nocToju does not exist

Figure 2.22. Distribution of air conditioning
in school buildings [%]
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CrapocT crcTema rpejara

Y BehuHM Wwkona npeosnahyjy ctape MHCTanaunje
rpejarba Koje yrnaBHOM pafe C MannM CTeneHOM WC-
Kopuwwherba ropunea. Takohe, y 30% LWKoMAa OAroBOPHO
Nl He 3Ha Kaja je C1cTeMm 3a rpejatbe yrpaheH, To ject
Kafa je mocnearbyt MyT PEKOHCTPYMCaH. 3acTyn/beHOCT
CUCTEMA 3a rpejarbe Koju Cy TPEHYTHO Y ynoTpebn, npe-
Ma CTapOCTU, MOXKe Ce jacHO BMAeTH Ha [padukoHy 2.23.

lpadukoH 2.23. CTapocT c1ucTema 3a rpejarbe Y WwKonama [%]

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

npeko 30 rognHa over 30 years

Kapa je cuctem rpejarba y nuTakby, MOXe Ce YyOounTy
[a je Hajuewhe y NpUMeHN CUCTEM LeHTPANHOT rpejatba
Ca COMNCTBEHOM KOTIAaPHMLIOM. Y LieHTpanv3oBaHe c1ucre-
Me rpejatba Mory ce yopojatv 1 rpejarba 13 610KOBCKMX
KOTNapHMUa, Kao ¥ rpejarbe MpPeko LeHTPanHor cuc-
Tema Ha HVBOY MHCTUTYUuje. [Tocne cucTema LeHTpan-
HOT rpejarba, Haj3aCTyrybeHnj Cy CUCTEMW JIOKANHOT U
Aa’bUHCKOT rpejarba. (MpadwkoH 2.24.)
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Age of HVAC systems

The majority of schools had old heating systems,
usually working with small efficiency. Also, in 30% of
schools, the persons responsible for the HVAC system
had no knowledge of when the heating system was in-
stalled or when it was last reconstructed. The percentage
distribution by the age of the currently used heating sys-
tems can be seen in Figure 2.23.

Figure 2.23.The age of heating systems in schools [%)]

50 60 70 80 90

It is noticeable that the centralized heating system
with the school’s own boiler was the most commonly
applied system. Other centralized systems used were the
boilers for block of buildings and central heating for the
entire institution of which the school was a part. Besides
the centralized heating system, district and local heating
accounted for the largest share (Figure 2.24).



MpadukoH 2.24. 3acTyn/beHOCT Pa3NNUUTKX CUCTEMA 3a
rpejarbe y Wwkonama [%)]

[arpuHCKo rpejarbe district heating

LieHTpanHo rpejarse centralized heating

NoKanHo rpejarbe local heating

TOMNOTHa Nymna heat pump

apyro other 6
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Figure 2.24. Distribution of heating systems in schools [%]

BpcTe ropusa

[OpVIBa 1 EHEPreHTIN KOjI Ce HajBMLLE KOPUCTE Y LWKO-
namMa Npu1KasaHu cy Ha MpadurkoHy 2.25. Moxe ce younTu
[la Ce Kao ropmBO HajBuLLe KOPUCTW APBO, Y NOOBUHM
NCMNTUBAHMX LIKONCKIMX 3rpafia, a 3aTUM NPUPOAHW rac,
[IOK CBW APYTH eHepreHT MOoKpBajy NoTpebe NpubvK-
HO YeTBPTUHE WKOa.

MpadukoH 2.25. 3aCTyn/beHOCT OCHOBHOT eHepreHTa
3a rpejarbe Wwkona [%]

[1pBO (OrpeBHo, ceuka, neneT) wood
enekTpnyHa eHepriuja electricity

npupoaHw rac natural gas

TeyHa ropviea (nox-yroe) liquid fuel (heating oil)

yras coal

apyro other
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Fuel types

Fuel and energy sources that prevailed in school
buildings are shown in Figure 2.25. It can be seen that
the most used fuel was wood, with half of the surveyed
school buildings; it was followed by natural gas, while all
other energy sources combined were used in approxi-
mately one quarter of the analyzed schools.

Figure 2.25. Distribution of main energy sources
for heating in schools [%]

AHanwv3svpaxa je 1 kopenauuja n3mehy 0CHOBHOT ro-
pyBa M WHCTANMCAHWX CUCTEMA 33 rpejarbe WKOMCKNX
3rpaga. Y CUCTeMIMa LIEHTPANHOT rpejakba, Koju Cy Haj3a-
CTYM/beHWjI Y WKONaMa, HajBuLLIe Ce KOPUCTL APBO, Npu-
POJHV rac 1 TeYHa ropraa, IOK je y CUCTeMIMA NIOKaNHOT
rpejatba OCHOBHW EHEPreHT OrPEBHO APBO.

60 70 80 90 100

The correlation between the energy source and
the type of the heating system in schools was also ana-
lyzed. Central hydronic systems (the most common sys-
tem in schools) were mostly fired with wood, natural gas
and liquid fuels, while local heating stoves are usually
wood-fired.
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KeanuteT rpejara

Ha MoadukoHy 2.26. NnpukasaH je pesyntat Koju aajy
OAroBOPY KOPUCHMKA Ha MTatba O KBANUTETY rpejarba y
LWKONCKMM 3rpagama. Oxpabpyje unrbeHnya fa Hajsehun
6pOj KOPUCHWKA rpejarbe oleryje Kao A4o6po 1an 3a-
poBosbasajyhe. Vinak, nofatak Aa 25% KOPUCHMKA Huje
32[I0BO/bHO TpejarbeM, WHAWKATMBAH je, 1 yKasyje Ha
HEOMXOAHY PEKOHCTPYKLM])Y MPBEHCTBEHO OHMX LUKO-
na 'y KojuMa Cy HeafieKBaTHW yCIoBM KoMpopa, a 3aTim
1 OCTanwWx Koje npefcTaBbajy HeedukacHe noTpollaye
TOMMOTHE eHepruje.

lpadukoH 2.26. OueHa KBanuTeTa rpejarba y LWwkonama (%]

opnvuHo perfect

nobpo good

3afososbasajyhe satisfying

AenMMnYHO 3agososbasajyhe partially satisfying

nouwe bad

Quality of heating

The users' level of satisfaction with the existing heat-
ing systems is shown in Figure 2.26. It is encouraging
that the majority of users qualified the level of heating as
good or satisflying. However, the information that 25% of
users were not satisfied with heating is indicative of the
necessity for reconstruction, primarily in schools with in-
adequate thermal comfort and later in the schools that
are inefficient energy consumers.

Figure 2.26. Evaluation of the quality of heating in schools [%]

Obpagom aHKeTe O eHepreTCKUM KapaKTepucTuKa-
Ma WWKOMA 3anaxkeHa je kopenauuja numehy nHctanmca-
HOI C1CTeMa 3a rpejarbe 1 OLieHe KOPUCHKKa O KBanuTe-
Ty rpejarba y torma. Hajuelwhe je Kao oanmMuHo olerseHo
LUeHTPanHo rpejarbe (M3 COMCTBEHe KOTAapHMUUE W
cnCTEMA [albMHCKOT rpejarba). LleHTpanHo rpejarbe y
Hajsehoj Mepy 3310BO/baBa 3axXTEBE KOPUCHMKA Y Norne-
Ay KBanwuTeTa rpejarba (oueHe: 406po 1 3aaoBosbasajyhe).
OpnnuHo je ouereHo 1 rpejarbe TOMOTHUM Mymnama,
anu je y3opak BeoMa Masnin, Ha H/BOY CTaTUCTUYKE rpelu-
Ke (camo neT wkona). Hajnowwje je oueHeHO NOKaNHO
rpejarbe Wwkona.

YTBpheHa je 1 Kopenauwja mamehy OCHOBHOT KO-
pUWNEHOr eHepreHTa 1 OlleHe KBanMTeTa rpejarba Ko-
PUCHMKa KOjW Cy Haj3afOBObHUM Kafja Ce 3a rpejarbe
KOPWCTN MPUPOAHM rac Kao eKoNOWKIN HajnpuxBaT/by-
BUje ropuBO. VIHTEpeCcaHTHO je Aa je PBO Kao eHepreHTy
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The analysis of the HVAC systems in the survey re-
vealed the correlation between the heating system type
and the user’s evaluation of the quality of heating. Most
"perfect” ratings were given to the centralized heating
system with the school's own boiler or connected to dis-
trict heating. The other centralized heating systems were
mostly successful in meeting the user's requirements
("good”and “satisfying"ratings). Although the heat pump
systems were evaluated as perfect, the sample was very
small, at the level of statistical error (only 5 schools). The
worst rated was the local heating system.

The correlation between the main energy source
and the evaluation of the heating quality was also de-
termined. The users were most satisfied with the use of
natural gas, as the most environmentally friendly fuel. In-
terestingly, wood as fuel was rated both very high and
very low for heating quality. It is most likely that the users’



LwKonama A0BMMO 1 BPAIO BUCOKE OLIeHE, anu UCTOBPEME-
HO 1 Hajnowwje. HajgepoBaTHMje je Aa NPUXBAT/BUBOCT
[pBeTa Kao eHepreHTa HajsuLLe 3aB1CK Of NPUMErbeHOr
cucTema rpejarba (LeHTPanHo Man IOKanHo).

CaHI/ITapHa TOnNna BoAa

LleHTpanHa npunpema caHutapHe Tomne soae (CTB)
HWje 3acTynsbeHa y Wwkonama y Cpobujn (MpadukoH 2.27.)

lNoTpowHa Tonna BoAa ce yrnaBHOM npunpema o-
KalHO y enekTpuyHuM 6ojnepurma, oK camo manu 6poj
WKOMA MMa W LeHTpanHy npunpemy caHuTapHe Tonne
BO[eE; HajBepOBaTHYje OHe LLKOMe Koje MMajy CBOj KOTao
WK CY Ha CUCTeMyY Ja/bMHCKOT rpejatba. [peTnocTaska je
[a je BenvKn 6poj WKoMa, HapounTO 13 paHwvjer nepnoaa
n3rpagte, HakHagHo yrpaamno 6ojnepe, a ia y CTapujm
WKOMaMa HUCY HK NocTojanu. Tpeba HanoMeHyTV ia OBO
UCTPaKMBarbe HKje 0byXBaTMNO CMOPTCKe 0bjeKkTe, Kao
HV GUCKYNTYPHE Cane y CKIOMY HeKmx LKOAA, Tako fa ce
HV NpUNpema CaH1TapHe TOMe BOAE Ha HWX He OAHOCH.

MpadukoH 2.27. ToKpMBEHOCT WKoNa CUCTEMUMA 3a MPUNpPemy
caHwvTapHe Tonne soge (CTB) [%]

Lena 3rpaga whole building f§ 1

Hajsehu feo 3rpage major part of the building 3

Matkby ieo 3rpaae minor part of the building 20

He nocTtoju does not exist
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satisfaction with using wood strongly depended on the
heating system type (centralized or local).

Domestic Hot Water

Domestic Hot Water (DHW) preparation is not widely
used in schools in Serbia (Figure 2.27).

Consumable hot water is usually prepared locally,
using electric heaters, while a small number of schools,
probably those with their own boiler or those connect-
ed to the district heating system, have centralized DHW
preparation. It is assumed that a large number of schools,
especially those built in earlier periods, had boilers in-
stalled subsequently and that in older schools there had
been no heaters originally. It should be mentioned that
the present research did not cover sport facilities or gym-
nastic halls that belong to some school buildings, so that
the DHW data also could not refer to these structures.

Figure 2.27. Distribution of Domestic Hot Water (DHW)
preparation in schools [%]

76

Hajeehn 6poj wkona rpeje Bogy nomohy 6ojnepa
KOju MOry OUTV NPOTOYUHM W akymynaumoHn. Jok ce aky-
MynaumoHn 6ojnepr nNpase ca MakbOM CHArom Of Mpo-
TOYHMX, aKyMyflMCaHa TOMa BOAa Ce BPeMEHOM XNaau
unmMe ce rybu eHepruja. MpoTounn 6ojnepw rpejy soay
Kafjla Ce OHa W KOPWCTW, Tako Aa Cy TOMIOTHM ryouum
Matbl, anu ce enekTpoeHepreTcku cuctem ontepehyje
BehoM CHarom WTO Cy [oAaTHU ryouuM enekTpudHe
eHepruje y MHCTanaymjama v HarnojHoj Mpexu. Y yuTHN-
Ky Nu1Takbe o Tvny yrpaheHor 6ojnepa Huje NoCTaBbeHo,

30 40 50 60 70 80 90

Most schools heat sanitary water with water heat-
ers that can be instantaneous (tankless) and accumulat-
ing. While accumulating boilers are made with less heat-
ing power than tankless, the accumulated hot water is
cooled over time and that causes waste of energy. On
the other hand, the tankless boilers heat the water when
it is used, so the thermal losses are smaller, but the pow-
er system is loaded with greater installed power, which
causes additional losses of electricity in the installations
and the power supply network. In the questionnaire, the
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Tako fa Hl/lje MO3HaTO KOJVI TN U Ca KOJTIMKOM 3aCTyr/be-
HOLLlﬁy Ce KOpnCTn y WKOMama.

2.3. EneKTpoeHepreTcke nHCTanauuvje
MoTpolra enekTpryHe eHepruje

[oavWHa MOTPOLLba eNekTpuyHe eHepruje, 1spa-
*eHa y KWh no jearH1uM NoBPLUKMHE LUKONCKOT 06jeKTa,
npeAcTas/ba OCHOBHYM MofdaTak O roAvwbiM noTpeba-
Ma LWKOJe 33 eNeKTPUYHOM eHeprijoM Koja ce Hajuellhe
KOPWCTN 3a: OCBET/bEME, MPpejarbe, NpUnpemMy CaHuTap-
He Tonne Bofe W paj padvyHapa v ApYrux eneKkTpuyHmnx
ypehaja. AHanM3oM NPUKYM/beHUX MopaTaka 3a 1.857
WwKona BMaM ce Aa je ceera 65% wWwkona fano MHGopma-
LMjy O roavHb0j NOTPOLWHK enekTpryHe eHepruje. Ha
MpaduKoHyY 2.28. je MpUKa3aH XMCTOrpam roanile Cre-
UMPUUHE NOTPOLLIFE eNeKTpUYHe eHeprije WKona npu-
KazaH y kWh/m?. Oncer cneunduuHe noTpowre enek-
TPUUHE eHepruje je NPUANYHO WKWPOK K Kpehe ce of
cgera 1 kWh/m? go oko 62 kWh/m? Ha ocHoBy npu-
KYN/beHnx MopaTtaka ce 3ak/bydyje Aa jeaHa TpehuHa
wkona y Cpbwju Tpowm Marbe of 10 kWh/m? enektpuuy-
He eHepruje rognwrbe. Ceera oko 10% wkona y Cpbujm
Tpoww suwe of 30 kWh/m?. MpoceyHa cneumdryHa noT-
POWHa eNeKkTpuYHe eHepruje y Wkonama y Cpbujn 13-
Hocu 16,36 kWh/m? rogniumse.

[padwkoH 2.28. fToaniuba NOTPOLWHa eNeKTprUYHe eHeprije
[(kWh/m?]

question about the type of built-in boiler (water heater)
has not been included, so it is not known which type of
water heaters are installed and how much energy is used
for this purposes.

2.3. Electrical installations
Electric power consumption

The annual electric power consumption expressed in
kWh per unit area of the school building represents the
basic data on which to calculate the annual electricity re-
quirements in school buildings. In schools, electric pow-
er is most often used for lighting, heating, preparation of
domestic hot water, and the operation of computers and
other electrical devices. The analysis of the data collected
for 1,857 schools showed that only 65% of schools pro-
vided information on the annual power consumption. Fig-
ure 2.28 shows the histogram of the annual specific pow-
er consumption of the schools expressed in kWh/m?. The
range of specific power consumption was quite wide,
from only 1 kWh/m? to approximately 62 kWh/m?. Based
on the collected data, it can be concluded that a third of
schools in Serbia spend less than 10 kWh/m? of electric
power annually, while only about 10% of schools in Serbia
spend more than 30 KWh/m?. The average specific elec-
tricity consumption in schools in Serbia is 16.36 kWh/m?
per year.

Figure 2.28. Annual electricity consumption [kWh/m?]
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Ynotpeba knuma-ypehaja

Mako je cuctem knvMmatusaumje Aeo TepMoeHepreT-
CKUX cucTema, y wkonama y Cpbuju ce knumatu3aumja
MOXe MOCMaTPaTh ¥ Kao A0 eneKkTPOeHepreTCKMX NH-
CTanauwja, 6yayhn aa wkomne HUCY MOKPUBEHE LieH-
TpasHOM KMMaTU3aumjom Beh ce KopwcTe yrnaBHOM
KnuMa-ypehaju, Hajuewhe cnnut cuctem. Kopuwherbe
KnMMa-ypehaja vy WKoMaMa HWje WKUPOKO Pacnpoc-
TpatbeHo 1 npema NPUKYN/beHUM CTaTUCTUYKUM NOAa-
UMMa KnnmaTraumja He NocToju y npeko 90% WKONCKMX
3rpapa. (MpadwmkoH 2.22.)

JlokanHa ynotpeba knuma-ypehaja je Hajuewhe 3a-
CTYM/bEeHa Y PaiHMM NPOCTOPWjama yrnpase 1 NojeAnHIM
KabWHeT1Ma, oK Cy yunoHuLe pehe KnvmaTn3oBaHe.

EJ'IEKTpI/IHHO OCBEeT/bEHE

EnekTpryHO ocBeT/berbe MpeacTaB/ba 3HavajHy Ka-
Teropwjy NOTPOLWHe enekTpuyHe eHepruje, HapounTO
y WKofama y KojuMa ce HaCTaBa OAp»KaBa y BeUYepH-iM
catvma, Te ce 300r Tora yHanpehere eHepreTcke edu-
KaCHOCTW Y MOTPOLLKY enekTpnyHe eHepruje Hajuelwhe
Be3yje 3a noseharbe epnKaCHOCTH CUCTEMA OCBET/bEH.
OCHOBHW TMMOBYW OCBET/bEra 00yXBaTajy: MHKaAeCLEeHT-
HO OCBeT/berbe (CHjanuLe ca yxapeHoM HUTK) dnyopec-
LEHTHO ocBeT/betbe, Wreambuse cunjanuue (CFL) u LED
OCBET/bEHE. Y WKOMama je HajpacnpocTparbeHnje dny-
OpeCUeHTHO, [IOK je APYro MO 3acTyN/beHOCTU NHKaAeC-
LeHTHO OCBeT/bEE.

AyTOMaTCKka KOHTPOMa OCBeT/berba BPO je peTka y
wkonama y Cpbujn. Ha MpadukoHmma 2.29, 2.30. n 2.31.
MpVYKa3aHa je NPoLEeHTYanHa 3aCTyN/beHOCT PA3NUUTUX
TWMOBA OCBET/beHba, 3aCTYMBEHOCT ayTOMATCKe KOHTPO-
e OCBeT/betrba, Kao 1 NPOCeYHa AHeBHa ynoTpeba Bel-
TaUKOr OCBET/bEHA Y WKOMaMa. Y MpoceyHoj wkonm 'y Cp-
6Vj OCBET/bEHE CE& KOPUCTM OKO LEeCT CaTi IHEBHO Ma
je cTora 3HayajaH NOTPOLLIAY eneKkTpuyHe eHepruje.

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

Use of air conditioners

Although it is a part of the HVAC systems, air condi-
tioning in schools in Serbia can also be included in elec-
trical installations since the schools do not have central
air conditioning but mainly use individual air condition-
ers, such as split systems. The collected statistical data
suggest that there is no air conditioning in more than
90% of school buildings (Figure 2.22).

Air conditioners are most often used locally, in ad-
ministration offices and particular specialized classrooms,
while ordinary classrooms are seldom air-conditioned.

Electric lighting

Electric lighting accounts for a significant share of
power consumption, especially in the schools where
classes are held in the evening hours. Therefore, the im-
provement of energy efficiency in power consumption
is most often connected to an increase in the efficiency
of the lighting system. The basic types of lighting include
incandescent lighting (glowing light bulbs), fluorescent
lighting, compact fluorescent lamps (CFL) and LED light-
ing. In Serbia, fluorescent lighting is most often used in
schools, followed by incandescent illumination.

Automatic lighting control is very rare in schools in
Serbia. Figures 2.29, 2.30, and 2.31, show the percent-
age distribution of different types of lighting in schools
in Serbia, the distribution of automatic lighting control,
and the average daily use of artificial lighting in schools,
respectively. An average school in Serbia uses lighting
approximately 6 hours a day, so that school power con-
sumption is significant.
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lpadukoH 2.29. YnoTtpeba paznuumntix TMNOBa OCBET/bEHA Figure 2.29. The usage of different types of lighting
Y LUKOACKMM 3rpagama [%] in schools [%]
Lena 3rpaga 100 87 20
whole building 90
80
. 70
| Hajeehw feo 3rpape
. G 60
major part of the building o
40 40
Makb1 1eo 3rpage 34 34
) G 30 28
minor part of the building e 73 4
10 10
. 10 8 8
Hogs not exist o — L
cvjanuue ca wren/bnee bnyo Lesu LED
Y>KapeHOM HUTK cnjannue fluorescent LED
incadescent compact bulbs
bulbs fluorescent bulbs
lpadukoH 2.30. 3aCTyn/beHOCT ayTOMATCKe KOHTpOse Figure 2.30. Automatic control of artificial lighting
BeLUTaYKOr OCBET/bEHA Y LIKONCKMM 3rpagama [%] in schools [%]
favyes 3
He no 90
Huje feduHmncaHo N/A 7

lpadwikoH 2.31. MpoceyHa aHeBHa ynoTpeba BeLuTaukor Figure 2.31.The average daily use of artificial lighting in
OCBeT/berba Y WKOMACKMM 3rpagama [%] schools [%]

[0 3 caTa up to 3 hours
3-6 catn 3-6 hours
6-9 catn 6-9 hours

npeko 9 catn over 9 hours

50 60 70 80 90 100

32



Ynotpeba $oTOHANOHCKMX CUCTEMA

(DOTOHAMOHCKMM CUCTEMMMA Ce MPOV3BOAM eneK-
TpUYHa eHepruja NOMONY eHepruje ConapHor 3pavetsa.
Ha oBaj HauuH, Nope[ cMarberba emMncuje yrbeH-amnoK-
CuAa, NOCTUKe Ce U edeKaT NoKanHe NPOU3BOAHLE enek-
TPUUHE eHepruije U CMakbyje HeTo Npey3eTa enekTpnyHa
eHepruja u3 ANCTPUOYTUBHOI CUCTEMa 1 CMakbyjy ryou-
UM Y AUCTPUOYTVBHO] M MPEHOCHO] Mpexxu (babuh, Hypu-
wuh, XKapkoswh, 2015).

Mo3utrBaH edekaT m3rpafre GOTOHAMOHCKUX CUC-
TeMa Ha KPOBOBMMA 3rpaja Moxe OUTU HapounTO [0-
6po nckopuwheH y KOMOMHaLUWjX Ca ynpaBibakbeM NoT-
poWHOM Yy 0bjekTMa Wkona (Kotyp, Hypuwuh, 2017)
unMe 61 Ce CMakbna CHara pasmeHe eHeprije WKONCKor
objeKkTa v efnekTpoeHepreTckor cuctema. Mako nocToju
BeSIMKM NOTeHUMjan 3a U3rpaary GOTOHANOHCKMX CUCTe-
Ma, Ha CaMO HEKOMMKO WKOa je MHCTanMpaH OBaj M3BOp
enekTpuUHe eHepruje. Ha OCHOBY NMpuKynfbeHvx noga-
Taka, cBera ceflam Wkosa 'y Cpbuju noceayje GoToHaNOH-
CKM CUCTeM Ha Kposy. Tpeba nctahw, npv Tom, Aa Hajsehu
6pOj WKOMa MMa KOCK KPOB, BEOMA YECTO jyxKHe opujeH-
Tauuje, Wwto omoryhaea edprikacHo kopuwhere GoToHa-
MOHCKMX CUCTeMa. TeMa MpriMeHe OBKX, Kao U OCTanmnx
0OHOBBMBYIX M3BOPA eHEPrije y LiKofnama 3aspehyje no-
cebHy NaxHy 1 jeaHa je off Tema Jafber paja OBOr UCTpa-
XKMBAYKOT TUMA.

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

Use of photovoltaic systems

Photovoltaic systems locally generate electricity us-
ing solar energy. Such local power generation not only
reduces CO, emissions but it also lowers the distributed
net electricity and reduces losses in the distribution and
transmission network (Babi¢, Burisi¢, Zarkovi¢, 2015).

The positive effect of integrating photovoltaic sys-
tems on the roofs of buildings can be particularly well
combined with the demand side management in school
buildings (Kotur, Burisi¢, 2017), which would reduce
the power exchange between the school and the elec-
tric power system. Although there is great potential for
the construction of photovoltaic systems on the roofs of
schools in Serbia, only a few schools have had this power
source installed. The collected data revealed that only 7
schools in Serbia had a photovoltaic system on the roof.
It should be noted, however, that most schools have
pitched, often south-oriented roofs, which facilitates the
efficient use of photovoltaic systems. The application of
these and other renewable energy sources in schools de-
serves special attention and it is one of the topics for fur-
ther work of this research team.
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3. AEONHUCAHE TUMONOTUJE LUKOJICKUX 3TPALIA
Knacndukauuja WKoONCKNX 3rpaga

OcHoBHa MaTpuLa 3a dopmMmUparbe TUMosoruje WKos-
CKMX 3rpafa je aeduHMCaHa HAaKOH TeMebHMX aHanm3a
ayTOPCKOr TMMa, Mpe CBera, aHanv3oM pa3Boja LIKom-
cKkmx 3rpafa y Cpbuju Kpo3 nctopujy, oa NpBKX WKoMa
carpahenux jow y Xl n Xl eky', a HapounTo o XIX Beka
[0 [aHac, Kao 1 nponunca o NpojekToBarby 1 rpaherby
WKOJICKMX 3rpafa 1 Npomnuca O TEPMMUYKO] 3aTuTL. Ta-
Kohe, Ha dopmuparbe TUMONOLWKe MaTPULE YTULAO je
npernes Kiby4YHNX NpekpeTH1UA Y Pa3BOjy TEXHUUKMX U
TEXHOMOWKMX MOTYAHOCTU M3rpafitbe, Pa3Boja CUcTema,
Npown3BOAa 1 MaTepujana, a HapaBHO 1 MO3HaBarbe Pas-
BOja apXUTEKTOHCKE MUCM 1 CTUIOBA Y MPOjEKTaHTCKO)
Mpakcu KOA Hac, Kao M3Y3eTHO BaXkHOT KpUTepujyma.

OcHoBHa MaTpuLa TMNonoruje WKOACKKX 3rpaja ae-
bVHMCaHa je KpPo3 UeTnpKU BpemeHCKa neproaa:

« 00 1945, rognHe

- 1946-1970. rognHe
- 1971-1990. rognHe
- nocne 1991. roguHe

I Tpy TVNa No BennUMHK WKose (bpyTo pasBujeHoj
NOBPLUMHN):

mMatbe of 500 m?
- 04500 go 2000 m?
- Behe og 2000 m?

Tpeba nctahu aa je 3a oppehnBarbe TMNoBa no Be-
NVUMHK 3rpage kopuviwheHa aHanm3a AobujeHnx nopa-
Taka Ca TepeHa, Kao v aHanm3a moryhux opraHmnsauyio-
HUX LieMa WKOMCKMX 3rpafa Ynja je OCHOBHA jeAVHMLIA
YUMOHMUA CTaHOapAHUX AMMeH3Mja. Y3 noTpebHe npa-
Tehe NpocTopwje, KOMyHMKaLMje U XONCKM MPOCTOP, YM-
HOXaBakbeMm [10 NoTpebHOr 6poja yuroHuLa ce dopmmupa
WKOSICKa 3rpasia MUHUManHor v seher rabapura.

"“Kroura 1 32pade wWkonckux u npeduwKoCcKux YyCmaHosa —
MemoOoIOWKU OK8UP hopMUparea munosioauje U No6oLUWAra
eHepaemcke epukacHocmu
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3. DEFINING THE TYPOLOGY OF SCHOOL BUILDINGS
Classification of school buildings

In order to define the basic matrix for the forma-
tion of the typology of school buildings, it was impor-
tant to consider several factors. Firstly, the author team
analyzed the development of school buildings in Serbia
through history, from the first schools built in the 11
and 12" centuries,'* and specifically from the 19" cen-
tury onwards. Next, they examined the regulations on
the design and construction of school buildings and the
regulations on thermal insulation. Thirdly, the advance-
ments in construction technology and the development
of systems, products, and materials were considered. Fi-
nally, expert knowledge of the progress of architectural
thought and styles in the design practice particular to
our country was used as a vital criterion in establishing
the typology.

The basic matrix was defined by four time classes:

before 1945

1946-1970

1971-1990

after 1991

And three types by the school size (gross floor area):
smaller than 500 m?
from 500 to 2000 m?
larger than 2000 m?

It should be noted that for determination of the types
according to the size of the building the field data analy-
sis was used as well as analysis of possible organizational
schemes in which the basic unit is the classroom of stan-
dard dimensions. By its multiplication and the addition
of the communication and hall areas, school buildings of
minimal and larger dimensions were formed.

'“Book 1 School and Kindergarten Buildings — A methodological
framework for the formation of typology and the improvement of
energy efficiency
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Ha MpadukoHy 3.1. AaTa je 3aCTyrm/beHOCT YKymHOr
doHpAa WKonckMx 3rpaga no 6pyTo pas3sujeHoj rpahesyH-
CKOJj MOBPLWMHMN.

MpadukoH 3.1. 3acTyn/beHoCT WwKona
no 6pyTo pPa3sWjeHoj NOBPLUMHM [%)]

Matbe og 500 m? smaller than 500 m?
of 500 go 2000 m? from 500 to 2000 m?

sehe og 2000 m? larger than 2000 m?

Mpema T1Ay, CTaTUCTUYKK CY Haj3acTyr/beHKnje mane
N BenvKke Wkoncke 3rpaae (MpadrkoH 3.2.), WTO OAroBa-
pa APYLITBEHONOANTUYKUM OKOSIHOCTMMA W Pa3BOjy Ha-
cerba Ha Teputopuju Cpbuje. Pa3soj rpaiosa, HapoumnToO
y nepuoay nocnepatHe oOHOBe U ycMepeHe cTambeHe
n3rpaare, 4ecTo je 6no npaheH nsrpagrom seher 6poja
GIOKOBCKM OPraHn30BaHWX CTambeHMX 3rpafa. YKynaH
6pp0j CTaHOBHWKa HOBVIX 1ef10Ba rPafjoBa je YecTo Npesa-
3Knasuno nojenHa Marba Mecta 1 6o OCHOBHM MOACTU-
Laj 3a M3rpaarsy BenvKmMx Wkona. Takohe, pa3goj obpa-
30BHOI CUCTEMA W LUIMPEHbe Mpexe LKOACKMX YCTaHOBa
[OBOAV [10 M3rPafitbe Kako LeHTPanHNX (Cpeare Unm Be-
NKe) Tako 1 Beher 6poja MOAPYKHNX WKOMA MaH-er Ka-
nauuTeTa 1 BenuunHe.

The distribution of the overall school building stock
by the gross floor area is given in Figure 3.1.

Figure 3. 1. Distribution of school buildings
by gross floor area [%)]

50 60 70 80 90 100

With regard to type, the statistical preponderance of
small and large school buildings is obvious (Figure 3.2),
which corresponds to the socio-political circumstanc-
es and the development of settlements on the territo-
ry of Serbia. Urban growth, especially during the period
of post-war renewal and targeted housing construction,
was often accompanied by the construction of a large
number of residential buildings organized in housing de-
velopments. The fact that the overall population of these
new parts of the city often outnumbered that of a small
town acted as the main incentive for the construction of
large schools. On the other hand, the development of
the education system and the expansion of the network
of schools led to the construction of both central schools
(medium-sized or large) and affiliated schools of smaller
capacity and size.
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lpadukoH 3.2. 3aCTyn/beHOCT Manux, CPEAHX 1 BENVKIX
LwKona npema nepvoay varpagmse [%)]

Marne wkone (o 500 m?)
small schools (smaller than 500 m?)

LKore cpeatbe BenmunHe (500-2000 m?)
medium sized schools (500-2000 m?)

Benuke wkone (npeko 2000 m?)
large schools (larger than 2000 m?)

Hemno3sHaTo

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

Do 1945.
before 1945

[ ] 1946-1970.
1945 -1970

1971-1990.
1971-1990

. Mocne 1991.
after 1991

HernosHaro
N/A

Pe3yJ1TaTI/I Knacrtep aHanuse

Kao ocHoB 3a dopmuparbe Knactep aHanmse', oy-
ayhn na Huje moryhe KOpUCTUTM CBe aHanmM3vpaHe Ka-
PAKTEPUCTMKE LIKONCKMX 3rpafa M3 YnUTHMKA'®, Ko-
puwheHe Cy camO OCHOBHE KapaKTepUCTUKe Koje ce
O[IHOCE Ha MOBPLUVHY U BOMYMETPYjy ObjekaTa, Kao 1
Ha maTepujann3aumjy TepMUUYKOr oMmoTada: bpyTo NoBp-
WWHa 3rpafe, CNPaTHOCT 3rpajie M KOMMaKTHOCT 3rpa-
[ie, KapaKTepuCTVKe KpoBa, MaTepujan dacagHor 3uaa,
Kao v TepMou3onaumja y TepMUYKOM oMoTady. AHan3om
Y30pKa CTaTUCTUUKMM MeToflaMa, a Mpema HaseaeHUM
KapakTepucTnkama, GopmMrpaHa je Matpuiia ca Onucu-
Ma MOAENCKIX 3rpajia Koje ce Hajuewhe cpehy y 3apatm
rPaHVYHKM yCIoBKMA. Y CilyyajeBrMa rae je aHanmsa no-
Kasana nofjefiHaky BepoBaTHONY nojaBe MojeanHUX Ka-
PAKTEPUCTIKA, HAPOUUTO Pa3IUYUTOT APXMTEKTOHCKOT
13pasa Koju1 MMa ANPEKTaH yTuLiaj Ha TepMUUKe 0CObUHE
3rpaje, Nopes YCBOjeHOr TWMa LWKOSe, jaBsbajy ce U nog-
TWUMOBW WKOMNCKMX 3rpaja.

1> Objalwrberbe knactep aHanmse aato je y Krbusm 1 32pade
WIKOJICKUX U NPeOWIKOTICKUX YCMAaHo8a — MemodoIowKuU

0K8UpP hopMUparLa munosioauje U NO6OLUIArA eHepeemcke
ehukacHocmu

' Krbura 1 32pade wWkoackux u npeduwKoCKUX YCMaHosa —
MemoOoIOWKU OK8UP hopMUparea munosioauje U No6oLUWAra
eHepaemcke epukacHocmu
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Results of the cluster analysis

The design of the cluster analysis' could not possi-
bly have employed all the examined features of school
buildings from the questionnaire,'® so that only the basic
characteristics were used that were related to the area
and the volume of the building, and to the materializa-
tion of the thermal envelope: gross floor area, number
of floors and compactness of layout, roof characteristics,
facade wall materials, and thermal envelope insulation.
The statistical analysis of the sample was used to form
a matrix with the descriptions of model buildings that
most often occur in the given boundary conditions. In
cases where the analysis showed that there was an equal
likelihood of occurrence of certain characteristics, espe-
cially the architectural expression directly impacting the
thermal properties of the building, subtypes of school
buildings were added to the adopted type.

> The explanation of the cluster analysis is given in Book 1
School and Kindergarten Buildings — A methodological framework
for the formation of typology and the improvement of energy
efficiencyy

'8 Book 1 School and Kindergarten Buildings — A methodological
framework for the formation of typology and the improvement of
energy efficiency



Tabena 3.1. OnucK MOAENCKIX LWKONCKMX 3rpaja
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Table 3.1. Descriptions of the model school buildings

6pyTO passujeHa nospLumHa (bM)

gross floor area

Before 1945

TMN KpoBa roof type

Koc KpoB pitched roof

compact / partially complex
Koc KpoB pitched roof

Meprop MapameTpy aHanuse Marbe o 500 m? 01500 0 2000 m? gehe o 2000 m?
Period Analysis parameters smaller than 500 m? from 500 to 2000 m? larger than 2000 m?
TN/ nogtvn type / subtype | Tun / noatun type / subtype
B gross floor area 235 m? 810m?/ 1310 m? 2890 m?/ 3185 m?
cnpatHocT floors MGF M/ MN+1 GF / GF+1 M+1 /142 GF+1/ GF+2
[o 1945. KOMMaKTHOCT compactness KOMMaKTHa compact KoMMakTHa / Aen. pasyheHa nen. pasyheHa / pasyheHa

partially complex / complex
Koc KpoB pitched roof

VN KpoBa roof type

MaTepujan dacagHor 3upaa facade

Koc KpoB pitched roof

60k clay block

Koc KpoB pitched roof

610K vnm oneka clay block
or brick

MaTepujan dacanHor 3uaa 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 pasyheHa complex
VN KpoBa roof type Koc KpoB pitched roof Koc KpoB pitched roof Koc KpoB pitched roof
oneka brick
MaTepujan dacapHor 3uaa facade | oneka brick oneka brick
BITI gross floor area 255 m? 1610 m? 2660 m?/ 5045 m?
cnpaTHocT floors M GF M+1 GF+1 M+1 /142 GF+1/ GF+2
1971-1990.
19711000 | KOMMAaKTHOCT compactness KOMMaKTHa compact KOMnMaKTHa unu pasyhexa pasyheHa / fen. pasybeHa
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 onexka brick oneka / 6eToH brick / concrete
BIM gross floor area 230 m? 995 m? 6200 m?
cnpatHocT floors M GF M+1 GF+1 M+2 GF+2
Mocne 1991. | KOMMAKTHOCT compactness KOMNaKTHa unn pasyhexa KOMnNaKTHa compact pasyheHa complex
After 1991 compact or complex

KOMOVHOBAHM KPOB
combined roof

610K vnm 6eToH clay block or
concrete
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MpoueHTyanHa 3acTynfbeHOCT 3a CBe TUMoBe 1 Nnop-
TUNOBE LWKOMCKMX 3rpaja AobujeHa Knactep aHann3om
natajey Tabenu 3.2.

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

OnuwTa HanomeHa:
Y cBvm Tabenama 6pojeBn Cy NprKasaHu y ckiagy ca
npasuIviMa CPMCKOr je3nKa.

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

Tabena 3.2. 3aCTynsbeHOCT TUMOBA WKOMa Mo NepuoarMa
n3rpagme [%]

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

Mepwviog Mane wkone LLIkone cpentbe BenuuvHe | Benvike wkone

Period (0o 500 m?) (500-2000 m?) (Behe og 2000 m?)
Small schools Medium sized schools Large schools
(smaller then 500 m?) (500-2000 m?) (larger than 2000 m?)

0o 1945.

before 1945 1337 692 558

1946-1970.

19461970 15,30 10,33 12,39

1971-1990.

1971-1990 7,76 6,32 9,51

nocne 1991.

after 1991 136 1,16 177

Herno3HaTo

N/A 1.23 0,62 049

AHanu3om noaataka y Tabenu 3.2 je 3ak/byyeHo fia ce
NOjefiIVHN TUMOBW LUKONCKKX 3rpafa jaBrbajy Y 13y3eTHO
Manom 6pajy y yKynHOM rpaheBUHCKOM GOHAY LKONCKIMX
3rpafia, Tako Aa AobUjeHr OnmncKk MOAENCKUX Kyha HuCy
peneBaHTHW 3a 1300p CTBAPHMX MPeACTaBHUKa. Vcnoa
1,5% 3acTynsbeHoCTH, LWTO je YCBOJEHO Kao MaprvHaiHa
BPEAHOCT, UnMHe TUMOBM ManuX 1 CpefrbKx WKona rpahe-
Hvx nocne 1991. rogmHe. [lakne, y TMNONOrvjv OBe 3rpage
HUCY NPUKasaHe HWUTK y3eTe y 0631p NPUIMKOM 0bpady-
Ha MOTPOLLKbE eHeprije, yluTeaa eHepruje Kpo3 npouec
eHepreTcke pexabunurauuje v Husoa emmucuje CO, Ha Hit-
BOY UMTaBOr rpaheBMHCKOr GOHAa WKOACKMX 3rpaja.

MpeTpaxrBarbem rpaduuke [OKyMeHTaumje npu-
Kyr/beHe TOKOM MOMK1ca, Kao 1 Nperfiefjom CBIX OCTanmx
AOCTYNHWX 13BOPA, MPOHaheHe Cy LWKOACKe 3rpaje Koje
Hajonmxe oproeapajy A0OMjeH M OnMcUMa MOAENCKMX
LWKONCKMX 3rpaja Te MpefCTaB/bajy CTBapHe penpeseHTe
Mogaenckmx 3rpaga. (Tabena 3.3.)
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The analysis of the data in Table 3.2 indicated that
the number of certain types of buildings was so small
that they accounted for a negligible proportion of the
total school building stock. This meant that the obtained
model descriptions for these buildings were not relevant
for the selection of the real representatives. The distri-
bution of the types of small and medium-sized schools
built after 1991 was below the adopted marginal repre-
sentative value of 1.5%, which was the reason for their
exclusion from the final typology of school buildings and
from the calculations of energy savings gained by reha-
bilitation or of reductions of CO, emissions.

By thorough examination of the graphic documen-
tation collected in the inventory procedure and of all
other available sources, the school buildings were identi-
fied that best corresponded to the descriptions of model
school buildings, so that they became the real represen-
tatives of the model buildings (Table 3.3).
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MocebaH Npobnem NpeacTas/bana je YnrbeHnUa Aa je
BefIMKM OPOj 3rpaja AOXKMBEO PAa3HOBPCHE 13MeHe Y Of-
HOCY Ha OPUrMHANHO CTakbe: AOrPaAHka, afanTauvja, 3a-
MeHa 0TPajanux KPOBHMX MOKPKMBAYa, 3aMeHa Npo30opa,
3aMeHa OpWIMHANHKX CUCTeMa 3a rpejarbe 1 yBOoherbe
eNeKTpUYHKX 6ojnepa; Tako fa noctojehe cTarbe YecTo
OfICTyNa Ofi OPWIMHANHON, MPOjeKTOBaHOr CTaka. Ha oc-
HOBY MPUVIKyN/beHe TeXHUUKe AOKyMeHTaluje CBe Aarbe
aHanwuse, feduHMCcare Moryhnx yHanpehera 1 npopa-
UyHW Cy paheHr Ha OCHOBY MPOjeKTOBAHOr CTarba 0fab-
paHNX perpeseHaTa, AOK Cy Ha CAMKama MnpukasaHa
3aTeueHa CTakba OBMX LLIKONa. Takohe, npunmkom aedu-
HMCaka Moryhux HVBOa yHanpeherba HUCY pa3maTpa-
He KapaKTepuCTMKe U CNeLMPUUHOCTY CamMo LWKOCKe
3rpafe Koja npefcTas/ba CTBAPHW penpeseHT T1na, seh
1 npobnemaTnka 06HOBE OCTANNX LUKOMICKMX 3rpaja Koje
npvnagajy oapeheHoM Tuny, Tako fa Cy CrnpoBefeHe
aHanv3e, Kao 1 npeanos3n yHanpehera npUMeHbLBI
Ha UenokynaH rpaheBUHCKM GoHA npema fedrHCaHm
TUMOBMMA.

A special difficulty concerned the fact that a large
number of buildings had undergone various interven-
tions in comparison to the original condition, such as ex-
tensions, adaptations, replacements of deteriorated roof-
ing covers, replacements of windows and original water
boiler or heating system installations, so that the exist-
ing condition of the school buildings sometimes devi-
ated from the original design. In such cases, the original
design documentation was used for further analyses and
calculations and for the definitions of potential improve-
ments, while the graphic representations show the exist-
ing conditions. Furthermore, when defining the possible
levels of improvement, not only the specific circum-
stances and characteristics of the real schools selected
as type representatives but also all other schools belong-
ing to the same type were taken into consideration, so
that the given analysis and the proposals for improve-
ments may have a wider application to the entire build-
ing stock, according to the types defined.
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Tabena 3.3. Tunonowka MaTpyua ofabpaHux penpeseHara

Table 3.3. Typological matrix of representative buildings

Mepvioa
Period

Mane wkone (0o 500 m?)
Small schools (smaller then 500 m?)

LLkone cpearbe BenmumHe (500-2000 m?)
Medium sized schools (500-2000 m?)

Benvike wkone (sehe og 2000 m?)
Large schools (larger than 2000 m?)

no 1945,
before 1945

1946-1970.
1946-1970

1971-1990.
1971-1990

after 1991

nocne 1991.




AHanvsa NpviKynybeHnx nofataka no nepuoavma Data Analysis Across Periods

4. AHANTM3A NPUKYTUbEHUX MOAATAKA
MO NEPUOANMA

MNepuon go 1945. roonHe

Y nepvogy npe 1945. roanHe AOMWHAHTHW TN
WwKoncke 3rpage (Buwe of 50%) jecTe marba 3rpaga no-
BpLWMHe Ao 500 m? VIcTopujcKkm nocmaTpaHo, 06pa3os-
HM Npouec je y pa3Bojy, a OCHOBHW UMb jecTe pPa3Boj
npvMapHor obpasoBakba Haumje WTo he yTuuatv Ha 13-
rpafby CEOCKMX 1 MakbX BAPOLLKMX LKoNa. Y Behnm Ha-
cerbiMa v rpaioBmma ce, Takohe, rpaje v WKOCKe 3rpa-
[ie 3HaYajHujer rabapwTa.

MpadukoH 4.A.1. 3acTyn/beHOCT 6poja WKONCKMX 3rpaja npema
BeNMUMHN y Neprody npe 1945. rogrHe [%)

[pema KOMNaKTHOCTW LUKONCKe 3rpaje, y nepuoay
npe 1945, oyekrBaHo, Npeosnahyjy KOMNaKTHe U aenu-
MUUYHO pa3yheHe 3rpafe byayhv Aa je AOMUHAHTHM TUM
LWKOMCKe 3rpafie Mana 3rpaja Hajuewhe dopmrpaHa oKo
Matber 6poja YUMOHMLA OPraHU30BaHNX Y jeAHOM TPakK-
Ty. Cpearbe v Behe wkone ce pafie Kao AeNMMUYHO UK
noTnyHO pasyheHe, Hajuewhe KnacuyHe kKommnosumuuje,
Ca UeHTPalHUM AOMUHAHTHUM KOPMYyCOM ¥ AOAaTHIM
BOUHMM Kpnmma'.

[IOMWHaHTHM TR WKONCKe 3rpaje 3a nepwvog npe
1945. roanHe jecte npwvsemHa 3rpaga. Mane wkoncke
3rpajie Cy roToBO yBeK NpU3eMHe, 0K Cy CpefHbe 1 Befn-
Ke WKone, rpaheHe y ypbaHm CpearHama, 3acTyrbeHe
Kao CnpaTHe, TO JeCT ABOCMpaTHe, jep Cy, OCM 06pa3oBs-
He, HOCWNEe M 3HaYajHy CMMOONMUKY dYHKUWY OTenot-
BOPEHY KPO3 BeNnUMHy Gopme ca 13pasnuTim CTUACKAM

4. DATA ANALYSIS ACROSS PERIODS

Period before 1945

Before 1945, the predominant type of school build-
ing (over 50%) was a small building with a floor area of
up to 500m? Historically, the educational system was
under development, and the main goal was develop-
ment of the primary education of the nation, which re-
sulted in a pronounced tendency to build rural and small
town schools. Besides, school buildings of significant siz-
es were also built in larger settlements and cities of the
period.

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

masne wkose (ao 500 m?)
small schools (smaller than 500 m?)

. LwKone cpeftbe BenmynHe (500-2000 m?)
medium sized schools (500-2000 m?)

51 Benvike wkone (npeko 2000 m?)
large schools (larger than 2000 m?)

HEemnosHato
N/A

With respect to the compactness of the floor plan,
the school buildings from the period before 1945
showed prevalence in compact and partly complex lay-
outs. This is not surprising, as the predominant type of
the school building was a small building most common-
ly formed around a few classrooms organized in a single
block. Medium-sized and large schools were partially or
fully complex, usually of a classic layout with a dominant
central block with side wings.

The prevalent school building type in the period be-
fore 1945 was the one-story building. Small schools usu-
ally had only the ground floor, while medium-sized and
large schools built in urban areas had more, usually two,
floors. Besides the educational function, these schools
embodied a significant symbolic function through the
size of the volume and the distinctive stylistic features in



obenexjvmay vy AekopaTveHe GacagHe nnacTvike. Be-
NIVIKM OPOj OBMX WKOJCKMX 3rpafa nocTane cy cumbony
MecTa y Kojuma Cy u3rpaheHe.

lpadvikoH 4.A.2. 3aCTyrn/beHOCT 6poja WKONCKKX 3rpaja npema
KOMMaKTHOCTK dopme y nepurogy npe 1945. roaumHe [%]

Monpymcke NpocTopuje y OBOM NepPUOAy ce rpage
YrMaBHOM Kao MOMONHM NpocTopy (OCTaBe, KOTNAPHULE,
PaAMOHKLEe ) KOjU KacHWje fobujajy aApyry HameHy, Haj-
velwhe Heofrosapajyhvx NPOCTOPHMX CTaHAapAa.

padvikoH 4.A.3. 3acTyrnbeHOCT 6poja LWKONCKKX 3rpaja npema
cnpaTtHoCTV y nepuogy npe 1945. roaune [%]

Tun KpoBa 3rpada y nepuoay npe 1945. rognHe je
jenHO3HauaH v, FOTOBO YBEK, peanv30BaH Kao KOCK KPOB
ApBEeHe KOHCTPYyKUMje Ca pa3fuynMTUM TUMOBMMA KPOB-
HVX MOKPMBaya, Hajuewhe NUMOM 1 Lpernom. TaBaHCKM
NpOCTOp Ce, MHWUW]aNHO, He KOPUCTW 3a bopaBak, Maaa
je npumeTHa HberoBa akTMeauuja, Hajuewhe koa rpaj-
CKMX WKONA, HacTana y KacHWjvm Nepuoavma.
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the form of decorative plasterwork. Many of these school
buildings became the symbols of the places in which
they were built.

Figure 4.A.2. Distribution of school buildings in the period
before 1945 by compactness [%)]

|| romnakTHe
compact

[ AenvMAdHO pasyheHe
partially complex

pasyheHe
complex

43 B

HenosHato
N/A

In this period, basements were mostly used as aux-
iliary spaces (storerooms, utility rooms, workshops, etc.),
which were later repurposed as spaces of usually inade-
quate standards.

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

[ | il M+4
GF GF+4
M+1 HenosHato
u GF+1 N/A
. M+2
GF+2
M+3
. GF+3

The roof type in the period before 1945 was uniform
and usually realized as a pitched wooden construction
mostly with tile or metal sheet cladding. The attic space
was not originally used for school activities but its repur-
posing was noticeable in city schools in later periods.
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MpadukoH 4.A4. 3acTynsbeHoCT 6poja WKONCKMX 3rpada npema
My KpoBa y nepuogy npe 1945. rogute [%]

Mpema T1Mny KOHCTPYKTUBHOT CKona, BehrHa WKona
OBOT nepvofa je rpaheHa y MacMBHOM KOHCTPYKTUBHOM
cknony ca HocehrM 310BMMA Of MyHe OnekKe, Pa3nunun-
TUX QOPMATa, Y 3aBWUCHOCTV Of PervioHanHe pPacnpoc-
TPakbeHOCTN 1 CTapoCTh 3rpada. Jpyrv Tmnosu mate-
pujanusauuje ce youasajy y OKBUPY PEKOHCTPYMCaHUX
WK [OAATUX CermMeHaTa 3rpage, TO JeCT KOA Marbix CTa-
PNjX CEOCKMX LLKONA.

MpadukoH 4.A.5. 3acTynsbeHOCT Opoja WKOACKKX 3rpaja npema
matepwjany GacagHor 3uaay nepuogy npe 1945. roauHe [%]

[MpO30pCKN OTBOPK LWKONCKNX 3rpaja, OBOM Nnepw-
ofia, peanu3yjy ce Kao MHAVBWAYanHW, Hajuewhe apse-
He KOHCTPYyKUWje, MO TUMy jeAHOCTPYKM M ABOCTPYKMN
Ca pPasABoOjeHVM KpWWMa, 3aCTak/beHW jeAHOCTPYKUM
CTak/IoM. BenmunHa nNpo3opcKkmnx oTeopa je, No npasu-
Ny, y CKNafly ca nosioxajem v BENMYMHOM 3rpaja, Tako
ha cy y Behum wkonama 1 sefin Npo3opcky oTBopHK Ca

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

paBaH
flat

Koc
pitched

KOMBMHOBaHO
combined

HernosHaro
N/A

With regard to the type of the construction system,
most schools of this period were built in a massive con-
struction system with load-bearing walls of full brick, the
size of which depended on the regional availability and
the year of construction. Other types of materialization
occurred in the reconstructed or added segments of the
building, that is, in small old rural schools.

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

oneka
brick

610K
block

6eToH
concrete

Apyro
other

Huje feduHmncaHo
N/A

Windows in the school buildings of this period were
realized as single openings, most often wooden single-
or double-framed double sashes with single glazing. As a
rule, the window size depended on the position and the
size of the building, so that larger schools also had large
openings with complex window constructions, whereas
in smaller schools the size of the openings was usually
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BMLLELENHMM NMPO30PCKNM KOHCTPYKLMjama; 3a pasnun-
Ky Ooff Marbux LWKoMa rae Cy Hajuewhe Marbi OTBOPY U,
no npaswny, ABOKPUAHM Npo3opn. Ko BehrHe npo3op-
CKMX KOHCTPYKLWja Ce jaBrbajy T3B. nydTepn, To jecT Kpu-
Na Koja ce 0TBapajy OKO AOHe XOPU3OHTalIHE OCe OMO-
ryhaeajyhu ceex Basayx.

lpadukoH 4.A.6. 3aCTyn/beHOCT 6poja WKONCKKX 3rpaja npema
TVNy NPO30PCKIMX OTBOPA Y Neprogy npe 1945. rogure [%]

41

KoHTWHYMpaHa ynoTpeba WKONCKMX 3rpasa, u3rpahe-
HUX Npe 1945, npaheHa nolrm ofpxaBarbem, AoBeNa je
[0 Mponafjarba noctojeRnx NPo30pPCKMX KOHCTPYKUMWja
Te je U npuMeTaH 0bVIM MHTEPBEHLMjA Ha NO3WLWjW NPO-
30pcKux oTBOpa. Hajuewhe ce noctojehe KOHCTPYKUWje
3amerbyjy PVC cTonapujom, noHassbajyhn reomeTpujcky
noruky noctojehnx Npo3opa y3 3acTakibere TepMon3o-
nyjyhum cTaknonaketom. bygyhu aa senvikv 6poj 3rpaga
OBOT MepMoa MMa 13pasmnTi KynTypPHOUCTOPW]CKM 3Ha-
uaj, TeMaTMUM afleKBaTHOr TPETMaHa MPO30PCKUX OTBO-
pa 1 MaTepujanmnzaumje 61 Tpebano NOCBETUTH NOCebHY
NaKkby Kako Ou ce ouyBane ayTOXTOHE apXUTEKTOHCKe
BPeAHOCTY, a NCToBpemMeHo 06e36eannn notTpebHn yc-
nosw Komedopa.

smaller with double-frame units. Most window construc-
tions contained the tilt-in bottom-pivot sashes, which al-
lowed easier airing.

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

suLe oa 50%
higher then 50%

Buwe of 50% Tpake
higher then 50% ribbons

56 matbe of 50%
lower then 50%

The continuous use and poor maintenance of the
school buildings built in the period before 1945 result-
ed in the deterioration of the existing window structures,
which in turn led to a noticeable scope of interventions
on the window openings. Mostly, the original structures
were replaced by PVC windows glazed with insulating
glass that recreated the geometric logic of the original
windows. Given that a large number of buildings of this
period have a distinct cultural and historical significance,
the issue of the adequate treatment of window open-
ings and their materialization should be given special at-
tention in order to preserve the original architectural val-
ues and at the same time provide the necessary comfort
of use.
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MpadukoH 4.A.7. MaTepujan npo3opa y nepuroay
10 1945, roguviHe [%)]

C 0631poMm Ha TO fla Cy OpuUr1HanHe 3rpage rpahere
KNaCMYHOM TexHMKOM rpafrbe 6e3 Kopuwherba Tepmo-
M30MaLUMOHVX MaTepujana, ynoTtpeba Tepmousonauuje
Ha WKonama 13 nepuofa npe 1945. roanHe je nosesaH
ca mpouecom OOHOBE, [Orpagre U PeKOHCTPYKLMje.
MojeavHe mehycnpatHe KOHCTPYKUMje npema TaBaH-
CKMM ¥ MOAPYMCKMM MPOCTOPMMa Cy peanv3oBaHe Kao
,KapaTtaBaH’, y3 ynoTpeby Tpcke 1 3emsbe Ca MUSbEBUHOM,
cnojeea Koju noceflyjy NpUMeTHe TepMOU30onaLmnoHe
KapakTepucTuke.

MpadukoH 4.A.8. Tepmomsonauwja dpacape y nepuomy
10 1945, roguvHe [%)]

TepmoTexHUYKe NHCTanayuje

Onpem/beHoCT MHCTanauvjama rpejarba, BeHTMMa-
unje, KnMmaTusaumje 1 npunpeme NOTPOLLHE ToMne BOAe
33 WKoJCKe 3rpafe, nrpahexe y nepuoay fo 1945, Beo-
Ma je pa3HOBPCHa a NpuKkasaHa Ha lpadukoHy 4. AM.1.

Figure 4.A.7. Window materials in the period before 1945 [%]
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|
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The existing thermal insulation in the schools built
before 1945 was mainly installed in the processes of
renovation, upgrading and reconstruction because
the original buildings were built in a classic construc-
tion technique without the use of thermal protection
materials. Particular constructions, such as the floors
to the attic and the basement areas, were realized as
the “karatavan’, a type of earthen floor, in which the
use of a mixture of straw and earth with sawdust cre-
ated a layer that had significant thermal insulation
characteristics.

Figure 4.A.8. Thermal insulation of the facade in the period
before 1945 [%)]
10

A

yes

.He

no

90

HVAC systems

Heating, ventilation, air conditioning and domestic
hot water preparation systems in the schools built in the
period before 1945 were quite diverse (Figure 4. AM.1.).
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BehuHa wkona (62%) je onpemibeHa MHCTanauvjama
rpejarba Koje MoKpuBajy LEenoKynHy NOBPLIWHY 3rpaje.
C 063vpom Ha unrbeHuULy Aa Hajehw feo neta Wwkone
He pafe, HCTanauvje BeHTNaumje 1 Knrmatusaumje, no
npaswvny, HACY MHCTanMCaHe, Cem y mMarbeM Opojy WKO-
na rpe ce kopucTe nokanHo. LleHTpanHa npunpema ca-
HuTapHe Torne Boae ([MTB) Huje KapakTepucCTM4Ha 3a
wkone y Cpbuju, Beh ce, y Hajsehoj mepu, KopuCTe enek-
TPUUHYK H6ojnepu.
padvikoH 4.A.M.T 3aCTyn/beHOCT TEPMOTEXHUUKIX

MNHCTanauwvja v npunpeme MTB y WKONCKMM 3rpagama
m3rpabeHrm npe 1945. rogune

rpejarbe
heating
100
. BeHTWAUM]a 90
ventilation 80
70
KnUmaTu3aLumja 60
air conditioning 50
40
npvinpema MTB 30
DHW 20
10
0

LLikone rpaheHe y oBom mepuogy Cy, U nopep Hak-
HaAHWX WHTepBeHUMja Pa3MumTor obKMma, YrnaBHOM
onpemsbeHe CTapuUM MHCTanaumjama Koje, no npasuiy,
paje C MannmM CTeneHoM Uckopulihera ropysa.

lpadukor 4.AM.2 CrapocT cucTema 3a rpejarbe y LWKonama
y nepviogy Ao 1945. rognHe [%]

The majority of schools (62%) had heating systems
that covered the whole area of the school building. Since
schools do not operate during most of the summer, ven-
tilation and air conditioning systems were generally not
installed, except in a small number of school buildings
with local AC systems. Centralized domestic hot water
(DHW) preparation is not typical for schools in Serbia, so
most schools have local electrical water heaters.

Figure 4. A.M.1 Distribution of HVAC and DHW systems
in schools built before 1945

1 uena3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Marbu feo 3rpage
minor part of the building

4 He nocTojn
do not exist

5 Huje geduHMCcaHO
N/A

Even after various interventions, the schools built in
this period were usually equipped with old heating sys-
tems with low efficiency.

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

19 . 0o 10 rognHa
below 10 years
. 10-20 rognHa
10-20 years
20-30 roamnHa
20-30 years

20

npeko 30 rognHa
over 30 years
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Hajuewhe kopuwheHn cuctem rpejarba je LieHTpan-
HM Ca COMCTBEHOM KOTIaPHMLIOM, a 3aTM CUCTEM J10-
KaJIHOT rpejarba, oK Ce Kao EHePreHT HajBuLWe KOPUCTM
[PBO, a NOTOM MPUPOLHWM rac. Y cMcTemvma LeHTpanHor
rpejarba Npeoenahyje APBO M NPUPOAHW rac, AOK je y
CMCTEMMMA JIOKASTHOT rPejatba OCHOBHM eHepreHT APBO.

MpadmkoH 4.A.M.3 Cnctemm rpejarsa y LWKoNama carpaheHvm
y neprody fo 1945. roavHe [%]

) 4

|| UeHTpanHo 3a srpagy
centralized heating for building

[ UeHTPanHo 3a uHCTATYLujy
centralized heating for institution

apyro
other

39

MpadukoH 4.A.M.4 3aCTyn/bEHOCT OCHOBHOT eHepreHTa
3a rpejarbe y WKonama y nepuogy o 1945. rogmnxe [%)]

[ yram

coal

apyro
other

Pa3maTparbem Kopenauuje u3mehy mnHCTanmcaHor
cMCTeMa 3a rpejakbe M OLieHe O HErOBOM KBaNUTETY
yTBPAYjEMO Aia CY KOPUCHULM Haj3aA0BOBHMN LEHTPaN-
HUM rpejarbem (6e3 063vpa Ha To Aa N NoTUYe 13 Con-
CTBEHE KOTMapHMLE MM CUCTEMA Aa/bUHCKOT rpejarba)
a HajMarbe NOoKanHWM CcUCTeMOM rpejarba. (MpadumKoH
4 AM.5)

The most commonly applied systems were the cen-
tralized heating system with its own boiler and the lo-
cal heating system. Most centralized heating systems
used wood and natural gas as energy sources, while lo-
cal heating was mostly wood-fired.

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

2
610KOBCKa KOTNapHMLa
centralized heating for city block

Na/bMHCKO rpejatbe
district heating

TIOKanHo
local heating

TOMNOTHA MymMa
heat pump

Figure 4.A.M4 Distribution of main heating energy sources
in schools built in the period before 1945 [%]

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

eneKkTpnYHa eHeprija
electricity

|

[ Np1ponkn rac
natural gas

. TeyHa ropviga (nox-ysoe)
liquid fuel (heating oil)

The correlation between the installed heating sys-
tem and how the users rated the heating quality showed
that the users were most satisfied with centralized heat-
ing (the school’s own boiler or district heating), while
they were least satisfied with the local heating system
(Figure 4. AM5).
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AHan13om penauuje cucTem rpejarba — KopuwheHu
EHepreHT yoyaBamo fia Cy KOPUCHWMLM Haj3aA0BObHYIM
Kafa Ce 3a rpejarbe KOPUCTY MPUPOAHM rac, Kao eKo-
NOWKM HajnprxBaT/byBMje ropyriBo. VIHTEpeCcaHTHO je aa
je ApBO, KA0 eHepPreHT, AOBUO 1 BP0 BUCOKE, anu NCTO-
BPEMEHO U HajNoLLvje OL|EHE, LWTO je BEPOBATHO Mocse-
Ava NPUMEHEHOr CUCTEMa Tpejarba (LeHTpanHo mnm
nokanHo). (MpadukoH 4.A.M.6)

lpadukor 4.AM.5 Kopenauuja namehy cuctema rpejarba 1
OLleHe KOPWCHMKa O KBanuTeTy rpejarba Yy WKonama y neprogy
no 1945. rognHe

150 [

120 |

30

II
LRl A

The correlation between the main energy source
and the evaluation of heating quality was also deter-
mined. The users were most satisfied with natural gas,
as the most environmentally friendly fuel. Interestingly,
wood as fuel was rated both very high and very low for
heating quality. It is most likely that the users’satisfaction
with using wood strongly depended on the heating sys-
tem type (centralized or local) (Figure 4. A.M.6).

Figure 4. A.M.5 Correlation between the heating system and
the evaluation of quality of heating in schools built
before 1945

NaIbUHCKO rpejarbe
district heating

610KOBCKa KOT/apHMLa
centralized heating for city block

LIeHTPASHO 3a UHCTUTYLM]Y
centralized heating for institution

LIeHTParHO 3a 3rpagy
centralized heating for building

NOKaNnHo
local heating

TOMMOTHA Mymra
heat pump

Apyro

o

OJINYHO
perfect
satisfying

3an0Bosbasajyhe

other

partially satisfying

DenvMMYHO 3a10B0basajyhe
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MpadukoH 4.A.M.6 Kopenauwja n3mehy OCHOBHOI eHepreHTa 3a
rpejarbe 1 oLeHe KOPUCHYVIKA O KBANIUTETY rpejarba y WKoama
y nepviogy [0 1945. roguHe

Figure 4.A.M.6 Correlation between the main energy source for
heating and the evaluation of heating quality in schools built
before 1945
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EﬂeKTpOGHepI’eTCKe n HCTaJ'IaLI,VIje

AHanv3om CTpyKType NOTPOLLHbe eNekTpUYHe eHep-
rvje WKONCKMX 3rpafda marpaheHnx npe 1945. roanHe
MOXe Ce 3aK/byunTV Aa Ce eneKkTpuyHa eHepruja yrnas-
HOM KOPWCTM 3a OCBET/bEHE WKONCKMX MPOCTOpWja 1
npunpemy caHuTapHe Torne Bofe (Kod 60% objekata).
Cgera 5% objekaTa KOPUCTN eNekTPUYHY eHeprijy 3a fo-
6vjatbe TOMNOTHe eHepruje, AoK je ynoTpeba 3a noTpebe
Kn1MaTn3aLmje NpocTopuja roToBO 3aHeEMapsbyBa.

NeNMM1YHO 3a0Bosbasajyhe

Electrical systems and electric energy consumption

The structure of electricity consumption of schools
built before 1945 is characterized by the following. Elec-
tricity is rarely used to generate heat energy (less than
5% of schools). More than 60% of schools use electric-
ity for the preparation of domestic hot water. More than
90% of buildings have no type of air conditioning.
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padukoH 4.A.E.1 TunoBm ocBeTIbEHA M 3aCTYNSLEHOCT Y
LUKONICKMM 3rpagama n3rpabenvm npe 1945. roguxe

LED
LED 40
. WTeA/bMBE Crjanmue 3
CFL -
25
CUjanmLe ca yKapeHoM HUTY 20
incadescent 15
10
bnyo Lesu 5 -
fluorescent 0 -

Mako ce, y n3BOpHOM 00MKKY, Y LIKONama OBOr ne-
proaa KOpUCTUNO MHKAEeCLIEHTHO OCBET/betbe, M3 rpa-
drkoHa 4.AE.1 Moxemo BMAETM [la Ce ,y BENVKO] MepW,
KopucTe v yopeclieHTHe CBETU/bKE KOoje aHac unHe
JOMWHAHTaH BWMA M3BOpa OCBET/berba. [1pocevyaH 6poj
CaTh paja BelUTayKOr OCBET/beHbA YITIaBHOM 3aBUCK Of
TVNa WKOMe 1 HaylHa OpraHv3oBarba HacTaBe — jeAHa
v aBe cmeHe. Ha rpadukoHy 4.AE.1. youaBamo fa ce
y Hajsehem 6pojy WwKona oBor neprofa (39%) BelTauko
OCBETIbEHE KOPUCTN 3-6 caTi HeBHO. C 0631POM Ha TO
na 24% LKOMNa KOPUCTN OCBET/bEHE BULLIE Of IEBET CaTW,
MOXEMO 3aK/by4uTI Aa Ce Y MPOCeYHO] WKOAN K3 nepu-
Ofa v3rpagrbe npe 1945, roanHe BelTayko OCBeT/berbe
KOPUCTUNO 67 caT Yy TOKY faHa.

lpadukoH 4.A.E.2 Bpeme kopuiherba BeLUTaUKOr OCBET/bEHA Y
wKkonama marpaheHnm npe 1945. roavHe [%)]

24
AyTOMaTCKa KOHTPO/a OCBET/bEkba je PEeTKa y WKOoNama

0BOT NEPUOAa, 0K je Camo Ha jenHOM OBJeKTY y OKBMPY aHa-
JIM3VPAHOT Y30PKa MHCTanMPaH GOTOHAMOHCKM CUCTEM.
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Figure 4.A.E.1 Distribution of types of lighting in schools
built before 1945

1 uena3rpaga
whole building

= 2 Hajsehw feo 3rpage
= major part of the building

3 Matby o 3rpaje
minor part of the building

Although the schools from this period originally used
incandescent lighting, the Figure 4.A.E.1. shows that flu-
orescent lamps are now predominant. However, unlike
in the schools built in later periods, incandescent light-
ing can still be frequently found. The average number of
working hours of lighting is shown in Figure 4 AE.2. In
most schools of this period (39% of the total sample of
schools built before 1945), lighting was used 3-6 hours a
day. Also, the number of schools using lighting for more
than 9 hours was significant. It can be concluded that in
the average school of this period, lighting is used for ap-
proximately 6-7 hours per day.

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

11 no 3 cara

up to 3 hours

. 3-6 catn
3-6 hours

6-9 catn
6-9 hours

npeko 9 catm
over 9 hours

39
|

In schools built before 1945, automatic lighting control is
rare. Also, only the roof of one school from the analyzed pe-
riod has installed photovoltaic system.
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MNepuopn 1946-1970. rognHe

Mepviog nocnepatHe O6HOBe KapaKTepulle CBeo-
OyxBaTHM Pa3BOj M 3HATHO MoBeharbe yKynHor rpahe-
BMHCKOTr doHAa Te 1 doHAa WKONCKMX 3rpafa. ObHoBa
Pa3opEeHNX rpafioBa W OKTPMHA NMPOMEHE CTPYKTYpE U
TVNa NMPUBPEAHKX eNaTHOCTA Liene 3eMsbe, Y3 Harna-
LWeH Npenasak ca NosbonprBpeae Ha UHOYCTPWCKY Npo-
13BOMLY, IOBEE CY [0 M3rpafbe seher 6poja WKONCKUX
3rpaga y pactyhum BapolwmLiaMa 1 rpagoBrma, y3 UcTo-
BPEMEHN Pa3BOj MPEXe MarbkX CEOCKMX WKoMa. Marbu
00jekTn 1 farbe NpefcTaB/bajy PenaTvBHO AOMUHAHTaH
TN M3rpadhe, y3 NpUMeTHO noseharbe 6poja BeNMKKMX
LWKONCKMX 3rpaja.

lpadukoH 4.6.1. 3acTyn/beHoCT bpoja WKONCKKMX 3rpaja npema
BenvunHN y nepuogdy 1946-1970. roavHe [%]

30

/3rpaarba Behix WKONCKMX 3rpaja je ycnoswna npo-
MeHy CTeneHa KomnakTHocTv dopme. OpraHumsatmja oc-
HOBE y BMAY NOjeAVHAaYHVX TPAaKTOBA NMOBE3aHVIX Y Lienw-
Hy NOCTaje OCHOBHWM TpeHa m3rpaarse. LWkone ce rpage y
HOBWM AenoBvMa rpafa, Ha sehum napuenama, 6e3 orpa-
HWuerba nocTojeNnx ypbaHnx MaTpuLa Te ce BuWe Npu-
narohasajy TepeHy, KopUcTe NPeAHOCTY OpUjeHTaLMja 1
cerMeHTMpajy npema CTPYKTYpU yueHuKa kpo3 pasyhe-
HUjy dopmy objekTa.

Period 1946-1970

The period of post-war renewal was characterized
by comprehensive development and a significant in-
crease in the total building stock, and hence in the stock
of school buildings. The reconstruction of the war-struck
cities and the doctrine of remodeling the structure and
the type of economic activities throughout the coun-
try with an emphasized transition from agriculture to
industrial production, led to the construction of a large
number of school buildings in growing towns and cities,
alongside the development of a network of smaller ru-
ral schools. Smaller structures were still the relatively pre-
dominant construction type although there was a no-
ticeable increase in the number of large school buildings.

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

Mane wkone (go 500 m?)
small schools (smaller than 500 m?)

LwKore cpetve BenmunHe (500-2000 m?)
[ |
medium sized schools (500-2000 m?)

38 Benvike Wwkone (npeko 2000 m?)
large schools (larger than 2000 m?)

HemnosHaTo
N/A

The shift towards the construction of large school
buildings also brought about a change in the degree of
compactness. The organization of the floor plan in the
form of individual blocks connected into a whole be-
came the main trend in construction. As schools were
built in new parts of the city, on larger plots, and were
unlimited by the existing urban matrices, they were
more adapted to the terrain, advantageously oriented
and segmented according to the structure of the stu-
dents through a more complex form of the building.
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MpadukoH 4.5.2. 3acTynibeHoCT 6poja WKONCKMX 3rpafa npemva
KOMMaKTHOCTH Y nepurogy 1946-1970. roguHe [%)]

38

Mpr3emHa WKOMCKa 3rpafa NPeAcTaB/ba AOMUHAHT-
HU TVIN Nepuoaa, Npema CNpPaTHOCTY, Y3 NPUMETHY 3a-
CTYN/bEHOCT CMpaTHUX W [OBOCHPATHWX 3rpaja. Mane
WKOse Ce U [la/be rpafie NCK/bYUMBO Kao Mpu3emHe, 1oK
ce ko Behux 3rpaga nprmenyjy TPaKTOBM pasnmnyumTe Cr-
PaTHOCTW, a Mpema CTPYKTYpU 00pa3oBHOr NpoLieca.

lpadukoH 4.5.3. 3acTynsbeHOCT 6poja LWKOMCKKMX 3rpada npema
cnpatHocTn y nepuogy 1946-1970. roanHe [%]

KpoBOBM LIKONCKKMX 3rpafa cy y nepuogy 1946-1970.
AOMUHAHTHO KOCW, Y3 MPUMETHY MOjaBy PaBHMX 1 KOMOU-
HOBaHWX KPOBOBA Ha Beh1M OBjeKT1Ma, HapPOUNTO Y yp-
6aHVM CpeArHama. 3rpaje paBHMX KPOBOBa (Beoma Ma-
VX Harnba koju ce y Gopmm 3rpajde [OXKNVBIbaBajy Kao
paBHW) Yy CKnady Cy Ca NPOMEHOM MeTepujanHo- ecTeT-
CKMX [AOKTPUHa rae ce KybnuHa dopma cmaTpana cvim-
6010M MOAEPHOCTU M HaNpeTKa, HapounTO Yy neproay
nocne 1960. Peann3oBaHW paBHW KPOBOBW Cy, YChef
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Figure 4.8.2. Distribution of school buildings in the period
1946-1970 by floor plan compactness [%]

[1] KomnakTHe
compact

[ AenvMAYHO pasyheHe
partially complex

pasyheHe
complex

40
[ |

HenosHato
N/A

The one-story school building was the predominant
type of the period regarding the number of floors, while
there was also a noticeable share of the buildings with
two or three floors. Small schools continued to be built
as exclusively one-story forms, while in larger buildings
there were often blocks of different number of floors, de-
pending on the structure of the educational process.

Figure 4.8.3. Distribution of school buildings in the period
1946-1970 by the number of floors [%]
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Hemno3Haro
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Roofs of the school buildings built in the period 1946-
1970 were mostly pitched, whereas there was a notable
occurrence of flat and combined roofs on larger struc-
tures, especially in urban areas. Buildings with flat roofs
(or roofs sloped so slightly that they are perceived as
flat in the final form of the building) were in accordance
with the change in the material and aesthetic doctrine
according to which the cubic form was regarded as a
symbol of modernity and progress, especially after 1960.
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He[OBO/bHE pPa3BMjeHOCTV rpabeBvHCKe MHAYCTPUje,
Kao v ynotpebe matepujana penatmeHO Cabor Keanw-
TeTa, N0 NPaBuIy, y JOWeM CTakby 1 KOA Bennkor 6poja
LWKOJCKVX 3rpajia M3BPLUEHa je KacHWja caHauuja y3 ms-
rpaay KOCKUX KPOBOBA.

MpadukoH 4.5.4. 3acTynibeHoCT 6poja LWKONCKMX 3rpaja npema
TNy KpoBsa y nepuogy 1946-1970. rogune [%]

KOHCTPYKLMje WKOMCKUX 3rpafa Cy 1 la/be MacuBHe,
YIMaBHOM 3WfaHe, Y3 NnojaBy apMMpPaHO-6ETOHCKIX CKe-
NETHUX KOHCTPYKUMja Y APYroj NOMOBUHY OBOT Nepuoaa.
MprMeTHa je 1 NPOMEHa TEXHOMOTWje N3rPaaHbe WKOM-
CKVIX 3rpafia rae Ce HanylTajy KnacuuHe KOHCTPYKLMje,
a npenasmn Ha caBpemeHuje cknomnose 1 matepujane. Koa
3rpafa ca apMUPaHO-O0ETOHCKMM CKENETHWUM CUCTEMOM
ncnyHe ce Hajuewhe rpaav of NyHe oneke, a pehe 1 ru-
Tep 6nokoBa. Bapuparbem AebsbrHa 1CnyHa y KoMou-
HauuMjK ca ckenetom GopmuMpa ce NMprMapHa nnacTnka
3rpafa Npeno3HaT/blBa 3a OBaj Nepuos.

MpadmkoH 4.5.5. 3aCTyn/beHOCT 6poja LKOMCKMX 3rpada npema
maTepwjany GacagHor 3uaay nepuogy 1946-1970.roavne (%]

6
3

3

Regrettably, owing to the insufficiently developed con-
struction industry at the time and the use of materials of
relatively low quality, the built flat roofs had deteriorated
so that a large number of school buildings underwent a
subsequent rehabilitation including the construction of
pitched roofs.

Figure 4.B.4. Distribution of school buildings in the period
1946-1970 by roof type [%)]

5
[ pasan
flat

. KOC

pitched

[ KOMBMHOBaHO
combined

HEMo3HaTo
N/A

The construction systems of school buildings were
still massive and mostly realized in brick, with the ap-
pearance of reinforced concrete skeletal constructions
in the second half of this period. There was a noticeable
change in the building technology of school buildings,
in which the classical construction systems were slow-
ly replaced by more modern elements and materials. In
buildings with a reinforced concrete skeletal system, the
infills were usually made of full brick, or rarely of hollow
clay blocks. The varying infill thickness combined with
the skeletal construction formed the primary exterior de-
sign of the building typical of the period.

Figure 4.B.5. Distribution of school buildings in the period
1946-1970 by facade wall material [%]

oneka
brick

. 610K

block

| 6eToH

82 concrete

Apyro
. other

HUje AedrHMcaHO
N/A
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MNepuon nocne [pyror CBETCKOr paTa Kapaktepu-
e v3rpaara Mofena WKOACKMX 3rpafla Koju npeacta-
B/ba, Ca MaTepujasiHO-OBIMKOBHOI CTaHOBMLITA, HacTa-
BaK MPETXOAHOr Mepuoda Koju KapakTepuuly 3rpaae
MACVBHMX 31[10Ba 1 MOjearHaYHVX NPO30PCKKX OTBOPA
MatbUX UV CPeAbUX AUMEH3M]a. Y TOKY Neproia Moaes
LWKOSICKe 3rpaje y roToBO CBYM BeUMHaMa Ce Merba U
npenasu ce Ha Behe NPoO3opcke OTBOPE, a KacHuje 1 Ha
,MPO30pCKe Tpake'WTo 3rpafama fjaje caBpemeHmnju ns-
ref y3 UCToBpemeHo nobosbluate YCoBa CBETNOCHOT
KoMbopa y yumoHuLiama.

lpadukoH 4.5.6. 3aCTynsbeHOCT 6poja LKOMCKKX 3rpada npema
TVNYy NPO30pCKIMX OTBOPA Y Nepuogy 1946-1970. rogunHe [%]

31

Y nepwvogy 1946-1970. ApBO je n Aarbe JOMUHAHT-
HV MaTepwujan 3a m3pady npo3opa. VictoBpemeHo, aona-
31 1 A0 NpUMeHe,MeTanHKx" Npo3opa (LpHa 6pasapuja)
3aCTaKSbeHMX OOUYHMM UK aQPMUPAHKM CTaKIIOM, YraB-
HOM Yy 30HaMa yna3a, XOAHMKa 1 Ha NOMONHUM MPOCTO-
pvjama. [lpBeHn Npo3opu Cy ABOCTPYKM (LUIMPOKA M yCKa
KyTWja) unv caBpemenmju, ,Kpnno Ha kpuno”. LLikone osor
neprofa ce KopucTe y HenpomerbeHoM 0b1My 1 Hame-
HW WTO, Y3 Npouec pexabunutaumje cnposefeH y npo-
TeKSIOM Nepuoay, yCioB/baga 3HaTaH yaeo PVC nposop-
CKMX KOHCTPYKUMja Y YKYNHOM GOHAY.
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The period after the Second World War was charac-
terized by the construction of school building models
that, as regards materialization and form, were a contin-
uation of the previous period marked by buildings with
massive walls and small or medium single openings.
With time, the school building model changed in almost
all dimensions, including the transition first to larger win-
dow openings and later to the introduction of window
ribbons, at the same time giving the buildings a com-
pletely different, more contemporary appearance and
improving the lighting comfort in the classrooms.

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

suwe oa 50%
higher then 50%

. BuLe of 50% Tpake
higher then 50% ribbons

55 Marbe off 50%
lower then 50%

In the period 1946-1970, wood was still the princi-
pal material used in window manufacturing. At the same
time, metal windows (cast iron) with ordinary or rein-
forced glass were used mainly in the entrance zone, in
corridors and auxiliary rooms. Wooden windows were
double-framed (in a wide or narrow box), or more con-
temporary types of single-framed connected double
sashes. At present, the scope and purpose of the schools
of this period have remained unchanged so that the re-
habilitation undertaken meanwhile is the reason for a
significant share of PVC window constructions in the to-
tal inventory.
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MpadukoH 4.6.7. MaTepujan npo3sopa y nepuogy 1946-1970.
roanHe [%]

TepMUUKKX NMPOMMCa Koju perynuly npumeHy Tep-
MOWV30MaUMOHNX CojeBa Y CTPYKTypW dacagHor 3vaa
HeMa Ma MOXKEMO KOHCTATOBaTW fAa youeHa 3acTyrsbe-
HOCT 3rpaja Koje Mmajy Tepmoun3sonaunjy npeactasiba
nocneanLy npoueca caHauumje v peKoHCTPyKUMje a He
OPUrMHaNHO CTakbe.

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

TepmoTexHUYKe NHCTanaymje

Onpem/beHOCT MHCTanaumjama rpejarba, BEeHTMNa-
umje, KnuMaTtmsaumje 1 npunpemMe NoTPOLLHE ToMe Boge
33 WKoncKe 3rpafie m3rpaheHe y nepuoay 1946-1970.
roAviHe je rotoBo MAEHTUYHA Ca MPETXOAHNM NEPUOLOM
WTO je B1A/BUBO Ha [padukoHy 4.6.M.1.

BehuHa wkona (59%) je onpemsbeHa MHCTanauwja-
Ma rpejarba Koje MOKpWBajy LIeIoKyHY MOBPLUMHY 3rpa-
[ie. 3a WKone OBOr Nepuoja je KapakTepucTUYHO Aa He
noceflyjy MHCTanaumje BeHTUNauuvje 1 Knumatusauuje,
OCMM Y MarbeM 6pojy 3rpada rae cy y GyHKLM)M NOKanHo.

Figure 4.B.7. Window materials for the period 1946-1970 [%]

I apeo

wood

B PVC

PVC

. ANYMUHWjyM
aluminium

KOMBMHOBaHO
combined

Considering the non-existence of thermal regula-
tions that would prescribe the use of thermal insula-
tion layers in the facade wall construction at the time, it
is suggested that the observed share of buildings with
thermal insulation is due to the process of rehabilitation
and reconstruction rather than the original condition.

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

8

Ol

yes

.He

no

HVAC systems

Heating, ventilation, air conditioning and domestic
hot water preparation systems in schools built in period
1946-1970 were almost identical to those of the previous
period (Figure 4.B.M.1).

The majority of schools (59%) had heating systems
covering the whole building area. Generally, the schools
built in this period had no ventilation and air condi-
tioning systems installed, except for a small number of
school buildings with local AC systems. The systems for
centralized domestic hot water (DHW) preparation were
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LleHTpanHa npunpema caHuTapHe Tonne sofe (MTB) Huje
3aCTyn/beHa Te ce M KoA 3rpaja OBOr nepvoda, yrnas-
HOM, MPUMErbYjy NOKANHO WHCTaNMCaHW eneKkTpUYHN
60ojnepw.

MpadvkoH 4.6.M.1 3aCTyn/beHOCT TePMOTEXHUUKIX

MNHCTanauwmja v npunpeme MTBy WKONCKMM 3rpagama
m3rpaheHrm y nepriogy 1946-1970. roamHe

| rpejarbe
heating
100
. BEHTUNaUMja 90
ventilation 80
70
[ wwma3auvja 60
air conditioning 50
40
npvinpema MTB 30
DHW 20
10
0

Buwe oa 50% cnctema rpejatba LWKOMa OBOr nepriofa

je, nnopen HakHagHnx MHTepBeHLI,VIja, CTapocCTn Behe of
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30 roavHa, WTo 61 3HaUMNO Aa, NO NPaBUAy, page C Ma-
VM cTeneHom nckopuiihersa ropunea.

lpadukoH 4.6.M.2 CrapocT crucTema 3a rpejarbe y WKonama 13
nepuoga 1946-1970. rognHe

not applied in this period, so most schools had local elec-
trical water heaters.

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

1 uena3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Marbu feo 3rpage
minor part of the building

4 He nocTojn
do not exist

5 Huje geduHMCcaHO
N/A

Despite subsequent interventions, more than 50%
of the heating systems in schools built in this period are
more than 30 years old, which generally indicates their
low efficiency.

Figure 4.B.M.2 Age of heating systems in schools built in the
period 1946-1970

19 [0 10 rognHa

below 10 years

10-20 rognHa
10-20 years

20-30 roamnHa
20-30 years

npeko 30 rognHa
over 30 years
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[loMWHaHTHK cucTem rpejarba neproga 1946-1970.
je LeHTpasnHw, ca CONCTBEHOM KOT/IaPHMLIOM, 3aTUM CU1C-
Tem nokanHor rpejarba (Cnvika 4.6.M.3) ook je Haj3a-
CTYM/bEHWNj eHepreHT APBO, a NMOTOM MNPUPOAHWM rac. Y
CUCTEMMMA LEHTPANHON rpejakba HajBulle ce KopucTe
[PBO, MPUPOAHM Tac 1 yrasb, a Y CUCTEMUMA JIOKANHOT
rpejarba OCHOBHM eHepreHT je apeo. (Cnvka 4.6.M.4)

MpadukoH 4.6.M.3 Cuctemm rpejarba y WKonama
nepvofa 1946-1970. roanHe [%)]

LleHTpanHo 3a 3rpagy
centralized heating for building

LieHTpanHo 3a MHCTUTYLWjy
centralized heating for institution

Apyro 40
other

0
lpadvikoH 4.5.M.4 3acTyn/beHOCT OCHOBHOT eHepreHTa 3a
rpejarbe y Wkonama nepuopa 1946-1970. rogunte [%]

4

yrasmb 14
coal
Apyro
other
10
18

1
33[10BOSBCTBO KOPUCHMKa MHCTaNnCaHUM CMCTEMOM

rpejarba Mokasyje Hajborbe pesynTate Kof LieHTpanHor
rpejarba (6e3 ob3vpa fa v NoTUYe U3 COMCTBEHE KOT-
NapHALIE WK U3 CUCTEMA LASbUHCKOT rpejarba) [OK Cy
KOPUCHWLM HajMatbe 3aA0BOSbHU NIOKAHUM CUCTEMOM
rpejarva. (MpadwmkoH 4.6.M.5)

YcnocTaembajynn penauvjy cuctem rpejarba — Ko-
pUWREHN eHepreHT 3ak/byyeHo je fa Cy KOPUCHULM Haj-
3a[l0BO/bHUW}M Kafla Ce 3a rpejarbe KOpUCTU NMPUPOLHN

The systems most often installed in the period 1946-
1970 were the centralized heating system with its own
boiler and the local heating system (Figure 4.B.M.3),
while the most common energy sources were wood
and natural gas. Most centralized heating systems used
wood, natural gas and coal as the energy source, while
local heating was mostly wood-fired (Figure 4.B.M.4).

Figure 4.B.M.3 Distribution of heating systems in schools built
in the period 1946-1970 [%)]

6110KOBCKa KOTnapHuia

18
centralized heating for city block

Ja/bUHCKO rpejatbe
district heating

NIOKanHo
local heating

TONNOTHa Nymna

33 heat pump

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

[1PBO (OrpeBHo, Cceuka, nenet)
wood (firewood, wood chips, pellet)

eneKTprYHa eHepritja
electricity

53 NPUPOAHY rac
natural gas

TeyHa ropvisa (nox-yroe)
liquid fuel (heating oil)

The greatest user satisfaction with the heating qual-
ity was found in the centralized heating system with
the school’s own boiler or connected to district heating,
while the users were least satisfled with local heating
(Figure 4.B.M.5).

The correlation between the main energy source
and the evaluation of heating quality showed that the
users were most satisfied with natural gas, as the most
environmentally friendly fuel. Interestingly, wood as fuel
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rac, Kao eKonowKM Hajnprxeat/bieuje ropuso. M oeae je  was rated both very high and very low for heating qual-
npUMeHa [pBeTa Kao eHepreHTa olereHa 1 Hajeuwom ity. It is most likely that the users’satisfaction with using
1N HajHWKOM OLIEHOM WTO je nocneavua npumerseHor — wood strongly depended on the heating system type
cncTema rpejarba (LeHTpanHo unun nokanHo). (MpadukoH  (centralized or local) (Figure 4.B.M.6).

4.B.M.6)
padvikoH 4.6.M.5 Kopenauuja namehy crictema rpejarsa Figure 4.56.M.5 Correlation between the heating system and
1 OLleHe KOPUCHWKA O KBANUTETY rpejarba Yy WKoaama 13 the evaluation of quality of heating in schools built in the
nepunoga 1946-1970. roguHe period 1946-1970
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MpadukoH 4.6.M.6 Kopenauuja n3mehy 0CHOBHOT eHepreHTa 3a
rpejarbe 1 oLeHe KOPUCHYVIKA O KBANIUTETY rpejarba y WKoama
13 nepuoga 1946-1970. roanHe

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

AHaANN30M CTPYKTYpe NOTPOLWHE eNeKkTpUUYHE eHep-
rvje WKONCKMX 3rpaga marpaheHunx y nepuogy 1946-
1970. roAvHe MOXeMO 3aK/byuuMTu [a Cce enekTpuyHa
eHepruja y Hajeehoj Mepy KOPUCTY 3a OCBETIbEHE WKO-
CKMUX MPOCTOpWja 1 NpUNPEMY CaHWTapHe Tore Boae
(ko 50% objekata). Cera 2% objekaTa KOPUCTA enek-
TPUUHY eHeprujy 3a fobujarbe TONOTHe eHepruje, oK je
ynoTpeba 3a notpebe KNMMaTM3aLUMje NPOCTOPWja roTo-
BO 3aHemapsbMBa.

NeNMM1YHO 3a0Bosbasajyhe

Electrical systems and electric energy consumption

The structure of electricity consumption of schools
built in the period 1946-1970 is characterized by the fol-
lowing: electricity is rarely used to generate heat ener-
gy (less than 2% of schools); more than 50% of schools
use electricity for the preparation of domestic hot water;
more than 90% of buildings have no type of air condi-
tioning. The lighting structure is shown in Figure.
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lpadukoH 4.6.E.1 Tnosm ocBeT/beHba U HXOBA 3aCTYMN/bEHOCT
y wKkonama u3 neprioga 1946-1970. rogrHe

[ ] LED
LED 40
. WTeA/bMBE Crjanmue 3
CFL 0
25
CUjanuLie ca yxapeHoM HIT 20
incadescent 15
10
bnyo Lesm 5
fluorescent 0

ako ce y n3BOpHOM 00AMKY Y LUKONama OBOr nepu-
O[3, Ka0 W MPETXOAHOT, KOPUCTE MHKafeCLEHTHe CBe-
TurbKe, MpadnkoH 4.6.E.1 jacHo nokasyje fa cy y Benu-
Koj Mepw y ynoTpebn 1 GnyopecLieHTHe CBETUIBKE Koje
YHE JOMUHAHTHYM BMA M3BOPA OCBETIbEA.

MpoceuaH 6poj caTt pafjia BELUTAUKOr OCBET/bEHA Y
WwKonama nepuopaa 1946-1970. je npuKasaH Ha rpaduko-
Hy 4.6.E.2. Y Hajsehem 6pojy WwKona (33%) BewTauko oc-
BeT/betbe Ce KOPUCTN 3-6 CaTh HEBHO, AOK je koA 28%
WwKona y ynotpebn 6-9 catu. Y npoceyHoj WKonm oBor
neprofa BeWTauko OCBET/berbe Ce KOPUCTN 5-6 catn y
TOKy AaHa.

lpadukoH 4.6.E.2. Bpeme kopuwhersa BeLTaUKOr OCBET/bEHA Y
WwKonama nrpaheHum y neprogy 1946-1970. roamne

18

28

AyTOMATCKa KOHTPO/a OCBET/bEHA je BEOMa PETKa Y
LWKOMaMa OBOT Mepuoaa, AOK je GOTOHAMOHCKYM CHCTeM
VHCTanMpaH Ha camo /Ba objekTa y OKBUPY aHanm3unpa-
HOT Yy30pKa.
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Figure 4.B.E.1 Distribution of types of lighting in schools built in
the period 1946-1970

1 uena3rpaga
whole building

= 2 Hajsehw feo 3rpage
- major part of the building

3 Marbi fjeo 3rpade
minor part of the building

Although the schools from this category original-
ly used incandescent lighting, the Figure 4.B.E.1 shows
that fluorescent lamps are now predominant. However,
unlike in the schools built in later periods, incandescent
lighting can still be frequently found.

The average number of working hours of lighting is
shown in Figure 4B.E.2. In most schools built in this pe-
riod (33% of the total sample of schools in category B),
lighting was used 3-6 hours a day. Also, the number of
schools using lighting for more than 9 hours was sig-
nificant. It can be concluded that in the average school
of this category, lighting is used for approximately 5-6
hours per day.

Figure 4.B.E.2. Working hours of artificial lighting in schools
built in the period 1946-1970

2 . no 3 cata
up to 3 hours

. 3-6 catn

3-6 hours

6-9 catn
6-9 hours

[ npexo 9 camn
over 9 hours

In schools of this period, automatic lighting control
is extremely rare. Also, a photovoltaic system has been
installed on the roofs of only two schools from the ana-
lyzed period.
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MNepuopn 1971-1990. rognHe

Mepvoa 1971-1990. roanHe KapakTepuile HacTaBak
npoLieca MHTeH3MBHe ypbaHu3alwje Ha Teputopuju Pe-
nybnvke Cpbuje 1 3HaTHO noseharbe rpagckor CTaHo-
BHULITBA W M3rpadrba BeRnX LKONCKMX 3rpafa. Bennke
LKOMe NOCTajy AOMUHAHTHI TUM, IOK CY Cpefrbe U Mane
FOTOBO UCTOBETHO 3aCTymnsbeHe.

MpadukoH 4.L1.1. 3acTynmbeHocT 6poja LWKOACKMX 3rpaaa
nepvoga 1971-1990. roanHe npema Bennumnnm [%]

38

HactaBak nnaHvparba rpagoBa rae AOMUHUPajyY
OTBOPEHW ONOKOBK Y3 BenvKe napuene Hamerbe-
He LIKOMCKMM ObjeKTVMa KOju HEPETKO MMajy 1 Beoma
KOMMIEKCHe nporpame (yuynoHuLe, KabrHeTu, cneuwja-
N30BaHe yYMoHMLE, BULIE PAsIMYMTX TUMOBA Cana, Ky-
XVIFbe, WKONCKM PecTopaHy, PaaVoHULIE... Yak 1 6aszeHu)
YCNOBWAW Cy AENUMUYHO MAK NOTAYHO pasyheHe dop-
Me CerMeHTMPaHVX MHAMBMAYaNHUX cagpaja. Bapuje-
TETY TWUMOBA LIKOMICKMX 3rpaja JOMPUHOCK W 3HavajaH
NCTPaXkMBaYKM paf y obnactn obpasosarba, TO jeCT 1c-
nUTMBarbe GOPManHUX MOAENa 3rpaga, a orneaa ce Kpos
M3rpadrby WWPOKOr AMjanasoHa PasivunTvX KoHLena-
Ta 1 NPOCTOPHO-MaTepujanHmx opraHmnsaumja. Komnakr-
He dopme Cy 1 Aarbe AOMUHAHTaH TV U3rpagrbe Manmx
LWKOJCKMX 3rpada.

Period 1971-1990

The period 1971-1990 was characterized by the
continuation of the process of intensive urbanization
throughout the territory of the Republic of Serbia and an
ensuing significantincrease in the number of urban pop-
ulation, which in consequence led to the construction
of larger school buildings. Large schools became pre-
dominant, while the proportions of medium and small
schools remained almost identical.

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

Mane wkone (go 500 m?)
small schools (smaller than 500 m?)
31 . LwKore cpeatbe BenmunHe (500-2000 m?)
medium sized schools (500-2000 m?)

Benvike wkone (npeko 2000 m?)
large schools (larger than 2000 m?)

Heno3HaTo
N/A

26

As urban planning continued towards the predomi-
nance of the open blocks developments with large plots
allocated to school buildings, their often very complex
programs (classrooms, laboratories, specialized class-
rooms, various types of halls, kitchens, school restau-
rants, workshops, and even swimming pools), resulted
in partially or fully complex forms with segmented indi-
vidual content. What also contributed to the variety of
building types was the significant research work in the
field of education, i.e. the examination of formal build-
ing models, which resulted in the construction of a wide
range of different concepts and spatial and material or-
ganizations. Nevertheless, the compact form remained
the predominant type of construction for small school
buildings.
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lpadukoH 4.L1.2. 3acTynmbeHocT 6poja LWKOACKMX 3rpaja
nepviofa 1971-1990. roavHe npema KOMNakTHOCTW [%)]

31

32

CnpaTHe 1 fBocnpaTtHe 3rpade npeysumajy (y yKyn-
HOM 361pY) NPVMAT Haf NPU3EMHMM 00jeKT1Ma, WTO je y
CKnagy ca Nporpamckom KomrekcHowhy v BenmymHom
LWKONCKMX 3rpaja. Mane wkone ce 1 fame rpaje Kao
npv3emHe, jelHoCTaBHe GopMe, IOK Cy CPeAHe 1 Ben-
Ke WKone, No Npasuiy, CnpaTHe unn suwecnpatHe. Koa
Behnx objekata cermeHTUpaHoCT dopme je, Hajuelhe,
npaheHa v pa3nuymTom cnpatHowhy nojearHux Jenosa.

lpadwikoH 4.L1.3. 3acTynsbeHoCT Opoja WKONCKMX 3rpaja
nepviofa 1971-1990. roavHe npema cnpaTtHoCT [%)]

34

Kao ny npetxoaHom, 1y nepuogy 1971-1990. roguHe
ce Mory MAeHTUGUKOBATU MaTepujanHO-CTUACKE Npome-
He y rpaauTesbCKoj Npakcw. Y Apyroj NONOBMHM Nepuoaa
HanywTa ce upean KybuuHWUX apXUTEKTOHCKUX GopmMM,
TEXW Ce PasHOBPCHW]Oj MaTepujanmsanmnjy 1, WTo je no-
cebHO BaXKHO, MPUIMEHM KOCUX KpoBOBa. OHW Cy AOMM-
HaHTHM Ha CBMM MaliMM LLIKONCKMM 3rpajama, oK Ce KOA
BeNnx jaB/bajy U paBHW, TO jeCT, KOMOMHOBAHN KPOBOBMW.
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Figure 4.C.2. Distribution of school buildings in the period
1971-1990 by floor plan compactness [%]

KOMMaKTHe
compact

[ AenvMAdHO pasyheHe
partially complex

pasyheHe
complex

33
|

Heno3HaTo
N/A

The total share of buildings with two or three floors
above the ground floor took primacy over one-sto-
ry buildings, which was in accordance with the pro-
gram complexity and the size of school buildings. Small
schools were still built as simple one-story forms, while
medium-sized and large schools usually had two or
more floors above the ground. In larger structures, the
segmentation of the form was most often followed by
the variation of levels for individual segments.

Figure 4.C.3. Distribution of school buildings in the period
1971-1990 by the number of floors [%}
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As in the previous period, material and stylistic
changes could be identified in the building practice be-
tween 1971 and 1990. In the second half of the period,
the ideals of cubic architectural forms were abandoned
while there was a tendency towards diversified materi-
alization, and especially towards the use of the pitched
roof. Pitched roofs were predominant in all small school
buildings, while flat and combined roofs were used in
larger structures.
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MpadukoH 4.L1.4. 3acTynreHocT 6poja LWKONCKMX 3rpaja
nepuoga 1971-1990. rognHenpema T1ny Kposa (%]

Pa3HOBPCHOCT Mofena 3rpafjia ce OAC/IMKaBa W KpPo3
matepvjanv3auvjy dacagHvX 3ugoBa  FAe  youaBamo
3HaTHy MpUMeHy apmupaHor 6eToHa v ruTep GnokoBa
Y3  [OMMHAHTHY YynoTpeby oOneke Kao OCHOBHOT
KOHCTPYKTUBHOI  MaTepujana. ,beToHcke” wkone, Koje
y CBOjOj MaTepvjanvsaumjy  3afpkasajy  MpUMapHu
KOHCTPYKTVBHM MaTepujan, NocTajy yobuuajeHa npakca y
rpagjoBMMa, JOK Ce Y MarbiM CPeAVHama 1 farbe KopucTe
apMMPaHO-OETOHCKE KOHCTPYKLMjE Ca 31aaH1M UCTyHama.

MpadmkoH 4.L1.5. 3acTynrbeHocT 6poja WKONCKIMX 3rpasa
nepuoaa 1971-1990. roamHe npema matepwjany dacagHor
3uaa [%]

Lkoncke 3rpage 0BOr Nepuropa, No NpPasuiy, Kapak-
TepULY BENMKN MPO30PCKM OTBOPW HEPETKO OpraHm-
30BaHM Yy BUAY MPO30PCKUX Tpaka. Y cknagy ca mehy-
O[HOCOM BeSIMUMHE LUKOMICKE 3rpaje Npema NoBpLnHN
dacagHnx 3MaoBa Moxemo pehn fa Cy LWKoMe ca Marbe
of 50% Npo30pPCKIMX OTBOPA YIIAaBHOM M Makbe MOBPLLIN-
He, jep Ce y4MOoHuLe OCBEeT/baBajy, MO NPaswmIly, CaMo Ca
jenHe cTpaHe.

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

[] pasa

flat

9

. KOC

pitched

[ KOMOMHOBaHO
combined

HEMo3HaTo
N/A

The diversity of building models was also reflected in
the materialization of facade walls: there was a significant
use of reinforced concrete and hollow brick blocks, while
brick was predominant as the basic construction mate-
rial. The “concrete” school, which in its materialization re-
tained its primary construction material, became com-
mon in cities, while reinforced concrete constructions
with masonry infills were still used in smaller settlements.

Figure 4.C.5. Distribution of school buildings in the period
1971-1990 by facade wall material [%]
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Huje feduHmncaHo
N/A

Most school buildings of this period were character-
ized by a high window-to-wall ratio, with windows often
arranged in the form of ribbons. In accordance with the
relation between the size of the school building and the
facade wall area, it can be said that schools with the win-
dow-to-wall ratio lower than 50% generally had a small-
er area because the classrooms were usually illuminated
only from one side.
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lpadukoH 4.L1.6. 3acTynmbeHocT 6poja LKOACKMX 3rpaja
nepvofa 1971-1990. roanHe npema Ty NPO30PCKMX
oTBopa [%]

Pa3Boj TexHonorvje rpagre, HapouMTo MpPUMETaH
y OBOM Mepuomy, yTvde v Ha Matepujanusaunjy npo3o-
pa Te Ce OCUM, U Aarbe JOMUHAHTHO 3aCTyrybeHux, Ap-
BEHVIX NPO30Pa NOCTaBbajy U anyMUHW]YMCKM, OAHOCHO
npo3opu Of KOMOMHauumje pasnuuuTix MmaTepujana,
3aCTak/beHM No NPaBuiTy TePMOV30NaLMOHNM CTak/ona-
KeTom. PVC npo3opu ce cnopauuyHO NpUMersyjy, a Hi-
XOBa BEMKa 3aCTYM/bEHOCT je pe3ynTaT npoLeca pexa-
bunuTaumje 1 caHauuje, a He MHMLW]ANHO NPOjeKTOBaHO
CTarbe.

lpadukoH 4.L1.7. Matepujan npo3opa 3a nepunop 1971-1990.

roauHe [%] 0
1

Mako Tepmmykmn nponuncy jow o 1970. roanHe npeg-
Bubajy ynoTpeby Tepmow3onauvoHor Cjloja Yy cacTasy
OMOTaua 3rpafa, nodaun nokasyjy penatmeHO Many 3a-
CTyn/beHoCT. Pa3fnore 3a oBakBe MofaTke MOXeMO Tpa-
XKUTW 1y CaMOM MPoLecy rpafrbe rae ce npojeKkTu pe-
anvsyjy TOKOM BWLLIE TOAMHA, a HeJoCTaje W aflekBaTHa
KOHTPOMA 1 CaHKLMOHWCatbe.

HaumoHanHa TMnonoruja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

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

Buwe o 50%
higher then 50%

Buwe of 50% Tpake
higher then 50% ribbons

Marbe o 50%
lower then 50%

The development of building technology, which
was remarkable in this period, also affected the materi-
als used for windows. Besides the prevailing wood, alu-
minum and combined materials were also used, usually
fitted with thermal insulating glass. Sporadic use of PVC
windows was also evident, but it can be suggested that
their high distribution is the result of the rehabilitation
and renovation and not the original design.

Figure 4.C.7. Window materials for the period 1971-1990 [%)]
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wood

PVC
PVC

. ANYMUHUjyM
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[ KOMOMHOBaHO
combined

Although since 1970 thermal regulations have stipu-
lated the use of a thermal insulation layer in the building
envelope, the data show its relatively low distribution.
The reasons may lie not only in the fact that the construc-
tion process could stretch over a number of years before
the realization of the project, but also in the absence of
adequate control and sanctions for non-compliance.
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MpadukoH 4.L1.8. Tepmonsonaumja pacaae
3a nepviog 1946-1970. rogute [%)]

TepmoTexHUYKe NHCTanaymje

Y nepuoay 1971-1990. roanHe ONPeM/beHOCT WH-
CTanaumjama rpejarba, BeHTUNaumje, knnmatmauvje u
npunpeme NOTPOLUHE TOMJ1e BOAE je y CKNady Ca TpeH-
[IOBMMaA YOUeHUM Y npeTxodHa ABa nepuroaa (MpadumkoH
4.L1.M.1). BehnHa wkona (90%) je onpemsbeHe MHCTana-
UMjama rpejarba Koje 3arpesajy Ueny 3rpady Wan rbeH
Hajgehn aeo. 'y oBOM Mepwofy, MHCTanauvje BeHTu-
nauvje v kKnMMaTmn3auvje, No Npasuiy, HUCY peanv3osa-
He OCVM Y MakbeM OpOjy 3rpajda rae cy y GyHKumju camo
NoKanHo. LleHTpanHa npunpema caHnTapHe Tonne Boge
(MTB) je cnopaanuHa, y3 AOMUHAHTHY ynoTpeby enek-
TPUUHKX 60jnepa MHCTANNCAHKX NOKaHO.

MpadukoH 4.LI.M.T 3acTynmbeHoCT TePMOTEXHUUKIIX
nHCTanauwvja v npunpeme MTB y WKONCKMM 3rpajama
m3rpaheHnm y neprogy 1971-1990. roamHe

rpejarbe
heating
100
[ Benwnauvja 90
ventilation 80
70
KnMMaTMsaumja 60
air conditioning 50
40
npunpema T8 30
DHW 20
10
0

Figure 4.C.8. Thermal insulation
for the period 1971-1990 [%)]

18 . na
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.He

no

HVAC systems

In the schools built in the period 1971-1990, the in-
stalled heating, ventilation, air conditioning and domes-
tic hot water preparation systems followed the trends
similar to those found in the previous two periods (Fig-
ure 4.C.M.1). Most schools (90%) had heating systems
that covered the whole building area or its major part.
Also, there were no centralized ventilation or air condi-
tioning systems in the schools from this period, except in
a small number of school bildings with local AC systems.
The systems for centralized domestic hot water (DHW)
preparation were seldom, while most schools had local
electrical water heaters.

Figure 4.C.M.1 Distribution of HVAC and DHW systems in
schools built in the period 1971-1990

Lena 3rpaja
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Matbu Aeo 3rpage
minor part of the building

4 He noctoju
do not exist

5 Huje pedrHMUCcaHo
N/A
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[0TOBO ABe TpehurHe MHCTaNMCcaHUX cUcTeMa rpejakba
LLIKOMa OBOr Mnepwriofa je ctapoctn sule of 30 roanHa,
LITO 3HaYW [a Of M3rpafrbe HUCY BPLUEHE HMKAKBE WH-
TepBeHUMje HUTW NpomMeHe. Moxkemo pehu a 0BM cuCTe-
MW pafie ca Manum cTeneHom nckopuiihersa eHepreHara.

lpadukoH 4.L1.M.2. CrapocT crcTema 3a rpejarbe y Wkonama 13
nepviofa 1971-1990. roaute [%]

66

[oM1HaHTHK cncTem rpejarba y nepuoay 1971-1990.
je LeHTpanHuW ca COMCTBEHOM KOTMApHMLOM, a NOTOM
cuctem nokanHor rpejarba (Cnmnka 4.L.M.3) umnja je 3a-
CTYM/bEHOCT 3HAaTHO Marba HErO Y MPETXOAHOM Mepuomay.

[pBo je, n parve, Hajuelwhe KopuwheHW eHeprenT,
a NOTOM MPUPOAHK rac. AKO aHanM3MpPaMo Besy cucTe-
Ma rpejarba ¥ TUMa eHepreHTa MOXEMO YOounTK Aa ce 'y
CUCTEMMMA LIEHTPASTHOT rPejakba HajBuLLe KopUCTe APBO
1 MPVPOAHW rac, anu 1 TeYyHa ropuea, WTO Huje Ciy-
Yyaj y paHvjum nepmoanma, AoK je y cucteMuma nokan-
HOT rpejarba OCHOBHM eHepreHT 1 aarbe ApBo. (Cnnka
4.UM4)

Nearly two thirds of the installed heating systems
were more than 30 years old, which indicates that there
were no reconstructions or other interventions after the
construction. This generally implies that these are very
low-efficient systems.

Figure 4.CM.2. Age of heating systems in schools built in the
period 1971-1990 [%]

12 no 10 rognHa

below 10 years

10-20 ronmHa
10-20 years

20-30 rogmHa
13 20-30 years

npeko 30 roanHa
over 30 years

The predominant systems for schools built in the
period 1946-1970 were the centralized heating system
with its own boiler and the local heating system (Figure
4.CM.3) although the share of local heating systems was
smaller than in the previous period.

Wood is still mostly used as a heating energy source,
followed by natural gas. The analysis of the relation-
ship between the heating system and the main energy
source reveals that the majority of the centralized heat-
ing systems use wood and natural gas as the energy
source, with the emergence of heating oil, which was
not the case previously. The local heating systems were
still mostly wood-fired (Figure 4.C.M.4).
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MpadukoH 4.L1.M.3 Cnctemn rpejarba y LWKoNama nepropa
1971-1990. roguHe [%)]
2 3

LleHTpasHo 3a 3rpagy
centralized heating for building

LIEHTPasHO 3a HCTUTYLW]Y
centralized heating for institution

Apyro
other

MpadmkoH 4.L1.M.4 3acTyn/beHoCT OCHOBHOT eHepreHTa 3a
rpejarbe y Wkonama nepuoaa 1971-1990. roguHe [%]

yrasb
coal

apyro
other

3310BO/bCTBO KOPUCHWKA MHCTaNIMCAHUM CUCTEMOM
rpejarba Mokasyje Hajbosbe pesyntate y cnydajy UeH-
TpanHor rpejarba (6e3 0b3mpa Aa nv NoTMYe 13 ConcTae-
He KOTNapHWue WK 13 cucTeMa [a/bUHCKOT rpejarba).
KopWCHMUWM Cy Nak HajMarbe 3a40BOSbHM JIOKASTHVIM CHC-
TEMOM IPejatba, anu, WTO je CBOJEBPCHM NapafoKc, 1 LieH-
TPaNHUM 1 [JafbUHCKMM rpejarbem. (MpadukoH 4.L1.M.5)

AHanv3om penauuje KBanuTeT rpejarba — Kopuwhe-
HV eHEPreHT youaBamo Aa Cy KOPUCHWULM Haj3afoBOSb-
HUjW Kafa ce 3a rpejarbe KOPUCTU NPUPOAHN rac, Kao
€KOJTOLLKY HajprXBaT/bMBMje roprBO. VIHTepeCaHTHO je
[a je ApBO, Kao eHepreHT, [OOUNO 1 BP/O BUCOKE a UC-
TOBPEMEHO ¥ HajIoWKje OLeHe, Kao WTO je U paHuje 6ro
CJ1y4aj 1 BEPOBATHO je NoceAnLa NpUMerbeHor cuctema
rpejarba (LUeHTpanHo unv NokanHo). (MpadukoH 4.L1.M.6)

Figure 4.C.M.3 Distribution of heating systems in schools built
in the period 1971-1990 [%]
2

610KOBCKa KOT/IapHMLa
centralized heating for city block

15

[AJbVHCKO rpejarbe
district heating

noKanHo
local heating

TONNOTHa Nymna
heat pump

Figure 4.C. M4 Distribution of heating energy sources in
schools built in the period 1971-1990 [%]
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The greatest user satisfaction with the heating qual-
ity was found in the centralized heating system with
the school’s own boiler or connected to district heating,
while the users were least satisfled with local heating
(Figure 4.C.M.5).

The correlation between the main energy source and
the evaluation of heating quality showed that the users
were most satisfied with natural gas, as the most envi-
ronmentally friendly fuel. As in previous periods, wood
as fuel was rated both very high and very low for heating

quality, which probably depended on the heating sys-
tem type (centralized or local) (Figure 4.C.M.3).
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lpadukoH 4.L.M.5 Kopenauuja n3mehy cnctema rpejarba
1 OLieHe KOPUCHMKA O KBANWTETY rpejarba Y LWKonama 13

nepuoga 1971-1990. rognHe

100 [

80|

60
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Figure 4.C.M.5 Correlation between the heating system and
the evaluation of quality of heating in schools built in the

period 1971-1990
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MpadukoH 4.L.M.6 Kopenauwja nmehy ocCHOBHOr eHepreHTa
3a rpejarbe 1 oLeHe KOPUCHYMKa O KBalMTeTy rpejarba y
WwKonama m3 nepmoaa 1971-1990. roguHe.

Figure 4.C.M.6 Correlation between the main energy source for
heating and the evaluation of heating quality in schools built
in the period 1971-1990
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EnektpoeHepreTcke MHCTanauvje

AHanv3om CTpyKType NOTPOLLHbe eNlekTpUYHe eHep-
rvje WKONCKMX 3rpaga marpaheHux y nepuogy 1971-
1990. rognHe MOXeMO 3aK/byunT ja ce OHa YriaBHOM
KOPUCTK 3a OCBET/berbe LUKONCKMX MpoCTopuja U npw-
npemy caHuTapHe Tonne Boje (koa 60% objekata). Yro-
Tpeba enekTpuyHe eHeprvje 3a AoOWjatbe TOMIOTHE
eHepruje je 3aHemMapsb1Ba, AOK 3a NoTpebe KNMMaTK3a-
Umje npocTopwja je Beoma Mana (Marbe of 15%).

NeNMM1YHO 3a0Bosbasajyhe

Electrical systems and electric energy consumption

The structure of electricity consumption of schools
built in the period 1971-1990 is characterized by the fol-
lowing: electricity is rarely used to generate heat ener-
gy (less than 5% of schools); more than 60% of schools
use electricity for the preparation of domestic hot wa-
ter; more than 85% of buildings have no type of air
conditioning.
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padukoH 4.LL.E.T TuNoBm ocBeT/bera 1 3aCTyN/beHOCT Y
LUKOMICKMM 3rpafiama varpaberum y nepuogy 1971-1990.
rognHe

LED
LED 40
. WTeA/bMBE Crjanmue 3
CFL -
25
cnjanuue ca y)KapeHom HUTH 20
incadescent 15
10 z
dnyo Liesu 5 ’*-
fluorescent 0 —_——
T = 4*

2

koncke 3rpage n3rpahere y neprogy 1971-1990.
roaviHe y Hajeehoj mepu kopwucTe Gnyo LieBn Kao 1M3BOp
BelUTauYKor ocBeT/berba. Takohe, y Bennmkom 6pojy Wwkona
je 1 gambe y ynotpebn MHKALECUEHTO OCBET/bEHE, OK
cy wregbmee cvjanuue v JIEL pacBeTta 3acTynsbeHe y
MarbOj MepY 1 OrpaHnyeHe Ha Makbe AenoBe 3rpage.

MpoceyaH 6poj caTv pafia BELITAYKOr OCBET/bEHA
LUKOMa OBOr Meprofa je mpuvikasaH Ha cavum 4.LU.E2. Y
Hajsehem 6pojy Wkona (39%) BeluTauyko OCBET/bEeHe Ce
KOpKCTW 3-6 caTu AHeBHO. Takohe je 3HaTaH 1 6poj LWKOo-
Na Koje KOpMCTe BeLUTaYKO OCBET/bEHE U BULE O AeBET
caTv. 3aKksbyuyjemo fla ce y MPOCEeYHO] LUKOAN 13rpaheHoj
y MOMEHYTOM Mepuoay BeWTauko OCBETI/bEHE KOPUCTYU
5-6 caTn y TOKy flaHa.

lpadukoH 4.LL.E.2. Bpeme Kopuwherba BelTaykor OCBeT/berba
y WwKkonama msrpahenum y nepuogy 1971-1990. roanHe

22

23

AyTOMAaTCKa KOHTPOMA OCBET/bEHA CE BEOMA PETKO
cpehe y wkonama OBOr MepuoAaa, AOK je camo Ha ABa
objeKTa y OKBMPY aHaNM3MPaHOr y30pKa WMHCTanMpaH
bOTOHANOHCKM cuCTeM.
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Figure 4.C.E.1 Distribution of types of lighting in schools built
in the period 1971-1990

1 uena3rpaga
whole building

2 Hajsehw feo 3rpage
major part of the building

3 Matby o 3rpaje
minor part of the building

The figure shows that fluorescent lamps are the
dominant type of lighting in schools of this period. In
addition, incandescent lighting can also be found in the
schools of this period.

The average number of working hours of artificial
lighting is shown in Figure 4.C.E.2. In most schools in this
category (39% of the total sample of schools in category
Q), artificial lighting was used for 3-6 hours a day. Also,
the number of schools using artificial lighting for more
than 9 hours was significant. It can be concluded that in
the average school of this category, artificial lighting is
used for approximately 5-6 hours per day.

Figure 4.C.E.2. Working hours of artificial lighting in schools
built in the period 1971-1990

16 no 3 cata
up to 3 hours

3-6.camm
3-6 hours

6-9 catn
6-9 hours

npeko 9 catm
over 9 hours

39

In schools of this period, automatic lighting control
is extremely rare. Also, only the roof of the two schools
from the analyzed sample from this category has in-
stalled photovoltaic system.
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MNepuopn nocne 1991. roguHe

Mepwop 3anovet pacnagom COP Jyrocnasuje Ka-
paKkTepuLy 3HaTHe MUrpaumje CTaHOBHULLTBA, YrMaBHOM
Ha nepudepujy ypbaHux cpeamnHa, WTO je YCNoBUAO 13-
rpadky AOMUHAHTHO BENMKMX LUKONCKMX 3rpada. Mane
3rpafe ce YrnaBHOM pafle Kao ,TOTalHe PeKOHCTPYK-
umje” (NoHOBHa M3rpafrba y WUCTOBETHOM OOUMY) [OK
cpefe (MO BENMYMHY) WKOMe NpefcTaB/bajy HajMarbe
3acTyrnsbeH Tin. MpuMeTHO CMakberse Bpoja yueHuKa y
LIeHTPaNHOj 30HM FPafioBa, @ 3HATHO NoBehatbe Ha Nepw-
bepuju [oBOAM AO ApYraumjvx TpeHgosa 1 notpebda 3a
rpafHOM.

MpadukoH 4.10.1. 3aCTyn/beHOCT 6poja WKONCKKX 3rpaja
nepviofa nocne 1991. rogrHe npema sBennuunHm [%)

26

PazyheHocT dopme WKONCKMX 3rpaga ce y nepu-
opy nocne 1991. cmarbyje ycnen NOHOBHE NMPOMeHe [0-
KTPVHE 1 HaulHa rpagrbe. Moaenckmn passoj WKOMCKMX
3rpaja, KapaktepucaH TMAM3MPaHYM MPOCTOPHUM pe-
WwerbrMa, BULEe HUje AOMUHAHTaH NPUHLMN 1 13rpadkba
je mpenywTeHa nojeAnHayYHOj ayTOPCKO) MHTepnpeTa-
UMV 1 MHOVBUOYATHOM apXUTEKTOHCKOM je3nKy. 3rpase
Cy 3HaTHWX AVMEH3Wja, KOMMNaKTHWjer BOTlyMeHa, ca Npo-
MeHeHNM apPXUTEKTOHCKIM 13Pa3oM Koju BULWE OAroBa-
pa BpemeHy HaCTaHKa Hero Tuny objekTa.

Period after 1991

The period that started with the breakdown of the
SFR Yugoslavia was marked by significant migrations
of the population mainly to the periphery of urban ar-
eas, which led to the construction of predominantly
large school buildings. Small buildings generally under-
went “total reconstruction” (rebuilding in the same form)
while medium-sized schools were the least represented
type. There was also a noticeable decrease in the num-
ber of students in the central city zones and a significant
increase in their numbers on the city periphery, which
gave rise to trends and construction demands different
from those in the earlier periods.

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

Mane wkosne (1o 500 m?)
28 small schools (smaller than 500 m?)

wKore cpeatse senmunHe (500-2000 m?)
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Benvike wkone (npeko 2000 m?)
large schools (larger than 2000 m?)

HenosHaTo
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In the period after 1991, the complexity of the school
building floor plan was reduced owing to another shift
in the doctrine and the construction method. The model
development of school buildings characterized by typi-
fied spatial solutions was no longer the guiding principle
and the building project was entrusted to the individu-
al author’s interpretation and architectural language. The
buildings were of significant dimensions and more com-
pactin volume, while their changed architectural expres-
sion corresponded more to the time of creation than to
the type of structure.



lpadukoH 4.[.2. 3acTynsbeHoCT Opoja LWKONCKMX 3rpaaa
nepwviofa rnocne 1991. roavHe npema KOMNaKTHOCTW [%)]

19

VI3rpasrba BENWKKMX LWKOSa penaTuBHO Matbe pasyhe-
HOCTW OCTBapeHa je noehaHmM 6pojem eTaxa Te ce kao
AOMVHAHTHa V3[Baja TpoeTaxkHa WKoscKa 3rpafa. OcTa-
fle CNPaTHOCTW Cy rOTOBO jefiHaKO 3acTyr/beHe y3 roja-
BY 1 UETBOPOETaXKHWX 00jeKaTa, LUTO je paHuje buna pet-
KOCT Y rpaivTerbCkoj MpaKcu.

lpadukoH 4.[.3. 3acTynsbeHoCT Opoja LWKOMCKMX 3rpaaa
nepviofa nocne 1991. rogrHe npema cnpaTtHocTK [%)]

HanywTrarbe ecteTckor moaena MOLEPHUCTUYKE Ky-
6ryHe Gopme ce HacTaB/ba 1y Nepuofdy nocne 1991. ro-
AuHe Te HajeehK 6poj 3rpafja MMa KocK KpoB. Ha 3rpafa-
Ma, Ha V3rneq, paBHKX KPOBOBA, Hajuellhe ce Npumekbyjy
KOCK KPOBOBM Manor Harvba CakpuBeHW 13a Ha3naaka.
MaTtepujanv3aumja KpoBa je pa3HOBPCHa, a MpYIMETHa je
1 aKTMBaLWja MOTKPOBHOT MpoCTopa.
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Figure 4.D.2. Distribution of school buildings in the period
after 1991 by floor plan compactness [%]

[ xomnakTHe
compact

. nenvMnYHO pasyhere
partially complex

pasyheHe
complex

51 .

HEeMo3HaTo
N/A

The construction of large schools with a relatively
less complex floor plan resulted in an increased number
of floors so that the three-story school building became
predominant. Buildings with other number of floors
were almost equally represented, with the emergence
of four-story structures, which were previously a rarity in
the construction practice.

Figure 4.D.3. Distribution of school buildings in the period
after 1991 by the number of floors [%]

M M+4
19
. GF GF+4
M+1 HenosHaTo
. GF+1 N/A
M+2
. GF+2
M+3
. GF+3

The abandonment of the aesthetic model of the
modernist cubic form continued in the period after 1991,
so that most of the buildings have a pitched roof. The
buildings with seemingly flat roof constructions most
often had slightly sloped roofs hidden behind the para-
pets. The materialization of the roof was varied, and the
active use of the attic area was noticeable.
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MpadukoH 4.[.4. 3acTynsbeHOCT 6poja LWKOMCKKMX 3rpasda
nepuroga nocne 199. roaunHe npema Tmny Kposa (%]

KOHCTPYKTMBHM CKOM 3rpada m3rpaheHux nocne
1991. je Hajuelhe peanr3oBaH Kao apMUPAHO-OETOHCKN
cKeneT ca PasNUUTUM 3ufaHUM KcnyHama. [prmeHa
Oneke je 1 farbe Haj3acTynrbeHwja, anu ce 4ecTo Kopu-
CTe W Wynsbk H6IOKOBK, TO jecT BeTOHCKN BnokoBK (be-
TOHCKa 3aBpliHa 0bpaza).

MpadukoH 4.0.5. 3aCTyn/beHOCT 6poja WKOMCKKX 3rpasda
nepuoga nocne 1991. roguHe npema matepwjany dacagHor
3naa [%]

14

[MpoMeHa CTUACKMX O4NMKa apXUTEKType W Ha-
nywTarbe AOMVMHAHTHOT MOAEPHUCTUYKOT PeyHMKa yC-
NOBUAM Cy W NPOMEHY KOHLMNMpParba dacafa LUKOACKMX
3rpafa, OOHOCHO BEMYMHA 1 pacnopeAa MPO30PCKMX
OTBOpa Te ce y nepvody nocne 1991. roarHe NOHOBO,
Y 3HaTHOj Mepw, jaB/bajy NojeAVHauYHM GacagHu OTBO-
PV MarbMX MOBPLUKHA. [1po3opcke Tpake, ¢ 063MPOM Ha
NPOMUCaHy BENNYMHY NMPO30PCKNX OTBOPA, U Aarbe Ce
NpUMerbyjy Kao BEOMa YeCTO peluerbe.

3

Figure 4.D.4. Distribution of school buildings in the period
after 1991 by roof type [%]
4
|

pasaH
flat

KoC
pitched

KOMBMHOBaHO
combined

HEeMo3HaTo
N/A

The construction system of the buildings built after
1991 was most often realized as a reinforced concrete
skeletal construction with various masonry infills. The
use of brick still prevailed but hollow clay blocks and
concrete blocks (concrete finishing) were also signifi-
cantly represented.

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

oreka
brick

610K
block

[ |

. 6eToH
concrete
Apyro

. other

HUWje AedrHMcaHo
N/A

The change in the stylistic characteristics of archi-
tecture and the abandonment of the dominant mod-
ernist expression resulted in a change in the facade de-
sign of school buildings. Thus, window sizes and layouts
in schools built in the period after 1991 returned signifi-
cantly to the single facade openings of a smaller surface
area. Considering the regulated window-to-wall ratio,
window ribbons continued to be chosen as a very com-
mon solution.

73



74

lpadukoH 4.[.6. 3acTynsbeHOCT Opoja LWKONCKMX 3rpaaa
nepviofa nocne 1991. roanHe npema T1my NpPO30PCKMX
oTBopa [%]

Y nepuoay nocne 1991. rognHe NnpumMeTHa je ynotpe-
6a PVC nposopckux npodwvna Koju, y3 ApBeHe npo3o-
pe, NpeACTaB/bajy AOMUHaHTaH KopuwheHn matepujan.
Moxe ce pehu Aa je noyeTkom OBOr NeproAa Npeossa-
AaBana NprMeHa OPBEHVX W anyMUHUYMCKIX NPO30p-
CKMX OKBMPA, 10K Ce JaHacC roTOBO MCKSbY4MBO KopuUCTe
PVC npodunu.

lpadukoH 4.1.7. MaTepwjan npo3opa 3a nepvoa
nocne 1991. roanHe [%]

[prMeHa TepMOM30MaLMOHKX MaTepujana y cacTa-
By dacafgHvx 3waoBa of ceera 50% npoueHaTa ykasyje
[a HefloCTaje KOHTpOna y npumMeHn obasesyjyhnx npo-
nuca 13 obnactu rpahesnHcke dpusrke. Paznor Moxemo
Tpaxutv 1y Behem 6pojy PeKOHCTPYyMCaHwX, Hajuelhe
Marbyx, objexata Koju cy paheHn y OpuUrMHanHOM KOH-
CTPYKTVIBHOM CKNOMy, Y3 HeornxoAHa KOHCTPYKTMBHa U
TEXHMUYKO-TEXHOMOLWKA, anw He 1 TepMInYKa yHanpehehsa.
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Figure 4.D.6. Distribution of school buildings in the period
after 1991 by window-to-wall ratio [%]

suLe of 50%
higher then 50%

suwe of 50% Tpake
higher then 50% ribbons

Mare off 50%
lower then 50%

In the period after 1991, PVC window profiles pre-
vailed with a slightly higher distribution than wood, and
these two were the leading materials used for windows.
It should be noted that at the beginning of this period,
the use of wooden and aluminum window frames was
predominant, while PVC profiles are almost exclusively
used at present.

Figure 4.D.7. Window materials for the period
after 1991 [%]

NpBO
wood

PVC
PVC

anyMUHUjym
aluminium

KOMOMHOBaHO
combined

The use of thermal insulation materials in the facade
wall constructions of only 50% of the school buildings
from the period indicates the absence of control in the
application of binding regulations in the field of building
physics. Another explanation for the data can be found
in a large number of mostly small buildings that were re-
constructed according to the original construction sys-
tems with the necessary constructional and technical-
technological improvements, but without enhancing
the thermal performance.
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MpadukoH 4.1.8. Tepmownzonaunja dacage nepros
nocne 1991. rognte [%]

TepmoTexHUYKe NHCTanaymje

Y nepviogy nocne 1991. rogvHe onpemsbeHoCT MH-
CTanaumjama rpejarba, BeHTUNaumje, knnmatmauvje u
npvnpeme NOTPOLWHE TOoM/e BOAE je roTOBO MAEHTMYHA
Kao y npeTxofHOM nepuoay. (rpaduvkoH 4.40.M.1)

Morkemo pehu fla Cy CKOpO CBe LIKOMe onpemsbe-
He MHCTanaumjama rpejarba Koje 3arpesajy Lieny 3rpagy
U HbeH Hajgehn feo. Cuctemmn BeHTUNaUMje U KNMMaTU-
3auuje, N0 NPaBuAYy, HUCY MHCTANWUCaHW, OCUM Y Makbem
6pojy 3rpafa, rae cy y dyHKUMM CaMo foKanHo. Llen-
TpanHa npunpema caHutapHe Tonne soge (MTB) je cno-
paavyHa 1 AOMMHaHTA je ynoTpeba enekTpudHmux 6ojne-
pa NHCTaNMCaHWX NOKaHO.

MpadukoH 4.0.M.1. 3aCTyn/beHOCT TEPMOTEXHUYKINX
WNHCTanauvja v npunpeme MTB y WKONCKMM 3rpagama
n3rpaheHnm y neprogy nocne 1991. roguHe

rpejarbe
heating
100
[ Benwnaunja 90
ventilation 80
70
KnMMaTMsaumja 60
air conditioning 50
40
npunpema MT8 30
DHW 20
10
0

Figure 4.D.8. Thermal insulation for the period
after 1991 [%]

|~

yes

. He
no

HVAC systems

In the schools built after 1991, the application of
heating, ventilation, air conditioning and domestic hot
water preparation systems was almost identical to that
of the previous period (Figure 4.D.M.1).

It can be said that almost all schools had heating sys-
tems covering the whole or the largest part of the build-
ing area. Generally, there were no ventilation or air con-
ditioning systems installed, except in a small number of
school buildings with local AC systems. The systems for
centralized domestic hot water (DHW) preparation were
rare in schools built in this period, so that local electrical
water heaters were mostly used.

Figure 4.D.M.1 Distribution of HVAC and DHW systems in
schools built in the period after 1991

Lena 3rpaja
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Matbu Aeo 3rpage
minor part of the building

4 He noctoju
do not exist

5 Huje pedrHMUCcaHo
N/A
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Benukm 6poj wkona (40%) je onpem/beH MHCTana-
Upjama cnmctema rpejarba mnahum og 10 roamHa Te je cTe-
neH nckopuwhera eHepreHTa 3HaTHO 60sbY Hero Yy pa-
HUjUM Neproarma.

lpadwikoH 4.0.M.2. CrapocT cucTema 3a rpejatbe y WKosama 3a
nepwviog nocne 1991. rogute [%]

18

Y nepunoay nocne 1991. roanHe Haj3acTyn/beHwmju
je LeHTpanHn cncTem rpejarba ca COMNCTBEHOM KOTNap-
HMLOM, @ MOTOM CUCTEM NTIOKanHor rpejara. (MpadurkoH
4J1.M3)

[pBO je v farbe AOMUHAHTHY eHepreHT y ynoTpebu, a
NOTOM MPUPOAHM rac. AHaNM30M Be3e CUCTeMa rpejarba
1 TUNa eHepreHTa yoyaBamMo fa ce y CUCTeMMMA LieH-
TPasHor rpejarba KOPUCTe pasnnyunTa ropysa: ApBo, NPn-
POAHW rac, Te4YHa ropyiBa, eNeKkTprYHa eHeprmja 1 yrasb,
[OK je y cucTeMmnMa NTIOKaHOT rpejarba OCHOBHU eHep-
reHT ap.o. (MpadukoH 4.]1.M.4)
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The significant percentage of the schools built after
1991 (40%) were equipped with systems that were not
more than 10 years old, so it can be said that the effi-
ciency of the installed heating systems was significantly
higher than in the previous periods.

Figure 4.D.M.2. Age of heating systems in schools built
after 1991 [%]

. no 10 rognHa
below 10 years

. 10-20 roguHa
10-20 years

20-30 rogmHa
20-30 years

Most schools built in this period had a centralized
heating system with its own boiler, followed by local
heating (Figure 4.D.M.3).

Wood was still the predominant heating energy
source, followed by natural gas. The relationship be-
tween the heating system and the main energy source
indicates that the centralized systems used a variety of
fuels: wood, natural gas, liquid fuels, electricity and coal.
The local heating system was mainly wood-fired (Figure
4.DMA4).
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MpadukoH 4.0.M.3. Cuctemm rpejarba y WKonama 3a nepuosa
nocne 1991. roguHe [%)]

[ UeHTpanHo 3a srpagy
centralized heating for building

LIeHTPANHO 33 UHCTUTYLWjy
centralized heating for institution

apyro
other
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MpadukoH 4.[1.M.4 3acTynsbeHOCT OCHOBHOI eHepreHTa 3a
rpejarbe y WKonama 3a nepwog nocne 1991. roanHe [%]

10

yrasn
coal

Apyro
other

KopuCHMUM  Cy  Haj3al0BOJbHUM  LIEHTPASTHMUM
rpejarbem (63 063mpa Aa nv NoTHYe 13 CONCTBEHE KOT-
napHUUe mnu 13 cucTeMa [asbMHCKOT rpejara) a Haj-
MaHb€ TOKaNHUM CUCTeMOM rpejarba. (MpadukoH 4.1.M.5)

[pVPOaHN rac je eHepreHT KojuM Cy KOPUCHULW Haj-
330BOSbHUIK, Y3uUMajyhv y 0031p penaunjy KBanuteT
rpejatba — KOpULWhEHN eHepreHT, AOK CY TEUHUM rOpUBK-
Ma 1 APBETOM KOPUCHWLM HajMarbe 3aA0BOBHW. (Tpadu-
KoH 4.[1.M.6)

Figure 4.D.M.3 Distribution of heating systems in schools
built after 1991 [%)]

6

610KOBCKa KOTNapHMLa
centralized heating for city block

DaTbUHCKO rpejarbe
district heating

TIOKaHoO
local heating

TOMMOTHa Mymna
heat pump

0

Figure 4.D.M4 Distribution of heating energy sources in
schools built after 1991 [%]
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wood (firewood, wood chips, pellet)
eneKTpUYHa eHepruja
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49 NPYPOAHY rac
natural gas

TeYHa ropuea (nox-ysbe)
liquid fuel (heating oil)

11

The greatest user satisfaction with the heating qual-
ity was found in the centralized heating system with its
own boiler or connected to district heating, while the us-
ers were least satisfied with local heating (Figure 4.D.M.5).

Considering the correlation between the main ener-
gy source and the evaluation of heating quality, the users
were most satisfled with natural gas and least satisfied
with the use of liquid fuels and wood (Figure 4.D.M.6).
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lpadukor 4..M.5 Kopenauuja nsmehy crctema rpejarba u Figure 4.D.M.5 Correlation between the heating system and
oLieHe KOPYMCHIKa O KBaNMTETY rpejatba Y LWKOoMama 3a nepuop the evaluation of quality of heating in schools built after 1991
nocne 1991. rognHe
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MpadukoH 4..M.6 Kopenaunja n3mehy oCHOBHOr eHepreHTa 3a
rpejarbe 1 oLeHe KOPUCHYVIKA O KBANIUTETY rpejarba y WKoama

Figure 4.D.M.6 Correlation between the main energy source for
heating and the evaluation of heating quality in schools built

3a nepwog nocne 1991. rognHe after 1991
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EﬂeKTpOGHepI’eTCKe n HCTaJ'IaLI,VIje

AHanv3om CTpyKType NOoTPOLHbe eNekTpUYHe eHep-
rvje WKOMCKMX 3rpafda 13rpaheHnx y nomeHyTom nepu-
0y MOXEMO 3aK/byunTV ia Ce OHa YrNIaBHOM KOPMCTH 3
OCBET/bEHE WKONCKNX MPOCTOpWja M NpUnpemMy caHu-
TapHe Tonne Bofe (kof 60% objekata). YnoTpeba enek-
TPUUHe eHepruje 3a Aobujarbe TOMAOTHE eHepruje je
npumMerbeHa y Tek 109% 3rpafa, a 3a noTpebe KMmaTm3a-
Lyvje NpocTopuja penaT1eHO je Mana (Marbe of 20%).

NeNMM1YHO 3a0Bosbasajyhe

Electrical systems and electric energy consumption

The structure of electricity consumption of schools
of this period is characterized by the following: electric-
ity is rarely used to generate heat energy (less than 10%
of schools); more than 60% of schools use electricity for

. NPUPOAHN rac

natural gas

Apso
wood

yrar
coal

TeyHa ropvisa
liquid fuel

eNeKTpuyHa eHeprija
electricity

apyro
other

the preparation of domestic hot water; more than 80% of
buildings have no type of air conditioning.
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lpadukoH 4.[.E.1 TunoBm oceTsberba 1 3aCTyNibeHOCT Y
LUKOMCKIM 3rpafama n3rpahenrm y neprogy nocne 1991. rogvne

Figure 4.D.E.1 Distribution of types of lighting in schools built
in the period after 1991

LED 1 uena3rpaga
LED 40 whole building
) 35 .
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2

3a WwKoncke 3rpafe n3rpaheHe y nepunogy nocne 1991.
roanHe Moxemo pehu fia y Hajsehoj Mepu kopurcTe Gryo
LIeBM Kao M3BOP BeLUTAaUKor ocBeT/betba. Takohe, y 3HaT-
HoM 6pOjy LWKoNa je v Aarbe y ynoTpebu MHKapecLeHTo
OCBeT/bErbE, AN je NpUMETaH v TpeHs nosehaHe ynoTpe-
6e wreabmBKx cujanuua 1 LED paceeTe. MpoceyaH 6poj
CaTV pajia BelITaukor OCBET/berba NPMKaszaH je Ha Mpadu-
koHy 4.[1.E.2. Y Hajsehem Opojy WKona 13 oBe kateropuje
(40%) BellTauykO OCBET/bEHE Ce KOPUCTM 3-6 CaTu [HEB-
Ho. Takohe je Benwku 1 6poj WKoMa Koje KopurcTe BellTay-
KO OCBeT/betbe 1 BHLLEe Of AeBET caTv. Moxe ce 3akbyyu-
TV Aa Ce y MPOCEYHO] LLKOMN 13 OBE KaTeropwje BelTauko
OCBeT/berbe KOpUCTY 5-6 caTu y TOKY AaHa.

Cnvika 4.[0.E.2. Bpeme kopuiwherba BeWTaukor OCBET/berba
Yy WKonama vsrpaherum y nepurogy nocne 1991. roavHe

22

Y wkonama nepvoga nocne 1991. rognHe v3y3eTHO
peTKo je y ynoTpebu ayToMaTCcka KOHTPOMA OCBEeT/betba.
Ha aHanu3npaHom y30pKy Huje 3abenexeHa MHCTana-
Upja GOTOHAMOHCKMX CMCTeMa.

80

3

The figure shows that fluorescent lighting is predom-
inant in these schools, while the increase in use of high-
ly efficient LED lighting is also noticeable. The average
number of working hours of artificial lighting is shown
in Figure 4.D.E.2. In most schools in this category (40%
of the total sample of schools in category D), artificial
lighting was used for 3-6 hours per day. Also, the number
of schools using artificial lighting for more than 9 hours
was significant. It can be concluded that in the average
school of this category artificial lighting is used for ap-
proximately 5-6 hours per day.

Figure 4.D.E.2. Working hours of artificial lighting
in schools built sfter 1991

17 no 3 cata
up to 3 hours

3-6 cam
3-6 hours

6-9 catn
6-9 hours

npeko 9 catm
over 9 hours

In schools built after 1991, automatic lighting control
is extremely rare. There were no photovoltaic systems in-
stalled in any of the schools from the analyzed period.



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

5. MOBOJbLIAHE EHEPTETCKE EOMKACHOCTW
I CMAHERE EMUCKIE CO,
YHATPEBEHEM LIKOJICKUX 3rPAJA

Mobosbluarbe eHepreTcke edUKACHOCTA Y CKady ca
BaxkeNom perynaTnmeom ornefa ce y cMarbersy notped-
He eHepruje 3a rpejarbe y3 NocTM3arbe 3aKOHCKN fedu-
HUCaHWX ycroBa Komdopa. o TpeHyTHO Baxkehoj pery-
natven'’ y Cpbuju ce ceptndmKkaumja arpafa paam camo
Ha OCHOBY NOTpebHe eHepruje 3a rpejarbe, oK Ce OCTa-
nm obanum noTpebHe eHepruje, Koju Cy 3acTyrbeHn Y
3rpafama, He obpadyHaBajy. MehyTum, Kako je 3a cBaky
oflabpaHy 3rpafly koja NpefcTaB/ba peanH penpeseHT
MO[IeNICKe 3rpafe, y NPeTxoaHUM Tabenama, AedrHUcaHo
BMLLE HayMHa yHanpeherba v TO KPOo3 MHTepBEHLMjE Ha
KapaKTepucTnkama:

- TEPMUUKM OMOTaya

« TEPMOTEXHWUYKI CUCTEMM 1

- eNIeKTPOEHEPTEeTCKM CUCTEMY,
TO Cy CBM BWAOBW eHepruje Koja ce Tpowu Y 3rpadama
y3eTn y 063up. Takohe, kao Beoma 3HauajHO MepUNo
yHanpeherba KBanmMTeTa 3rpafie Cy v NpopavyHate emu-
cuje yribeH-anokemaa byayhu fa ce oBaj napametap y
CTPYYHOj NnTepaTypu CBe uelwhe KOPWUCTY Kao MepUo
BpeaHocTn rpahesuHckor doHaa (Mribatosumh, hykoswh
NrivatoBuh, JoaHosuh Monosuh, 2017). Pa3maTpaH je
N yTULA) CMarberba eMnchje YIibeH-AnoKCuga npume-
HOM OOHOB/BMBKX M3BOPa eHepruje y Cpbuju (boxuh,
LiBeTkoswh, Mnekosuh, 2015). EMrcuja yribeH-anokcu-
[la OrpaHMYeHa je 3a CBaKy 3emsby MOHaoCob ca nNponu-
CaHWM POKOBMMA 3a CMakberbe OBe emuncuje MehyHapoa-
HVM Criopasymmnma.'

Mpn NpopadyHMa Cy KopuwheHe KapakTepucTu-
Ke oflabpaHux penpeseHaTta y MpPOjeKTOBaHOM, TO jecT,

V7 [IpasunHuk o eHepeemckoj egpukacHocmu 3epada (Cr. enacHuK
PC,6p.61/2011)

'8 KjoTo npoTokon je ycBojeH y KjoTy, JanaH 1997. roavHe.
MpoToKoN 06aBe3yje MHAYCTPUjanM30BaHe 3emibe aa
CTabunryjy eMncrjy racoBa ca edeKTom CTakeHe b6alTe

Ha ocHoBy Hauena KoHseHuuje. Cpbuja je patvdnkosana
MpoTtokon y jaHyapy 2008. roavHe.
http://unfccc.int/kyoto_protocol/items/2830.php

5. INCREASING ENERGY EFFICIENCY
AND REDUCING CO, EMISSIONS
BY IMPROVING SCHOOL BUILDINGS

In accordance with the current regulations, the im-
provements in energy efficiency are reflected in the re-
ductions of the energy required for heating while satisfy-
ing legally defined comfort conditions. According to the
current regulations in Serbia,'” the certification of build-
ings is only done upon the energy needed for heating,
while the other energy requirements in buildings are
not calculated. However, for each selected real building
that corresponded to the model building, several im-
provement methods were defined in the tables above
through interventions on the characteristics of the:

- thermal envelope,

« HVAC and DHW systems, and

- electrical power and energy systems,
so that all aspects of energy consumption in buildings
were considered. Additionally, carbon dioxide emissions
were also calculated as a very important performance
enhancement since this parameter has been increasing-
ly used in the professional literature as a measure of eval-
uating the building stock (Ignjatovi¢, Cukovi¢ Ignjatovic,
Jovanovi¢ Popovi¢, 2017). The impact of carbon diox-
ide emission reductions using renewable energy sourc-
es in Serbia has also been discussed (BoZi¢, Cvetkovic,
Zivkovi¢, 2015). Carbon dioxide emissions are limited
for each country by international agreements, with the
deadlines prescribed for their reduction.'®

The characteristics of the selected representatives in
the designed, i.e. original condition and of the three lev-
els of improvements were considered in the calculations.
However, for the calculations of the total energy con-
sumption, the number and the area of school buildings

17 The Rulebook on Energy Efficiency of Buildings (Official Gazette
ofthe RS, No.61/2011)

'8 The Kyoto Protocol was adopted in Kyoto, Japan in 1997.
The Protocol obliges industrialized countries to stabilize
greenhouse gas emissions based on the principle of the
Convention. Serbia ratified the Protocol in January 2008.
http://unfccc.int/kyoto_protocol/items/2830.php
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OPWTMHANHOM CTakby Yy Meprody HacTaHKa WM Kpo3 Tpu
cueHapvija yHanpeherba. MehyTvm, 3a npopadyHe yKynHe
eHepruje, BplueHe fja bv ce NPOLEHNIO CTake Ha HUBOY
Cpbuije, kopuiheHe Cy NOBPLUKHE ¥ 6POj LWKONCKMX 3rpa-
Aa nobujeHe MeTOAOM KfacTep aHanmze'®. Metogonoruja
npopavyHa y CKnaay je ca TPeHyTHOM PerynaTineom, Masa
Ce 3a fobvjarbe Npeur3HUjMX NoaaTaka Mory KOpUCTUTK
¥ feTasbHe cumynauvije. Mopen KOHBEHLMOHAMHUX MeTO-
[ia NpopadyHa Koje y3nmajy y 063vp CBe AeTarbHe Kapak-
TEPUCTUKE 3rpafia v CUCTeMa, MOry e NMPUMEHWUTMN U MO-
Jenu Koju NpuMetbyjy MeTofie BelTauke UHTenureHumje,
anu 3axTeBajy BEVKY KOMMUMHY MePEeHWX YNa3HWX 1 13-
na3sHux BenudrHa (JoeaHosuh, CpeteHosuh, Kuskosuh,
2015, 2016; JosaHosuh, CpeteHosuh, 2015).

Y Tabenu 5.1. pate Cy w3padvyHaTe BPegHOCTM ro-
AuLbe NoTpebHe, NCMopyYeHe 1 NpUMapHe eHepruje
3a rpejarbe v npunpemy CTB y TUAMYHMM LWKONaMa, a
npownpeHe Ha cge Wkone y Cpbuju 1 rpynucaHe no
Knactepuma y noctojehem cTarsy. lNocTojehe, Tj. 3aTe-
YeHO CTarbe Ce PasfuKyje Of MPOjeKTOBaHOT, 3aTO WTO
MHOre WKoMe Yy nepuody Kada Cy NPOjeKTOBaHe HWCY
“Mane MHCTanmncaHe cucTeme nNpunpeme CaHutapHe To-
nne sofe. CucTem 3a rpejarbe 1 KopuwheHn eHepreHT
HUCY Y3eTU NMpemMa KapakKTepUCTVKaMa TUMCKe WKone Y
Knactepy, seh cy ogpeheHr 3a AOMMHAHTHa TPW CUCTe-
Ma 3a rpejarbe, Koju Cy aoburjeHn obpajloM aHKeTa O MH-
CTaNMCaHOM CUCTEMY U KOpUWNEHOM OCHOBHOM eHep-
FeHTY 3a CBaKWM KnacTep. HapasHo, aobujeHn pesyntatu
[ajy NpeBennke BPeAHOCTY, jep NpUMerbeHa MeTo0-
nornja NpopadyHa npema ,[1paBuHNKy O eHepreTcKoj
edrKkacHOCTV 3rpafa” He y3nMa y 0b3up aa ce He rpeje
LeNoKyNHa NOBPLUMHA WKOAA, Aa NOCTOjW NPeKUA Y 3a-
rpeBarby (HONY, BUKEHAOM, MPa3HULMMA, TOKOM 3MM-
CKOr pacnycTa). YKyrnHa notpebHa nprMapHa eHepruja je
Matba of dUHaNHe eHepruje 300r BENVIKOT yaena ApseTa
Kao eHepreHTa, KOju Ma BeOMa Manu KoepuumjeHT TpaH-
chopmaumje GUHaNHe y NpPUMapHy eHeprujy.

19 [leTarbHO 00jallberbe CTaTUCTUYKOT MeTofa Kinactep
aHanm3e CnposefeHor Ha NPeAMETHOM Y30PKY 3rpaja Hanasw
ce y: Krbira 1 32pade WKoACKUX U NpedUIKOICKUX YCMAHO8a —
MemoOOIOWKU OKBUP (hopMUpara munosioeuje u NobobWara
eHepeemcke eqoukacHocmu

were obtained by cluster analysis in order to provide esti-
mate data for entire Serbia.'"The methodology of the cal-
culation complied with the current regulations, although
detailed simulations can be used to obtain data that are
more precise. In addition to conventional calculation
methods that take into account all the detailed char-
acteristics of buildings and systems, models that utilize
artificial intelligence methods can be applied, but they
require a large amount of the measured input and out-
put values (Jovanovi¢, Sretenovi¢, Zivkovi¢, 2015, 2016;
Jovanovi¢, Sretenovic, 2015).

Table 5.1 shows the calculations for the annual re-
quired, delivered and primary energy used for heating
and DHW in typical schools for the existing condition.
The results were extended to all schools in Serbia by
clustering. The existing and the design conditions dif-
fered, as most of the schools were not equipped with
DHW systems when they were designed. The installed
heating system and the energy source were not taken
for the typical school in cluster. Instead, they were de-
fined for the three predominant heating systems, the in-
formation about which was obtained by processing the
results of the conducted survey on the HVAC systems in-
stalled and energy source used, for each cluster. Certain-
ly, the results show excessively large values since the ap-
plied calculation methodology based on the Rulebook
on Energy Efficiency of Buildings, did not consider the
fact that not entire building was heated and that there
were interruptions in heating (at night, during week-
ends, national holidays, or winter vacations). The total
required primary energy was lower than the final ener-
gy due to the large share of wood used as a fuel with a
small primary energy factor.

19 A detailed explanation of the statistical method of cluster
analysis used on the building sample can be found in Book 1
School and Kindergarten Buildings — A methodological framework
for the formation of typology and the improvement of energy
efficiency
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OnwTa HanomeHa:
Y cevm Tabenama 6pojeBn Cy NprkasaHu y cknagy ca
NpaBuIIMa CPICKOr jesuKa.

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

Tabena 5.1. YkynHo notpebHa, ucrnopyyeHa 1 npumapHa
enepruja, kao v CO, emmncuja caux wkona y Cpbuju no
Knactepuma 3a noctojehe cTarbe.

Table 5.1. Total required, delivered, and primary energy with
CO, emissions for all schools in Serbia by clusters for the
existing condition
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[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [t CO /a]
Al 596 98.340 30,80 0,98 60,30 12,21 3.768
A2 300 217.350 54,27 217 83,59 42,29 10.827
A3 242 555.148 131,63 5,55 169,28 201,07 51353
B1 664 67.728 19,80 0,68 40,36 7,78 2.722
B2 449 390.630 74,88 3,91 131,09 50,53 17.980
B3 538 1.295.504 255,73 12,96 331,41 396,06 102.159
@ 337 64.367 20,48 0,64 39,27 8,65 2.590
(@) 274 352912 108,20 3,53 146,05 94,61 25409
c3 413 1.287.321 247,04 12,87 329,26 279,24 76.310
D3 77 405.790 16,84 4,06 26,39 24,86 8.688
YKYIMHO
TOTAL 3.890 4.735.090 959,67 47,35 1.357,00 1.117,30 301.806

Y Tabenu 5.2. npukasaHa je ykynHo notpebHa, mc-
nopy4YeHa 1 NpYMapHa eHepruja, Kao 1 emmcnja yribeH-
amokcmaa ceux wkona y Cpbujy no knactepvma 3a
CueHapvo yHanpehersa 1, Koje 0byxBaTa apXMTEKTOH-
CKO-TpaheBUHCKe 1 Mepe 0OHOBE TEPMOTEXHUYKIMX C1C-
Tema. Y yHanpehery 1 cy npeasrheHn camo pagoBu Ha
nobosbluarby TEPMUYKOr OMOTaua 3rpafe, AoK je 3aap-
MaH UCTW T1A rpejakba U HempomMerseH OCHOBHW eHep-
reHT. HapaBHoO, H¥ 3a yHanpehere 1T npopauyHn HuCy
paheHu padvyHajyhn cuctem rpejarba v eHepreHT npe-
Ma TUMCKOJ WKOAK Yy Knactepy, Beh cy ogpehenwn 3a Tpu
Hajuewhe NprMer-eHa CUCTEMA 3a rpejatbe Koju Cy Ao-
6rjeHn 0bPaaoM aHKeTa O MHCTANMCAHOM CUCTEMY 1 KO-
puWheHOM OCHOBHOM EHEPIrEHTY 33 CBaKM KacTep.

Table 5.2 shows the total required, delivered and pri-
mary energy with CO, emissions for all schools in Ser-
bia by clusters for architectural and HVAC Improvement
1. This improvement proposes only the increase in the
thermal insulation of the envelope while the same heat-
ing system and energy source are maintained. As in the
calculations above, the required calculations for Im-
provement 1 were not performed for the heating system
design typical for the cluster but they were specified for
the three most often used heating systems. This informa-
tion was obtained in the analysis of the conducted sur-
vey on the HVAC system installed and the energy source
used, for each cluster.
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Tabena 5.2. YkynHo notpebHa, ucnopydera 1 npumapHa
eHepruja, Kao v eMncHja yribeH-0MOKCHaa CBUX LWKOMa Y
Cpbuju No KnacTeprima 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHWYKO YHanpeherse 1

Table 5.2. Total required, delivered, and primary energy
with CO, emissions for all schools in Serbia by clusters for
architectural and HVAC Improvement 1
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[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/a]
Al 596 98.340 16,88 0,98 33,52 7,90 2.704
A2 300 217.350 33,78 217 5291 28,54 7918
A3 242 555.148 97,37 5,55 126,80 152,67 40.067
B1 664 67.728 12,20 0,68 25,15 5,50 2.051
B2 449 390.630 48,44 3,91 86,29 3643 13613
B3 538 1.295.504 176,71 12,96 233,35 284,53 76.346
@ 337 64.367 11,86 0,64 23,04 574 1.889
(@ 274 352912 65,11 3,53 89,41 60,74 17311
3 413 1.287.321 166,84 12,87 226,90 199,92 57.544
D3 77 405.790 15,01 4,06 24,01 23,36 8378
YKYMHO
TOTAL 3.890 4.735.090 644,19 47,35 921,37 805,33 227.822

CueHapuo yHanpehetba 2 00yxBaTa BpAo 06UMHY 006-
HOBY TEPMMYKOI OMOTaua 3rpafe y OHOCY Ha nocTojehe
CTarbe, LTO Ce MOXe BUAETV 13 OAHOCA NOTPEOHNX eHep-
rvja 3a rpejakbe (361,98/959,67 = 0,38 ) u Kopuwherse
6riomace (OAHOCHO neneTa y WKoMaMa Makbe NoBpLVHE
M APBHE Ceyke Yy CPefrbhM W BEMKNM WKOMCKIM 3rpa-
[aMa) 3a rpejatbe, OCUM Kafja Y WKOM NOCTOjN MHCTanM-
CaHO LieHTPaNHo rpejarbe ca raCHUM KOT/IOM WU je WKO-
f1a NMOBe3aHa Ha CUCTeM [albMHCKOT rpejarba Npu Yemy
je y TonnaHu NPUPOAHK rac OCHOBHO FOPMBO. PauyHcke
BPEAHOCTM Pa3nnunTx 0bnnka notpebHe eHeprije 3a
rpejarbe wkone n npunpemy CTB, Kao 1 em1cHje yribeH-
AMOKCMAA, NpMKazaHe cy Yy Tabenn 5.3. no knacteprma u
YKYMHO 3a cBe Wwkone y Cpbujn.

84

Improvement 2 involves significant thermal insula-
tion refurbishments in comparison to the existing con-
dition, which is evident from the ratio of the energy re-
quired for heating (361.98/959.67 = 0.38). It also includes
using biomass (wood pellet in smaller schools and wood
chips in medium-sized and large school buildings) for
heating, except for the schools connected to the district
heating system in case that the heat plant uses natural
gas as the energy source. The calculated values for differ-
ent types of energy used for heating and DHW with CO,
emissions, by clusters and as total for all schools in Serbia,
are shown in Table 5.3.
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Tabena 5.3. YkynHo notpebHa, ucropyyeHa 1 npumapHa Table 5.3. Total required, delivered, and primary energy
eHepruja, Kao 1 emMmncuja yribeH-AnoKCmaa CBMX WKoNa y with CO, emissions for all schools in Serbia by clusters for
Cpbujn No KNacTeprma 3a apXMTEKTOHCKO-TPaNeBMHCKO 1 architectural and HVAC Improvement 2
TEPMOTEXHUYKO YHanpeherse 2
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€20 £80¢ |¥£382¢ |£5286 |S£ES5 |£2
[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [t CO/a]
Al 596 98.340 11,99 0,98 15,22 4,08 1.810
A2 300 217.350 21,54 2,17 27,78 8,44 3.837
A3 242 555.148 53,52 5,55 77,84 94,06 23.781
B1 664 67.728 7,04 0,68 9,04 2,67 1.206
B2 449 390.630 27,54 391 41,19 51,25 13.746
B3 538 1.295.504 85,89 12,96 129,32 161,93 43.983
C1 337 64.367 7,77 0,64 9,87 2,66 1.182
2 274 352912 3243 3,53 41,69 51,23 13.404
a3 413 1.287.321 99,25 12,87 131,12 46,64 21.788
D3 77 405.790 15,01 4,06 24,55 3317 10.267
YKYMHO
TOTAL 3.890 4.735.090 361,98 47,35 507,62 456,12 135.005
CnmyHo je ypaheHo 1 3a clieHapmno yHanpehersa 3, A similar procedure was performed for Improvement

C TVM LITO je C acnekTa TepPMOTeXHWYKMX MHCTanauuja 3, while in all HVAC systems the existing energy source
M3BPLUEHa 3aMeHa CBMX noctojehunx n3sopa Tonnote v was replaced with air to water heat pump (Table 5.4).
npewno ce Ha kopuwhere TOMMOTHMX NyMNW Basdyx/

Boda (Tabena 5.4.).

oo
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Tabena 5.4. YkynHo notpebHa, ucnopydera 1 npumapHa
eHepruja, Kao v eMncHja yribeH-0MOKCHaa CBUX LWKOMa Y
Cpbuju No KnacTeprima 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHMUKO yHanpeherbe 3

Table 5.4. Total required, delivered, and primary energy
with CO, emissions for all schools in Serbia by clusters for
architectural and HVAC Improvement 3

S S
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£28 £R22 |¥R2Q |¥£3296 |fE2258 |22
[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/a]
Al 596 98.340 7,87 0,98 3,07 7,68 4,070
A2 300 217.350 14,98 217 595 14,88 7.887
A3 242 555.148 38,75 5,55 15,38 3844 20.374
B1 664 67.728 4,40 0,68 1,76 4,40 2333
B2 449 390.630 17,62 3,91 747 18,68 9.899
B3 538 1.295.504 56,35 12,96 24,06 60,14 31.876
@ 337 64.367 517 0,64 2,02 5,04 2673
(@) 274 352912 21,53 3,53 8,70 21,74 11.524
3 413 1.287.321 64,88 12,87 26,99 6747 35.760
D3 77 405.790 15,01 4,06 6,62 16,55 8.772
YKYMHO
TOTAL 3.890 4.735.090 246,55 47,35 102,01 255,03 135.168

Kao WwTo ce BMAK 13 NpeTxofHVX Tabena kao 1 Ha Mpa-
brKoHy 5.1, ako ce noTpebHa eHeprija 3a rpejarbe CBIX
wkona y Cpbuju y noctojehem crarby o3Haum ca 100%,
cueHapurom yHanpehera 1 Moxe ce nocTvhn ywTesa oa
33%. [larbum nobosbliakbem TePMUYKOr OMOTaua LLIKoa
Te ywTeae mory goctuhn 62% 3a yHanpeherse 2,70 ject
74% 3a yHanpehetrbe 3. AKO Ce mocmaTpa YKymHoO fo-
TpebHa eHepruja 3a rpejakbe CBUX WKOMA U NpUNpemy
CTB y tbMMa, oHfa cy moryhe yTeae HelwTo marbe: 31%
3a yHanpehere 1, 59% 3a yHanpeherse 2 1 71% 3a Haj-
BULUM HMBO MpeABMNheHe TepMmyKe 3aliTuTe.

As it can be seen from the data presented in the ta-
bles above and in Figure 5.1, if the energy required for
heating for all schools in Serbia is represented as 100%,
savings of 33% can be achieved by the application of Im-
provement 1. With further thermal insulation refurbish-
ment, these savings can reach 62% for Improvement 2
and 74% for Improvement 3. If the total energy required
for heating and DHW preparation for all schools is ana-
lyzed, the potential savings are somewhat lower: 31% for
Improvement 1, 59% for Improvement 2,and 71% for the
highest level of thermal envelope refurbishment.
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MpadukoH 5.1. MNoTpebHa eHepruja 3a rpejakbe 1 Npunpemy
CTB [GWh/a]

noctojehe cTarbe existing condition

yHanpehere 1 improvement 1

yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

YkynHa dvHanHa (McnopyyeHa) eHepruja 3a rpejarbe
n npunpemy CTB y cBuM wkonama y Cpbujn, nopep
Mepa yHanpehersa TEpMMUKOr OMOTaYa, y3nma y oo3mp
N KapaKTEPUCTVKE TEPMOTEXHUYKMX CUCTEMA Y LLIKONa-
ma (MpadukoH 5.2) Kao ceeobyxBaTHUjer ceTa pacnoso-
XMBMX Mepa yHanpebherba eHepreTcke edUKacHOCTM
y eHepreTvum 1 3rpafapcTtBy, Y Lnby O4yBatba XMBOT-
He cpeaunHe (MKumekosuwh, JaHkec, Hosakosuh, 2013).
AKo ce nocTojeha roauvirba KONMUMHa GrHanHe eHep-
rvje o3Haum ca 100%, oHAa ce yHanpeherbem 1 Moxe
noctrhn ywtena on 32%, yHanpeherem 2 on 63%, a
yHanpeherbem 3 uak 92%, jep ce npenasv Ha rpejarbe
TOMIOTHUM MymnamMa Ymju Cy KOMMAPECOPU MOKPEeTaHM
eneKTPOMOTOPUMA.

lpadukoH 5.2. ®uHanHa eHepruja 3a rpejakbe U Nnpunpemy
CTB [GWh/a]

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

yHanpehere 3 improvement 3

OpHOC NprMapHe eHepruje 3a rpejakbe 1 npunpe-
My CTB 3a noctojehe CTake 1 aHanm3npaHnx cLeHapuja
yHanpeherba (MpadurkoH 5.3) Nokasyje HewWTo Apyravnje,
ymepeHuje ywteae (HapounTo 3a yHanpehetrbe 3) ¢ 06-
3MPOM Ha BeNVKY BPEeAHOCT KoedbuumjeHTa TpaHchopma-
unje duHanHe enekTpuyHe eHepruje y NpuMapHy eHep-
rujy, Kao nocneaunLe BEeNVIKOr yaena TepMoenekTpaHa Ha
JITHUT Y YKYMHOj NPOW3BOAHU ENEKTPUYHE eHepruje Y
Cpbnijn.

Figure 5.1. Energy required for heating and DHW [GWh/a]
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Besides improvements of the thermal envelope, the
total final (delivered) energy for heating and DHW for
all schools in Serbia also included the characteristics of
HVAC systems in schools (Figure 5.2), as a more compre-
hensive set of available measures to improve energy effi-
ciency from the aspects of energetics and building con-
struction, as well as environment protection (Zivkovic,
Jankes, Novakovi¢, 2013). If the existing annual final en-
ergy consumption is represented as 100%, savings of
32% can be achieved with Improvement 1, 63% with Im-
provement 2, and as much as 92% with improvement
3 since the heat pump with electrically driven compres-
sors is proposed for heating.

Figure 5.2. Final energy for heating and DHW [GWh/a]
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The comparison between the existing condition of
primary energy for heating and DHW preparation and
the proposed improvements (Figure 5.3) shows slight-
ly different, more moderate savings (especially for Im-
provement 3), considering the significantly high value of
the primary energy factor resulting from the high share
of lignite thermal power plants in the power supply sys-
tem in Serbia.
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lpadukoH 5.3. MpriMapHa eHepruja 3a rpejarbe 1 Npunpemy
CTB [GWh/a]

noctojehe cTare existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2
yHanpeherbe 3 improvement 3

[peTxodHO je HaBefeHO fAa ce Yy  clueHapujy
yHanpeherba 3 KOpPUCTW enekTpuyHa eHepruja 3a no-
roH TOMAOTHMX NMyMAW Ba3fyx/Bofda. To je rnaBHW pas-
J10T 3alWTO 61 emmncuja yribeH-anokcmaa ouna NpuovK-
HO jefiHaKa y BapunjaHTama yHanpehersa 2 1 3 (MhadukoH
54), vmajyhun y Buay Aa je NoTpolha GuHanHe eHep-
rMje 3a yHanpeherbe 2 ckopo neT nyTa Beha Hero 3a
yHanpeherbe 3, a NOTPOWHa NPYIMapHe eHepruje CKopo
ABa nyTa Beha.

MpaduKoH 5.4. Emncuja yrver-arokerpa [t CO,/a]

nocTojehe cTarbe existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2

yHanpehere 3 improvement 3

CnmnyHa aHanmsa moryha je v 3a fjobujeHe pesynTa-
Te yHanpeherba enekTpoeHepreTckmx cuctema. Mpepa-
uyHaTe cy notpebHe NprmapHe eHepruje, kao 1 moryha
ylwTeAa emucuje yribeH-MoKcuaa 3a CBa TpU Mofena
yHanpeherba. Y Tabenn 5.5. v3pauyHate Cy BpenHOCTM
rofiniIFbbe NoTpebHe, NCNopYUeHe 1 NpUMapHe eHepruje
33 OCBET/bEHE Y TUMMYHMM LUKOaMa NPoLUMPEHE Ha CBe
wkone y Cpbuju, rpynvicaHe no Knactepuma.

Bpno je 6UTHO HanomeHy TV fia yHanpehetse eHepreT-
Cke epUKaCHOCTM OCBET/beHa NOAPa3yMeBa, y Hajsehem
6p0jy WKONa, MHCTanaumjy HoBUX CBETUIBbKY, WTO je npu-
NMKa [la ce yHanpeau KBanwTeT OCBET/betba W Mpwna-
roav CtaHaapavma 3a npoctopuje oppeheHe HameHe y
oBUM 0bjekTMa. Mmajyhu To y 81y, yHanpeherbe eHep-
reTcke epuKacHOCTW Tpeba jeAHOBPEMEHO MOCMaTPaTH
1 ca yHanpeherbem KBanuTeTa OCBET/bEHA. M3 TOr paz-
nora, 3a ofpeheHe LWKoNCke 0bjekTe, ca clabom BelTau-
KoM ocBeT/beHolWwNy, edekaT yHanpeherba eHepreTcke

Figure 5.3. Primary energy for heating and DHW [GWh/a]
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It has been previously mentioned that for Improve-
ment 3, electricity is used as energy source for air to wa-
ter heat pumps. This is the main reason why CO, emis-
sions are approximately the same in both Improvements
2 and 3 (Figure 54), although the final energy consump-
tion for Improvement 2 is nearly five times as high as in
Improvement 3, while the primary energy consumption
is almost double.

Figure 5.4. CO,emissions [t CO./a]
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A similar analysis is possible for the improvements of
the electric power systems. Calculations were performed
for the required and primary energy, as well as for po-
tential CO, reductions for all three models of improve-
ment. Table 5.5 shows the values for the annual required
energy and primary energy used for lighting in typical
schools extended to all schools in Serbia by clustering.

It is important to note that the improvement of en-
ergy efficiency of lighting implies, in the majority of facili-
ties in school institutions, the installation of new lamps,
which is an opportunity to improve the quality of light-
ing and to adapt it to the standards for premises of a spe-
cific purpose in these facilities. Bearing this in mind, the
improvement of energy efficiency should be considered
at the same time with the improvement of the quali-
ty of lighting. For this reason, for certain buildings with
low artificial illumination, the effect of improving energy
efficiency in absolute terms will not give the expected



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

epUKaCHOCTW Yy anconyTHOM cMUcy Hehe faTu ouekw-
BaHO CMatbetbe MOTPOLLIFE ENEeKTPUYHE eHepruje, anu
he 06e30eamTn 6O/bY KBANUTET OCBET/bEMbA.

Tabena 5.5. YKynHo noTtpebHa, ucnopydeHa 1 npumapHa
eHepruja, Kao 1 emmncuja yribeH-anokcmaa CBUX WKona
y Cpbujn no knactepmma 3a noctojehe cTarbe crctema
oCBeT/berba

reduction in electricity consumption but will provide
better lighting quality.

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

S,
=
© Q
5 g | . .
3 o = s Ss
I =
6po) . |8y 2| & 3 [$:2
Knactep WwKona 2 9_(; Cg aé 35 pd 2 é g
oo @ ~
cluster number - § g = Eﬁ %8 - § = 28
of schools | £ 5 = o= = _ ¢ =
SES SOE 3 |58 E |5E
£22 £®82¢2 |£E2235 |¥2
[m?] [GWh/a] [GWh/a] [tCOy/al
Al 596 98340 039 1,31 4319
A2 300 217.350 1,07 3,53 1.161,7
A3 242 555.148 1,49 4,94 1.6259
B1 664 67.728 0,14 0,46 153,2
B2 449 390.630 2,28 7,55 2482,2
B3 538 1.295.504 6,38 21,06 6.923,8
@ 337 64.367 0,54 1,79 5889
(@) 274 352912 3,47 11,61 3.772,1
c3 413 1.287.321 12,68 41,86 13.761,0
D3 77 405.790 1,16 3,82 1.258,3
YKYMHO
TOTAL 3.890 4.735.090 29,64 97,98 32.159,0

Y Tabenu 5.6. lNpwrkaszaHa je ykynHo noTpebHa, nc-
nopyyeHa v NPUMapHa eHepruja, Kao 1 em1cKja yribeH-
AvoKcaa cBux wkona y Cpbuju no knactepuma 3a
yHanpeherbe 1 enekTpoeHepreTcKMx cucTema Koje
obyxBaTa 3ameHy noctojeher cuctema ocset/berba LED
OCBET/bEHEM.

Table 5.6 provides data for the total required and pri-
mary energy, as well as CO, emissions for all schools in
Serbia by clusters for Improvement 1 of electric power
systems, which includes the replacement of the existing
lighting system with LED lighting.
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Tabena 5.6. YKynHo dvHanHa v nprvmapHa eHepruja, kao

0

1 em1cuja yribeH-AnoKcmnaa camx wkona y Cpbuju no
Knactepuma 3a yHanpeherse 1 cuctema ocBeT/berba

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

8
=
© Q
5 T .
5 s £ | £ Ss
© —
6p0j I, |83 & | ¢ 3 |52
Knactep wKona 2 % g g 3@ i 2 § %
cluster number 3 = EEUg 5§ 2 |y
ofschools | £ 5 = o= =z _ 0 =
S E S >S9 % 5 SsS¢c & SN
£25 £gcc |£8o5 |¥8
[m?] [GWh/a] [GWh/a] [tCO/al
Al 596 98.340 0,28 0,92 304,2
A2 300 217.350 041 1,36 448,5
A3 242 555.148 1,05 348 1145,0
B1 664 67.728 0,05 0,18 593
B2 449 390.630 0,88 2,91 958,2
B3 538 1.295.504 2,46 8,13 2.673,5
@ 337 64.367 0,10 0,35 117,6
(@ 274 352912 1,34 443 1.456,3
a3 413 1.287.321 4,89 16,16 53133
D3 77 405.790 1,16 3,82 1.258,3
YKifol_ITl-/IXOL 3.890 4.735.090 12,66 41,78 13.734,2

Y Tabenwu 5.7. MpuKkasaHu cy pesyntatu 3a Ucte BU-
[OBE €eHepruvje, Kao 1 emncurja yribeH-AMOKCHAR CBUX
wkona y Cpbuju no knacteprma 3a yHanpeherbe 2 enek-
TpOeHepreTCKMX crcTema. YHanpeherse 2 0byxeaTta LieH-
TpanHy KOHTPOJY YK/byYeHOCTN OCBET/beHA Y MPOCTO-
pujama. Ha Taj HauvH, yBOAM Ce cucTem ayTomaTusaumje
OCBET/bEHA Y LIKONAMA.

Table 5.7 shows results for the same types of ener-
gy and CO, emissions for all schools in Serbia by clus-
ters for Improvement 2 of electric power systems, which
includes the central control of the lighting involvement
on the premises thus introducing an automatic lighting
control system in schools.
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Tabena 5.7. YkynHo GprHanHa v nprumapHa eHepruja, kao
1 eMrCHja YribeH-AMoKcuaa ceumx Wwkonay Cpbujn no
KnacTepvma 3a yHanpeherbe 2 cncTema OCBET/berba

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

o
=
© [oR
8 2 © “
3 o g1 = Ss
6poj . |8y 5| ¢ 3 |23
Knactep WwKona 2 9_(; Cg aé 5}@ pd 2 é g
cluster number | § = cSEfT | § S leo
of schools | T 5 = TErs |22 _5 |ZY
SES SOE 3 |58 E |5E
22 IRe¢2 |25 [¥8
[m?] [GWh/a] [GWh/a] [t CO./a]
Al 596 98.340 0,25 0,84 3041
A2 300 217.350 0,37 1,24 4089
A3 242 555.148 0,96 3,17 1.0421
B1 664 67.728 0,05 0,16 54,2
B2 449 390.630 0,80 2,65 874,2
B3 538 1.295.504 2,24 741 24380
C1 337 64.367 0,09 0,32 107,2
2 274 352912 1,22 4,04 1.328,3
a 413 1.287.321 4,46 14,74 4.845,5
D3 77 405.790 1,16 3,82 1.258,3
YKYMHO
TOTAL 3.890 4.735.090 11,64 3843 12.660,8

Y Tabenu 5.8. npukasaHa je yKynHo notpebHa, mc-
nopydyeHa W NprvMapHa eHeprvja, Kao U emucuja
yIbeH-anoKcmnaa ceux wkona y Cpbuju no knactepu-
Ma 3a yHanpehere 3 enekTpoeHepreTcKux CucTema.
YHanpeherbe 3 obyxBata Aasbe nobosbllakbe cucTema
ayTomaTv3almje 0CBeT/bEHa KPO3 AeTeKUM)y NpUCyCTBa
JbyAM Yy MpOCTOpMjama 1 npunarohaBakbe OCBETIbeHA Y
3aBUCHOCTW 071 A06a faHa.

Table 5.8 provides information on the total required
and primary energy, as well as CO, emissions for all
schools in Serbia by clusters for Improvement 3 of elec-
tric power systems. Improvement 3 includes further
improvement to the automatic lighting system by de-
tecting the presence of people on the premises and ad-
justing the lighting according to the time of the day.
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Tabena 5.8. YKynHo dvHanHa v nprvmapHa eHepruja, kao
1 emncuja yribeH-arokcnaa Camx wkona 'y Cpbuju no
Knactepuma 3a yHanpehetse 3 cuctema ocBeT/berba

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

8
=
© Q
5 7 .
5 s £ | £ Ss
© =
6poj . |83 ©| ¢ 5|52
Knactep wKona 2 % g g 3@ i 2 § %
cluster number 3 = EEUg 5§ 2 |y
ofschools | £ 5 = o= =z _ 0 =
S E S >S9 % 5 SsS¢c & SN
£25 £gcc |£8o5 |¥8
[m?] [GWh/a] [GWh/a] [tCO/al
Al 596 98.340 0,24 0,80 2634
A2 300 217.350 0,35 1,18 388,6
A3 242 555.148 091 3,01 991,7
B1 664 67.728 0,04 0,15 0,051
B2 449 390.630 0,76 2,52 830,0
B3 538 1.295.504 2,13 7,04 2.315,1
@ 337 64.367 0,09 0,31 102,0
(@ 274 352912 1,16 3,83 12614
a3 413 1.287.321 4,24 14,00 4.601,8
D3 77 405.790 1,16 3,82 1.2583
YKifol_ITl-/LOL 3.890 4.735.090 11,12 36,69 12.012,35

Pe3ynTtaTi ylTefia HakoH NprmMeHe Mepa yHanpeherba
€1eKTPOeHEePreTCKMX CcuUcTemMa MpMKasaHM Cy Ha rpa-
brKoHMMma 5.5, 5.6. n 5.7.Y ogHocy Ha noctojehe cTarbe,
HajeeNa yluTeaa enekTpnyHe eHepruje HeONxoaHe 3a paf
OCBeT/beHa NOCTUKE Ce Beh y MpBOM yHanpehehyy. Pa3-
J10T 32 TO je 3aMeHa nocTojeher crucTeMa ocBeT/berba LED
OCBET/bEHEM KOje 3axTeBa [AaneKko Makby eHeprujy of
MHKaleCLIeHTHOT OCBeT/beHa, anvt 1 0ff GNyopecLieHT-
HOr ocBeT/betba. [lpyro v Tpehe yHanpeherbe 0byxBatajy
yBohetbe ayTomaTu3aluje pafa oCBeTberba. Kako ce y
YUMOHMLIAMa OBMYHO Ha Kpajy LKOMCKOT laHa UCKIby4yjy
cujannue, eHepreTcke ylTeae Koje ce ouekyjy mpruMeHoM
Mepa apyror 1 Tpeher yHanpehetrba Cy Makbe y OHOCY Ha
NpBO yHanpehere, anu CBakako 3HauajHe 1 onpaeaaHe
Ca CTaHOBWLWITa eHepreTcke epUKacHOCTH. [MpUMKOM 13-
6opa JIE[] ocBeT/bera Tpeba KOHCYNTOBATK 1 CTPYUtba-
Ke 33 OCBET/bEHE KaKO O CrneKTpasHe KapakTepucTrike
opnabpaHor JIE[] ocBeT/berba bune NpuxBaT/biBe 3a Npoc-
Topuje y Kojma bopase yUYeHMLM 1 HaCTaBHULW.

The savings achieved by the measures for the im-
provement of the electric power systems are shown
in Figures 5.5, 56 and 5.7. In comparison to the exist-
ing condition, the greatest savings in electricity neces-
sary for the operation of lighting are already achieved by
Improvement 1. This is possible because of the replace-
ment of the existing lighting system with LED lighting
that requires far less energy than either incandescent
or fluorescent lighting. Improvements 2 and 3 include
the introduction of automatic lighting control. Since the
classroom lighting is usually switched off at the end of
the school day, the energy savings expected with the
use of the latter measures are lower than those in Im-
provement 1, but are certainly significant and justified
from the aspect of energy efficiency. The type of LED
lighting should be chosen based on expert opinion in
order to be aaceptable for use in schools.
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MpadukoH 5.5. MNoTpebHa eHepruja 3a ocseTsberbe [GWh/a]

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

yHanpehere 3 improvement 3

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

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

yHanpehere 3 improvement 3

lpadukoH 5.7. Emucuja yren-auokcuaa [t CO,/al

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

yHanpehere 3 improvement 3

YHanpeherbe eHepreTcke edUKacHOCTU CUCTeMa OC-
BeT/betba MMa BUTaH NO3UTUBaH edekaT 1 Ha noeharbe
eHepreTcke eGUKACHOCTY LIENOKYMHOT enekTpoeHepreT-
CKOT cucTema. feHepanHo, OCBET/berE Kao KaTeropuja
NOTPOLWHE MMa KapakTep BpWHor ontepehersa, na ce
noeharbem rerose ePprKacHOCTN OUTHO CMarbyjy BPLL-
Ha onTepeherba 1 ryouUmn Y MPEeHOCHUM U1 ANCTPUOYTHB-
HUM MpeXxama y enekTpoeHepreTckom cuctemy (Tpondy-
Hoswh, Mukynoswh, Bypuwnh, Hypwh, Koctuh, 2009;
TondyHosuh, Mukynosuh, hHypuwuh, Koctuh, 2011).
Ogaj edekat OUTHO yTWYe U Ha HUBO MPUMAPHE eHepruje
noTpebHe 3a ocBeT/berbe, jep Tpeba fa obyxBaTn U ry-
6UTKE Yy MPEHOCY 1 AUCTPUOYLINU eNEKTPUUHE eHeprije
o[l eneKkTpaHa o Kpajrbix NoTpoLlaya.

PesynTyjyhe ylwTene HakoH MpuMeHe TPU HUBOA
yHanpeherba KapaKTepUCT1Ka TEPMUYKOT OMOTaua, Tep-
MOTEXHUUKMX 1 €NeKTPOEHEePreTCKIX CUCTEMA LIKOMCKIMX
3rpapa y nopehetby ca noctojehim CTarbem Kafia je y nu-
Takby NpUNnpemMa CaH1TapHe Tomne Bofe, NMpYKasaHu cy
Ha rpadukoHnmMa 5.8,5.9. 1 5.10.

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

29,65
12,66
11,65
11,12

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

97,98
41,78
38,34
36,70

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

32.159,00
13.734,20
12.660,80
12.012,35

The improvements to the lighting system have a
considerable positive effect on the increase in the en-
ergy efficiency of the entire electric power system. As a
consumption category, lighting generally has the char-
acter of a peakload, and by increasing its efficiency, there
will be significant reductions in the peak loads and in
the losses in transmission and distribution networks in
the electric power system (Trifunovi¢, Mikulovi¢, Burisi¢,
Buri¢, Kosti¢, 2009; Trifunovi¢, Mikulovic, Burisi¢, Kostic,
2011). This also significantly affects the levels of prima-
ry energy required for lighting, as it should include the
losses in transmission and distribution of electricity from
power plants to final consumers.

The resulting savings in domestic hot water prepara-
tion after the application of the three levels of improve-
ment in the performance of the thermal envelope, ther-
mo-technical systems, and electrical power and energy
systems of school buildings are shown in Figures 5.8, 5.9
and 5.10.
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lpadukoH 5.8. YkynHa notpebHa eHepruja 3a rpejarbe,
npunpemy CTB 1 ocseTrberbe [GWh/al

noctojehe cTare existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpehere 3 improvement 3

lpadukoH 5.9. YKynHa npumapHa eHepruja 3a rpejarse,
npunpemy CTB 1 oceeTberbe [GWh/a] (%)
noctojehe cTare existing condition

yHanpeherbe 1T improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

lpadukoH 5.10. YkynHa emrcuja yribeH-anoKcmnaa , rpejarbe,
npunpema CTB v ocsemberve [t CO /a] (%)
noctojehe cTare existing condition

yHanpehere 1 improvement 1

yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

Kana je eHeprvja y nutamby, U3 rpaduKoHa ce Moxe
3aK/bYUNTN Aa NOCTOJM CTanHW nag 1 noTpebHe v Npu-
MapHe eHepruje ca yBoherem HOBKX NObOsbLakba, Of-
HOCHO [la CBaKo fasbe yHanpeherse Aaje 1 nobosbliake
eHepreTcke edrKacHOCTM 3rpafja. HacynpoT Tome, Kaaa
je emucHja yribeH-anoKC1aa y nuTarsy, yHanpehera 2 v
3 pajy nogjenHake pesyntate. OunrneiHo je, jakne, aa 'y
33BWCHOCTM Off TOra fia v je Uwb yHanpeherba 3rpaga
eHepryija UNn emncKja yribeH-AVOKCUAA pellerba Tpeba
TpaknT M3mehy yHanpeheka 2 1 3, Nof yCNoBOM Aa ce
JIOKaXKe U HbXOBa EKOHOMCKa MCMATUBOCT.
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Figure 5.8. Total required energy for heating, DHW preparation,
and lighting [GWh/a]
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Figure 5.9. Total primary energy for heating, DHW preparation,
and lighting [GWh/a] (%)
@ rpejaren CTB
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Figure 5.10. Total CO, emissions, heating, DHW preparations,
and lighting [t CO,/a] (%)
@ rpejaren CTB
heating and DHW
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With respect to energy, the data suggest that the in-
troduction of new improvements results in a steady re-
duction in both the required and the primary energy,
that is, that every further upgrade will also improve the
energy efficiency of the building. By contrast, when the
CO, emissions are concerned, Improvements 2 and 3
provide equal results. Therefore, depending on whether
the improvement is targeted at energy or CO, emissions,
the solutions should obviously be sought between Im-
provements 2 and 3, on condition they are economical-
ly viable.
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MpadukoH 5.11. Cmatrbetrbe NoTpebHe eHepruje
Kpo3 yHanpehetba y OAHOCY Ha noctojehe cTarbe
(rpejarbe, npunpema CTB 1 ocseTrberbe) [%)
noctojehe cTarbe existing condition
yHanpehetbe 1T improvement 1
yHanpehetbe 2 improvement 2

yHanpehetbe 3 improvement 3

MpadukoH 5.12. Cmarberbe NpumapHe eHepruje
Kpo3 yHanpehera y oaHoCy Ha nocTojehe cTarbe
(rpejatbe, npunpema CTB v oceeTberbe) (%]
noctojehe crare existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

MpadukoH 5.13. Cmarberbe emmncHje yribeH- AnoKcuaa
Kpo3 yHanpehetba y 0aHOCY Ha noctojehe cTarbe
(rpejarbe, npunpema CTB 1 ocseTrbetbe) %)
noctojehe cTarbe existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2

yHanpehetbe 3 improvement 3

Ha rpadukorHuma 5.11, 5.12. n 5.13. npukaszaHa je
ylwTeAa 3a TpW HMBOa yHanpehersa y NoTpebHoj 1 npu-
MapHOj eHepruju 1 cMarberbe emMncurje YribeH- NOKCU-
na. OcHos je noctojehe cTarbe 3rpage npe yHanpehersa.
TpeHa cMarbersa NoTpebHe U NprMapHe eHeprunje ca
yHanpeherbuma ce jacHo BuMaw: yHanpehersa 1 1 2 fo-
HoCe CMatberbe off oko 30% Kof 0ba 0bnnka eHepruje
y OAHOCY Ha NPEeTXOAHM HUBO, AOK je ca yHanpeherbem
3 CMarbetbe HelWTo Marbe U 1M3HoCK 12%, ogHOoCHO 17%
3a NOTPebHY 1 NpUMapHY eHeprijy ceofenn 1Ux Ha 29%,
OHOCHO 24% Yy ofiHOCY Ha nocTojehe CTarbe rpaheBurH-
ckor GoHAa WKONCKMX 3rpaga y Cpbujn. Emucuja yrisen-
OMOKCMAa Ce CMarbyje ca yHanpehersem 1 v 2, anu
yHanpeherbe 3 He JOHOCK Aarbe CMakete OBe eMUcuje:
33aApXaBa ce BpeAHOCT o 44% y oaHoCy Ha noctojehe
CTarbe rpaheBrHCKor GoHaa.

[lo kor HvBOa he ce 3rpaae yHanpehueat? To he 3a-
BUCUTW 1 O pe3ynTaTta ONTUMMU3ALMOHKMX CTyauja, TO jecT
E€KOHOMCKe MCMNaTMBOCTM NOTPEOHWX ynararba 3a ycno-
Be Kakw noctoje y Cpbuju.

Figure 5.11. Reductions in required energy

by improvements compared to the existing condition
(heating, DHW preparation and lighting) [%]
I |00
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Figure 5.12. Reductions in primary energy

by improvements compared to the existing condition
(heating, DHW preparation and lighting) [%]
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Figure 5.13. Reductions in CO, emissions
by improvements compared to the existing condition
(heating, DHW preparation and lighting) [%]
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Figures 5.11,5.12 and 5.13 indicate the savings for the
three levels of improvement in the required and the pri-
mary energy, and the reduction of CO, emissions. The ex-
isting condition of the building before any improvements
was taken as the base value. The trend of the reductions
in the required and the primary energy by improvements
is clearly seen: Improvements 1 and 2 result in the reduc-
tion of approximately 30% in both forms of energy com-
pared to the existing condition, while Improvement 3
brings on somewhat lower reductions. They are 12% and
17% for the required and the primary energy, respective-
ly, or 29% and 24% in relation to the existing condition of
the school building stock in Serbia. Carbon dioxide emis-
sions are reduced with Improvements 1 and 2, whereas
Improvement 3 does not bring further reductions in this
respect: the value of 44% is maintained in relation to the
existing condition of the building stock.

The level of the improvement of the buildings will also
depend on the results of optimization studies, i.e., the eco-
nomic viability of the necessary investments for the condi-
tions that are prevailing in Serbia.
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A period before 1945
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LLIkoncka 3rpaga
NoBpLUMHE Makbe of 500 m?

School building
with area less than 500 m?

Kateropuja OCHOBHa LLIKOMa Category elementary school
[oavHa n3rpagme 1904. Year of construction 1904

Bpoj eTaxa Mp Number of floors Gf

MospLnHa (M?) 6pyTo 335 Area (m?) Gross 335

MoBpLnHa (M?) HeTO rpejaHa 260 Area (m?) Net heated 260

3anpemuHa (m?) HeTo rpejaHa 1020 Volume (m?) Net heated 1020

llkoncka 3rpafa jegHOCTaBHE OCHOBe, Ca ueTu-
PV yunoHuLe, 300PHMLIOM 1 KaHLEenapujom 3a Auvpek-
Topa. OBaj TMN KapakTepuwe Manu 6poj yuroH1ua, 6e3
U30BOjeHNX KabuHeTa, cane 3a Gp13MYKO BacnmTarbe Uin
APYMMX HAMEHCKINX M CEPBUCHMX MPOCTOPA.

PenpeseHT cy, Mo npaBuay, Mpu3emMHe 3rpage,
CBefleHe reomeTpuje, MOKPUBEHE [BOBOAHWM KOCKUM
KPOBOBMMa, Ca TaBaHCKIM MPOCTOPOM KOjI Ce He KOpWC-
TV 1 6e3 NoA3eMHMX eTaxka (MoAPYMCKMX MPOCTOpWja)
a NMPO30PCKM OTBOPW Cy NOjeAMHAYHU, MakbMX OMMEH-
3vja. OBe WKOMCKe 3rpafe Cy YecTo y pexumy 3alrute
(nonyT objekTa Ha CAMLM) WTO MOXKE YTMLATU Ha Mepe
yHanpehersa.
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The school building with a simple floor plan, contain-
ing four classrooms, a staffroom and the principal’s office.
Few classrooms without laboratories, the gymnasium or
other complementary or service spaces would be a typi-
cal layout for this building type.

The type representatives are small, one-story build-
ings, with basic geometry, a pitched roof, an unused attic
and no underground levels; windows are smaller single
openings. Such school buildings are often protected
(like the one illustrating the type), which may affect the
improvement measures.



Ukoncke 3rpage oBor Tvna paheHe Cy jeaHOCTaB-
HVUM TPAAMUMOHANHUM TeXHMKama rpaherba. KoHCTpyK-
TVIBHW CK/OM je MacuBaH, ca ApBeHom mehycnpaTHom
KOHCTPYKUMjOM (,KapaTaBaH") 1 KOCUM 1BOBOAHUM KpPO-
BoMm. MacaHu 31a0BK Cy 06OCTPAHO ManTepucaHu, ca
enemMeHTVIMa jef]JHOCTaBHe [jeKopaTUBHE MnacTuke, 6e3
TepMmuuke nsonauyje. [Mpos3opn cy ApBeHW, ABOCTPYKH,
Ca pasdBOjeHUM KPUIMMA, 3aCTaK/beHW jeAHOCTPYKMM
cTaknom. MNoaosu cy ca ApBeHOM 0bnorom, 6e3 Tepmmny-
Ke nsonauuje.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

A —nepwuop npe 1945. A - period before 1945

School buildings of this type were built using simple
traditional construction techniques. The facade walls are
plastered on both sides, with simple coating on the inte-
rior and plain decorative plasterwork on the exterior,
with no thermal insulation or wall cavities. Windows are
wooden framed, double-sashed with single pane trans-
parent glazing. Wood floors were laid on rammed earth
with no thermal insulation.

Energy class of building — as designed

Qg [%] Q,,, [kWh/(m?a)]
417 313
<15
<25
B <50
<100
<150
<200
<250
> 250

99
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CKnonoBu TepMUYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballitbm 31

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUMja ncnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/mZK)

lNog Ha Ty

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 44cm, mantep 3cm

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

113 U (W/mZK)

Cnorba Outside [po3opwu

YHyTpa Inside

3emsba ca nnesom 10 cm, gacke 2.4
cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKLWja 6 Cm , ManTep Ha
TPLWYaHOoj NoAno3n 3 cm

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

0.78 U (W/m?K)

Ground floor

YHyTpa Inside
_—
|

Cnorsba Outside

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

wood strip 2.2 cm, wooden subfloor 2.4 cm,

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

0.52

Cnorba Outside
YHyTpa Inside

[lpBeHw 1BOCTPYKM Ca pasmMakHy TV M
Kpunmma (W1poka KyTuja) 1 jeJHOCTRYKMM
CTaKIoM

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

350




A —nepwuop npe 1945. A - period before 1945

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopuCcHOCTH
cucTema rpejarba
Heating system
efficiency

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO 1 yram). Taj cnuctem
Ce KOPWCTU 1 laHac.

Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The same heating system is used
nowadays.

046

Cnctem ocBembera  Lighting system

YHyTpalutba pacseTa

Interior lighting

¥ A

Y WKONW je y M3BOPHOM 00nMKy KopuwheHo
MHKaeCLEHTHO OCBET/bEbE, [IOK je Mpema
noctojehem CTarby KOMMeTHa WKona
nokpvBeHa dnyo ocseTrberbeM. He nocTtojn
ayTOMaTCKa KOHTPOSa OCBET/bErba.
Incadescent lighting was used in the
original form. Nowadays, complete school
is lightened with fluorescent lighting. No
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CHOCTH
npunpeme CaHUTapHe
ToMnse Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

092

0.5 1

KrBrHe crjanunue v meTan xanoreHe
cvjanvue.

Mercury bulbs and metal halogen bulbs.
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CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

[LIkoncke 3rpafie oBor Tvna rpaheHe cy 3a notpebe
NOAPYYHVIX jeIMHNLI Y MakbM HacerbiMa.

Y [neKkopaTMBHUM enemeHTVMMa ¢dacaaHe obpane
yoyaBa Ce Pa3HOBPCHOCT — Off CacBMM je[AHOCTaBHWX
bacagHux obpafa, 6e3 VKakee MnacTnke, NPeko pena-
TUBHO je[IHOCTABHUX AEKOPATUBHUX eflemMeHaTa, CBe [0
AeTarbHO pa3paheHnx dacapa v3BeAEHWX Y BELITAYKOM
KameHy, rae v npo3opw Mory 61T AeKopaTVBHO ypahe-
HW, Ca cneundryHoM nofenom 1 npodunaumjom. Kako ce
Hajuelwhe paau o 3rpagama Koje cy y oapeheHom pexu-
My 3aLUTUTE, TEXHMYKA peLlerba Mepa yHanpehersa buhe
AedVHMCaHa Tako [la Ce 3afpe CBe BpeAHe OA/VKe
OPUIVHAIHOT apPXMTEKTOHCKOT pellietba.

The school buildings of this type were built for rural
units in smaller settlements.

A greater variety is notable in the decorative
elements, ranging from basic facades with no decora-
tion, through relatively modest plasterwork, to elabo-
rate stucco facades, on which even the window mullions
may have a decorative function. Since these buildings
are often protected as cultural heritage, the technology
for energy upgrades should be defined in a manner that
would maintain all the valuable characteristics of the
original architectural design.



A —nepwuop npe 1945. A - period before 1945

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

PekoHCTpyKUWMja NofjoBa Ha Ty. Bpofcky NoAoBKM Ha NOTNATOCHMLAMA Y COjy Necka Cy 3ametbeHn GETOHCKMM NMOAOBMMA Ca Pa3NNIUTUM
3aBPWHWM obnorama (ApBO, KepamMmKa).

Ground floor reconstruction. Wood decking on sleepers in sand bedding is replaced with conrete floor structure with various floor coverings
(wood, ceramic).

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpebhetrbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

130n0Batbe GacafiHUX 3MAOBA KOHTAKTHOM TePMOM30MaUMoHoM dacafom. Yrpasrba Hosux npo3opa oA [MBL npodwna ca ABOCAOjHUM
M30M1aLMOHMM HUCKOEMUCUOHIM CTaKo-NMakeTom (Cpefrba 3anTBEHOCT). Yrpafrba HOBUMX YNasHUX JPBEHVX BpaTa Ca TePMOM30MaLYIOHOM
NCMYHOM.

Thermal insulation of facade walls with a contact facade system. Installation of new PVC windows with double-glazed low-emissivity glass
unit (mid-range air-tightness). Installation of new entrance wooden doors, with thermal insulation infill.

130n0Batbe GacafiHUX 3110Ba KOHTAKTHOM TEPMOWM30MaLMOHOM dacafom. VI3onosarbe nofa Ha Ty y3 PEeKOHCTPYKUMY CrojeBa. Yrpadtba
HoBVX Npo3opa o MNBL| npoduna ca ABOCNOJHVM 130MaLMOHMM HUCKOEMMCVIOHVM CTako-NakeTom (fobpa 3anTueeHocT). Yrpafrba HOBYX
YNa3HUX PBEHVIX BPaTa Ca TePMOU30ALMOHOM UCTYHOM.

Thermal insulation of facade walls with a contact fagade system. Insulation of ground floor, with layers reconstruction. Installation of new
PVC windows with double-glazed low-emissivity glass unit (good air-tightness). Installation of new entrance wooden doors, with thermal
insulation infill.

130noBatbe dacagHMx 31M40Ba KOHTAKTHOM TePMOU30NaLMOHOM dacaom. V3onosarbe mehycnpatHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
npeko noctojehiix cnojesa. Mi3onosarbe NoAa Ha Ty y3 NOTNYHY PEKOHCTPYKLW]Y C10jeBa. Yrpaftba HOBMX MPO30Pa Off KOMMO3UTHUX Npoduna
Ca TPOCIOJHUM M30MALMOHUM HUCKOEMUCHOHUM CTaKNO-NakeToM (fobpa 3anTvBeHOCT). Yrpafrba HOBUX YNasHUX APBEHUX KOMMO3UTHUX
BpaTa ca TepMOV30M1aLIYOHOM UCTYHOM.

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

Cnosballitbu 31,

External wall

U (W/m?K)

MehycnpaTHa
KOHCTPYKUMja NCMOA
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, oneka 44 cm, mantep 3 cm,
Tepmomsonauwja 10 cm, mantep 1cm

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

0.28

Cnosba Outside

T

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.78

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

Mantep 2 cm, oneka 44 cm, Mmantep 3 cm,
Tepmovsonauuja 10 cm, mantep 1 cm

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

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

Mantep 2 cm, oneka 44 cm, Mantep 3 cm,
Tepmomsonayuja 20 cm, mantep 1. cm

plaster 2 cm, brick wall 4 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.16

Cnosba Outside

YHyTpa Inside

ME donwja, Tepmowmsonaywmja 15 cm, gacke

24 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CmM , ManTep Ha TPLWYaHOj
noano3n 3cm

PE foil, thermal insulation 10 cm, plank

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

0.19

Cnorba Outside

YHyTpa Inside

ME donwja, Tepmomrsonaumja 25 cm, aacke
2.4 cm, TaBakbave 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLUYaHoj
noanosn 3cm

PE foil, thermal insulation 25 cm, plank

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

0.13




A - nepuog npe 1945. A - period before 1945

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

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpebhetbe 3 Improvement 3
Mog Ha Ty YHyTpa Inside YHyTpa Inside YHyTpa Inside
= _— e e
T - ™ e e
Ground floor ]
] ]
Cnospa Outside Cnospa Outside Cnorba Outside
HEMA N3MEHA napkeT 2.2 Cm, LeMEHTHa KoLlyrbuLa 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLybuua 4 cm,
— Tepmowusonauymja 5 cm, xuapousonaymja 1 Tepmomsonauuja 5 cm, xuaponsonauuja 1
NO CHANGES cm, 6eToHcKa nnoya 10 cm, WwbyHak 10cm, cm, 6eToHcKa nnova 10 cm, wibyHak 10cm,
HabujeHa 3emrba HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm, thermal parquet 2.2 cm, cement screed 4 cm, thermal
insulation 5 cm, hydro insulation 1 cm, concrete  insulation 5 cm, hydro insulation 1 cm, concrete
10 cm, gravel 10 cm, rammed earth 10 cm, gravel 10 cm, rammed earth
U (W/m?K) 0.52 0.30 030
Mposopu = b= = b= = g
_ 2 z 2 i 2 =
O © (@] © (@] ©
. a o Q
Windows 8 g 3 £ 3 £
o [ I (o] I o I
2 o= 2 = 2 | =
O O o
MBL| ca ABOCNOjHMM HUCKOEMMCUOHIM CTakno  TBLL ca ABOCNOjHMM HNCKOEMUCUOHMM CTaKNo  KOMMO3WTHM NPOdUi ca TPOCIOjHM
NaKeTom naKeTom HCKOEMUCVOHYIM CTaKIO MAKeTOM UCMYHEHIIM
— — VHEPTHVIM racom
PVC, double glazed low-E glass unit, inert PVC, double glazed low-E glass unit, inert —
gas filling gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
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CucTem rpejama 3rpage — yHanpehewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdukacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tomne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa.

The existing heating system is retained.

0.5

046

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

Yrpaparba LeHTpanHor rpejatba ca

paavjaToprma Kao rpejHIM Tesnma v KOTIoMm

Ha apBHY bromacy (nener).

Installation of central hydronic system with
radiators. The heating source is biomass
(wood pellet) fired boiler.

0.91

0.85

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

-
5

yrpa,uH;a KOMMpPeCcopcke TorioTHe nymMne
Ba3,qy></Bo,qa Ca Xnapomoaynom.

Installation of air source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



A —nepwuop npe 1945. A - period before 1945

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

30%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

36%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

39%

| | |
0% 50% 100%
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLn

w
o

~ [ I |

w [l

Heat losses 19% 19% -
(%]
45% S6% 70%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywreae — savings
TpaHCMUCKOHHM ryBuLm 400 400 400 400
- Ll
Transmissive losses 350 I 350 350 350
[W/K] 300 I 300 300 300
250 I 250 250 250
200 I 200 200 200
150 I 150 150 150
100 I 100
i
1

-~ I

5 5 12 3 4 5 5

1- Criosballrby 31, 2- 1PO30PY, 3- ynasHa BpaTa, 4- MehycrnpaTHa KOHCTPYKLYja MCNOZ HerpejaHor TaBaHa, 5-nog Ha Ty

1- external wall, 2- windows, 3- doors, 4- floor structure to unheated attic, 5- ground floor
CreumdnyHa rogulltba 241 313
notpebHa eHepruja 3a V v
rpejaH,e | | kWh/m? a
- <12 <20 <38 <75 <188 >188 500
Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %

| |
[kWh/m?a] A A A

80 122 161



A - nepuog npe 1945. A - period before 1945

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

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

" A
8060
4.5%

A

39925

22.4%

50 n
93365
52.3%

0

A A

10712 20150
55% 104%

50 n
102998
53.3%

o —

| |
4749 10680
7.5% 16.9%

50 n
34357
54.4%

©
®
©

o —

M

MOMa3Ho CTakbe
starting condition

Y

Hajuewhe nHTEPBEHUMjE
usual interventions

| [ |
50
A A A
691 727 798
(61.0%) (64.2%) (70.4%)

Q- @+= @

| |
yHanpeheroe 1 yHanpehetbe 2
A improvement 1 A improvement 2

178478
v

|
100%

193218

63159

-4

100%

100%

|
yHanpehetbe 3
A improvement 3
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A2a
A2a

LLIkoncka 3rpaga
noBpLmHe 500-2000 m?

School building
with area 500-2000 m?

KaTeropuja ocHoBHa Wkona  Category elementary school
[oavHa n3rpagme 1862. Year of construction 1862

Bpoj eTaxa Mo+Mp Number of floors B+Gf

MospLnHa (M?) 6pyTo 850 Area (m?) Gross 850

MoBpLnHa (M?) HeTO rpejaHa 675 Area (m?) Net heated 675

3anpemuHa (m?) HeTo rpejaHa 2560 Volume (m?) Net heated 2560

Wkoncka 3rpaga w3dy»KeHe OCHOBE, Ca YMpaBHUM
aenom 1 Behum 6pojem yuroruua. MpojekTom WKone
npeasviheHe Cy cTaHAapAHe YuroHMLUe 6e3 HaMEHCKIX
npocTopa 3a M3Bohehe APYrvX BUAOBA HACTaBE W BaHHa-
CTaBHVIX aKTUBHOCTU.

PenpeseHT OBOr TWna Cy, NO NpaBuiy, NPU3emMHe
3rpafe HelwTo Behe NOBpLIMHE, anu penaTnMeHO CBefe-
He reomeTpuje. [TOKpMBEHE Cy KOCMM KPOBOBMMA, Ca
TaBaHCKMM MPOCTOPOM KOjU Ce He KOPUCTK, a Y Mojean-
HM CyyajeBrmMa NocToje 1 HerpejaHe NoApyMCcKe Npoc-
Topwuje. [Npo30pcKn OTBOPYM Cy NOjeAVHAYHN, PenaTMBHO
Makb WX AnMeH3Kja, 6e3 3alTuTe of CyHLUa.

The school building with a simple, elongated plan,
containing the administration block and a significant
number of classrooms. The school was designed with
conventional classrooms, without specialized spaces for
other types of teaching or extracurricular activities.

The representatives of this type are one-story build-
ings, somewhat larger in the area but with rather simpli-
fled geometry. They are covered with hip roofs, with an
unused attic space and an occasional unheated base-
ment. Window openings are single and rather small,
without sun protection.



0 10m

koncke 3rpage oBor TMna paheHe Cy jeAHOCTaBHMIM
TPaAMUMOHANHUM TexHVKama rpaberba. KOHCTPYKTMB-
HW CKNOM je MacuBaH, ca ApBeHOM MehyCnpaTHOM KOH-
CTPYKUMjOM (,KapaTaBaH”) 1 KOCUM BULIEBOAHUM KPO-
BoMm. MacaHu 31a0BK Cy 06OCTPAHO ManTepucaHu, ca
enemMeHTVIMa jef]JHOCTaBHe [jeKopaTUBHE MnacTuke, 6e3
TepMmuuke nsonauyje. [Mpos3opn cy ApBeHW, ABOCTPYKH,
3aCTak/beHM jJeAHOCTPYKMM CTaknom. [ogosu cy y Gop-
MW 6POACKOr MOAA 1 Ha MOANO03M Of HabujeHe 3emsbe.

EHepreTckn pa3peq 06jeKTa — NPOjEKTOBAHO CTakbe

A —nepwuop npe 1945. A - period before 1945

The school buildings of this type were built using
simple traditional construction technologies. Facade
walls are plastered on both sides, with simple coating
on the interior side and plain decorative plasterwork on
the exterior side, with no thermal insulation or wall cavi-
ties. Windows are wooden framed, double-sashed with
single pane transparent glazing. Wood floors were laid
on rammed earth with traditional strip flooring placed
on sleepers.

Energy class of building - as designed

Qg er %] Q. kWh/(m?a)]
333 250
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnonoBu TepMUYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballitbm 31a

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLUWja Mcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTpYyKUWja U3Hag
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

lNoa Ha Ty

Mantep 2cm, oneka 44cm, mantep 3cm

YHyTpa Inside
Cnosba Outside

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

113

Cnosba Outside

T e

lNpo3opwu

YHyTpa Inside

3emsba ca nnesom 10 cm, packe 2.4

cm, TaBarbaue 14/20 cm, opBeHa
MOTKOHCTPYKUKWja 6 M, ManTep Ha TpLUYaHoj
nogno3n 3cm

Windows

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

0.78 U (W/m?K)

YHyTpa Inside

- "

Cnospa Outside

AallyaHy nof 2.2 cm, NoTnaTocHuLe
(8/5cm ) y cnojy necka 10cm, facke 2.4cm,
TaBarbaye 14/20cm

wood strip 2.2 cm, sleepers 8/5 cmin 10 cm
sand bedding, wooden subflooring 2.4 cm,
wood rafters 14/20 cm

118

Ground floor

YHyTpa Inside

e —_—
|

Cnosba Outside

nalwdaHy nof 2.2 cm, facke 2.4 cm,
notnatocHule 8/5 cm'y cnojy necka 10 cm,
HabujeHa 3emsba

wood strip 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10 cm sand bedding,
rammed earth

0.46

() [}
he) e}
b °
5 <
(@] ©
© 2
5 :
2 =
o

[lpBeHV IBOCTPYKM Ca pasmMakHy TV M
Kpunmma (Wnpoka KyTuja) 1 jeiHOCTRYKMM
CTaKIoM

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

350




A —nepwuop npe 1945. A - period before 1945

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUCHOCTH
cncTtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/bema

YHyTpalltba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO 1 yram). Taj cnuctem
Ce KOPWCTW ¥ laHac, y3 ynoTpeby yriba kao
eHepreHTa..

Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The same heating system (using
coal only) is used nowadays.

046

Lighting system

¥ A

Y WKoMM je y 3BOPHOM 06nMKy KopuwheHo
MHKa[eCLIEHTHO OCBET/bErbE, [IOK je MpemMa
noctojehem CTatby KOMMneTHa WKona
nokpviseHa ¢pnyo oceeTberbem. He noctoju
ayTOMaTCKa KOHTPOMa OCBET/berba.
Incadescent lighting was used in the
original form. Nowadays, complete school
is lightened with fluorescent lighting. No
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTH
npunpeme caHnTapHe
TOre Boge

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

092

PKnBumHe 1 HaTpuUjymcke crjanuie.

Mercury vapor bulbs, sodium bulbs.

w



HaumoranHa Tunonorwja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

Wkoncke 3rpafge OBOr TMNa OANMKyje jeAHOCTaBHa
OCHOBA Ca LIEHTPaNHNM YNa3HWM AenoM. Y 3aBUCHOCTU
o[ BenuuunHe 00jeKkTa, yNPaBHO-aAMUHUCTPATUBHI [e0
je nocTae/mbeH y nocebHom 6ouHOM Kpuny. Kako je pey
O HeKMM Off HajCTapujuxX LLIKOMA Y 3eM/bW, OHe Hemajy
npojekToBaHe nocebHe cane wv Apyre BULIEHAMEHCKe
npocTope, a npatehn cagpajn (YKONMKoO mUx 1ma) cy C
BPEMEHOM [03VHMBaHW Y3 OPUTMHAMHY WKOMCKY 3rpa-
Ay vnu rpabeHn Kao He3aBWCHM OBjeKTM Ha WKOMCKO)
napuenv.

[lekopaTvBHM enemeHTH Cy 4eCTu y OONNKY jeaHOC-
TaBHe dacagHe nnacTvike, Maga dacafe Hekux LKona
mory 6uTi vy 6oratujoj obpaau.

The school buildings of this type are characterized
by a simple rectangular plan, with the central entrance.
Since these buildings are among the oldest schools in
the country, they were not designed to incorporate
special halls or other multipurpose rooms. Complemen-
tary spaces (if any) were later built adjunct to the original
building or as separate structures on the school ground.
Although decorative elements usually occur as simple
plasterwork, some facades may be quite elaborate.

The roofs are hipped, supported by a tradition-
al wooden structure, with a basic cornice and hanging
gutters.



A —nepwuop npe 1945. A - period before 1945

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpadtea Hosux Npo3opa oA MNBLL npoduna ca 4BOCNOJHM KM30NaLMOHUM CTak10-MakeToM. PeKOHCTPYKLMja NofoBsa Ha T1y. Bpoacku nofosw
Ha NOTNATOCHWMLAaMa Y Cojy Necka Cy 3aMetbeHr GETOHCKMM NOAOBKMA Ca Pa3NNUUTIM 3aBPLIHMM 06orama (BUHW, KepammKa).

Installation of new PVC windows with double glazing. Ground floor reconstruction. Wood decking on sleepers in sand bedding is replaced
with conrete floor structure with various floor coverings (vinyl, ceramic).

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

V3onoBatbe mehycnpaTHe KOHCTPYKLMje Ka HerpejaHom TaBaHy y3 AefIMMUUHY PEKOHCTPYKUM]y crlojeBa. Yrpajrba HOBKX Npo3opa og [MBL
npodwina ca ABOCIOHUM U30NALMOHMM HUCKOEMUCUOHUM CTaKNo-NakeTom (Cperba 3anTUBEHOCT).

Insulation of floor structure to unheated attic with partial layer reconstruction. Installation of new PVC windows with double-glazed low-
emissivity glass unit (mid-range air-tightness).

1130noBarve dacanHnx 3Ma0Ba KOHTAKTHOM TePMOU30naLMoHOM dacajom. VI3onoBarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
y3 OeNUMUYHY PEKOHCTPYKUMY cnojesa. V3onosarbe mMehycnpaTtHe KOHCTPYKUMje Ka HerpejaHoM nogpymy. M3onosarse noga Ha Ty y3
PEKOHCTPYKLMjy CnojeBa. Yrpaarba HoBux npo3opa of [MBL npodurna ca ABOCNOJHUM M30MALMOHUM HUCKOEMUCUOHMM CTaKMNO-MakeToM
(cpearba 3anTMBEHOCT). Yrpaftba HOBYX Ya3HUX PBEHVIX BPATa Ca TEPMOU3OMALMOHOM UCMYHOM.

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

/130noBarbe dacafHMX 3100Ba KOHTAKTHOM TePMOU30NaLMOHOM dacafjom. Vzonosarbe mehycnpaTHe KOHCTPYKLMje Ka HerpejaHoM TasaHy
y3 [eNUMUYHY PEKOHCTPYKUM]Y cnojeBa. M3onosarbe mMehycnpaTtHe KOHCTPYKUMje Ka HerpejaHoM nogpyMmy. /3onosarse noga Ha Ty y3
PEKOHCTPYKLWjy CojeBa. Yrpafrba HOBMX NPO30pa Of KOMMO3UTHUX NPOoduna ca TPOCIOjHVM M30NaLMOHUM HUCKOEMUCUOHUM CTaKmo-
nakeTom (fobpa 3anTMBeHOCT). Yrpastba HOBMX YNa3HIX PBEHMX KOMNO3UTHUX BpaTa ca TEPMOV30NaLIMOHOM UCTYHOM.

Insulation of facade walls with a contact fagade system. Insulation of floor structure to unheated attic with partial layer reconstruction.
Insulation of floor structure to unheated basement. Insulation of ground floor,Insulation of ground floor, with layers reconstruction. Installation
of new composite windows with triple-glazed low-emissivity glass unit (good air-tightness). Installation of new entrance composite doors,
with thermal insulation infill.
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CKnonoBwu TepMrYKOT oMoTaua — yHanpeherwa — Elements of the thermal envelope — improvements

Cnosballitbu 31,

External wall

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLUWja Mcnoa
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MebhycnpaTHa
KOHCTpYyKUWja U3Hag
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

YHanpehetbe 1 Improvement 1

) ==l ()
o 1 o
2 Z
— T )
3 T ©
s 1 2
T i | o
> T cC
)
HEMA M3MEHA
NO CHANGES

1.13

Cnosba Outside

YHyTpa Inside

IE donwja, TepMowmzonaumja 15 cm, facke

24 cm, TaBatbade 14/20 cm, ApBeHa
NOTKOHCTPYKUMja 6 CM , ManTep Ha TpLUYaHO]
noano3n 3cm

PE foil, thermal insulation 10 cm, plank 2.4 cm,
wood rafters 14/20 cm, wooden substructure
6 cm, straw-plaster ceiling 3 cm

0.19

YHyTpa Inside

Cnospa Outside
HEMA N3MEHA

NO CHANGES

1.18

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 2 cm, oneka 44 cm, Mmantep 3 cm,
Tepmovsonauuja 10 cm, mantep 1 cm

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

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

Mantep 2 cm, oneka 44 cm, Mantep 3 cm,
Tepmomsonayuja 20 cm, mantep 1. cm

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

0.16

Cnosba Outside

YHyTpa Inside

ME donvja, Tepmownsonauwja 15 cm, gacke

24 cm, TaBarbade 14/20 cm, ApBeHa
NOTKOHCTPYKLMja 6 CM , ManTep Ha TpLUYaHO]
noano3n 3cm

PE foil, thermal insulation 10 cm, plank

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

0.19

YHyTpa Inside

In._ = =

]

I

Cnosba Outside
JalyaHn nog 2.2 cm, notnaTtocHuue (8/5cm)
y Cnojy necka 10cm, facke 2.4cm, Taarbaye
14/20 cm / Tepmomzonaupja 10 cm, netee
5/3cm, rMncKapToHcka nnoyva 1.25 cm
wood strip 2.2 cm, sleepers 8/5cmin 10 cm
sand bedding, wooden subflooring 2.4 cm,
wood rafters 14/20 cm, thermal insulation
10 cm, wood battens 5/3 cm, gypsum board
125¢cm

0.37

Cnosba Outside

YHyTpa Inside

ME donwja, Tepmomrsonauymja 25 cm, packe
2.4 cm, TaBakbade 14/20 cm, ApBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLYaHoj
nognosn 3cm

PE foil, thermal insulation 25 cm, plank

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

0.13

YHyTpa Inside

T

Cnorba Outside

naliyaHy nof 2.2 cm, NoTNaToCHULEe
(8/5cm ) y cnojy necka 10cm, gacke 2.4cm,
TaBarbaye 14/20 cm / Tepmowzonaumja 20

cm, neTse 5/3 cm, rMNCKapTOHCKa niova
1.25cm

wood strip 2.2 cm, sleepers 8/5 cmin 10 cm
sand bedding, wooden subflooring 2.4 cm,
wood rafters 14/20 cm, thermal insulation
20 cm, wood battens 5/3 cm, gypsum board
1.25cm

0.25




A - nepuog npe 1945. A - period before 1945

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

YHanpehetbe 1 Improvement 1

Mog Ha Ty YHyTpa Inside

Ground floor

Cnospa Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

HEMA N3MEHA napkeT 2.2 Cm, UeMEHTHa KoLlyrbuLa 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLybuua 4 cm,
— Tepmowusonaymja 5 cm, xmgpousonaunja Tepmomsonauuja 5 cm, xuapousonaumja
NO CHANGES 1cm, 6eToHcKa nnoya 10 cm, wibyHak 10cm,  1cm, 6eToHcka nnoya 10 cm, wibyHak 10cm,
HabujeHa 3emrba HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm, thermal parquet 2.2 cm, cement screed 4 cm, thermal
insulation 5 cm, hydro insulation 1 cm, concrete  insulation 5 cm, hydro insulation 1 cm, concrete
10 cm, gravel 10 cm, rammed earth 10 cm, gravel 10 cm, rammed earth
U (W/m?K) 0.46 0.27 0.27
Mposopw b f b e 3 3 B
_ g _'I& < g < g <
f © © ©
. p ] Q. © | Q © o
Windows g . -E] '];:\ g - __]dl '% g '%
c > c | > c >
o) U (@]
MBLI ca ABOCNOjHMM HUCKOEMMCUOHMM CTakno  TBLL ca ABOCIOjHMM HNCKOEMUCUOHMM CTakNo  KOMMO3WTHM Npodui ca TPOCNOjHM
nakeTom nakeTom HMCKOEMUCVIOHM CTaK/O MakeTom UCMyHEHUM
— — VHEPTHVM racom
PVC, double glazed low-E glass unit, inert PVC, double glazed low-E glass unit, inert —
gas filling gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
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CucTem rpejama 3rpage — yHanpehewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdukacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tomne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa.

The existing heating system is retained.

0.5

046

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

Yrpaparba LeHTpanHor rpejatba ca

paavjaToprma Kao rpejHIM Tesnma v KOTIoMm

Ha apBHY bromacy (nener).

Installation of central hydronic system with
radiators. The heating source is biomass
(wood pellet) fired boiler.

0.91

0.85

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

-
5

yrpa,uH;a KOMMpPeCcopcke TorioTHe nymMne
Ba3,qy></Bo,qa Ca Xnapomoaynom.

Installation of air source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



A —nepwuop npe 1945. A - period before 1945

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

65%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

67%

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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKOHY Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmiiba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

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

19% 19%
34% 55% 67%
o TPAHCMIUCMOHN TyOULM — transsmission losses BEHTUAUMOHN rybuum — ventilation losses ywrege — savings
650 650 650 650
600 . 600 . 600 600
500 I 500 500
400 II - 400 I 400 400
300 II I 300 I 300 300
200 II I 200 I 200 200
IIII IIII l ll-l [ oll-l [
1 2 3 4 5 6 1 2 3 4 5 1 2 3 4 5 6 1 2 3 4 5 6

1- cnosbalutby 31f, 2- NPo30pw, 3- ynasHa 8pata, 4- MehycnpaTtHa KOHCTPYKLMja MCNOZ HerpejaHor TaBaHa, 5- MehycnpaTHa KOHCTPYKLUMja
13Ha[ HerpejaHor Noapyma, 6- NoA Ha Ty

1- external wall, 2- windows, 3- doors, 4- floor construction to unheated attic, 5- floor construction to unheated basement, 6-ground floor

197 250

| | kWh/m? a

<15 <100 <150 <200 <250 >250 rel %
_
| |
69 99

155



A - nepuog npe 1945. A - period before 1945

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

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

" A
18502
4.9%

A

8635

7

23.1%

50

A

235566
63.0%

|
0

A A

26229 46255
53% 9.3%

50

315033

63.6%

o —

| |
11926 24515
7.3% 15.1%

©® ©

o —

M

MOMa3Ho CTakbe
starting condition

(I
1208 1271 1394
335% 352% 38.6%

Q> @+= @

Y

Hajuewhe nHTEPBEHUMjE
usual interventions

50

50

A

yHanpeheroe 1
improvement 1

A

104659
64.5%

@

A

yHanpehetbe 2
improvement 2

A

374064
v

|
100%

495080

162274

-4

100%

100%

yHanpehetbe 3
improvement 3
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BEAEL
W

- Y

A26
A2b

LLIkoncka 3rpaga
noBpLmHe 500-2000 m?

RENCEEC]

School building
with area 500-2000 m?

Kateropuja cpearba WKona Category high school
[oavHa n3rpagme 1924. Year of construction 1924

Bpoj eTaxa Mo+Mp+1 Number of floors B+Gf+1
MospLnHa (M?) 6pyTo 1600 Area (m?) Gross 1600
MoBpLnHa (M?) HeTO rpejaHa 1055 Area (m?) Net heated 1055
3anpemuHa (m?) HeTo rpejaHa 4345 Volume (m?) Net heated 4345

CnpaTHe LWKOMCKe 3rpafie 0BOr nepuoaa paheHe cy
Hajuelwhe Kao penpe3eHTaTVBHU ObGjeKTU 1 AaHac cy
4yecTo y ofipeheHom pexmmy 3alTuTe. Kapaktepuiie 1x
KNacuUMCTMYKa KOMNO3KMLMja Ca HarnaweHnM LieHTpan-
HVIM BOJTYMEHOM 1 BOUHMM KpUAMMA.

LLIkoncke 3rpaae oBor TMna UMajy Behn 6poj yuroHu-
La 1 cee npatehe 1 cepBMCHe NPOCTOpe.

[MOKpMBEHE Cy KOCMM KPOBOBMMA, Ca TaBaHCKMM
NPOCTOPOM KOji Ce He KOPUCTH, a y NOjeAnHUM Cltyyaje-
BMMa Mocefyjy W HerpejaHe NoApyMCKe npoctopuje.
[MpO30pCKK OTBOPYM Cy NOjeANHAYHN, PENATUBHO Marbmx
AMMeH3uja, 6e3 3aWTnTe oA CyHUa MW Ca MNaTHEeHUM
poneTHama ca yHyTpaLltbe CTpaHe.

122

The two-story buildings of the period were usually
constructed as representative buildings and today they
are often protected as cultural heritage. They are charac-
terized by classicistic composition, with a distinguished
central volume and lateral wings.

The school buildings of this type contain numerous
classrooms and various complenetary spaces.

The roofs are hipped, the unheated attic is not in use,
while the basement (if any) is unheated and used for stor-
age and as an auxiliary space. There are single window
openings, without sun protection or with interior textile
roller blinds.



0 10m

Wkoncke 3rpage oBor Tvna paheHe cy Tpagmumo-
HaNHUM TexHVKama rpahersa. KOHCTPYKTMBHM CKon je
MacMBaH, Ca ApPBEHOM MeRYCNpaTHOM KOHCTPYKLMjOM
(,kapaTaBaH") U KOCUM BULWEBOAHMM KpoBom. DacagHn
31A0BM Cy 000CTPaHO ManTepucaHn, HeM30I0BaHy, ca
efeMeHTVMa flekopaTnBHe nnactuke. Mpo3opu cy Ap-
BEHM, ABOCTPYKW, Ca PA3ABOJEHUM KPWUIMMA, 3aCTak/be-
HV jeAHOCTPYKMM CTaknom. [ogosu cy Apseru (6poackm
NO4 N NAPKET) Ha NOTNATOCHMUAMA Y Mecky.

EHepreTckn pa3peq 06jeKTa — NPOjEKTOBAHO CTakbe
QH,nd rel [%]

A —nepwuop npe 1945. A - period before 1945

School buildings of this type were built using simple
construction technologies. The buildings with a base-
ment would have concrete ribbed decking between
the ground floor and the basement. Facade walls are
plastered on both sides, with decorative plasterwork
on the exterior, with no thermal insulation or wall cavi-
ties. Windows are wooden framed, double-sashed with
single pane glazing. Wood floors were laid on sleepers
placed in sand infill.

Energy class of building - as designed
Q¢ KWh/(m?a)]

335 251
<100
<150
<200
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CKnonoBu TepMUYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballitbm 31

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLUWja Mcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTpYKUMja n3Hag
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

lNoa Ha Ty

YHyTpa Inside
Cnosba Outside

Mantep 2 cm, oneka 44 cm, mantep 5 cm

plaster 2 cm, brick wall 44 cm, plaster 5 cm

1.10

Cnosba Outside

YHyTpa Inside

3emsba ca nnesom 10 cm, gacke |_|pO30pI/I
2.4cm, TaBarbave 14/20 cm, apBeHa -
MOTKOHCTPYKLMja 6 cm , ManTep Ha Windows
TPLYaHOj noao3n 3 cm

earth 10 cm, plank 2.4 cm, wood rafters

14/20 cm, wooden substructure 6 cm,

straw-plaster ceiling 3 cm

0.78

YryTpa Inside U (W/m?K)

Cnosba Outside

napkeTt 2.2 cm, gacke 2.4 cm, NnoTNaToCHuLUe
(8/5cm ) y cnojy necka 10cm,
cvTHOpebpacTa TaBaHMua 40 cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cmin 10 cm sand bedding,
reinforced concrete ribbed slab 40 cm

1.29

Ground floor

YhyTpa Inside

fi

Cnosba Outside

faldaHy nof 2.2 cm, aacke 2.4 cm,
notnatocHuue 8/5 cm'y cnojy necka 10 cm,
6eToHCKa nnoya 10 cm, WwibyHak 10 cm,
HabujeHa 3em/ba

wood strip 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10 cm sand bedding,
concrete 10 cm, gravel 10 cm, rammed

038
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LPBEHV 1BOCTPYKM Ca pasMakHy TV M
Kpunmma (Wrpoka KyTuja) 1 jeiHOCTRYKMM
CTakIoM

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

350




A —nepwuop npe 1945. A - period before 1945

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopuCcHOCTH
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/bema

YHyTpallitba paceeTa

Interior lighting

i -
. ‘=

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrab). KacHuje
je yrpaheH cuctem LeHTpanHor rpejarba

Ca paamjaTopuma Kao rpejHm Tenvma. Kao
ropvgo ce kopuctn 80% nurHuta n 20%
OrpeBHoOr fipBeTa.

Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The central hydronic heating
system with radiators has been installed
afterwards, using 80% of lignite and 20% of
fire wood as the energy source.

0.70

Lighting system

¥ A

Y WKONW je y M3BOPHOM 00nMKy KopuwheHo
je HKageCUeHTHO ocBeT/betbe, 0K je
npema noctojehem cTary Hajsehn feo
LUKONE MOKPVMBEH (ryo OCBET/bEHEM @
Matbh 4e0 NHKAAECLEHTHUM OCBET/bEFbEM.
bes ayTomatcke KOHTpONE OCBET/bEHbA.
Incadescent lighting was used in the
original form, however today a small part

of the school uses incandescent lighting,
while most of it uses fluorescent tube. No
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CHOCTH
npunpeme CaHUTapHe
ToM/e Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

0.92

.

KusuHe crjanuue.

Mercury bulbs.
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CnnyHm 06jeKkTn — npeactaBHMUM Tna — Similar buildings — type representatives

OBakBe WKoncke 3rpafe cy paheHe kpajem 19. 1
noueTtkom 20. Beka Wrpom Cpbuje, y rpafosuma, anw
Ny MarbWM MeCcTMMa, Hajuelwhe Kao OCHOBHE LIKONe
WM Makbe ruMHasvje. Ocum cnobofHocTojehrx obje-
KaTa KOMMaKTHOr rabaputa, y ypbaHum cpefiMHama cy
3aCTyn/beHe ¥ Kao yraoHe 3rpafe.

(MacafgHa obpada Bapmpa of jefHOCTaBHWX, ManTe-
pucaHvx dacada, cee [0 BeoMa paspaheHnx CTUACKMX
dacafa y BelWTaukOM KameHy, ca OpOjHUM feKopaTUBHUM
enemeHTMMa.

TpeTmaH KpOBHOT BeHLa NpaTu TpeTMaH Gpacage — of
JEAHOCTaBHUX MANTKMUX CTpexa ca Bucehum onyumma ao
KPOBHWX PaBHW MOBYYEHMX 13a CTUACKOT Ha3nTKa.

At the turn of the 20th century, these schools were
builtin towns and cities all over Serbia, usually as elemen-
tary schools or smaller secondary grammar schools. They
occur not only as compact freestanding structures, but
also as corner buildings within the conventional city
block.

Facades may vary from simple renderings to elabo-
rate stylistic stucco ornamentation.

The aesthetics and complexity of cornice correspond
to the facade design, ranging from the basic box cornice
with hanging gutters to the recessed roof slopes hidden
behind the ornamented cornice.



A —nepwuop npe 1945. A - period before 1945

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

yl’pa,D,H:;a HOBVIX IPBEHNX NPO30pPa Ca ABOC/IOJHUM M30/1aLVOHVM CTaKOM Ha Aeny 3rpaje.

Partial installation of new wooden windows with double-glazing.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagrea Hoeux npo3opa og MNBL npodwna ca ABOCOJHMM U301aLMOHVIM HUCKOEMUCMOHUM CTaKO-MaKeToM (obpa 3anTnBeHoCT).

Installation of new PVC windows with double-glazed low-emissivity glass unit (good air tightness).

1130noBarwe dacanHnx 31Ma0Ba KOHTAKTHOM TePMOM30naLMoHOM dacajom. VI3onoBarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
y3 IeNIMMINYHY PEKOHCTPYKLM]Y CrojeBa. V3onosarbe mehycnpaTHe KOHCTPYKLMjE Ka HerpejaHom noapymy. Yrpairea Hoswx nposopa of MBL
npodwna ca ABOCOJHMM M30NaLMOHIM HUCKOEMUCHOHIM CTaKMO-NakeToM (00pa 3anTvBeHOCT). Yrpairba HOBYIX YNa3HUX APBEHUX BpaTa Ca
TEPMOW30M1aLMOHOM UCTYHOM.

Insulation of facade walls with a contact fagade system. Insulation of floor structure to unheated attic with partial layer reconstruction.
Insulation of floor structure to unheated basement. Installation of new PVC windows with double-glazed low-emissivity glass unit (good air
tightness). Installation of new entrance wood doors, with thermal insulation infill.

130noBatse dacagHMx 31M40Ba KOHTAKTHOM TePMOU30NaLMOHOM dacafom. V3onosarbe mehycnpatHe KOHCTPYKUMje Ka HerpejaHoM TasaHy
y3 OeNUMUYHY PEKOHCTPYKUMY cnojesa. V3onosarbe MehycnpaTtHe KOHCTPYKUMje Ka HerpejaHoM nogpymy. M3onosarbe noga Ha Ty y3
LENMMNYHY PEKOHCTPYKLM]Y CnojeBa. Yrpadtba HOBKX MPO30Pa O KOMMO3WTHMX NPOdUa ca TPOCIOjHIM M30MaLMOHNM HUCKOEMCUOHIM
CTakno-nakeTom ([O6pa 3anTMBEHOCT). YrpafHba HOBYIX YNa3HMX APBEHVX KOMMO3WTHIX BPaTa Ca TePMOU301aLIMOHOM UCMYHOM.

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

Cnosballitbu 31,

External wall

U (W/m?K)

MehycnpaTHa
KOHCTpYyKUWja Mcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MebhycnpaTHa
KOHCTPYKUMja 13Haz
HerpejaHor nogpyma
Floor structure to
unheated basement

YHanpehetbe 1 Improvement 1

| Y T

YHyTpa Inside
-

HEMA VI3MEHA

NO CHANGES

1.10

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 3 cm, oneka 44 cm, mantep 5 cm,
Tepmovsonauuja 10 cm, mantep 1 cm

plaster 3 cm, brick wall 44 cm, plaster 5 cm,
thermal insulation 10 cm, plaster 1 cm

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

Mantep 3 cm, oneka 44 cm, mantep 5 cm,
Tepmomsonayuja 20 cm, mantep 1. cm

plaster 3 cm, brick wall 44 cm, plaster 5 cm,
thermal insulation 20 cm, plaster 1 cm

0.16

Cnosba Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.78

Cnorba Outside

YHyTpa Inside

ME ponwja, Tepmomsonauuja 15 cm, gacke
2.4 cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKLUWja 6 CM , ManTep Ha TPLIYaHoj
nognosn 3cm

PE foil, thermal insulation 15 cm, plank 2.4 cm,
wood rafters 14/20 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.19

YHyTpa Inside

B

Cnospa Outside
HEMA V3MEHA

NO CHANGES

1.29

YHyTpa Inside

Cnosba Outside

napkeTt 2.2 cm, gacke 2.4 cm, noTNatocHuLe
(8/5cm ) y cnojy necka 10cm, cutHopebpacTa
TaBaHumua 40 cm, Tepmomsonauuja 15 ¢m,
netee 5/3 ¢m, rvnckapToHcka mnoya 1.25 cm
parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cmin 10 cm sand bedding,
reinforced concrete ribbed slab 40 cm, thermal
insulation 15 cm, wood battens 5/3 cm, gypsum
board 1.25cm

0.38

Cnorsba Outside

YHyTpa Inside

[E donwja, Tepmomsonaumja 25 cm, gacke

24 cm, TaBarbaye 14/20 cm, ApBeHa
MOTKOHCTPYKLUMja 6 CM , ManTep Ha TPLWYaHo]
nognosn 3cm

PE foil, thermal insulation 25 cm, plank

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

0.13

YHyTpa Inside

Cnoma Outside

MapkeT 2.2 Cm, LeMeHTHa KolysbLua 4

cm, Tepmom3onaLmja 5cm, cutHopebpacta
TaBaHwUa 40 cm, Tepmomsonaumja 20 cm,
netse 5/3 cm, rMNcKapToHcka nioya 1.25 cm
parquet 2.2 cm, cement screed 4 cm,
thermal insulation 5 cm, reinforced concrete
ribbed slab 40 cm, thermal insulation 20

cm, wood battens 5/3 cm, gypsum board
1.25¢cm

0.19




A —nepwuop npe 1945. A - period before 1945

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

[log Ha Ty

Ground floor

U (W/m?K)

[Mpo3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside
HEMA M3MEHA

NO CHANGES

0.38

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside
HEMA M3MEHA

NO CHANGES

0.38

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

napkeT 2.2 cm, UemeHTHa Kolwysbuua 4 cm,
Tepmomsonauuja 5 cm, xuapousonaumja
Tcm, 6eToHcka nnova 10 cm, WwibyHak 10cm,
HabujeHa 3emba

parquet 2.2 cm, cement screed 4 cm,
thermal insulation 5 cm, hydro insulation
Tcm, concrete 10 ¢cm, gravel 10 cm, rammed
earth

0.24

Cnora Outside
YHyTpa Inside

[1BL| ca ABOCOJHMM HUCKOEMUCHOHMM CTaKSIo
naKkeTom

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

1.40

[NBLL ca ABOCNOjJHMM HUCKOEMUCVOHIM CTaKIO
MaKeTom

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

Cnoma Outside
YHyTpa Inside

1.40

Cnorpa Outside
YHyTpa Inside

Komno3unTHM npodun ca TpocnojH1m
HUCKOEMUCWOHVIM CTaKIO NaKeTOM UCMYHEHIIM
VIHEPTHYIM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdukacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tomne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1
My

3agpaH je noctojehn cuctem rpejarba
NPOCTOPa: LIEHTPANHO rpejatbe ¢ KOT/IOM Ha
YBPCTO rOPVBO (MIUFHKT 1 APBO).

The existing heating system is retained: central
hydronic heating system with coal and wood

fired boiler.
0.75
| | | |
0 1 2 3
0.70
| | | |
0 1 2 3

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehetbe 2 Improvement 2

Yrpaarba LeHTPanHor rpejatba ca

paavjaToprma Kao rpejHIM Tesma v KOTIoM

Ha apBHY bromacy (nener).

Installation of central hydronic system with
radiators. The heating source is biomass
(wood pellet) fired boiler.

0.91

0.85

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpebherse 3 Improvement 3

o
1

yrpaﬂma KOMMpPeCcopcke TorioTHe nymMne
Ba3,uy></Bo,qa Ca Xnapomoaynom.

Installation of air source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



A —nepwuop npe 1945. A - period before 1945

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

65%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

67%

| | |
0% 50% 100%
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLn

15%
Heat losses 21 21%
(%]
24%
54% 68%
o TPAHCMIUCMOHN TyOULM — transsmission losses BEHTUAUMOHN rybuum — ventilation losses ywrege — savings
TPaHCMUCHOHM FyBrLM 1400 I 1400 I 1400 1400
Transmissive losses 1200 I 1200 I 1200 1200
[W/K] 1000 I 1000 I 1000 1000
800 II 800 I 800 800
600 II 600 I 600 600
400 II i 400 I _ 400 400
: II II h II : I
=] = ] _h I_- u
12 3 4 5 6 12 3 4 5 6 12 3 4 5 12 3 4 5 6

1- cnosbalutby 31f, 2- NPo30pw, 3- ynasHa 8pata, 4- MehycnpaTtHa KOHCTPYKLMja MCNOZ HerpejaHor TaBaHa, 5- MehycnpaTHa KOHCTPYKLUMja
13Ha[ HerpejaHor Noapyma, 6- NoA Ha Ty

1- external wall, 2- windows, 3- doors, 4- floor construction to unheated attic, 5- floor construction to unheated basement, 6-ground floor

CneuydunyHa roaniitba

notpebHa eHepruja 3a V v

rpejare | | kWh/m?a
Specific Heating Energy <15 <100 <150 <200 <250 >250 rel %

SEITENCIERET _

[kWh/m?a] A A A

100 185



A - nepuog npe 1945. A - period before 1945

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

DviHanHa eHepruja 391293
Final energy |
[kwWh/a] I I [ [ I [
0 a a 50 n 100%
28050 136098 290514
7.2% 34.8% 74.2%
) 431255
[prmapHa eHeprija v

Primary energy

| | |
[kWh/a] 0 5 5 50 0 100%
41084 70125 324430
95%  163% 752%
Emncmja CO, HakoH @

npvimMeHe rpaheBnHCKIX
1 TEPMOTEXHUYKKX Mepa

143708

-4

CO, emission after
architectural and HVAC
improvement

A A 50 A 100%

o —

18658 37166 109604
(kg/al 13.0% 25.9% 76.3%

@ ®
Emncnja CO, HakoH H @ &
yHanpebherba cnctema 5638
pacseTe
= |
CO, emission after
lighting improvement | I | I

0 50 100%
A A A

[kg/al 1885 1985 2177
334% 352% 38.6%

g+ @+= @

| | |
v MNONA3Ho CTatbe V Hajuewhe nHTEPBEHUMjE yHanpeheroe 1 yHanpehetbe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |
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A3a
A3a

LLIkoncka 3rpaga
noBpLnHe Behe og 2000 m?

School building
with area more than 2000 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 1899. Year of construction 1899

Bpoj eTaxa Mo+Mp+2 Number of floors B+Gf+2
MospLnHa (M?) 6pyTo 2650 Area (m?) Gross 2650

MoBpLnHa (M?) HeTO rpejaHa 2115 Area (m?) Net heated 2115

3anpemuHa (m?) HeTo rpejaHa 8485 Volume (m?) Net heated 8485

LLIkoncke 3rpafe OBOr TMa Cy penaTneHoO jeHOCTaB-
HW BOMYMEHMW Y GOPMM KNACULMCTYKe KOMMO3uLuje, ca
HaraweHUM UeHTPaHUM AeNoM 1 BOUYHUM KpuivmMa.
Vimajy fBe rpejaHe eTaxe (Mpr3emrbe 1 CNpaT) ca yuno-
HULAMa ¥ KOMMIEMEHTApHUM NpOCTOpMjama, TaBak-
CKM MPOCTOP KOjU Ce He KOPWUCTK, a 4ecTo U Herpeja-
HU MOAPYM UK CyTEePEeH Ca CEPBUCHUM NpoCTopujamMa.
Maxom cy paheHe Kao penpe3eHTaTVBHYM 00jeKTr 1 laHac
uecTo y oapeheHoM peximmy 3alTuTe.

KpoBOBM Cy KOCH, BULIEBOAHN. [1DO30PCKM OTBOPU CY
rnojenuHauHK, PenaTMBHO Marbkx AuMeH3suja, 6e3 3alwTm-
Te of CyHUa Wv Ca NnaTHeHUM poneTHama ca yHyTpa-
WHbe CTpaHe.

The school buildings of this type have relatively basic
massing in the form of classicistic composition, with
the accented central volume and side wings. They have
two heated stories with classrooms and complementa-
ry rooms, an unused attic, and often an unheated base-
ment or cellar with service rooms. Mostly, they were
built as representative buildings and nowadays they are
protected.

Roofs are hipped; windows are single and rather
small, without sun protection or with textile roller blinds
on the interior.



KOHCTPYKTMBHM CKOM je MacmBaH, ca Hocehum 3u-
[OBMMa Of NyHe oneke, ApBeHOM MehyCnpaTHOM KOH-
CTPYKUMjOM Mpema TaBaHy (,kapaTaBaH”) M KOCKMM BU-
weBoAHUM KpoBoM. (DacagHu 31OoBM Cy 00OCTpaHo
ManTepucaHK, HeM3oNOBaHY, YecTo Ca eneMeHTUMa ae-
KopaTvBHe nnactuke. [1po3opun Cy ApPBEeHW, ABOCTPYKY,
Ca Pa3fBOjeHVM KPWAMMA, 3aCTaK/beHW jeAHOCTPYKMUM
TpaHCNapeHTHUM CTaknom. [ofoBK Cy ApBeHu (bpoacku
NO4 N NAPKET) Ha NOTNATOCHMUAMA Y Mecky.

EHepreTckm pa3pep objekTa — NPojeKTOBaHO CTake

A —nepwuop npe 1945. A - period before 1945

Theload bearing structure is massive, with 59cm brick
walls, a simple wooden construction to the unheated
attic and a hip roof with a traditional wooden structure.
Facade walls are plastered on both sides, with no ther-
mal insulation, often showing some decorative plaster-
work on the exterior side. Windows are wooden framed,
double-sashed with single pane glazing. Wood floors
were laid on rammed earth with strip flooring placed on
sleepers.

Energy class of building - as designed

Qe [%] Q. [kWh/(m?a)]
316 237
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnospalltbm 3ma 1

External Wall 1

U (W/m?K)

MehycnpaTHa
KOHCTpYyKUWja Mcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTPYKUMja 13Hag
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

=

YHyTpa Inside

ManTep 2 cm, oneka 59 cm, mantep 3 cm

plaster 2 cm, brick wall 59 cm, plaster3 cm

0.89

Cnorba Outside

Cnosba Outside

. -

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke
2.4cm, TaBarbade 14/20 cm, opseHa
MOTKOHCTPYKUWja 6 cm , mantep Ha

TPLIYaHOj MoAIo3n 3 ¢cm

earth 10 cm, plank 2.4 cm, wood rafters
14/20 cm, wooden substructure 6 cm,

straw-plaster ceiling 3 cm

0.78

YHyTpa Inside

gy

Cnosba Outside

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

14cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10-15 cm sand bedding,

brick vault 14 cm

1.05

Cnosballksn 3ug 2

External Wall 2

U (W/m?K)

lNoa Ha Ty

Ground floor

U (W/m?K)

lNpo3opwu

Windows

U (W/m?K)

ManTep 2 cm, oneka 44 cm, mantep 2 cm

YHyTpa Inside
Cnosba Outside

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

1.12

YhyTpa Inside
ﬁ
———]
Cnosa Outside

napker 2.2 cm, aacke 2.4 cm, NoTNaTtocHuLe
8/5 cmy cnojy necka 10 cm, HabujeHa
3emsba

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10 cm sand bedding,
rammed earth

0.69

() [}
e °
g o
= <
O o]
3 =3
5 3
g =
o

[IPBEHV [IBOCTPYKM Ca Pa3MakHyTUM
Kpvnvma (LuMpoka KyTwja) 1 jeAHOCTPYKIM
CTaKIoM

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

350




A —nepwuop npe 1945. A - period before 1945

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

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOpUCHOCTH
cucTemMa rpejarba
Heating system
efficiency

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrab). KacHuje
je yrpaheH cnctem LeHTpanHor rpejarba ca
paavjatoprima Kao rpejHum Tenuma. LWkona
je nosesaHa Ha crCTem JarbUHCKOT rpejarba,
ay TOM/aH Ce Kao OCHOBHO rOp1BO
KOPUCTV NPUPOAHW rac.

Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The central hydronic heating
system with radiators has been installed
afterwards and the school has been
connected to district heating system. The
thermal plant is using natural gas as primary
energy source.

Cnctem ocBeT/bena  Lighting system

YHyTpalltba paceeTa

Interior lighting

i

Y WKONW je y M3BOPHOM 00nMKy KopuwheHo
MHKaAECLIEHTHO OCBET/bEtbE, [IOK je Npema
noctojehem CTarby KOMMneTHa WKona
nokpuseHa Gpnyo ocseTberbem. bes
ayTOMaTCKe KOHTPOSe OCBET/betba.
Incadescent lighting was used in the
original form. Nowadays, complete school

is lightened with fluorescent lighting. No
automatic light control.

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

CreneH KOPUCHOCTH
npunpeme caHuTapHe
Tonne Boge

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

0.92

0.5 1

g 8

KrBUHe cujanunue v meTan xanoreHe
crjanvue.

Mercury bulbs and metal halogen bulbs.



HauwvoHanHa Tvnonoruja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

CnnyHm 06jeKkTn — npeactaBHMUM Tna — Similar buildings — type representatives

HajcTtapuje cnpaTtHe wkosncke 3rpage y Cpbujn pahe-
He Cy Kao penpeseHTaTVBHa ApxaBHa 3farba 1 fjlaHac cy
BeNNHOM BpeHM CMIOMEHNLW KyNType, YjeAHO W Lietbe-
He 0Opa3oBHe MHCTUTYUMje. HbrxoB 3Hauaj ce, n3mehy
OCTaor, HarfallaBao M apXUTEKTOHCKMM pellerem —
bopmManHoM 1 CUMETPUYHOM KOMMO3MLMJOM BOyMe-
Ha, BENMKMM CNpaTHUM BUCMHaMa, 6orato AeKoprcaHom
dacafom, Kao M HepeTKO PACKOWHUM eHTepujepumMa,
HapOYMTO LIeHTPANHOT X0Na, CTEMEeHMLLITa, CBeYaHe cane.

Koa osux objekaTa mepe yHanpehersa eHepreTcke
edrkacHOCTV MOpajy OrTK fedrHMCaHe Tako Aa ce 3aap-
e CBe apXMTEKTOHCKe BPeaHOCTU.

The oldest two-story buildings in Serbia were built as
representative public buildings and today most of them
are not only a valuable part of the national cultural herit-
age, but also prominent educational institutions. Their
significance was also communicated through their archi-
tectural design, the formal composition of masses, high
ceilings, generously decorated facades and, often, splen-
did interior spaces, especially in the public areas.

All measures for improving energy efficiency of such
buildings need to be conceived in a way that does not
compromise any valuable architectural features.



A —nepwuop npe 1945. A - period before 1945

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpagrba Hosux npo3opa og MBL| npodwna ca ABOCOJHM U30/1aLIMOHIIM CTaK/TOM.

Installation of new PVC windows with double glazing.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagrea Hoeux npo3opa og MNBL npodwna ca ABOCOJHMM U301aLMOHVIM HUCKOEMUCMOHUM CTaKO-MaKeToM (obpa 3anTnBeHoCT).

Installation of new PVC windows with double-glazed low-emissivity glass unit (good air tightness).

V130noBare pacagHvx 3vaoBa ca yHyTpallke CTpaHe. VI3onoBarbe MehycnpaTHe KOHCTPYKUMjE Ka HerpejaHoM TaBaHy y3 AenvMUUHY
PEKOHCTPYKLWjy CrnojeBa. V3onosarbe MehycnpatHe KOHCTPYKUMje Ka HerpejaHom noapymy. M3onosarbe nopa Ha Ty y3 MOTRyHY
PEKOHCTPYKLMjy CnojeBa. Yrpaarba HoBux npo3opa oA [MBL npodurna ca ABOCNOJHUM M30MALMOHUM HUCKOEMUCUOHMM CTaKIO-MakeToM
(nobpa 3anT1BEHOCT). Yrpadba HOBIX YNa3HKX APBEHMX BPaTa ca TEPMOV30M1aLIMOHOM UCTYHOM.

Interior insulation of fagade walls. Insulation of floor structure to unheated attic with partial layer reconstruction. Insulation of floor structure
to unheated basement. Insulation of ground floor with total layers reconstruction. Installation of new PVC windows with double-glazed low-
emissivity glass unit (good air tightness). Installation of new entrance wooden doors, with thermal insulation infill.

130noBatbe pacagHvx 3vaoBa Ca yHyTpallte CTpaHe. V3onoBarbe MehycnpaTHe KOHCTPYKUMjE Ka HerpejaHoM TaBaHy y3 AeNvMUUHY
PEKOHCTPYKLWjy cnojeBa. VM3onosarbe MehycnpatHe KOHCTPyKUMje Ka HerpejaHom noapymy. M3onosarbe nopa Ha Ty y3 MOTRyHy
PEKOHCTPYKLWjy CnojeBa. Yrpaftba HOBMX NPO30pa Off KOMMO3UTHUX NPOdMna ca TPOCIOjHMM M30NaLMOHUM HUCKOEMUCUOHUM CTaKo-
nakeTom (fobpa 3anTMBEHOCT). Yrpafitba HOBMX YNasHUX PBEHVX KOMNO3UTHUX BpaTa Ca TePMOV30MaLMOHOM UCTYHOM.

Interior insulation of fagade walls. Insulation of floor structure to unheated attic with partial layer reconstruction. Insulation of floor structure
to unheated basement. Insulation of ground floor with total layers reconstruction. Installation of new composite windows with triple-glazed
low-emissivity glass unit (good air-tightness). Installation of new entrance composite doors, with thermal insulation infill.
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbm 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 3ua 2

External wall 2

U (W/m?K)

MehycnpaTHa
KOHCTPYKUWja 1cnoa
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA VI3MEHA

NO CHANGES

0.89

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

MUNC KapTOHCKa mnoyva 1.25 cm,
NOTKOHCTPYKLWMja/ TepMon3sonaumja 8 cm,
ManTep 2 cm, oneka 59 cm, Mantep 3 cm
gypsum board 1.25 cm, substructure/
thermal insulation 8 cm, plaster 2 cm, brick
wall 59 cm, plaster 3 cm

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

MUNC KapPTOHCKa mnoya 1.25 cm,
NOTKOHCTPYKUWja/ Tepmovizonauwja 10 cm,
manTep 2 cm, oneka 59 cm, Mantep 3 cm
gypsum board 1.25 cm, substructure/thermal
insulation 10 cm, plaster 2 cm, brick wall 59
cm, plaster 3cm

YHyTpa Inside

HEMA VI3MEHA

NO CHANGES

112

Cnosba Outside

0.30 0.26
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MUNC KapTOHCKa mnoya 1.25 cm,
NOTKOHCTPYKLWMja/ TepMor3sonaLmja 8 cm,
ManTep 2 cm, oneka 44 cm, Mantep 2 cm
gypsum board 1.25 cm, substructure/
thermal insulation 8 cm, plaster 2 cm, brick
wall 44 cm, plaster 2 cm

0.32

MUNC KapTOHCKa mnoya 1.25 cm,
MOTKOHCTPYKUMWja/ Tepmomonauuja 10 cm,
ManTep 2 cm, oneka 44 cm, Mantep 2 cm
gypsum board 1.25 cm, substructure/thermal
insulation 10 cm, plaster 2 cm, brick wall 44
cm, plaster 2 cm

0.27

Cnospa Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.78

Cnosba Outside

eI ORVONE P00 GH
BSOS 0EaD00S8!

YHyTpa Inside

ME dponwja, Tepmomsonaumja 15 cm, aacke
24 cm, TaBarbade 14/20 cm, ApseHa
MOTKOHCTPYKUWja 6 CM , ManTep Ha TpL4aHoj
noanosn 3 cm

PE foil, thermal insulation 15 cm, plank 2.4 cm,
wood rafters 14/20 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.19

Cnosba Outside

YHyTpa Inside

IE donwja, Tepmomsonaumja 25 cm, gacke

24 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKUWMja 6 CM , ManTep Ha TpLUYaHoj
nogiosn 3 cm

PE foil, thermal insulation 25 cm, plank

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

0.13




A - nepuog npe 1945. A - period before 1945

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

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpebhetbe 3 Improvement 3
YHyTpa Inside YHyTpa Inside YHyTpa Inside

S,

MehycnpaTHa
KOHCTPYKUWja 13HaA
HerpejaHor noapyma

Y L L XL

Floor structure to

unheated basement Cnospa Outside Cnospa Outside Cnorba Outside
HEMA N3MEHA napkeT 2.2 cm, facke 2.4 cm, notnaTtocHuLe napket 2.2 cm, gacke 2.4 cm, NnoTnatocHuLe
— (8/5cm ) y cnojy necka 10-15 cm, oneka 14cm, (8/5cm )y cnojy necka 10-15cm,
NO CHANGES Tepmomsonauwja 10 cm, NOTKOHCTPYKUMja, oneka 14 cm, Tepmownzonauymja 20 cm,
UMNCKAPTOHCKa nnoda 1.25 cm MOTKOHCTPYKLMja, TMNCKAPTOHCKa niova
— 1.25cm
parquet 2.2 cm, wooden subfloor 2.4 ¢cm, —
sleepers 8/5 cmin 10-15 cm sand bedding, parquet 2.2 cm, wooden subfloor 2.4 cm,
brick vault 14 cm, thermal insulation 10 cm, sleepers 8/5 cm in 10-15 cm sand bedding,
metal substructure, gypsum board 1.25 cm brick vault 14 cm, thermal insulation 20 cm,
metal substructure, gypsum board 1.25 cm
U (W/m?K) 105 0.27 0.16
Moa Ha Ty YHyTpa Inside YHyTpa Inside YHyTpa Inside
Ground floor
[ S ——
Cnosba Outside Cnosba Outside Cnora Outside
HEMA N3MEHA napkeT 2.2 cm, UeMeHTHa KolwysbuLa 4 cm, napkeT 2.2 cm, LeMeHTHa KolwysbuLa 4 cm,
— TepMmousonaumja 5 cm, xmgpousonaunja Tepmom3sonauuja 10 cm, xuapoursonauwja
NO CHANGES 1cm, 6eToHcKa nnoya 10 cm, wivyHak 10cm, — 1cm, 6eToHcka nnoda 10 cm, wibyHak 10cm,
HabujeHa 3emrba HabvjeHa 3emsba
parquet 2.2 cm, cement screed 4 cm, thermal parquet 2.2 cm, cement screed 4 cm,
insulation 5 cm, hydro insulation 1 cm, concrete  thermal insulation 10 cm, hydro insulation 1
10 cm, gravel 10 cm, rammed earth cm, concrete 10 cm, gravel 10 cm, rammed
earth
U (W/m?K) 0.69 036 0.24
Mposopw b 3 b 3 bl B
- g 2 g £ g £z
O © (@] - © O ©
B [oR o Q
Windows g L 3 3 L £ 8 &
o) I 9] I 9] I
c > c | > c >
(o] (@) (@]
MBL| ca ABOCNOjHMM HCKOEMMCHOHMM CTakno  MBL| ca ABOCNOjHMM HUCKOEMMCHIOHUM CTaKNo  KOMMNO3WTHM Npodun ca TPOCOjHIM
naKeTom naKkeTom HUCKOEMUCWOHVIM CTaKIO NaKeTOM UCMYHEHM
— — VHEPTHYM racom
PVC, double glazed low-E glass unit, inert PVC, double glazed low-E glass unit, inert —
gas filling gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/mK) 140 140 0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdwukacHocT cructema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tonne Bofe

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3aapxaH je noctojehn cctem rpejarba
NpOCTOpa: AarbUHCKO rpejatbe C KOTIIOM Ha
NPUPOAHN rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

|

EneKTpuuHIM akyMynaumoHu 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

3appaH je noctojehn cuctem rpejarba
NPOCTOpPa: A/bUHCKO rpejarbe C KOTIOM Ha
NPYPOAHY rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

0.92

|

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafirba KOMMPECopCKe TOMJIoTHE Mymre
Ba3fyx/BoAa Ca XVMAPOMOZY/IOM.

Installation of air source heat pump with
hydromodule.

30

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



A —nepwuop npe 1945. A - period before 1945

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHanpehetbe 1 Improvement 1

YHyTpalltba pacBeTa

Interior lighting @

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

CnosrbHa paceeTa

=

Exterior lighting

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED

lighting.
PenatneHa eHepreTcka
ylwTeAa cnctema
ocBeT/berba [%] 30%
_ | | |
Relative energy savings ~ 0% 50% 100%

of lighting system [%]

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

36%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

39%

| | |
0% 50% 100%
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLn

Heat losses 21% 22%
%
%] 24%
54% 66%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywrefe — savings
TPaHCMUCKOHN TYOMLM 3000 3000 3000 3000
Transmissive losses l
2500 2500 2500 2500
[W/K]
2000I 2000 I 2000 2000
1500I 1500 I 1500 1500
1000 II 1000 I 1000 1000
500 II | 500 I | 500 I 500 I
1 2 3 4 5 6 12 3 4 5 6 1 2 3 4 5 6 12 3 4 5

1- cnosbalutby 31f, 2- NPo30pw, 3- ynasHa 8pata, 4- MehycnpaTtHa KOHCTPYKLMja MCNOZ HerpejaHor TaBaHa, 5- MehycnpaTHa KOHCTPYKLUMja
13Ha[ HerpejaHor Noapyma, 6- NoA Ha Ty

1- external wall, 2- windows, 3- doors, 4- floor construction to unheated attic, 5- floor construction to unheated basement, 6-ground floor

CneuydunyHa roaniitba

184 237
noTpe6Ha eHepruja 3a \V4

rpejarbe | kwh/m?a
Specific Heating Energy <15 <100 <150 <200 <250 >250 rel %

e R BT

[(kWh/m?a] A A A
70 %

175



A - nepuog npe 1945. A - period before 1945

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

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

>

58579 296534 520739
8.4% 42.6% 74.8%

| | |
A7 A
146448 358315 604940
18.4% 44.9% 75.8%

>

o —

A A A
77617 90595 139920
43.5% 50.8% 78.4%

®® ®®

o —

| | |
50
A A A
3778 3970 4362
61.0% 64.1% 70.4%

Q+e> 9+= @

| |
v MNONA3Ho CTatbe V Hajuewhe nHTEPBEHUMjE yHanpeheroe 1 yHanpehetbe 2
starting condition usual interventions A improvement 1 A improvement 2
| |

695845

v

100%

797557

v

100%

®®

178444

100%

R 8 8

100%

yHanpehetbe 3
improvement 3
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S .

w

LLIkoncka 3rpaga
noBpLnHe Behe og 2000 m?

@)

School building
with area more than 2000 m?

Kateropuja cpearba WKona Category high school
[oavHa n3rpagme 1927. Year of construction 1927

Bpoj eTaxa Mo+Mp+2 Number of floors B+Gf+2
MospLnHa (M?) 6pyTo 2850 Area (m?) Gross 2850
MoBpLnHa (M?) HeTO rpejaHa 2305 Area (m?) Net heated 2305
3anpemuHa (m?) HeTo rpejaHa 9910 Volume (m?) Net heated 9910

[lBocnpaTHe LWKOMCKe 3rpage OBOr Twna paheHe
Cy Y AyXy penpeseHTaTMBHMX 3rpaja CBOr BPemeHa, ca
NaX/bMBO MPOJEKTOBAHUM U [eKopaTBHO OobpaheHM
dacagama, yecto 3alwTMheHe Kao CMOMEHMLW KynType.
MoejaHe eTaxe (Npu3embe v ABa CnpaTa) Cy Behe cnpat-
He BUCUHE 1 Caipe YUroHMLe 1 ofgrosapajyhe kommne-
MeHTapHe cafipxaje 3a HaCTaBHWKe 1 yyeHyike. [oa3emHa
eTaxa Ce He rpeje, a TaBaHCKM NPOCTOP Ce He KOPUCTU.

KpoBoBK Cy KOCH, BULIEBOAHW, MPO30OPCKI OTBOPU
Cy nojeanHauHK, 6e3 3awTute of CyHUa WK Ca nnaTHe-
HMM poneTHama ca yHyTpallbe CTpaHe.

The three-floor school buildings of this type were
built as representative public buildings of their time, with
meticulously designed and decorated facades. Today,
most of them are protected as Serbian cultural herit-
age. The heated floors (ground floor, first and second
floors) are higher and contain numerous classrooms and
complementary rooms for teachers and students. The
basement is unheated and the attic is not in use.

Roofs are hipped; windows are single, without sun
protection or with textile roller blinds on the interior.



KOHCTPYKTMBHM CKIOM je MacKBaH, ca Hocehnm 3uao-
BMMa Of} NyHe oneke, APBeHOM MeHyCnpPaTHOM KOHCTPYK-
LMjOM Npema TaBaHy (,kapaTaBaH”) 1 KOCKIM BULLIEBOAHWM
KpoBoM. MacafHV 3vA0BK Cy 0BOCTPAHO ManTepUCaHK,
HEV30M10BaHN, YeCTO Ca eNleMeHTMa AeKOPATVBHE Mac-
TVIKe 1 CerMeHTVIMa paheHnm y BeluTaukom KameHy. Mpo-
30pK Cy ApBeHM, ABOCTPYKM, Ca PA3ABOJEHUM KPUIMMA,
3aCTak/beHM jeJHOCTPYKM CTaknom. [ogoBK cy ApBeHn
(6pOACKM NOA UM NAPKET) Ha MOTMATOCHMLIAMA Y MECKY.

EHepreTckm pa3pep objekTa — NPojeKTOBaHO CTake

A —nepwuop npe 1945. A - period before 1945

The load bearing structure is massive, with 44cm and
59cm brick walls, a simple wooden construction to the
unheated attic and a hip roof with timber structure.
Facade walls are plastered on both sides, with no thermal
insulation, often with decorative plasterwork and stuc-
co on the exterior side. Windows are wooden framed,
double-sashed with single pane glazing. Wood floors
were laid on rammed earth with strip flooring placed on
sleepers.

Energy class of building - as designed

Qe [%] Q. [kWh/(m?a)]
264 198
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnosballitbm 31

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTpYyKUWja Mcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTPYKUWja 13Hag
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

YHyTpa Inside
Cnosba Outside

Mantep 3 cm, oneka 59 cm, mantep 5 cm

plaster 3 cm, brick wall 59 cm, plaster 5 cm

0.88

Cnosba Outside

. -

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke
2.4cm, TaBarbade 14/20 cm, opseHa
MOTKOHCTPYKUWja 6 cm , mantep Ha
TPLIYaHOj MoAIo3n 3 ¢cm

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

0.78

YHyTpa Inside

ﬁ
Cnosba Outside
napkeT 2.2 cm, lacke 2.4 cm, NoTnaTocHuLe

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

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

1.05

314 Ka cycejHoM
0bjeKTy

Wall to adjacent

building

U (W/m?K)

lNoa Ha Ty

Ground floor

U (W/m?K)

lNpo3opwu

Windows

U (W/m?K)

YHyTpa Inside
Cnosba Outside

ManTep 3 cm, oneka 59 cm, mantep 5 cm

plaster 3 cm, brick wall 59 cm, plaster 5 cm

0.85

YhyTpa Inside

I

Cnorba Outside

nalvaHv nof 2.2 cm, gacke 2.4 cm,
notnatocHuue 8/5 cm'y cnojy necka 10 cm,
6eToHCKa nnoya 10 cm, wrbyHak 10 cm,
HabwjeHa 3emrba

wood strip 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10 cm sand bedding,
concrete 10 cm, gravel 10 cm, rammed
earth

0.39

Cnosba Outside
YHyTpa Inside

[IPBEHV [IBOCTPYKM Ca Pa3MakHyTUM
Kpvnvma (LuMpoKa KyTwja) 1 jeAHOCTPYKIM
CTaKIoM

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

350




A —nepwuop npe 1945. A - period before 1945

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopuCcHOCTH
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/bema

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrab). KacHuje
je yrpaheH cuctem LeHTpanHor rpejarba

Ca paamjaTopuma Kao rpejHm Tenvma. Kao
rOPUBO Ce KOPWCTU NAKO YIbe 3a JIOKeHbe.
Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The central hydronic heating
system with radiators has been installed
afterwards, using light heating oil as a boiler
energy source.

Lighting system

i

Y WKoNW je y M3BOPHOM 00nMKy KopuwheHo
MHKa[eCLIEHTHO OCBET/bErbE, [IOK je Npema
noctojehem CTarby KOMMieTHa WKkona
nokpuseHa Gpnyo ocseTberbem. bes
ayTOMATCKe KOHTPOSe OCBET/betba.
Incadescent lighting was used in the
original form. Nowadays, complete school

is lightened with fluorescent lighting. No
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water

(DHW) preparation
system

CTeneH Kop1CHOCTH
npunpeme CaHUTapHe

TOM/e Boae

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

0.92

0 0.5 1

g9

KrBrHe crjanuiue v meTan xanoreHe
crjanuvue.

Mercury bulbs and metal halogen bulbs.
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CnnyHm 06jeKkTn — npeactaBHMUM Tna — Similar buildings — type representatives

L LR EEEEERE

#Ha

i
EFatRigine Tadminpy

3rpage oBor Tvna Cy rpabeHe mMaxom y nepuomgy
n3mehy ABa CBETCKa paTa, YraBHOM Kao rMMHasuje u
cTpyuHe wkone. OanvKyjy Ux CTUNCKA Bapyparba Kapak-
TEPUCTMYHA 33 OBaj MEPWOM: MPUMEPH KNacULMCTAY-
KUX 3[]aba, LIKOMA NPOJeKTOBAHWX Y T3B. CPMCKO-BU3aH-
TWjCKOM CTWTY, Na CBE [0 MOAEPHUCTUYKKX 3rpana 6e3
MKaKBUX eKopaTnBHUX enemeHata. CnpaTtHe BUCKHE
Bapupajy of GyHKUMOHANHWX CTaHaapaa 3a oBaj Twr
3rpafia Ao BEOMa Penpe3eHTaTUBHUX BUCOKUX U HEPETKO
AEKOPVCaHVX TaBaHMLa.

KpoBOBW Cy MUTKM, KOCK, @ KDOBHE PaBHM Cy 00WY-
HO MOByYeHe 13a Ha3uTKa uiu, pehe, ca Manom cTpexom
1 AEKOPATUBHUM BEHLEM.

Most of these buildings were erected between the
two World Wars, mainly for secondary grammar or voca-
tional schools. They reflect the variety and the turbulenc-
es in architectural design of the period, including classi-
cistic edifices, designs in the Serbian-Byzantine style, and
modernist buildings without any decorative elements.
Floor heights may vary from those fulfilling the basic
functional requirements to representative high ceilings
with extraordinary decorations.

The roof slopes are recessed behind the cornice or,
less often, have a decorative box cornice.



A —nepwuop npe 1945. A - period before 1945

3ateveHo ctabe — Existing state

ﬂpeTXOLLHa yrpa)J,H;a HOBVIX PBEHNX [BOCTPYKMX MPO30pa Ca CMOJEHNM KPUIMMA 3aCTaKIbEHNX jJeJHOCTPYKNM CTaKIIOM.

yHanpebeH:a Installation of new double-frame wooden windows, with single-glazed connected sash.

Previous improvements

Onuc yHanpeherwa — Improvement measures description

YHaI'IpeheH:e 1 yrpaﬂ,rba HOBMX MPO30pa oA MBLY npoq)vma Ca ABOC/OjHMM 130M1aLMOHNM HUCKOEMUCUOHMM CTaK/IO-MaKeTOM (,qo6pa 3anTVBEHOCT).

Installation of new PVC windows with double-glazed low-emissivity glass unit (good air tightness).
Improvement 1

YHarlpe‘r')eH:e 2 1130n0Bare dacafHUX 310Ba KOHTAaKTHOM TEPMOM30M1aLMOHOM (Gacafom. M3onoBarbe 310Ba Ka CyceAHOM OOjeKTy ca yHyTpalltbe
CTpaHe. VI3onoBarbe mehycnpaTHe KOHCTPYKLMjE Ka HerpejaHoM TaBaHy Y3 AeNUMUYHY PEKOHCTPYKLM)Y Crojesa. V3onoare mehycnpatHe
KOHCTPYKLUMje Ka HerpejaHom noapymy. Yrpafrba Hoswix nposopa of MBL npodwna ca ABOCNOjHMM M30MaLMOHNM HUCKOEMVICUOHVIM CTak/o-
Improvement 2 naketom (Hobpa 3anTUBeHOCT). Yrpatba HOBUX Y/asHYIX JPBEHNX BPaTa Ca TePMOU30SIALMOHOM UCTYHOM.

Insulation of fagade walls with a contact fagade system. Interior insulation of side walls to the adjacent building. Insulation of floor structure
to unheated attic with partial layer reconstruction. Insulation of floor structure to unheated basement. Installation of new PVC windows with
double-glazed low-emissivity glass unit (good air tightness). Installation of new entrance wooden doors, with thermal insulation infill.

Yranpeberbe 3 V30n0Barbe dacaiHMX 311/10Ba KOHTAKTHOM TepMOW3OMaLIMOoHOM dacafoM. M3ornosarbe 31/10Ba Ka CyceHoMm OBjeKTy Ca yHyTpalltbe

cTpate. M3onoBarbe MehycnpaTHe KOHCTPYKLMje Ka HerpejaHom TaBaHy y3 AeAMMUUHY PEKOHCTPYKLM)y cnojesa. M3onosarbe mehycnpatHe

KOHCTPYKUMje Ka HerpejaHom noapyMy. V3onosarbe nofa Ha Ty y3 AeNMMUUHY PEKOHCTPYKLUM)y Crojesa. Yrpaftba HOBMX Mpo3opa Of

Improvement 3 KOMMO3UTHWX Npodua ca TPOCIOjHIM U30MaLMOHVM HACKOEMUCUOHIM CTaKNO-NakeToM (1o6pa 3anTuseHoCT). Yrpadrba HOBYX yrasHIX
APBEHWX KOMMO3WTHYIX BPaTa Ca TePMOV30MaLIYIOHOM UCMYHOM.

Insulation of facade walls with a contact facade system. Interior insulation of side walls to the adjacent building. Insulation of floor structure
to unheated attic with partial layer reconstruction. Insulation of floor structure to unheated basement. Insulation of ground floor, with partial
layers reconstruction. Installation of new composite windows with triple-glazed low-emissivity glass unit (good air-tightness). Installation of
new entrance composite doors, with thermal insulation infill.

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

Cnosballitbu 31,

External wall

U (W/m?K)

31 Ka CyceiHOM
objeKkTy

Wall to the adjacent
building

U (W/m?K)

MehycnpaTHa
KOHCTPYKUMja NCMOA
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA VI3MEHA

NO CHANGES

0.88

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

ManTep 3 cm, oneka 59 cm, Mantep 5 cm,
Tepmomsonauuja 10 cm, mantep 1 cm

plaster 3 cm, brick wall 59 cm, plaster 5 cm,
thermal insulation 10 cm, plaster 1 cm

Cnosba Outside

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

ManTep 3 cm, oneka 59 cm, Mantep 5 cm,
Tepmomsonauuja 20 cm, mantep 1 cm
plaster 3 cm, brick wall 59 cm, plaster 5 cm,
thermal insulation 20 cm, plaster 1 cm

YHyTpa Inside

HEMA VI3MEHA

NO CHANGES

0.85

Cnosba Outside

0.26 0.15

[} (9] [} (9]

o © © ©

2 2 2 2

© 3 © 3

© ©

= © = ©

> 5 2 5

= 2 = 2
) )

MNC KapTOHCKa rova 1.25 cm,
NOTKOHCTPYKLUWMja/ TepMon3sonaumja 5 cm,
Mantep 3 cm, oneka 59 cm, mantep 5 cm

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

wall 59 cm, plaster 5 cm

0.39

MNC KapTOHCKa nova 1.25 cm,
NOTKOHCTPYKUWja/ Tepmovizonauja 10 cm,
Mantep 3 cm, oneka 59 cm, mantep 5 cm
gypsum board 1.25 cm, substructure/thermal
insulation 10 cm, plaster 3 cm, brick wall 59
cm, plaster 5cm

0.25

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

Cnosba Outside

TRk
SO BREO RS0

YHyTpa Inside

IE donwja, Tepmomzonauwja 15 cm, gacke
2.4 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKLUWMja 6 CM, ManTep Ha TPLW4YaHoj

noano3n 3 cm

PE foil, thermal insulation 15 cm, plank 24 cm,
wood rafters 14/20 cm, wooden substructure 6

cm, straw-plaster ceiling 3 cm

0.19

Cnorba Outside

YHyTpa Inside

IE dponuja, Tepmomzonaumja 25 cm, gacke
24 cm, TaBarbaye 14/20 cm, ApBeHa
MOTKOHCTPYKLUMja 6 €M, ManTep Ha TPWYaHoOj
noano3n 3 cm

PE foil, thermal insulation 25 cm, plank

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

0.13




A - nepuog npe 1945. A - period before 1945

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

MehycnpaTHa
KOHCTPYKUWja 13HaA
HerpejaHor noapyma

Floor structure to
unheated basement

U (W/m?K)

lNopa Ha Ty

Ground floor

U (W/m?K)

[po3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

Cnospa Outside
HEMA M3MEHA

NO CHANGES

1.05

YHanpehetbe 2 Improvement 2
YHyTpa Inside

p—

Cnospa Outside

napkeT 2.2 cm, gacke 2.4 cm, noTnaTtocH1Le
(8/5cm ) y cnojy necka 10-30 cm, oneka 14cm,
Tepmomsonauwja 10 cm, NOTKOHCTPYKUMja,
MMNCKapTOHCKa noya 1.25 cm

parquet 2.2 cm, wooden subfloor 2.4 ¢cm,
sleepers 8/5 cm in 10-30 cm sand bedding,
brick vault 14 cm, thermal insulation 10 cm,
metal substructure, gypsum board 1.25 cm

0.27

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, lacke 2.4 cm, NOTNaToCHWLe
(8/5cm ) y cnojy necka 10-30 cm,

oneka 14 cm, Tepmowmzonaumja 20 cm,
MOTKOHCTPYKLMja, TMNCKapPTOHCKa Maoya
1.25¢cm

parquet 2.2 cm, wooden subfloor 2.4 cm,

sleepers 8/5 cm in 10-30 cm sand bedding,
brick vault 14 cm, thermal insulation 20 cm,
metal substructure, gypsum board 1.25 cm

0.16

YHyTpa Inside

Cnospa Outside

YHyTpa Inside

Cnospa Outside

YHyTpa Inside

Cnosba Outside

HEMA N3MEHA HEMA N3MEHA napkeT 2.2 cm, LeMeHTHa KolwysbuLa 4 cm,
— — Tepmomsonaymja 5 cm, xnapoursonauuja
NO CHANGES NO CHANGES Tcm, BeToHcka nnova 10 cm, wibyHak 10cm,
HabvjeHa 3emsba
parquet 2.2 cm, cement screed 4 cm,
thermal insulation 5 cm, hydro insulation 1
cm, concrete 10 ¢cm, gravel 10 cm, rammed
earth
0.39 0.39 0.25
(] [} (%} (5} (5} (]
e} e} ) e e e}
§ z é‘ ” 2 é‘ Z
o © ©
© e © _§ a © o
2 > 2 s = > 2 >
g ~ g > 2 >
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[1BL ca ABOCNOJHMM HUCKOEMUCHOHMM CTaKSIO

NakeTom

PVC, double glazed low-E glass unit, inert

gas filling

1.40

[NBLl ca ABOCNOJHMM HUCKOEMUCVOHMM CTaK/Io
MaKeTom

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

1.40

KomMno3uTH1 npodun ca TpOCIojHVM
HUCKOEMUCWOHVIM CTaKIO NaKeTOM UCMYHEHM
VHEPTHYM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdunkacHocT n3Bopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tonne Boae

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa: LIeHTPaIHO rpejatbe C KOTOM Ha
TEYHO rOpPUBO.

The existing heating system is retained: central

hydronic system with oil fired boiler.

0.85

EneKkTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

Vrpamba HOBOT KOT/1a Ha YBPCTO ropreo KOjl/I

KOPMCTN APBHY Briomacy (ceuky).

Installation of new boiler that uses biomass
(wood chips) as energy source.

0.91

0.85

EneKkTpuuHmM akyMyrnaLmoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

yrpa,uH;a KOMMpPeCcopcke TorioTHe nymMne
Ba3,qy></Bo,qa Ca Xnapomoaynom.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna BasAyx/Boja

Air source heat pump



A —nepwuop npe 1945. A - period before 1945

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHanpehetbe 1 Improvement 1

YHyTpalltba pacBeTa

Interior lighting @

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

CnosrbHa paceeTa

=

Exterior lighting

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED

lighting.
PenatneHa eHepreTcka
yltea cucrema
oCBeTbera [%)] 30%

_ | | |
Relative energy savings ~ 0% 50% 100%

of lighting system [%]

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

36%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

39%

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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKOHY Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmiiba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

YHanpeherse 1
Improvement 1

27%
46%

29%

) TpaHCeMUCHOnM ry6rLm — transsmission losses

1600

1400
1200
1000

800

2 3 4 5

O

1- cnosbalutby 31f, 2- NPo30pw, 3- ynasHa 8pata, 4- MehycnpaTtHa KOHCTPYKLMja MCNOZ HerpejaHor TaBaHa, 5- MehycnpaTHa KOHCTPYKLUMja

13Ha[ HerpejaHor Noapyma, 6- NoA Ha Ty

1- external wall, 2- windows, 3- doors, 4- floor construction to unheated attic, 5- floor construction to unheated basement, 6-ground floor

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

BeHTUNaumnoHn rybuum — ventilation losses

6

YHanpeherse 2
Improvement 2

27%

1600

1400

1200

1000

800

600

YHanpeherse 3
Improvement 3

19%

50% 65%

ywrefe — savings

1600

1400

1200

1000

800

600

400

200 -.
Ilss

2 3 4 5 6 12 3 4 5 6

142 198
| | kWh/m? a
<188 >188 500
<200 <250 >250 rel %



A - nepuog npe 1945. A - period before 1945

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

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

o —

50 n
410884
68.4%

o —

50 n
525547
69.8%

o —

®

50 n
162771
71.9%

o —

M

Hajuewhe nHTEPBEHUMjE

starting condition usual interventions

| | |
50
A A A
8226 8647 9499
61.0% 64.1% 70.4%

Q+e> 9+= @

| |
yHanpeheroe 1 yHanpehetbe 2
A improvement 1 A improvement 2

600339

v

100%

752893

v

100%

©

226428

-4

100%

100%

yHanpehetbe 3
improvement 3






B period 1946-1970
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LLIkoncka 3rpaga
NoBpLUMHE Makbe of 500 m?

School building
with area less than 500 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 1965. Year of construction 1965

Bpoj eTaxa Mp Number of floors Gf

MospLnHa (M?) 6pyTo 190 Area (m?) Gross 190

MoBpLnHa (M?) HeTO rpejaHa 145 Area (m?) Net heated 145

3anpemuHa (m?) HeTo rpejaHa 415 Volume (m?) Net heated 415

LLIkoncka 3rpafja jejHOCTaBHe, KOMMaKTHe OCHOBE,
rpaheHa y Marbum cpefitHaMa Kao nofpyyHa LWKona ca
MELIOBUTUM OfieSberbiMa. 3a OBaj TWM je KapaKTepucTu-
yaH Manu 6poj yuroHuLia, 6e3 13aBojeHNX KabrHeTa U
APYrVX HAMEHCKUX 1 CEPBUCHUX npocTopa. MpupyyHa
6rbnroTeka Huje 13ABOjeHa, Beh ce Hajuewhe Hanasw y
CaMVM YUMOHMLaMa.

MNpencTaBHMUM OBOM TWMA Cy MNpu3eMHe 3rpage
CBefleHe reomeTpuje, ABOBOAHMX KPOBOBA, Ca TaBaH-
CKMM MPOCTOPOM KOjU Ce He KOPUCTU 1 63 NoA3eMHIX
eTaxa (nofpymcKux npoctopuja). OTBOpY Cy nojeamnHay-
HW — TPAAMLMOHANHM NPO30PU HelTo BeNnx AMMeH3uja
Y OAHOCY Ha WKOJCKe 3rpazie NMPeTXOAHOT Neproaa.

The school with a basic layout built in small commu-
nities as a rural unit with mixed classes. The typical school
building would have just a few classrooms, without
laboratories, the gymnasium or other specialty or serv-
ice spaces. There is no separate school library; instead,
library units are usually placed in the classrooms.

The type representatives are small, one-story build-
ings, with basic geometry, a pitched roof, an unused
attic and without underground levels. The windows are
single, traditional openings, somewhat larger than in the
previous period.



koncke 3rpage oBor TMna paheHe Cy jeAHOCTaBHMIM
TexHVKama rpaherba. KOHCTPYKTMBHYM CKIOM je MacKBaH,
Ca ApBeHom MehycnpaTHOM KOHCTPYKUMjOM (,KapaTa-
BaH") 1 KOCKM ABOBOAHUM KpoBoM. DacagHu 31a0BM Cy
000CTpaHO ManTepurcany, 6e3 Tepmumuke M3onauuje, anu
1 6e3 fekopaTnBHe NNacTUKe WTo oMoryhaga jeHOCTaB-
He Mepe eHepreTcke pexabunutaumje dpacage. Mpozopu
Cy APBeHW, 3aCTaK/beHN jeAHOCTPYKMM CTaKOM. [ofosw
Cy Ca ipBeHOM 0b1orom 6e3 TepMmnyke 13onauuje.

EHepreTckn pa3peq 06jeKTa — NPOjEKTOBAHO CTakbe

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

The school buildings of this type were built using
simple construction techniques. Facade walls are plas-
tered on both sides, with no thermal insulation or wall
cavities or indeed any decorative elements, allowing the
implementation of simple energy rehabilitation meas-
ures. Windows are wooden framed, double-sashed with
single pane glazing and textile roller blinds for sun protec-
tion. Wood floors are traditional strip flooring placed on
sleepers.

Energy class of building — as designed

Qe %] Q. [kWh/(m?a)]
389 292
<15
<25
B < 50
<100
<150
<200
< 250
> 250

161
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CKnonoBu TepMUYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballtbu 3ua Mo Ha Ty YHyTpa Inside

External Wall

e

Ground floor e
=

=
{
|

Mantep 2 cm, oneka 38 cm, Mantep 3 cm Cnosba Outside

YHyTpa Inside
Cnorba Outside

nalwdaHy nof 2.2 cm, facke 2.4 cm,
notnatocHule 8/5 cm'y cnojy necka 10 cm,
6eToHCKa nnoya 10 cm, WwrbyHak 10 cm,
HabujeHa 3emba

wood strip 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10 cm sand bedding,
concrete 10 cm, gravel 10 cm, rammed
earth

plaster 2 cm, brick wall 38 cm, plaster3 cm

U (W/mK) 1.26 U (W/mK) 0.56

MehycnpaTHa Cnorpa Outside Mpo3opu
KOHCTPYKLMja 1crnoa —

HerpejaHor TaBaHa ﬂ Windows

Floor structure to
unheated attic

Cnosba Outside
YHyTpa Inside

YHyTpa Inside [IPBEHV ABOCTPYKM Ca Pa3MakHyTUM
Kpvnvma (LuMpoKa KyTwja) 1 jeaAHOCTRYKIM
CTaKIoM

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

3emsba ca nnesom 10 cm, gacke
2.4cm, TaBarbade 14/20 cm, opseHa
MOTKOHCTPYKLUWja 6 cm , ManTep Ha
TpLYaHoj noaosn 3 cm

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

U (W/m?K) 0.78 U (W/m?K) 350




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

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopuCcHOCTH
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/bema

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrab). KacHuje
je yrpaheH cuctem LeHTpanHor rpejarba

Ca paamjaTopuma Kao rpejHm Tenvma. Kao
rOPUBO KOPUCTY Ce NPUPOAHMU rac.
Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The central hydronic heating
system with radiators has been installed
afterwards, using natural gas as the energy
source.

Lighting system

¥ "

Y WKoNW je y M3BOPHOM 00nMKy KopuwheHo
je MHKafecUeHTHO OCBeT/berbe, 10K je
npema noctojehem cTary Hajsehn feo
LKONE NMOKPUBEH Gyo oCBET/bEHEM a
Matbh A0 NHKaAEeCLEHTHUM OCBET/bEFHEM.
bes ayTomatcke KOHTpONE OCBET/bEMbA.
Incadescent lighting was used in the
original form, however today a small part

of the school uses incandescent lighting,
while most of it uses fluorescent tube. No
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CHOCTH
npunpeme CaHUTapHe
ToM/e Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

0.92

0 0.5 1

.

KueuHe crjanuue.

Mercury bulbs.
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CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

BehnHa WKoNCKMx 3rpada OBOr TWMNa je M3BeaeHa y
NOTAYHOCTW Kopuwherem jeAHOCTaBHMUX NpeapaTHUX
TeXHVKa 3ufarba, anun, y OBOM Mepuomy, Hema penpe-
3eHTaTMBHMX 34atba. CNpaTHe BUCKHe Cy Makbe, GpacagHa
obpafa jefHOCTaBHa, 6e3 yKpaca, OCM MOHEKOT CKPOM-
Hor ¢pu3a. MonyT Kyha 3a cTaHOBak-e 13 OBOr Neproaa,
1 Mane WKOJCKe 3rpafde 4ecTo nmajy Tpem Ha ynasHoM
neny. [NojeanHe WKone nMajy n Npo3ope Hanmk OHMMa Ha
nocnepaTHUM CTambeHuUm ObjekTMa, [OK Cy KOA OCTa-
NIMX NPO30PCKM OTBOPU HewTo Behux anmeHsuja. [lpee-
HV NOAOBU Ha NOAN03Y Of HabujeHe 3emsbe Takohe BuLe
nogcehajy Ha cTambeHe Hero Ha jasHe 3rpage.

Most school buildings of this type were built relying
on the basic pre-war building techniques but there are
no representative edifices in this period. Floor heights
are lower and the facade finish is simple rendering with
no decoration except for an occasional modest cornice.
Porches, like the ones in the houses from the same period,
can often be seen. Some schools may also have windows
similar to the ones used on family houses, while others
have somewhat larger and more elaborate openings.
Wooden floors placed on rammed earth also resemble
residential housing more than public buildings.



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

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

V3onoBatbe mehycnpaTHe KOHCTPYKLMje Ka HerpejaHom TaBaHy y3 AefIMMUUHY PEKOHCTPYKUM]y crlojeBa. Yrpajrba HOBKX Npo3opa og [MBL
npodwna ca ABOCIOjHUM U30N1ALUMOHMM HUCKOEMUCUOHUM CTaKNo-NakeTom (4o6pa 3anTnseHoCT).

Thermal insulation of floor structure to unheated attic, with partial layer reconstruction. Installation of new PVC windows with double-glazed
low-emissivity glass unit (good air-tightness).

1130noBarve dacanHnx 3Ma0Ba KOHTAKTHOM TePMOU30naLMoHOM dacajom. VI3onoBarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
Y3 AENVIMIYHY PEKOHCTPYKLM]Y CrojeBa. /13onoBarse noaa Ha Ty y3 eNMMUYHY PEKOHCTPYKLM]Y CrojeBa. Yrpadtea HOBMX Npo3opa oA MBLY
npodwna ca BOCIOJHMM M30NaLMOHUM HUCKOEMUCHOHIM CTaKMO-NakeToM (00pa 3anTvBeHOCT). Yrpa/irba HOBYIX YNa3HUX APBEHUX BPaTa Ca
TEPMOW30M1aLMOHOM UCTYHOM.

Thermalinsulation of fagade walls with a contact fagade system. Insulation of floor structure to unheated attic, with partial layer reconstruction.
Insulation of ground floor, with partial layer reconstruction. Installation of new PVC windows with double-glazed low-emissivity glass unit
(good air-tightness). Installation of new entrance wooden doors, with thermal insulation infill.

130noBatbe dacagHMx 31M40Ba KOHTAKTHOM TePMOU30NaLMOHOM dacaom. V3onosarbe mehycnpatHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
Y3 OeNVMUYHY PEKOHCTPYKUM)Y ClojeBa. M3onosarbe nofa Ha Ty y3 AeNVMUYHY PEeKOHCTPYKLWMjY CnojeBa. Yrpaakba HOBKX NMpo3opa of
KOMMO3WTHMX NPOdUna ca TPOCIOJHUM V30NaLMOHUM HUCKOEMMCUOHMM CTakIO-NakeTom (1obpa 3anTvBeHOCT). Yrpadtba HOBUX yNasHuX
NPBEHMNX KOMMO3WTHWX BpaTa Ca TePMOM301aLMOHOM UCMYHOM.

Thermalinsulation of fagade walls with a contact fagade system. Insulation of floor structure to unheated attic, with partial layer reconstruction.
Insulation of ground floor, with partial layer reconstruction. Installation of new composite windows with triple-glazed low-emissivity glass
unit (good air-tightness). Installation of new entrance composite doors, with thermal insulation infil.
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CKnonoBwu TepMrYKOT oMoTaua — yHanpeherwa — Elements of the thermal envelope — improvements

Cnosballitbu 31,

External wall

U (W/m?K)

MebhycnpaTHa
KOHCTpYyKUWja Mcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

HEMA VI3MEHA

NO CHANGES

1.26

Cnosba Outside

YHyTpa Inside

IE donwja, Tepmowmzonaumja 15 cm, facke
24 cm, TaBatbaye 14/20 cm, apseHa
MOTKOHCTPYKLMja 6 CmM , MaTep Ha TPLWYaHoj
noano3n 3cm

PE foil, thermal insulation 15 cm, plank 2.4 cm,

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

0.19

YHanpebherbe 2 Improvement 2

H

ManTtep 2 cm, oneka 38 cm, Mantep 3 cm,
Tepmomsonauuja 10 cm, mantep 1 cm

YHyTpa Inside

Cnosba Outside

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

0.29

YHanpebherbe 3 Improvement 3

B

ManTtep 2 cm, oneka 38 cm, Mantep 3 cm,
Tepmomsonauuja 20 cm, mantep 1 cm

YHyTpa Inside
Cnosba Outside

plaster 2 cm, brick wall 38 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.16

Cnosba Outside

YHyTpa Inside

IE donwja, Tepmowmzonaumja 15 cm, facke
24 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TPLWYaHoj
noano3n 3cm

PE foil, thermal insulation 15 cm, plank 2.4 cm,

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

0.19

Cnorba Outside

YHyTpa Inside

IE donnja, Tepmonsonaumja 25 cm, aacke

24 cm, TaBarbaye 14/20 cm, ApBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TPLWYaHO]
nognosn 3cm

PE foil, thermal insulation 25 cm, plank

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

0.13
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Noa Ha Ty

Ground floor

U (W/m?K)

[Mpo3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

HEMA N3MEHA napkeT 2.2 cm, LleMeHTHa Kolwysbuua 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLybuua 4 cm,

— Tepmomsonaumja 5 cm, xugpowvsonaumja Tepmomsonauuja 10 cm, xuapoursonauvja

NO CHANGES 1cm, 6eToHcKka nnova 10 cm, wrbyHak 10cm, Tcm, 6eToHcka nnova 10 cm, WwibyHak 10cm,
HabvijeHa 3emrba HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm, thermal — parquet 2.2 cm, cement screed 4 cm,
insulation 5 cm, hydro insulation 1.cm, thermal insulation 10 cm, hydro insulation
concrete 10 cm, gravel 10 cm, rammed earth Tcm, concrete 10 ¢cm, gravel 10 cm, rammed

earth

0.56 032 0.22

[} (9] (] () [ [}
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[BL| ca ABOCNIOJHMM HUCKOEMUCHOHMM CTaKSIo
naKkeTom

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

1.40

MBL| ca ABOCNOjHMM HUCKOEMUCHIOHKM CTaKO
MaKeTom

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

140

Komno3uTHW npodusn ca TpociojHm
HUCKOEMUCVIOHNM CTaK/O MakeToM UCMYHeHUM
VNHEPTHVM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdukacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tomne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
NPOCTOPa, Ca CMakbEHeM TeMNepaTypcKor
pexViMa y OAHOCY Ha NocTojenu.

The existing central hydronic system is
retained, with lower water temperature level
comparing to the existing.

0.86

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehetbe 2 Improvement 2

Vrpamba HOBOT KOT/1a Ha YBPCTO ropreo KOjl/I

KOpMCTN ApBHY Briomacy (nener).

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

0.91

0.85

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpebherse 3 Improvement 3

o
1

yrpaﬂma KOMMpPeCcopcke TorioTHe nymMne
Ba3,uy></Bo,qa Ca Xnapomoaynom.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

65%

| | |
0% 50% 100%

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

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

67%

| | |
0% 50% 100%

169
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLn

14% 14%
Heat losses
0,
%] 34%
58% 71%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywrefe — savings
TpaHCMUCKOHN TyOmLM 200 200 200 200
Transmissive losses I
[W/K] 150 II 150 I 150 150
100 II 100 I 100 100
50 II 50 II I
Ll ll I -l II-I
1 2 3 45 2 3 45 2 3 45 2 3 45

1- cnosbalutbk 31f, 2- NPo30pw, 3- ynasHa Bpata, 4- MehycnpaTtHa KOHCTPYKLMWja UCNOA HerpejaHor TaBaKa, 5-nof Ha Ty

1- external wall, 2- windows, 3- doors, 4- floor construction to unheated attic, 5- ground floor

CneuydunyHa roaniitba

230 292
noTpebHa eHepruja 3a
rpejarbe KWh/m? a
Specific Heating Energy <15 <100 <150 <200 <250 >250 rel %

SEITENCIERET _
|

[kWh/m?a] A A A

104 180



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

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

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

o —

3703
74%

19013
37.9%

50 n
31499
62.8%

o —

| |
5610 9257
98% 16.1%

50

36813
64.2%

o —

A

2537
19.9%

®

A

4906
38.5%

o —

M

MonasHo CTare
starting condition

A AA

107 113 124
332% 35.1% 38.5%

g+ 9+= @

Hajuewhe nHTEPBEHUMjE
usual interventions

Y

A

50

50

yHanpeheroe 1
improvement 1

A

8638
67.8%

yHanpehetbe 2
improvement 2

A

50152
v

|
100%

57331

100%

©

12741

-4

100%

100%

yHanpehetbe 3
improvement 3
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b2
B2

LLIkoncka 3rpaga
nospwmHe 500-2000 m?

>50%

School building
with area 500-2000 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 1959. Year of construction 1959

Bpoj eTaxa Mo+1 Number of floors Gf+1

MospLnHa (M?) 6pyTo 1050 Area (m?) Gross 1050

MoBpLnHa (M?) HeTO rpejaHa 840 Area (m?) Net heated 840

3anpemuHa (m?) HeTo rpejaHa 2720 Volume (m?) Net heated 2720

LLIKkoncke 3rpafie OBOr TWMa Cy BeOMa 4ecTo rpaheHe
y nocnepatHom nepriogy. Ca Npr3em/ibem 1 CNPaToM Ha
jeAHOCTaBHOj, KOMMAKTHO] 1 GYHKLIMOHANHO MOCTaB/be-
HOJj OCHOBMW, OBaKBe 3rpajie ce Mory Hahn Wnpom 3emrbe
Y HOBWM Hacerbvma unu narpaheHe ymMecTo WKOMCKMX
3rpapa owTeheHnx Ny CpyLeHrX TOKOM paTa.

PenpeseHTI Cy, MO NpaBuUsy, CNpaTHe 3rpaje, CBefe-
He reomMeTpuje, MPOjeKTOBaHe Yy [lyxy HOBVX [ApPYLITBE-
HUX OLIHOCA, Y CTaNHOj NOTPa3W 3a UAEHTUOUKALMOHMM
eneMeHTMMa HOBOT apXWUTEKTOHCKOr jesunka. OTBopwu
Cy MOjeAVHaYHN — BULLEAENHN NMPO30pKU 3HaTHO Behux
AVIMEH3Wja Yy OAHOCY Ha LIKOMCKe 3rpafe MpeTXOAHOr
nepvoga.

72

This type of school buildings was very common in
the post-war period. Such schools, having two floors on a
simple functional layout, can be found all over the coun-
try, either in new developments or replacing the struc-
tures damaged or destroyed during the war.

Typical type representatives are two-story buildings
with simple massing, designed to reflect new social rela-
tions, in permanent search for a new architectural iden-
tity and expression. The windows are single openings,
notably larger than those from the previous periods are.



Lkoncke 3rpafie oBOr TWMa KapakTepulle MackBaH
KOHCTPYKTMBHM CKAoM, ca Hocehnm 3vaoBMMa of nyHe
oneke 1 MehycnpaTHOM KOHCTPYKLUMjOM T1Na ,aBPaMeH-
Ko" MacagHn 3vAoBK Cy 060CTPaHO ManTepwcaHu, 6e3
TepmuuKe 13onaunje, anv 1 6e3 aekopatveHe macTu-
Ke. [po3opw Cy ApBEHN, ABOCTPYKM, AOK Cy YnasHa Bpa-
Ta 1 3aCTaK/berbe XOAHMKA LipHa BpaBapuja 3acTak/beHa
jeaHoCTpyKMM cTaknom. MofdoBm Ha Ty Cy Ha OETOHCKO]
nnoun, 6es TepmuuKe 13onaumje.

EHepreTckn pa3peq 06jeKTa — NPOjEKTOBAHO CTakbe

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

School buildings of this type were built using simple
traditional construction technologies. Facade walls are
plastered on both sides, with no thermal insulation or
wall cavities or any decorative elements. Windows are
wooden, single-framed, connected double sashes with
single pane glazing, while the entrance door and the
hall are glazed with single panes in a metal sash. Ground
floors were placed on concrete slabs, without thermal
insulation.

Energy class of building - as designed

Qg er %] Q. kWh/(m?a)]
256 192
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnospalltbm 3ma 1

External Wall 1

U (W/m?K)

Cnosballitbu 31 2

External Wall 2

U (W/m?K)

PaBaH Kpos

Flat roof

lNoa Ha Ty

YHyTpa Inside
Cnorpa Outside

ManTep 2 cm, oneka 38 cm, mantep 2 cm

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

141 U (W/m?K)
3 S Mpo3opu
e 3 -
g 3 Windows
= 2

)

Mantep 2 cm, oneka 25 cm, mantep 2 cm

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

1.85 U (W/m?K)

Cnosba Outside

YHyTpa Inside

VM, Tep nanup, nakv 6eToH 8 cm, nnoye of
[ipBeHe ByHe 5 cm, "ABpameHKo” TaBaHMLa
30 cm, ApBeHa NOTKOHCTPYKLUMja 6 cm,
ManTep Ha TpWwYaHoj NoOAN03n 3 cm

metal sheet, roofing paper, lightweight
concrete 8cm, thermal insulation 5cm
(wood particle board), ribbed semi-
prefabricated concrete slab Avramenko
30cm, wooden substructure 6cm, straw-
plaster ceiling 3cm

0.61

Ground floor

YHyTpa Inside
[

Cnosba Outside

nnHoneym 0.2 cm, LieMeHTHa Kowwyrbuua 5
cm, xuapousonauwja 1 cm, 6eToHcKa niova
10 cm, wbyHak 10 cm, HabwjeHa 3emrba
linoleum 0.2 cm, cement screed 5 cm, hydro
insulation 1 cm, concrete 10 cm, gravel
10cm, rammed earth

0.56
2] (]
° °
3 3
= £
]

3 B
5 2
g =
)

[PBEHV JBOCTPYKM Ca CNOjEHUM KpUMMa 1
JeAHOCTPYKMM CTaKIOM

wooden, double frame, connected sash with
single glazing

350
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TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOpUCHOCTH
cucTemMa rpejarba
Heating system
efficiency

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrab). KacHuje
je yrpaheH cnctem LeHTpanHor rpejarba ca
paavjatoprima Kao rpejHum Tenuma. LWkona
je nosesaHa Ha crCTem JarbUHCKOT rpejarba,
ay TOM/aH Ce Kao OCHOBHO rOp1BO
KOPUCTV NPUPOAHW rac.

Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The central hydronic heating
system with radiators has been installed
afterwards and the school has been
connected to district heating system. The
thermal plant is using natural gas as primary
energy source.

075

Cnctem ocBeTberwa  Lighting system

YHyTpalltba paceeTa

Interior lighting

¥ A

Y WKoNW je y M3BOpHOM 0b6nnKy kopuwheHo
MHKa[eCLIEHTHO OCBET/betbE, [10K je npema
noctojehem CTarby Hajsehw Aeo wkone
NOKpUBEH Gyo OCBET/bEHEM @ Matb

[e0 UHKafleCLIeHTHUM OCBeT/betbeM. be3
ayTOMATCKe KOHTPOSe OCBET/beHba.
Incadescent lighting was used in the
original form, however today a small part

of the school uses incandescent lighting,
while most of it uses fluorescent tube. No
automatic light control.

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

CreneH KOPUCHOCTK
npunpeme caHvTapHe
Tonne Bofe

DHW preparation
efficiency

CnosbHa pacseTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

092

0.5 1

.

KreuHe crjanuue.

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

OkonHoCTH y KojuMa Cy rpabeHe oBe LKone yCno-
BU/Ie Cy jeJHOCTaBHa apXWUTEKTOHCKa peLlerba, a TexXHW-
Ke rpaherba Cy ce C BPEMEHOM MOCTeNeHO Merbane na
je npenas oA HajjeAHOCTaBHMjUX Ka CaBpeMeHWj M BPIIO
n3pakeH. HemocpeHO HaKOH paTa, Hema MPUMEeTHOr
OTK/IOHa Yy OAHOCY Ha NpeApaTHe 3rpafe, a 6e3 MoHyMeH-
TaNHOCTU 1 penpe3eHTaTUBHOCTM Huje 6Kno notpebe Hu
33 KOMMAEKCHMJUM TEXHNYKKM pellersiima. C BpeMeHoM
[0nasn A0 MPOMEeHe Yy KOHCTPYKTVMBHOM CKMIOMYy, Moja-
BJIbYjy Ce CKeneTHV CMCTeMM Na 1 NpBe NPO30pCKe Tpake
Te Ce Kpajem Neprofa jasbajy Y apxXUTEKTOHCKa pellerba
y CKnagy ca HOBMM MPVHUMNMMA NPOjeKTOBarba WKOM-
CKMX 3rpaga.

While the circumstances demanded simple and
modest architecture, the building technologies evolved
through the years, resultingina noticeable transition from
basic traditional techniques to solutions that were more
modern. Immediately after the war, there was complete
reliance on the pre-war practice while monumentality
was replaced by modesty. Toward the end of the period,
the load bearing structure changed with the introduc-
tion of the frame system and ribbon windows, resulting
in architecture that was in line with the new doctrine of
the design and materialization of school buildings.



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

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpagrba HoBUX Npo3opa v BpaTa og MNBL| npodrna ca 4BOCIOjHVM M30M1ALMOHMM CTaKNO-NAKETOM.

Installation of new, double-glazed PVC windows and entrance doors.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpebhetrbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUMOHUM CTaKO-NakeTom (4obpa
3anTVBEHOCT).

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

130noBatbe dacafHMx 3MA0Ba KOHTaKTHOM TEPMOM30MaLUMOHOM dacafjoM. V3onoBarbe paBHOr KpoBa Y3 AENUMUYHY PEKOHCTPYKLM)Y
cnojesa. Yrpafrba HOBUX Npo3opa 1 ynasHwx Bpata o [NBL| npoduna ca ABOCIOJHUM M30MaLMOHNM HACKOEMUCUMOHUM CTakfo-MakeTom
(nobpa 3anTrBeHoCT).

Insulation of facade walls with a contact fagade system. Insulation of flat roof structure with partial layer reconstruction. Installation of new
PVC windows and entrance doors with double-glazed low-emissivity glass unit (good air-tightness).

130n0Barbe pacafHyix 31L0Ba KOHTAKTHOM TePMOM30NaLOHOM Gacafom. /130n10BarHe paBHOr KPOBa Y3 AENMMUYHY PEKOHCTPYKLW)Y C10jeBa.
V3onoBatbe Noda Ha Ty y3 AeMMUUHY PEKOHCTPYKLM)Y CojeBa. Yrpadkba HOBUX MPO30pa 1 yNasHyX BpaTa Of KOMMO3UTHYX Npoduna ca
TPOCNOJHINM U30MALMOHVIM HUCKOEMUCUOHUM CTakI0-NakeTom (4o0pa 3anTMBeHoCT).

Insulation of fagade walls with a contact fagade system. Insulation of flat roof structure with partial layer reconstruction. Insulation of ground
floor, with partial layer reconstruction. Installation of new composite windows and entrance doors with triple-glazed low-emissivity glass unit
(good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbm 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 31 2

External wall 2

U (W/m?K)

PaBaH kpoB

Flat roof

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA VI3MEHA

NO CHANGES

1.41

Cnosba Outside

YHanpebherbe 2 Improvement 2

ManTtep 2 cm, oneka 38 cm, Mantep 2 cm,
Tepmomsonauuja 10 cm, mantep 1 cm

YHyTpa Inside
Cnosba Outside

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

0.29

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

ManTtep 2 cm, oneka 38 cm, Mantep 2 cm,
Tepmomsonauuja 20 cm, mantep 1 cm

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

0.16

YhyTpa Inside

HEMA VI3MEHA

NO CHANGES

1.85

Cnosba Outside

YHyTpa Inside

Cnosba Outside

ManTtep 2 cm, oneka 25 cm, Mantep 2 cm,
Tepmomsonaupja 10 cm, mantep 1cm

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

0.31

YHyTpa Inside
Cnosba Outside

ManTtep 2 cm, oneka 25 cm, Mantep 2 cm,
Tepmomsonaupja 20 cm, mantep 1cm

plaster 2 cm, brick wall 25 cm, plaster 2 cm,
thermal insulation 20 cm, plaster 1 cm

0.17

Cnosba Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

061

Cnosba Outside

YHyTpa Inside

X1Apor3onaLmoHa MemopaHa,
Tepmom3onauuja 15 cm, ME donuja, nakm
6eToH 8 cm, Mnoue of ApBeHe ByHe 5.cm,
"ABpameHKo” TaBaHMLa 30 cm, ApBeHa
MOTKOHCTPYKLMja 6 CmM, ManTep Ha TPLLYaHOj
noano3n 3cm

waterproof membrane, thermal insulation
15 c¢m, PE foil, lightweight concrete 8cm,
thermal insulation 5 cm (wood particle
board), ribbed semi-prefabricated concrete
slab Avramenko 30 cm, wooden substructure
6 cm, straw-plaster ceiling 3 cm

0.18

Cnorsba Outside

YHyTpa Inside

XUAPOV30MaLMOHa MemMbpaHa,
Tepmovizonaumja 25 cm, TE donwja, naku
6eToH 8 cm, nnoye of ApBeHe ByHe 5 cm,
"ABpameHKo"TaBaHuLa 30 cm, ApBeHa
MOTKOHCTPYKUMja 6 CM, ManTep Ha TPLWYaHO]
noanosn 3cm

waterproof membrane, thermal insulation
25cm, PE foil, lightweight concrete 8cm,
thermal insulation 5 cm (wood particle
board), ribbed semi-prefabricated concrete
slab Avramenko 30 cm, wooden substructure
6 cm, straw-plaster ceiling 3 cm

0.12
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

[log Ha Ty

Ground floor

U (W/m?K)

[po3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

Cnospa Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

HEMA N3MEHA HEMA N3MEHA napkeTt 2.2 cm, UeMeHTHa KoLybuua 4 cm,
— — Tepmomsonauuja 5 cm, xuapousonaumja
NO CHANGES NO CHANGES Tcm, 6eToHcka nnova 10 cm, WwibyHak 10cm,
HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm,
thermal insulation 5 cm, hydro insulation
1cm, concrete 10 cm, gravel 10 cm, rammed
earth
0.36 0.36 0.23
(] [} [} (5} (5} (]
jel ° ° o ° °
@) O O
. 2 . 8 : 2
2 3 s | £ S e
c > [ > [ i >
@] U (@]

[1BL| ca ABOCIOJHMM HUCKOEMUCHOHMM CTaKS1O
naKkeTom

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

140

[BL| ca ABOCNOjHMM HUCKOEMUCHIOHWM CTaK/O
MaKkeToM

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

1.40

Komno3uTHW npodun ca TpocnojHm
HMCKOEMMUCVIOHNM CTaK/0 MakeTom UCMyHEHUM
VHEPTHVM racom

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

0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdunkacHocT n3Bopa
TonnoTe

Heat source efficiency

EdurkacHocT cucTema
rpejarba

Heating system
efficiency

MNpvinpema caHuTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3aapxaH je noctojehn cctem rpejarba
NpOCTOpa: AarbUHCKO rpejatbe C KOTIIOM Ha
NPUPOAHN rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

EneKkTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

3appaH je noctojehn cuctem rpejarba
NPOCTOpPa: A/bUHCKO rpejarbe C KOTIOM Ha
NPUPOAHY rac.

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

0.92

EneKkTpuuHmM akyMyrnaLmoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafirba KOMMPECopCKe TOMJIoTHE Mymre
Ba3fyx/BoAa Ca XVMAPOMOZY/IOM.

Installation of air-source heat pump with
hydromodule.

30

TonnoTtHa nymna Basayx/soaa

Air source heat pump



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

65%

| | |
0% 50% 100%

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

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

67%

| | |
0% 50% 100%

0]
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

OpurvHanHo YHanpeherse 1 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3
TonnoTHN ryouLn
- 20 14%
Heat losses %
34%
(%]
31% 55% 69%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywreae — savings
TpaHCMUCKOHN TyOmLM 700 700 700
Transmissive losses 600 I 600 600
[W/K] 500 I 500 500
400 I 400 400
II I I ) h
) Ilil I ) i )
|| ||
: IIII I : I :
12 3 4 5 12 3 45 12 3 4 5 12 3 4 5
1- cnosbalbh 31, 2- NPO30pW, 3- yNna3Ha Bpata, 4- pasaH Kpos, 5-nof Ha Ty
1- external wall, 2- windows, 3- doors, 4- flat roof, 5- ground floor
CneundunuHa I'OJ:LI/?LIJH:a 148 192
notpebHa eHepruja 3a V v
rpejare | | kWh/m?a
<12 <20 <38 <75 <188 >188 500
Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %

|
[kWh/m?a] A A A
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YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

o —

o —

16084
7.1%

40211
15.4%

88689 149066
39.3% 66.1%

A A
110333 176749
42.3% 67.8%

o —

| ll50 |
21312 29595 42878
35.7% 49.6% 71.8%

®® ®®

o —

M

MonasHo CTare
starting condition

AAA ~

1787 1882 2063
334% 352% 38.6%

g+ 9+= @

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

225470
v

|
100%

260792

v

100%

®®

59687

100%

100%

yHanpehetbe 3
improvement 3
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b3
B3

LLIkoncka 3rpaga
noBpLnHe Behe og 2000 m?

AP -

School building
with area more than 2000 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 1966. Year of construction 1966
Bpoj eTaxa M+2 Number of floors Gf+2
MospLnHa (M?) 6pyTo 2500 Area (m?) Gross 2500
MoBpLnHa (M?) HeTO rpejaHa 1990 Area (m?) Net heated 1990
3anpemuHa (m?) HeTo rpejaHa 6650 Volume (m?) Net heated 6650

OCHOBHM KOpMyC LWKOfle NpeAcTaB/ba ABOCMPATHM
BOJIYMEH je[JHOCTaBHe reomeTpuje, ca OoUHUM Mpu3em-
HUM 1 CNpaTHUM TpakToBmMa. LLIkoncke 3rpage oBor TMna
umajy Behn 6poj yumoHuUa 1 kaburHeTa, brubnnoTeky 1
YNpaBHK Aeo ca 300pHULIOM, KaHLienapujom AvpeKkTopa
M aOMUHUCTPaTUBHUM Cryxbama. Pacana je jeqHoCTas-
Ha, Uy reoMeTpUju 1y MaTepujanmsaumjy, Wto omoryha-
Ba NPUMeHY Pa3HOBPCHMX Mepa eHepreTcke pexabunu-
Tauwje n NpeobnmKoBarba.

KpoB rnaBHOr TpakTa je paBaH HempoxofdaH, a Ha
6OYHMM KpUAMMA Cy NAUTKM KOCK KpoBOBK. OTBOPU CYy
nojeAVHaYHN — BULWEAENHM NPo30opK Behnx armeHsuja
KOju Aajy yTrCak NpO30PCKMX TpaKa.

184

The main school hull is a simple prismatic three-
story volume, with one- and two-story side wings. The
school buildings of this type have numerous classrooms
and laboratories, the library and the school administra-
tion block with the staffroom, the principal’s office and
other offices. The facade is very simple in both the geom-
etry and the materials, enabling the application of vari-
ous energy improvement measures and remodeling.

The roof of the main volume is flat, while side
wings are covered with low-pitched roofs. The arrays
of large single openings make an impression of ribbon
windows.



Ukoncke 3rpage oBor Tvna paheHe cy y apmumpa-
HOOETOHCKOM CKeNeTHOM CucTemy, ca MehycnpaTHOM
KOHCTpyKumjom. DacagHu 31a0BM Cy Of MyHe Oreke,
060CTPaHO ManTepucaHy, HeN30N0BaHK, Ca BUAHUM CTy-
6oBKMMa. Mpo3opK Cy ApPBEHN, ABOCTPYKM, Ca CMOJEHNUM
Kpunvma. Y CKomny paBHOr KpoBa MOCTOjW TepMOW30s1a-
UVja KOja He ofjroBapa akTyenHum CTaHaapavma. [ofosn
Ha Ty Cy Ha BETOHCKO] M1oYK (Tepalio y XOAHWLMMA, BU-
Ha3 njoye y yuroHuLamMa) 6e3 Tepmumyke vr3onauuje.

EHepreTckm paspep objekTa — MPOJEKTOBAHO CTakbe

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

The load bearing structure of this school type is in
reinforced-concrete frame system. Facade walls are plas-
tered on both sides, with no thermal insulation. Windows
are wooden, single framed, connected double sashes
with single pane glazing. The flat roof structure contains
some (insufficient) thermal insulation while ground floors
(terrazzo or vinyl flooring), were placed on concrete slabs
with no thermal insulation.

Energy class of building - as designed

Qe [%] Q. [kWh/(m?a)]
263 197
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnospalltbm 3ma 1 3 3 Cnosballksn 3ug 2 5 )
_ £ E _ 2 2
2 @) o O
External Wall 1 £ 3 External Wall 2 £ 3
= e S S
(@} (@]
ManTep 2 cm, oneka 38 cm, mantep 2 cm ManTtep 2 cm, 6eToH 38 cm, mantep 2 cm
plaster 2 cm, brick wall 38 cm, plaster 2 cm plaster 2 cm, concrete 38 cm, plaster 2 cm
U (W/m?K) 1.27 U (W/m?K) 2.70
Koc KpoB Cnorba Outside Moa Ha 7y YhyTpa Inside
Pitched roof ﬂ Ground floor e
]
YHyTpa Inside
Tpanesactu num 0.07 cm, netse Cnoma Outside
5/3 cm, porosu 10/12 cm, apeeHa nmHoneym 0.2 cm, LeMeHTHa Kolysbula 5
NOTKOHCTPYKLMja5/3 cm, rMNCKapTOHCKa cm, xuapowsonauwja 1 cm, 6eToHcKa nnoya
nnova 1.25cm 10 cm, wsbyHak 10 cm, HabujeHa 3emrba
trapezoidal metal sheet 0.07 cm, battens linoleum 0.2 cm, cement screed 5 cm, hydro
5/3 cm, wood rafters 10/12 cm, wooden insulation 1 cm, concrete 10 cm, gravel
substructure 5/3 cm, gypsum board 1.25 cm 10cm, rammed earth
U (W/m?K) 1.11 U (W/m?K) 034
PaBaH KpoB Cnorva Outside Mpo3opwu 3 3
_ T _ 2 =
. o 3
Flat roof Windows 3 £
o) I
c >
(@]
YHyTpa Inside [IpBeHW ABOCTPYKM Ca CMOjeHNM KpUanma v
) jeHOCTPYKVM CTaKIOM
WIbyHaK 6 cm, GUTyMeHCKa Xapoun3sonauynja o
1 cm, nakn 6eToH 8 cm, nnioue o _ApBeHe wooden, double frame, connected sash with
ByHe 5 cm, pebpacTa KOHCTPyKUMja 35 cm single glazing
(nnoya 12 cm)
gravel 6 cm, bituminous hydro insulation
1 cm, lightweight concrete 8 cm, thermal
insulation 5 cm (wood particle board),
ribbed concrete structure 35 cm (slab 12cm)
U (W/m?K) 1.06 U (W/mZK) 3.30
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TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOpUCHOCTH
cucTemMa rpejarba
Heating system
efficiency

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrab). KacHuje
je yrpaheH cnctem LeHTpanHor rpejarba ca
paavjatoprima Kao rpejHum Tenuma. LWkona
je nosesaHa Ha crCTem JarbUHCKOT rpejarba,
ay TOM/aH Ce Kao OCHOBHO rOp1BO
KOPUCTV NPUPOAHW rac.

Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The central hydronic heating
system with radiators has been installed
afterwards and the school has been
connected to district heating system. The
thermal plant is using natural gas as primary
energy source.

075

Cnctem ocBeTberwa  Lighting system

YHyTpalltba paceeTa

Interior lighting

¥ A

Y WKoNW je y M3BOpHOM 0b6nnKy kopuwheHo
MHKa[eCLIEHTHO OCBET/betbE, [10K je npema
noctojehem CTarby Hajsehw Aeo wkone
NOKpUBEH Gyo OCBET/bEHEM @ Matb

[e0 UHKafleCLIeHTHUM OCBeT/betbeM. be3
ayTOMATCKe KOHTPOSe OCBET/beHba.
Incadescent lighting was used in the
original form, however today a small part

of the school uses incandescent lighting,
while most of it uses fluorescent tube. No
automatic light control.

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

CreneH KOPUCHOCTK
npunpeme caHvTapHe
Tonne Bofe

DHW preparation
efficiency

CnosbHa pacseTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasubera npojekTom. JaHac

Ce NOTPOLLHa ToMna BOAa npunpema y
eekTpUYHIM 6ojneprma.

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

092

0.5 1

.

KreuHe crjanuue.

Mercury bulbs.
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CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

LLIkoncke 3rpage OBOr TuMa I'IOCQ}Zlyjy npeno3HaT/bn-
BE €/IeMeHTE CaBpeEMEHE apXUTEKTYPE CBOT noba.

[OMVHAHTHW Cy PaBHYW, HEMPOXOAHW KPOBOBM
1 NPO30pCKe Tpake, AOK Ce YouaBajy W MAWUTKMA KOCK
KPOBOBM MOKPVBeHM NMOoM. OCKM MPO30PCKKX Tpaka,
UCTWYY Ce 1 BeNVKe 3acTak/beHe MoBpLuvHe (Hajuewhe
Ha [eny ueHTpanHor xona). KOHCTpyKumMja nposopa je
1 Aarbe ApBeHa, a nojefnHe no3uLuje ce page of LupHe
bpaBapvije.

Oge 3rpafie, 300 Hen3onoBaHNX GacafHMUX 31MA0Ba 1
BENVIKMX CTaK/eHX MOBPLUMHA, MMajy BENnKe TOMIoTHe
rybuTKe Te Cy BeEOMa MOrofiHe 3a eHepreTcKy pexabuni-
Taumjy 6yayhu aa ce pagv o jeAHOCTaBHUM apPXMTEKTOH-
CKUM peluerbrMa.

Reinforced concrete and frame constructions are
common for this building type, resulting in schools with
recognizable elements of contemporary architecture.

Flat graveled roofs and ribbon windows prevail.
Besides the window ribbons, there are also window
walls that usually provide daylight for the central hall.
The window casing is still wooden, while certain atypical
openings may be in steel casing.

The uninsulated facade walls and large glazed surfac-
es result in significant thermal losses, which, in addition
to their basic design, makes these buildings quite suita-
ble for energy upgrades.



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

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpagrba Hosux Npo3opa og MBL, npoduna ca ABOCIOJHMM U30M1aLMOHMM CTaK0-NaKETOM.

Installation of new, double-glazed PVC windows.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpebhetrbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUMOHUM CTaKO-NakeTom (4obpa
3anTVBEHOCT).

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

130noBatbe dacafHMx 3MA0Ba KOHTaKTHOM TEPMOM30MaLUMOHOM dacafjoM. V3onoBarbe paBHOr KpoBa Y3 AENUMUYHY PEKOHCTPYKLM)Y
cnojesa. V1300Barbe KOCOr KpoBa Y3 AeMMUYHY PEKOHCTPYKLW]Y CNojeBa Ca yHyTpaltbe CTpaHe. /3onoBarbe noga Ha Ty y3 AeNMMUYHY
PEKOHCTPYKLWjY CrojeBa. Yrpaftba HOBUX MPo3opa ¥ ynasHux spata o lNBL npoduna ca ABOCNOJHUM M30NALMOHUM HUCKOEMUCHOHUM
CTaKkno-nakeTom (nobpa 3anTmeBeHocT).

Insulation of fagade walls with a contact facade system. Insulation of flat roof structure with partial layer reconstruction. Interior insulation of
pitched roof structure with partial layer reconstruction. Insulation of ground floor, with partial layer reconstruction. Installation of new PVC
windows and entrance doors with double-glazed low-emissivity glass unit (good air-tightness).

/130noBarbe dacaHMx 3MA0Ba KOHTaKTHOM TePMOM30MaLUMOHOM dacafioM. M3onosarbe paBHOr KpoBa Y3 AENUMUYHY PEKOHCTPYKLM)Y
cnojesa. V3onoBarbe KOCOr KpoBa Y3 AeNVMUYHY PEKOHCTPYKLM]Y ClojeBa Ca YHyTpalltbe CTpaHe. /13010Bare nofa Ha Ty y3 AeUMUYHY
PEKOHCTPYKLWjy CNlojeBa. Yrpafba HOBMX MPO30Pa v yNasHYIX BpaTta of KOMMO3WUTHYX TPOodiina ca TPOCIOjHUM M301aLMOHM HUCKOEMUCUOHUM
CTaKkno-nakeTom (nobpa 3anTmBeHoCT).

Insulation of facade walls with a contact fagade system. Insulation of flat roof structure with partial layer reconstruction. Interior insulation
of pitched roof structure with partial layer reconstruction. Insulation of ground floor, with partial layer reconstruction. Installation of new
composite windows and entrance doors with triple-glazed low-emissivity glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2 YHanpebherbe 3 Improvement 3
Crnorbalursh 3ug 1 £ 3 3 1 3 5 el
— = g = = . = g
© @] © = O © O
External wall 1 Y 3 £ 3 g 3
= ) = 2 = e
(@] (@] - (@]
HEMA M3MEHA ManTep 2 cm, oneka 38 cm, Mantep 2 cm, ManTep 2 cm, oneka 38 cm, Mantep 2 cm,
— Tepmomsonauuja 10 cm, mantep 1 cm Tepmomsonauuja 20 cm, mantep 1 cm
NO CHANGES — —
plaster 2 cm, brick wall 38 cm, plaster 2 cm,  plaster 2 cm, brick wall 38 cm, plaster 2 cm,
thermal insulation 10 cm, plaster 1 cm thermal insulation 20 cm, plaster 1 cm
U (W/m?K) 1.27 0.29 0.16
Cnosbalitby 3uf 2 8 ) 3 3 8 - = S
_ £ 2 2 £ 2 b £
© @) © (@) © @]
External wall 2 £ 3 £ 3 £ 3
I 9] I 9] I - 9]
> = > c > [=
(o] (@] (@]
HEMA N3MEHA Mantep 2 cm, 6eToH 38 cm, ManTep 2 cm, ManTtep 2 cm, 6eToH 38 cm, ManTep 2 cm,
— Tepmomsonaumja 10 cm, Mantep 1cm Tepmom3sonauuja 20 cm, mantep 1 cm
NO CHANGES — —
plaster 2 cm, concrete 38 cm, plaster 2cm,  plaster 2 cm, concrete 38 cm, plaster 2 cm,
thermal insulation 10 cm, plaster 1T cm thermal insulation 20 cm, plaster 1 cm
U (W/m?K) 2.70 0.32 0.17
Koc kposB Cnorba Outside Cnosa Outside Cnora Outside
et L i .
YHyTpa Inside YHyTpa Inside YHyTpa Inside
HEMA M3MEHA Tpane3actvi nium 0.07 cm, netse 5/3 cm, porosu  Tpanesacty nvm 0.07 cm, netse 5/3 cm,
— 10/12 cm / Tepmomzonauja 12 cm, apseHa porosu 10/12 cm / TepMowizonaumja
NO CHANGES MOTKOHCTPYKLMja 6 CM , FUMC KAPTOHCKa MioYa 18 cm, ApBeHa NOTKOHCTPYKLMja 6Cm, rMnc
125¢cm KapToOHCKa nnoya 1.25 cm
trapezoidal metal sheet 0.07 cm, battens trapezoidal metal sheet 0.07 cm, battens
5/3 cm, wood rafters 10/12 cm, thermal 5/3cm, wood rafters 10/12 cm, thermal
insulation 12 cm, wooden substructure 6 cm, insulation 18 cm, wooden substructure 6 cm,
gypsum board 1.25 cm gypsum board 1.25 cm
U (W/mK) 111 0.16 013




b-

nepwvof 1946-1970. B — period 1946-1970

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

PaBaH KpoB

Flat roof

U (W/m?K)

[log Ha Ty

Ground floor

U (W/m?K)

[po3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside
HEMA V3MEHA

NO CHANGES

1.06

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

XuppovizonaumoHa Memobpata,
Tepmovzonauuja 15 cm, ME donvja, nakm 6eToH
8 cm, nnoye oA AipBeHe ByHe 5 cm, pebpacTa
KOHCTPYKUMja 35 ¢cm (nnova 12 cm)
waterproof membrane, thermal insulation 15
cm, PE foil, lightweight concrete 8 cm, thermal
insulation 5 cm (wood particle board), ribbed
concrete structure 35 cm (slab 12 cm)

0.20

YHanpebhetbe 3 Improvement 3

Cnorsba Outside

YhyTpa Inside

Xvapon3sonaymnoHa Memopana,
Tepmomsonauuja 25 cm, ME dponwja, naku
6eToH 8 cm, Nnoye of ApBeHe ByHe 5 cm,
pebpacTa KOHCTPYKUWMja 35 ¢cm (nnova
12cm)

waterproof membrane, thermal insulation
25 cm, PE foil, lightweight concrete 8 cm,
thermal insulation 5 cm (wood particle
board), ribbed concrete structure 35 cm
(slab 12 cm)

0.13

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnorsba Outside

HEMA N3MEHA napkeT 2.2 cm, LleMeHTHa Kolwysbuua 4 cm, napkeT 2.2 cm, LileMeHTHa KoLlysbuiLa 4 cm,

— Tepmom3onauuja 5 cm, xuapowvsonaunja Tepmomsonaupja 5 cm, xuaponsonaumja

NO CHANGES 1cm, 6eToHcka nnova 10 cm, wrbyHak 10cm, Tcm, GeToHcka nnova 10 cm, wibyHak 10cm,
HabujeHa 3emba HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm, thermal  parquet 2.2 cm, cement screed 4 cm, thermal
insulation 5 cm, hydro insulation 1 cm, insulation 5 cm, hydro insulation 1 cm,
concrete 10 cm, gravel 10 cm, rammed earth  concrete 10 cm, gravel 10 cm, rammed earth

0.34 0.22 0.22

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

o ) o ) ) o

[z | 2 2 2 2 2

3 ¢ 5 S © S P

p g o p a p o

2 S — > 2 > 2 >

e = 2 = 2 =

(@] (@] (@]

IBL| ca ABOCNOJHMM HUCKOEMUCHOHKM CTaKSo
naKkeTom

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

140

[BL| ca ABOCNOjHMM HUCKOEMUCHIOHWM CTaKO
MaKeTom

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

140

KomMno3unTHM npodun ca TpoCIojHVM
HUCKOEMUCVIOHNM CTaKO MakeToM UCMyHeHUM
VHEPTHVM racom

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

0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

YHanpehetbe 1 Improvement 1 YHanpehere 2 Improvement 2 YHanpeherbe 3 Improvement 3

CucTtem 3arpeBarba
npoctopuja

Heating system

3aapxaH je noctojehn cctem rpejarba 3aapaH je noctojehu cnctem rpejarba Yrpanrba KOMNPeCcopcKe TOMoTHe Nymre
NpOCTOpa: AarbUHCKO rpejatbe C KOTIIOM Ha NPOCTOpPa: A/bUHCKO rpejarbe C KOTIOM Ha Ba3yx/BOfa Ca XAPOMOAY/IOM.
NPVPOIHN rac. NPUPOAHY rac. —
— — Installation of air-source heat pump with
The existing heating system is retained: district ~ The existing heating system is retained: hydromodule.
heating with natural gas fired boiler. district heating with natural gas fired boiler.

EdunkacHocT n3Bopa

TonnoTe

= 0.92 0.92 3.0

Heat source efficiency | I I I I I I I I I I I
0 1 2 3 0 1 2 3 0 1 2 3

EdurkacHocT cucTema

rpejarba

Heating system o7 o7 I

efficiency | | | | | | | | | | | |
0 1 2 3 0 1 2 3 0 1 2 3

MNpvinpema caHuTapHe E 1 E 1 = |

Tonne soge

Domestic hot water

IEEIEON EneKkTpuuHm akymynaumoHu 6ojnepu EneKTpmuHu akymynaumoHm 6ojnepn TonnoTHa Nymna Basayx/soaa
Electric water heaters Electric water heaters Air source heat pump



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

65%

| | |
0% 50% 100%

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

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

67%

| | |
0% 50% 100%

Ne}
w
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKOHY Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmiiba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo

Originally

YHanpeherse 1
Improvement 1

20%

27%

) TpaHCeMUCHOnM ry6rLm — transsmission losses

1800

1600

1400

1200

1000

S (o))
o o
S S

N
o
S

o

o

o
~ N
- I
N |

w

YHanpeherse 2
Improvement 2

BeHTUNaumnoHn rybuum — ventilation losses

1800
1600
1400
1200
1000

800

600

400

200 iii
1

58%

2 3 45

1- CnosbalLkby 3Ug, 2- NPO30PU 1 BPaTa, 3- paBaH KPOB, 4- KOC KPOB, 5-Mof Ha Ty

1- external wall, 2- windows and doors, 3- flat roof, 4- pitched roof, 5- ground floor

<12

<38 <75
<50 <100
B C
| |
43 66

<150

150

Y

<188
<250

<200

YHanpeherse 3

Improvement 3

70%

ywrefe — savings

1800
1600
1400
1200
1000

800

600

400 iii

200

197

M

>188
>250

kwWh/m? a
500

rel %

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

DviHanHa eHepruja 549165
;inal energy Y
- ]
[kwWh/a] I I [ [ I [
0 50 100%
3%4 195%8 3@1
6.7% 36.2% 70.3%
lMpymapHa eHepruja 6%335

e ]

|
[kWh/a] 0 e a 50 n 100%
92459 248031 455000
14.6% 39.29% 71.7%

Emncmja CO, HakoH @

npnmexHe I'paBEBVIHCKVIX
N TEPMOTEXHUNYKMX Mepa 144695

. |
CO, emission after

architectural and HVAC
improvement

A A 5|0 A 100%

o —

49003 67614 108830
[kg/al 33.9% 46.7% 752%

G®® G®®
Emncnja CO, HakoH H & @
yHanpeherba cuctema 10644

pacsete v
- |
CO, emission after
lighting improvement

o —

A z IA 50 100%

[kg/al 3559 3748 4110
334% 352% 386%

g+ 9+= @

| | |
v MNONA3Ho CTatbe V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 a yHanpehetbe 2 a yHanpehetbe 3
starting condition usual interventions improvement 1 improvement 2 improvement 3
| |






‘ period 1971-1990
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L1
C1

LLIkoncka 3rpaga
NoBpLUMHE Makbe of 500 m?

>50%

School building
with area less than 500 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 1968. Year of construction 1968

Bpoj eTaxa Mp Number of floors Gf

MospLnHa (M?) 6pyTo 230 Area (m?) Gross 230

MoBpLnHa (M?) HeTO rpejaHa 185 Area (m?) Net heated 185

3anpemuHa (m?) HeTo rpejaHa 600 Volume (m?) Net heated 600

3rpane NoApPYYHUX WIKOMa OBOr Mepuofa YrnaBHOM
cy paheHe npema TUNCKMM NpojekTMa npunaroheHnm
YCI0BMIMA KOHKPETHE JloKalumje 1 miaHuMpaHor Kana-
umteTa. Cafipke HEKOMMKO YUMOHMUA, CaHUTApHU YBOP
M Matby KaHuenapujy, 6e3 octanux KoMmaemeHTapHux
caapaja. lpojeKToBaHe Cy 3a HacTaBy OpraHMU30BaHy Y
MELIOBUTUM Ofi€/bEHNMA.

3rpana je Npu3emMHa, jeiHOCTaBHe KOMMaKTHe OCHO-
Be, Ca IBOBO[HVM KPOBOM, TaBaHCKMM MPOCTOPOM KOju
ce He KOpUCTY 1 6e3 noazeMHux eTaxa. OTBOpK Cy Mnoje-
AVHAYHY, anu Behux AuMeH3uja. ADXUTEKTOHCKA pellietba
0BVIX ObjeKaTa HemMajy CneumdUYHOCTH Koje O1 yCnoBsba-
Basle NocebaH pexnm Nprn eHepreTcKoj CaHaumju.

During this period, rural school units were built using
typical standardized designs with the adjustments to
the specific site and the required capacity. They have
a couple of classrooms, sanitary facilities and a small
office, with no complementary rooms. They were usually
designed to provide for mixed classes.

The school has a very simple and compact layout,
with a double pitched roof, an unused attic and with-
out underground floors. The windows are placed in large
single openings. These buildings have no architectural
features that would require special design approach in
energy refurbishment.



Wkoncke 3rpage oBOr TMMNa paheHe Cy y MacKBHOM
KOHCTPYKTMBHOM CKnormy, Ca Hocehum 3naoBMMa o
nyHe oneke. [pemMa TaBaHy je ApeeHa mehycnpaTtHa KoH-
CTPyKLMja a KPOBHa KOHCTPYKUMja je jedHOCTaBHa Tpa-
aMumoHanHa. ®acagHy 31aoBK Cy 0OOCTPaHO ManTte-
pvcaHu, 6e3 TepmuydKke 1M30naLmje; Npo3opw Cy APBEHN,
LBOCTPYKM, Ca pasaBOjeHM KpUIMMa a 3allTuTa Of CyH-
Ua je y BMOy nnaTHeHux ponetHu. [1ogosum Cy ca ApBEeHOM
obnorom (yrnaBHoM napkeT) 6e3 Tepmmnyke nsonauuje.

EHepreTckn pa3peq 06jeKTa — NPOjEKTOBAHO CTakbe
QH,nd rel [%]

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

The school buildings of this type were built with
massive primary structure. The ceiling to the attic is
simple with wood beams, and the roof is supported by
a traditional timber structure. Facade walls are plastered
on both sides, with no thermal insulation; windows are
wooden framed, double-sashed with single pane glaz-
ing and interior textile roller blinds for sun protection.
Wood strip flooring placed on sleepers has no thermal
insulation.

Energy class of building — as designed
Q¢ KWh/(m?a)]

424 318
<100
<150
<200
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnosbalksn 3ua 1

External Wall 1

U (W/m?K)

31 NpemMa HerpejaHom

TaBaHy

Partition wall to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTPYKLWja NCMOA
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YhyTpa Inside
Cnorpa Outside

ManTep 2 cm, oneka 38 cm, mantep 2 cm

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

127

[ ()

o ©

5 &

< 5

2 5

=

> 2

= g
(@]

ManTep 2 cm, oneka 25 cm, ManTep 2 cm

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

148

Cnosba Outside

. -

YHyTpa Inside

3emsba ca nnesom 10 cm, gacke
2.4cm, TaBarbade 14/20 cm, opBeHa
MOTKOHCTPYKUWja 6 cm , mantep Ha
TPLIYaHOj NoAIo3n 3 cm

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

0.78

Cnosballitbu 3ma 2

External Wall 2

U (W/m?K)
lNoa Ha Ty

Ground floor

U (W/m?K)
MNpo3opwu

Windows

U (W/m?K)

YHyTpa Inside
Cnosba Outside

Mantep 2 cm, oneka 25 ¢cm, mMantep 2 cm

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

1.70

YHyTpa Inside

l

Cnosba Outside

napket 2.2 cm, facke 2.4 cm,
notnatocHule 8/5 cm'y cnojy necka 10 cm,
xugpownsonauuja 1 cm, 6eToHcka nnova 10
cm, wibyHak 10 cm, HabujeHa 3emsba
parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10 cm sand bedding,
concrete 10 cm, gravel 10 cm, rammed
earth

048

YHyTpa Inside

Cnorsba Outside

[lpBeH ABOCTPYKM Ca pa3ABOjeHVM
Kpuivma 1 jeJHOCTPYKMM CTaknom

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

350




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

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUCHOCTH
cncTtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/beha

YHyTpalltba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
nyTem noKanHux 3arpesHux ypehaja - nehn
Ha YBPCTO ropurBO (APBO 1 yram). Taj cnuctem
Ce KOPWCTU 1 laHac.

Originally, local heating stoves (wood and
coal fired) were used for heating school
building. The same heating system is used
nowadays.

046

Lighting system

¥

Y WKONM Ce KOPUCTM MHKaAEeCLeHTHO
ocBeT/berbe. bes ayTomaTcke KOHTpone
OCBeT/bEHA.

The school uses incandescent lighting. No
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTK
npunpeme caHuTapHe
Tonne Bofe

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

[MoTpolwHa Tonna Bofa ce npunpema y
eekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

KuBurHe cnjannue.

Mercury vapor bulbs.

201
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CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

LLIkoncke 3rpage oBOr Tuvna rpaheHe Cy yriaBHom
npemMa TMncKk1Mm I'IpOjeKTHI/IM pewemrma, a nocieamnia
je M3paxKeHa TUMNOIoWKa XOMOTeHOCT. Tuncko pewere,

3aMpaBo, MpefCTaB/ba CaBpemeHy KHTeprnpeTtauunjy
Manvx NOAPYYHMUX WKOMa rpaheHnx y NpeTxoaHOM nepu-
ofly. KoHCTpyKuMja je ONTUMIM30BaHa, MPO30PCKM OTBOPK
cy noBehaHu HajeuLwe MOryhe y OKBMPY AATOr KOHCTPYK-
TUBHOT CKfona.

Bapwjauuje Ha BehrHK objekaTta Cy MUHKMANHE, WTO
omoryhaBa 1 penaTuBHO jeHOCTaBHY VMMAemMeHTaumnjy
Mepa eHepreTcke eduKkacHoCTU. Mepe yHanpeherba fate
y 0BOj NybanKaumju mory Outu, y3 MUHUMaNHa npuna-
rohaBarba, MPUYMEHEHE Ha YMTaB HI3 LUKOAA.

These school buildings were built mainly using
a standardized, typical design, resulting in extraordi-
nary homogeneity within the building type. The typi-
cal design was in fact the contemporary interpretation
of small rural school units built immediately after the
Second World War. The load bearing structure was opti-
mized, and windows were expanded to maximum size
relative to the given structure.

There are minimal variations in most buildings,
enabling a relatively straightforward implementation of
proposed energy efficiency measures.



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

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpagrba Hosux Npo3opa og MBL, npoduna ca ABOCIOJHMM U30M1aLMOHMM CTaK0-NaKETOM.

Installation of new, double-glazed PVC windows.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

V3onoBatbe pacagHIx 31110Ba KOHTAKTHOM TepMou3oaLvoHoM dacafom. Yrpadba HOBMX NPo3opa 1 ynasHux BpaTa oA MBL npoduna ca
ABOC/OJHUM M30M1aLMOHNM HUCKOEMUCKOHIM CTako-NakeTom (fobpa 3anTMBeHOCT).

Insulation of fagade walls with a contact fagade system. Installation of new PVC windows and entrance doors with double-glazed low-
emissivity glass unit (good air-tightness).

130noBare dacagHnx 31A0Ba KOHTAKTHOM TEPMOM30MALMOHOM Gacaom. V13010Bare YHyTpalbKX 3140Ba NpemMa HerpejaHom TaBaHy.
/130n0Batse MehycrnpaTHe KOHCTPYKLMjE Ka HEerpejaHoM TaBaHy y3 AeNMMIUYHY PEKOHCTPYKLM]Y ClojeBa. V30n0Bakbe Nofa Ha Ty y3 AeNVMUUHY
PEKOHCTPYKLMjy CrojeBa. Yrpaara HOBMX Mpo3opa v ynasHux Bpata of lMBLl npoduna ca ABOCIOJHUM M30MaLMOHUM HUCKOEMUCUOHNM
CTakno-naketom ([obpa 3anTmMeeHoCT).

Insulation of fagade walls with a contact fagade system. Insulation of interior walls to unheated attic. Insulation of floor structure to unheated
attic with partial layer reconstruction. Insulation of ground floor, with partial layer reconstruction. Installation of new PVC windows and
entrance doors with double-glazed low-emissivity glass unit (good air-tightness).

130noBatrbe dacagHnx 31A0Ba KOHTAKTHOM TEPMOM30MALMOHOM Gacaom. V130n0Bare YHyTpaLlHbVX 310Ba NpemMa HerpejaHom TaBaHy.
130noBatbe MehycnpatHe KOHCTPYKLMje Ka HerpejaHoM TaBaHy Y3 AENVMUYHY PEKOHCTPYKUMjy crnojesa. Vi3onosarbe nopa Ha Ty y3
LENMMNYHY PEKOHCTPYKUM]Y CnojeBa. Yrpafrba HOBYX MPO30pa 1 ynasHyx BpaTa Of KOMMO3WTHYX Npoduna ca TPOCNOjHUM M301aLNOHIM
HVICKOEMUCUOHKM CTaK/0-NakeToM (1006pa 3anT1BEHOCT).

Insulation of fagade walls with a contact fagade system. Insulation of interior walls to unheated attic. Insulation of floor structure to unheated
attic with partial layer reconstruction. Insulation of ground floor, with partial layer reconstruction. Installation of new composite windows and
entrance doors with triple-glazed low-emissivity glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbm 3ug 1

External wall 1

U (W/m?K)

Cnosballtbn 31 2

External wall 2

U (W/m?K)

31a npema HerpejaHom
TaBaHy

Partition wall to
unheated attic

U (W/m?K)
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YHanpehetbe 1 Improvement 1

YHyTpa Inside

ManTep 2 cm, oneka 38 cm, Mantep 2 ¢m,
Tepmomsonauwja 10 cm, mantep 1.cm

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

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2 cm, oneka 38 cm, Mantep 2 cm,
Tepmomsonauuja 10 cm, mantep 1 cm
plaster 2 cm, brick wall 38 cm, plaster 2 cm,
thermal insulation 10 cm, plaster 1 cm

YHanpebherbe 3 Improvement 3

B
<
P
s

ManTtep 2 cm, oneka 38 cm, Mantep 2 cm,
Tepmomsonauuja 20 cm, mantep 1 cm

YHyTpa Inside

Cnosba Outside

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

0.29

[} ()

b °

b &5

= 5

2 :

=

> 2

= e
(v]

ManTep 2 cm, oneka 25 cm, mMantep 2 cm,
Tepmomsonaumja 10 cm, Mantep 1.cm

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

0.29 0.16
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© he) he) he)
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ManTep 2 cm, oneka 25 cm, Mantep 2 cm,
Tepmomsonauuja 10 cm, mantep 1 cm

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

0.30

ManTep 2 cm, oneka 25 cm, Mantep 2 cm,
Tepmomsonaupja 20 cm, mantep 1 cm

plaster 2 cm, brick wall 25 cm, plaster 2 cm,
thermal insulation 20 cm, plaster 1 cm

0.17

0.30

(] (9}
© he)
g Z
< g
: -
e =
)

HEMA M3MEHA

NO CHANGES
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YHyTpa Inside

Cnosba Outside

MMNCKapTOHCKa moya 1.25 ¢cm,
TepmMomsonaumja 5 cm, mantep 2 cm, oneka
25cm, mantep 2 cm,

gypsum board 1.25 cm, thermal insulation
5cm, plaster 2 cm, brick wall 25 cm, plaster
2cm

0.48

YHyTpa Inside

Cnosba Outside

MMNCKapTOHCKa mnoya 1.25 ¢cm,
TepmMomsonauuja 10 cm, mantep 2 cm, oneka
25 cm, mantep 2 cm

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

0.29




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

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

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpebhetbe 3 Improvement 3

Cnosba Outside Cnosba Outside Cnorsba Outside

MehycnpaTHa
KOHCTpYyKUMja ncnog e —— s soneyevoseyeel SRR

HerpejaHor TaBaHa H XYLV LN

Floor structure to

YHyTpa Inside YHyTpa Inside YHyTpa Inside
unheated attic HEMA VI3MEHA ME ponvj ‘ j j
ja, Tepmomsonaumja 15 cm, packe ME donwja, Tepmomrsonaumja 25 cm, gacke
— 2.4 cm, TaBarbave 14/20 cm, ApBeHa 2.4 cm, TaBakbaue 14/20 cm, ApBeHa
NO CHANGES NOTKOHCTPYKLUMja 6 CM , ManTep Ha TPLWYaHOj  MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLWYaHoj
nogno3n 3 cm nognosn 3cm

PE foil, thermal insulation 15 cm, planks 24 cm,  PE foil, thermal insulation 25 cm, planks
wood rafters 14/20 cm, wooden substructure 6 2.4 cm, wood rafters 14/20 cm, wooden

cm, straw-plaster ceiling 3 cm substructure 6 cm, straw-plaster ceiling 3 cm
U (W/m?K) 0.78 0.19 0.13
YHyTpa Inside YHyTpa Inside YHyTpa Inside

[og Ha Ty

Ground floor ==

Cnosba Outside Cnosba Outside Cnorsba Outside
HEMA N3MEHA napkKeT 2.2 cm, LileMeHTHa Kolysbuia 4 cm, napkeT 2.2 cm, LeMeHTHa Kolysbuua 4 cm,
— Tepmowusonauuja 5 cm, xmgpounsonauuja 1 Tepmousonauuja 5 cm, xugpovsonauuja 1
NO CHANGES cm, 6eToHcKa nnova 10 cm, WwibyHak 10cm, cm, 6eToHcKa nnova 10 cm, wibyHak 10cm,
HabujeHa 3emsba HabvjeHa 3emba
parquet 2.2 cm, cement screed 4 cm, thermal parquet 2.2 cm, cement screed 4 cm, thermal
insulation 5 cm, hydro insulation 1 cm, concrete  insulation 5 cm, hydro insulation 1 cm, concrete
10 cm, gravel 10 cm, rammed earth 10 cm, gravel 10 cm, rammed earth
U (W/m?K) 048 0.28 0.28
Mposopw S 3 bl bl bl b
_ E 2 2 2 2 £z
] © @) © (@) ©
. Q. [oN Q.
Windows R M =4 3 = 2 >
2 = 2 = e =
(@} (@] (@]
IBL| ca ABOCNOjHMM HUCKOEMMCUOHMM CTakno  TBLL ca ABOCIOjHMM HNCKOEMUCUOHMM CTaKNo  KOMMO3WTHM Npodui ca TPOCNOjHM
nakeTom nakeTom HCKOEMMCVIOHIM CTaK/O MakeToM UCMyHEHUM
. — VHEPTHVIM racom
PVC, double glazed low-E glass unit, inert PVC, double glazed low-E glass unit, inert —
gas filling gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdwukacHocT cructema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tonne Boae

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa.

The existing heating system is retained.

0.5

046

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

Yrpaparba LeHTpanHor rpejatba ca

paaujaTopriMa Kao rpejHAM TefMMa 1 KOTIOM

Ha ApBHY 61omacy (nener).

Installation of central hydronic system with
radiators. The heating source is biomass
(wood pellet) fired boiler.

0.91

0.85

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpanra KoMnpecopcke TonnoTHe nymne
Ba3,qy></Bo,ua Ca Xnapomoaynom.

Installation of air source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



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

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

80%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

82%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

83%

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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHY Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmiwirba
notpebHa eHepryja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

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

250

200

150

100

50

15% 15%
40%
57% 70%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywrefe — savings
250 250 250

I 200 200 200
[ |
II 150 150 150
II | 100 | 100 100
II 50 I SO I SO
12 3 4 5 6 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6

1 — cnosbalutbh 31f, 2 — NPO30py, 3 — ynasHa BpaTta, 4 — 3uf Ka HerpejaHom Npoctopy, 5 — MehycnpaTtHa KOHCTPYKUMja CNOA HerpejaHor
TaBaHa, 6 — nog Ha Ty

1 - external wall, 2 — windows, 3 — doors, 4 — wall to unheated area, 5 - floor construction to unheated attic, 6 — ground floor

255 318
| | kWh/m? a
<12 <20 <38 <75 <188 >188 500
<15 <25 <50 <100 <150 <200 <250 >250 rel %

A A A

80 121 184



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

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

OuHanHa eHepryja 130318
Final energy |
[kwh/a] Lo [ | | [
0 A A 50 A 100%
5815 28447 76310
(4.5%) (21.8%) (58.6%)
MpumapHa eHepruja 141036
MMapHa eHepruj v

e eney _
[kWh/a] A A so A 100%

7676 14538 83788
(54%) (10.3%) (59.4%)

Emncmja CO, HakoH

npvimMeHe rpaheBnHCKIX
46086
1 TEPMOTEXHUYKKX Mepa

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

-4

3408 7705 27810
[kg/al (7.4%) (1 6 79%) (60.3%)
Emncnja CO, HakoH f @
yHanpebhetba cuctema 1697

pacsete v
- |
CO, emission after
lighting improvement

0 AAA 50 100%

[kg/al 294309 339
(17.3%) (18.2%) (20.0%)

0+ 9+ @

| | |
v MNONA3Ho CTatbe V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 a yHanpehetbe 2 a yHanpehetbe 3
starting condition usual interventions improvement 1 improvement 2 improvement 3
| |
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———r LT T

et ]

Li2
C2

LLIkoncka 3rpaga
nospwuHe 500-2000 m?

A7 = @

School building
with area 500-2000 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 1971. Year of construction 1971

Bpoj eTaxa Mo+Mp+1 Number of floors B+Gf+1
MospLnHa (M?) 6pyTo 1200 Area (m?) Gross 1200

MoBpLnHa (M?) HeTO rpejaHa 990 Area (m?) Net heated 990

3anpemuHa (m?) HeTo rpejaHa 3760 Volume (m?) Net heated 3760

ObjekT oBOr TMMa rpaheHn cy yrnaBHOM Npema
NpunaroheHM TUNCKM MPOojeKT1Ma: LWKOMCKa 3rpaaa
je dopmmpaHa of rnaBHOr Kopnyca, ca jedHUM Ao ABa
aHekca (4ecto rpaheHum y daszama) n cagpxu sehu 6poj
yymoHmnUa 1 KabuHeTta, 360pHULY 1M aAMUHUCTPATUBHM
6nok. LleHTpanHu feo 3rpade MMa npusembe U Crpar,
[OK aHeKcu Mory OuTK NPU3EMHW UAK cnpaTHW. Kcnog
[ena 3rpaje Hanasw ce HerpejaHu NOAPYM Ca TeXHUYKIAM
npoctopujama. KpoBOBM Cy PaBHW, HEMPOXOAHW WK
Kocu y bnarom nagy.

OTBOpPW Cy y BMAY NPO30PCKMX TPaka Koje ce mpocTn-
PY YHYTap KOHCTPYKTMBHMX PACMoHa, ca apMupaHobe-
TOHCKMM CTYOOBVMA BUA/BUBKM Ha dacaau.

——
210

This building type was built according to the adjust-
ed typical designs: the school building consists of the
main hull with one or two annexes (often built in differ-
ent phases), containing numerous classrooms and labo-
ratories, the staffroom and school administration offic-
es. The central part of the structure has two stories, while
the annexes may be one or two stories high. There are
flat or shallow pitched roofs.

The openings are in the form of ribbon windows
fitting the entire structural spans, leaving the reinforced
concrete columns visible on the facade.



Wkoncke 3rpage oBor TMna paheHe Cy y CKeneTHOM
CUCTEMY Ca CUTHOPEOPACTOM MeRYCNPATHOM KOHCTPYK-
LMjOM T1Na ,aBpameHKo”. ApMMPaHODETOHCKM (CTyboBY,
rpefe, 3uHa nnaTHa) v 3uaaHn (MCnyHe of rmtep one-
Ke, bacafHu 31a0BM Of NMyHe oneke) enemeHTH GpacagHor
OMOTaua Cy HeM30/10BaHW. PaBHN KPOBOBW 1Majy Y CBOjO]
CTPYKTYPU 1 TepMOU30naLujy Koja He OArosapa akTyes-
HVM CTaHAAPAMMA, JOK CY MAKUTKI KOCK KDOBOBM paheru
13Ha OeTOHCKe TaBaHuLe 6e3 TepMour3onaLuje.

EHepreTckn pa3peq 06jeKTa — NPOjEKTOBAHO CTakbe

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

The load bearing structure of this school type is in
the reinforced concrete frame system. Concrete facade
elements (columns, beams, walls) as well as the mason-
ry (clay block infills, brick walls) are uninsulated. Flat roofs
contain substandard thermal insulation layers while low-
pitched roofs were constructed without any thermal
insulation. Windows are wooden, single frame, connect-
ed double sashes with single pane transparent glazing.

Energy class of building - as designed

Qg et [%] Q. kWh/(m?a)]
409 307
<15
<25
_ <50
<100
<150
<200
<250
> 250




HaumoranHa Tunonorwja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnosballksen 31a

External Wall

U (W/m?K)

PaBaH Kpos

Flat roof

U (W/m?K)

Koc kpoB

Pitched roof

3 3 MebhycnpatHa
é 3 KOHCTPYyKUWja M3Hag
£ 3 HerpejaHor nogpyma
I 9}
> c S

U

Floor structure to

6eToH 40 cm

unheated basement

concrete 40 cm

2.92

Cnorba Outside

YHyTpa Inside U (W/m?K)
WbyHaK 2 cm, xuapounsonaumja 1 cm, 6eToH

3a nag 8 cm, Tep nanup, Tepmou3sonatmja

5cm), “ABpameHKo” TaBaHmua 30 cm, ApBeHa [—|O,£l Ha Tny

NOTKOHCTPYKLKja 6 CM, ManTep Ha TpLWYaHoj —
nognosn 3cm

gravel 2 cm, hydro insulation 1 cm,
lightweigth concrete 8 cm, roofing paper,
thermal insulation 5 cm, ribbed semi-
prefabricated concrete slab Avramenko
30 cm, wooden substructure 6 cm, straw-
plaster ceiling 3 cm

0.56

Ground floor

Cnosba Outside

W W a W W Wt

T ]

YHyTpa Inside

U (W/m?K)

MNpo3opwu
canoHuT, neTee 5/8 cm, ApseHe rpeauue
8/10 cm, “ABpameHKko” TaBaHmua 30 cm,
[ipBeHa NOTKOHCTPYKLWja 6 cm, ManTep Ha
TPLIYaHOj MoAIo3n 3 cm

Windows

fiber cement roof tile, battens 5/8 cm,
wooden substructure 8/10, ribbed semi-
prefabricated concrete slab Avramenko
30 cm, wooden substructure 6 cm, straw-
plaster ceiling 3 cm

1.03 U (W/m?K)

YHyTpa Inside

Cnosba Outside

BMHa3 nnoue 0.2 cm, dnopbut 5 cm,
“ABpameHKo" TaBaHMUa 30 cm, ApBeHa
MOTKOHCTPYKUWja 6 CM, ManTep Ha TPpLIYaHoj
nognosn 3cm

vinyl-asbestos tile 0.2 cm, bitumenous
screed (florbit) 5 cm, ribbed semi-
prefabricated concrete slab Avramenko

30 cm, wooden substructure 6 cm, straw-
plaster ceiling 3 cm

0.58

YHyTpa Inside
S

Cnorba Outside

BMHa3 nnoue 0.2 cm, Gnopout 5 cm,
xuapowvsonaumja 1 cm, 6eToHCKa nnova
10cm, WwWrbyHak 10 cm, HabwvjeHa 3emrba
vinyl-asbestos tile 0.2 cm, bitumenous
screed (florbit) 5 cm, hydro insulation 1 cm,
concrete 10 cm, gravel 10 cm, rammed eart

0.30

Cnorpa Outside
YHyTpa Inside

NPBEHU IBOCTPYKM Ca CMOJEHNM KpUIVMa U
JeAHOCTPYKMM CTaKIoM

wooden, double frame, connected sash with
single glazing

3.30




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

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/beha

YHyTpalltba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOMa Ce 3arpesarna
CMUCTEMOM LIEHTPAJTHOT rpejarba Ca KOT/IoM
Ha YBPCTO ropumBo (yrasb) v ca pasmnjatopuma
Kao rpejHnM Tenrma. Taj cnctem ce KOpucTm
1 AaHac y3 npenasak Ha KoTao Ha NPUPOAHN
rac.

Originally, central hydronic heating system
with coal fired boiler and radiators has been
installed. The same heating system is used
nowadays, but with new boiler using natural
gas as the energy source.

Lighting system

¥ A

Manu geo Wwkone KOpUCTU MHKaLEeCLEHTHO
oCBeT/betbe [IOK Ce Y Hajsehem aeny
Kopuctn Gnyo ocseTberbe. bes aytomatcke
KOHTpOJe 0CBET/betba.

A small part of the school uses incandescent
lighting, while most of it uses fluorescent
lighting. No automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTH
npunpeme caHnTapHe
TOre Boge

DHW preparation
efficiency

CnorbHa pacseTa

Outdoor lighting

[NoTpoluHa ToMna Boga ce npunpema y
eekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

0.92

.

KreuHe crjanuue.

Mercury bulbs.

w
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CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

Wkoncke 3rpafe cpefre BennuvHe npojeKToBaHe
Cy nMpema Tafla CTaH4apAHUM MOAeNVMa Te ce CMYHa
APXMTEKTOHCKa pellerba - CNPaTHY ABOTPAKT, Ca HU30BM-
Ma MnojerHaYHMX MNPO30pa Koju CUMyrpajy Npo3opcke
Tpake - MOry Hahv LUIMPOM 3emsbe.

EnemeHT mMatepujanusaunje ce Takohe MOHaB/bajy,
Kako y eKCTepujepy Tako 1y eHTepujepy, Na NoaHe obno-
re y y4moHM1Lama, XoaHuLM, CTeneHnTa, orpaje 1 onpe-
Ma roTOBO fa Cy UCTW Y CBMM LUKOMIama OBOT TWMa.

360r  BEAMKMX  CTakMeHWX MOBPLWMHAE, 3aMmeHa
dacagHe cTonapuvje jedHa je Of HEM30CTaBHUX Mepa
yHanpehersa BeOMa NOWNX eHEPTeTCKNX KapaKTepucTm-
Ka OBWX 3rpaja.

Mid-size school buildings were designed using the
same models, resulting in similar architecture - two-story
double-bay structure with arrays of windows acting like
ribbon windows - all over the country.

The materials, structures and finishes are repeatedly
used in the exterior as well as in the interior: classroom
floors, halls, stairways, railings and equipment are almost
the same in all schools of this type.

Because of the large glazed areas, the window
replacement may be considered as one of the inevitable
measures for improving the poor energy performance of
these buildings.



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

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpagrba Hosux Npo3opa og MBL, npoduna ca ABOCIOJHMM U30M1aLMOHMM CTaK0-NaKETOM.

Installation of new, double-glazed PVC windows.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

/130n0Batbe PaBHOr KPOBa Y3 AeNUMUYHY PEKOHCTPYKLM)Y CrojeBa. VI3onoBarbe KOCOr KpOBa Y3 AENVMUYHY PEKOHCTPYKUM]Y Crojesa ca
cnosballtbe CTpaHe. V3onosare MehycnpaTHe KOHCTPYKLUWMjE Ka HerpejaHoM NMoapymy Y3 AeUMUYHY PEKOHCTPYKUW)y crojeBa. Yrpafrba
HOBWX NPO30pPa v ynasHux spata oA MBL| npoduina ca ABOCIOjHM M30MALMOHNM HUCKOEMCUOHUM CTaKNO-MakeToM (obpa 3anTnseHoCT).
Insulation of flat roof structure with partial layer reconstruction. Exterior insulation of pitched roof structure with partial layer reconstruction.
Insulation of floor structure to unheated basement with partial layer reconstruction. Installation of new PVC windows and entrance doors
with double-glazed low-emissivity glass unit (good air-tightness).

130noBare dacagHMx 3MA0Ba KOHTAKTHOM TEPMOM30MaUMOHOM dacafom. VI30510Barbe paBHOT KpoBa Y3 AENUMUYHY PEKOHCTPYKLM)Y
cnojesa. M3onoBarbe KOCOr KpoBa Y3 AENMMUYHY PEKOHCTPYKLMJY ClojeBa ca Crosballtbe CTpaHe. V3onosarbe mehycnpaTHe KOHCTPYKLvje
Ka HerpejaHoM Nnoapymy y3 AenvMnyHy PEKOHCTPYKLM]Y CrlojeBa. Yrpaarsa HOBMX Npo3opa 1 ynasHwx Bpata of INBL npoduna ca ABOCNOjHUM
130M1aLMOHNM HUCKOEMMCUOHUM CTaK/0-NakeToM (06pa 3anTnBeHoCT).

Insulation of fagade walls with a contact facade system. Insulation of flat roof structure with partial layer reconstruction. Exterior insulation of
pitched roof structure with partial layer reconstruction. Insulation of floor structure to unheated basement with partial layer reconstruction.
Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (good air-tightness).

130noBatbe dacaHMx 3MA0Ba KOHTAKTHOM TEPMOM30M1aLUMOHOM dacaom. V3onoBarbe paBHOM KpoBa Y3 AENUMUYHY PEKOHCTPYKLM)Y
cnojesa. M3onoBarbe KOCOr KPOBa Y3 AENVMUYHY PEKOHCTPYKLMJY ClojeBa ca Cnosballtbe CTpaHe. 3onosarbe mMehycnpaTHe KOHCTPYKLMje
Ka HerpejaHoM NoApyMy Y3 AENMMUYHY PEKOHCTPYKLW]Y CnojeBa. V3onoBarbe nofa Ha Ty Y3 AeNMMUYHY PEKOHCTPYKLW]Y CrojeBa. Yrpaarba
HOBWX NPO30pPa M YNasHWX BpaTa Off KOMMO3WTHUX NMpoduna ca TPOCIOJHUM M30MNALMOHNM HUCKOEMUCUOHUM CTakfo-naketom (aobpa
3aMnTUBEHOCT).

Insulation of facade walls with a contact facade system. Insulation of flat roof structure with partial layer reconstruction. Exterior insulation of
pitched roof structure with partial layer reconstruction. Insulation of floor structure to unheated basement with partial layer reconstruction.
Insulation of ground floor, with partial layer reconstruction. Installation of new composite windows and entrance doors with triple-glazed
low-emissivity glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31,

External wall

U (W/m?K)

PaBaH KpoB

Flat roof

U (W/m?K)

Koc kpos

Pitched roof

YHanpehetbe 1 Improvement 1

(9] [}

he) he)

2 =

8 .

£ 2

= 2
()

HEMA M3MEHA

NO CHANGES

292

Cnosba Outside

VANAAMNY

YHyTpa Inside

XVapon3onaLoHa membpaHa, Tepmomnsonaumja 15

cm, napHa bpaHa, 6eToH 3a nag 8 cm, Tep nanup,
Tepmomsonaumja 5 cm, “AspameHKo” TagaHuua 30 cm,
[IpBEHa NOTKOHCTPYKLMja 6¢m, MarnTep Ha TPLUYaHoj
noanosn 3cm

waterproof membrane, thermal insulation 15 cm, vapour
control layer, lightweigth concrete 8 cm, roofing paper,
thermal insulation 5¢m, ribbed semi-prefabricated concrete
slab Avramenko 30 cm, wooden substructure 6 cm, straw-
plaster ceiling 3cm

0.18

Cnosba Outside

YHyTpa Inside

TpanesacTvi MM, ABOCTPYyKe NneTse 3/5, Tep nanup, facke
24 cm, auctaHuepu 5/15 cm/ Tepmowisonaumja 15 cm,
“"ABpameHko”TaBaHVLa 30 cm, ApBeHa NOTKOHCTPYKUMja 6
Cm, ManTep Ha TPLIYaHoj NoAIo3n 3 cm

metal roofing sheet, battens / counter battens 3/5 cm,
roofing paper, plank 24 cm, wooden substructure 5/15,
thermal insulation 15 cm, ribbed semi-prefabricated
concrete slab Avramenko 30 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.20

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

6eToH 40 cm, TepMowmzonaumja 10 cm, mantep
1cm

concrete 40 cm, thermal insulation 10 cm,
plaster T cm

0.33

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

6eToH 40 cm, TepMowzonaumja 20 cm, manTep
1cm

concrete 40 cm, thermal insulation 20 cm,
plaster T cm

0.17

Cnosba Outside

VANAAMNY

YHyTpa Inside

Xvapon3onaLoHa membpara, Tepmomnsonaumja 15

cm, napHa bpaHa, 6eToH 3a nag 8 cm, Tep nanup,
Tepmomsonaumja 5 cm, "ABpameHKo” TasaHuua 30 cm,
[ApBeHa NMOTKOHCTPYKLMja 6CM, ManTep Ha TPLYaHoOj
nognosn 3cm

waterproof membrane, thermal insulation 15 cm, vapour
control layer, lightweigth concrete 8 cm, roofing paper,
thermal insulation 5¢cm, ribbed semi-prefabricated
concrete slab Avramenko 30 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.18

Cnosba Outside

YHyTpa Inside

TpanesacTvi MM, ABOCTPYyKe NneTse 3/5, Tep nanup, facke
24 cm, guctaHuepu 5/15 cm/ Tepmowizonaumja 15 cm,
"ABpameHKo” TaBaHuLa 30 cm, ApBeHa NOTKOHCTPYKLUMja 6
Ccm, ManTep Ha TPLIYaHoj NoAIo3n 3 cm

metal roofing sheet, battens / counter battens 3/5 cm,
roofing paper, plank 24 cm, wooden substructure 5/15,
thermal insulation 15 cm, ribbed semi-prefabricated
concrete slab Avramenko 30 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.20

Cnosba Outside

YHyTpa Inside

XApov30aLmMoHa MembpaHa, Tepmonsonaumja 25

cm , napHa 6pata, 6eToH 3a Nag 8 cm, Tep nanvip,
Tepmow3onaumja 5cm, “Aspamerko” TaBaHmua 30 cm,
[ipBeHa NOTKOHCTPYKLUMja 6 Cm, ManTep Ha TPL4aHoj
nognosn 3cm

waterproof membrane, thermal insulation 25 cm, vapour
control layer, lightweigth concrete 8 cm, roofing paper,
thermal insulation 5cm, ribbed semi-prefabricated
concrete slab Avramenko 30 cm, wooden substructure
6cm, straw-plaster ceiling 3 cm

0.12

Cnoma Outside

YHyTpa Inside

TpanesacTu i, ABOCTPYKe neTse 3/5 cm, Tep nanwp,
[facke 24 cm, aucTaHuepu 5/25 cm/ Tepmousonatja

25 cm, "ABpameHKo" TaBaHmUa 30 cm, JpBeHa
MOTKOHCTPYKLMja 6CM, ManTep Ha TPLUYaHoj NOA103K
3cm

metal roofing sheet, battens / counter battens 3/5 cm,
roofing paper, plank 2.4 cm, wooden substructure 5/25,
thermal insulation 25 cm, ribbed semi-prefabricated
concrete slab Avramenko 30 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.13




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

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

MehycnpaTHa
KOHCTPYKLUWja VM3Ha/
HerpejaHor noapyma

Floor structure to
unheated basement

U (W/m?K)
Mo Ha Ty

Ground floor

U (W/m?K)
[po3opu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside

ByHWUN nnove 0.2 cm, Gnop6but 5 cm,
"ABpameHKo" TaBaHMLa 30 cm, ApBeHa
NOTKOHCTPYKUMja netse 2x 5/3 cm /
Tepmomsonaumja 10 cm, rMNCKapToHCKa nova
125 cm

vinyl tile 0.2 cm, bitumenous screed (florbit)

5 cm, ribbed semi-prefabricated concrete

slab Avramenko 30 cm, double wooden
substructure 5/3 cm, thermal insulation 10 cm,
gypsum board 1.25 cm

0.37

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

BMHWUN nnode 0.2 cm, nop6ut 5 cm,
"ABpameHKo" TaBaHMLa 30 cm, ApBeHa
NOTKOHCTPYKUMja netse 2x 5/3 cm /
Tepmomsonaumja 10 cm, rMNckapToHCKa nova
125 cm

vinyl tile 0.2 cm, bitumenous screed (florbit)

5 cm, ribbed semi-prefabricated concrete

slab Avramenko 30 cm, double wooden
substructure 5/3 cm, thermal insulation 10 cm,
gypsum board 1.25 cm

0.37

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

BUHMN nnoyve 0.2 cm, GnopbuT 5 cm,
"ABpameHKo” TaBaHMLa 30 cm, ApBEHa
MOTKOHCTPYKLMja netse 2x 5/3 cm /
Tepmomsonaumja 20 cm, rmMNcKapToHCKa
nnoya 1.25 cm

vinyl tile 0.2 cm, bitumenous screed (florbit)
5 cm, ribbed semi-prefabricated concrete
slab Avramenko 30 cm, double wooden
substructure 5/3 cm, thermal insulation
20cm, gypsum board 1.25 cm

0.34

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnorsba Outside

HEMA M3MEHA HEMA M3MEHA BUHWA nnoye 0.2 cm, LeMeHTHa KoLybrLa
— — 4 cm, Tepmow3zonaumja 5 cm, pnopbut 5.cm,
NO CHANGES NO CHANGES xuapovsonaumja 1 cm, 6etoHcka nnova 10cm,
WwrbyHak 10 cm, HabvjeHa 3emba
viny! tile 0.2 cm, cement screed 4 cm, thermal
insulation 5 cm, thermal insulation 5 cm
(florbit) hydro insulation 1 cm, concrete 10cm,
gravel 10 cm, rammed earth
0.30 0.30 0.24
(] [} [} (5} (5} (]
°© © o © °© °©
g | Z g = g 2
A ¥ = - . = >
o I o : I o I
B > B
S 5 B 5

[1BL| ca ABOCNOJHMM HUCKOEMUCHOHMM CTak/1o
MaKkeTom

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

1.40

[BL| ca ABOCNOjHMM HUCKOEMUCHIOHWM CTaK/O
MaKeToM

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

1.40

KoMno3uTHM npodun ca TpocnojH1m
HMCKOEMMUCVIOHNM CTaK/0 MakeTom UCMyHEHUM
VHEPTHVM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdukacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tomne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
NPOCTOpPa, Ca CMatberbem TemrnepaTypCcKor
pexViMa y OAHOCY Ha NocTojenu.

The existing central hydronic system is
retained, with lower water temperature level
comparing to the existing.

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

3appxaH je noctojehn cuctem rpejarba
NPOCTOPa, Ca CMatbetbem TemrnepaTypcKor
pexviMa y OgHOCY Ha noctojenu.

The existing central hydronic system is
retained, with lower water temperature level
comparing to the existing.

0.92

0.86

Hema n3meHa

No changes

YHanpebherse 3 Improvement 3

yrpa,uH;a KOMMpPeCcopcke TorioTHe nymMne
Ba3,qy></Bo,qa Ca Xnapomoaynom.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



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

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

65%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

67%

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

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

TonnoTHN ryouLn

- 15% 15% 11%
Heat losses
%
%] 36%
63% 74%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywTeae — savings
TpaHCMUCKOHN TyOULK 2000 2000 2000 2000
- 1800 1800 1800 1800

Transmissive losses
1600

1600 l 1600 1600
1400 l 1400 1400
1200 l 1200 1200
1000 l 1000 1000
800 l 800 800

[W/K]
1400

1200

1000

o
o
(=}

g | | [ ] [ [ ]|

600 600 l 600 600
400 400 ll 400 l 400
| | [ |
“ I i | | “HR “ill
m 1 T | [
3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1- CnosbalLkby 31, 2- NPO30PU 1 BPaTa, 3- paBaH KPOB, 4- KOC KPOB, 5-MehycnpaTtHa KOHCTPYKLM]A M3HAA HerpejaHor nogpyma, 6- Nog Ha Ty

1- external wall, 2- windows and doors, 3- flat roof, 4- pitched roof, 5- floor construction to unheated basement, 6-ground floor

CneuydunyHa roaniitba

! 257 307

noTpe6Ha eHepruja 3a

rpejaH,e | | kWh/m? a

= <12 <20 <38 <75 <188 >188 500

Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %
|

C
| |

[(kWh/m?a] A A A
61 92

185

220
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YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

DviHanHa eHepruja 365897
;inal energy Y
I
[kwWh/a] I I [ [ I [
0 50 100%
24%7 1%2 2244470
6.6% 32.0% 61.3%
lMpymapHa eHepruja 4%558

e ]

|
[(kWh/a] 0 a a 50 n 100%
60391 144004 261988
14.5% 34.5% 62.7%
Emncmja CO, HakoH @

npvimMeHe rpaheBnHCKIX
1 TEPMOTEXHUYKKX Mepa

92393

-4

CO, emission after
architectural and HVAC
improvement

o —

A A 50 A 100%

32007 37682 61279
(kg/al 346%  40.8% 66.3%

® ®
Emncnja CO, HakoH H & @
yHanpebherba cnctema 10604

pacsete v

- |
CO, emission after
lighting improvement

o —

A z IA 50 100%

[kg/a] 3546 3734 4094
334% 352% 38.6%

g+ 9+= @

| | |
v MNONA3Ho CTatbe V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 a yHanpehetbe 2 a yHanpehetbe 3
starting condition usual interventions improvement 1 improvement 2 improvement 3
| |

221
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L3a
C3a

LLIkoncka 3rpaga
noBpLnHe Behe og 2000 m?

A7 = QA

School building
with area more than 2000 m?

Kateropuja cpearba WKona Category high school
[oavHa n3rpagme 1980. Year of construction 1980

Bpoj eTaxa Mp+1 Number of floors Gf+1
MospLnHa (M?) 6pyTo 3300 Area (m?) Gross 3300
MoBpLnHa (M?) HeTO rpejaHa 2765 Area (m?) Net heated 2765
3anpemuHa (m?) HeTo rpejaHa 11575 Volume (m?) Net heated 11575

222

APXUTEKTOHCKM CKMOM LUKOMICKMX 3rpafja OBOr T1Ma
pe3ynTar je NpuMeHe CTaHAAPAHWX NPOJEKTHUX pelleba
KapaKTepuCTUUHMX 3a LWKOACKe 3rpaae 70-mx roamHa 20.
Beka. 3rpafa MMa Npu3emsbe 1 CrpaT: yUVoHNLE 1 Kabu-
HETW Ce HWKY [y LeHTPanHOr XO[HWKa, a Y Npu3emby
Ce Ko yNasHor xofa Hanase 360pHuLa 1 aaMUHIUCTPa-
TUBHM ONOK. KpOBOBW Cy KOCY IBOBOLHMW.

OTBOPW Ha yuMOHMLIaMa Cy Y BUIY NPO30PCKMX TPaKa
Koje ce MPOCTUPY YHYTap KOHCTPYKTMBHYX pacroHa, ca
apPMMPAHOBETOHCKIMM CTYOOBMMA BUA/BUBUM Ha dacaan,
JIOK je XO[HWK OCBET/beH MOojeAvHaYHIUM OTBOPMMA Ha
604yHMM dacanama.

The architectural layout of this type resulted from
the application of the standard design guidelines for
the 1970s school buildings. The building has two stories;
classrooms and laboratories are laid out along the
central corridor, while the staffroom and school adminis-
tration offices are placed on the ground floor, next to the
entrance hall. The roofs are double pitched.

The ribbon windows cover the entire structural
spans, leaving the reinforced concrete columns visible
on the facade, while the corridors are lit through single
facade openings.



Ukoncke 3rpage oBor Tvna paheHe cy y apmumpa-
HOOETOHCKOM CKeNeTHOM CucTemy. EnemeHTn ckenetHe
KOHCTpYyKUMje, Kao ¥ dacadHu 31aosKn of GpyroBaHe cu-
JIMKaTHe Oneke Ca Crnosballitbe CTpaHe Cy Hemantepunca-
Hu, 6e3 TepmumyKe 1M3onaunje. KOHCTPYKUMja KOCOT KpoBa
je nyHa apmrpaHobeToOHCKa NnoYa, ca 5cm Tepmon3ona-
Lmje 1 OETOHCKMM LipenoM Ha APBEHO] NOTKOHCTRYKLUM)U.
[po3opw Cy ApBEHW, ABOCTPYKM, Ca CMOJEHUM KpUvma
(,KpWNO Ha KpUNO") 3aCTakIbeH jeLHOCTPYKMM CTaKOM.

EHepreTckn pa3peq 06jeKTa — NPOjEKTOBAHO CTakbe

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

This type of school buildings was built in the rein-
forced concrete frame system with concrete floor slabs.
The frame components as well as the facade walls are in
38cm silicone brick, without thermal insulation or plas-
tering on the exterior. The roof structure is a pitched
reinforced concrete slab, with 5cm of thermal insula-
tion and concrete tiles on the wooden battens. Windows
are wooden, connected double sashes with single pane
glazing.

Energy class of building — as designed

Qg er %] Q. kWh/(m?a)]
256 192
<15
<25
B <50
<100
<150
<200
<250
> 250
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnosbalksn 3ua 1

External Wall 1

U (W/m?K)

Cnosbaltbn 3ug 2

External Wall 2

U (W/m?K)

Koc kpoB

Pitched roof

U (W/m?K)

3 3 MebhycnpatHa
é g KOHCTPYyKUWja M3Hag
£ 3 CMosbHOT MPOCTOpa
T o
> [ S

)

Floor structure to

6eToH 38 cm .
_ outside area
concrete 38 cm
3.00 U (W/m?K)
3 Tt 3 MNoa Ha Ty
2 T 2
— I > R
3 T ©
£ 3 Ground floor
I i e}
> T [

)

Mantep 2 cm, CUn1KaTHa oneka 38 cm

plaster 2 cm, silicate brick wall 38 cm

1.75

Cnosba Outside

U (W/m?K)

YHyTpa Inside Mposopy
CanoHWTKa, Tep Nanup, AaliyaHa onnara 2.4
cm, neTse 3/5 cm/ Tepmowsonaumja 5 cm,
Tep nanunp, beToHCKa nnoYa 16 cm, Mantep
2cm

Windows

fibre cement tile, roofing paper, planks 2.4
cm, battens 3/5 cm, thermal insulation 5 cm,
roofing paper, concrete 16 cm, plaster 2 cm

0.66 U (W/m?K)

YHyTpa Inside

Cnosba Outside

Kepamuuke nnounte 0.8 cm, UeMeHTHa
Kolysbula 3 ¢m, 3By4Ha 13onauuja 2 cm,
6eToHCKa nnoya 16 cm, mantep 2 cm
ceramic tiles 0.8 cm, cement screed 3 cm,
sound insulation 2 cm, concrete 16 cm,
plaster 2 cm

1.24

YHyTpa Inside
=

Cnosba Outside

BMHa3 nnoue 0.2 cm, LeMEHTHa KowwyrbuLa 5
cm, TepMom3onaluja 2 ¢cm, 6eToHCKa niova
10 cm, xuapou3sonauwja, beToHcka nnova
7cm, WibyHak 10 cm, HabujeHa 3emrba
vinyl-asbestos tile 0.2 cm, cement screed
5cm, thermal insulation 2 cm, concrete
10cm, hydro insulation, concrete 7 cm,
gravel 10 cm, rammed earth

0.30

Cnosba Outside
YHyTpa Inside

[PBEHV 1BOCTPYKM Ca CNOJEHM KpUMa 1
JeAHOCTPYKMM CTaKIOM

wooden, double frame, connected sash with
single glazing

3.30




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

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUCHOCTH
cncTtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/beha

YHyTpalltba paceeTa

Interior lighting

o My
L

Cucrem LeHTPanHor rpejarba ca
paavjaTopyma Kao rpejHUM Tenmnma un
KOT/IOM Ha YBPCTO ropuBoO (yrasb).
Central hydronic heating system, with
radiators and coal fired boiler.

Lighting system

¥ A

Manu geo Wwkone KOpUCTU MHKaLEeCLEHTHO
oCBeT/betbe [IOK Ce Y Hajsehem aeny
Kopuctn Gnyo ocseTberbe. bes aytomatcke
KOHTpOJe 0CBET/betba.

A small part of the school uses incandescent
lighting, while most of it uses fluorescent
lighting. No automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTK
npunpeme caHuTapHe
Tonne Bofe

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

[NoTpoluHa ToMna Boga ce npunpema y
eekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

0.92

.

KreuHe crjanuue.

Mercury vapor bulbs.

225
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CnnyHm 06jeKkTn — npeactaBHMUM Tna — Similar buildings — type representatives

Hajeehe wkoncke 3rpane 13 70-mx 1 80-nx rogrHa 20.
Beka npate NpojeKTaHTCKY NOr1Ky yobuuajeHy 3a obpa-
30BHe 0bjeKTe Tor neprofa, ann 36or Beher 6poja yumo-
HMLa 1 KabuHeTa Nokasyjy HellTo Behe Bapujalvje apxu-
TEKTOHCKOT cknona. Ose WKone Mory UmaTn Behn 6poj
TpaKTOBa NMOBE3aHMX TOMIOM BE3OM WA FPYMUCaHNX OKO
LieHTPanHor xona.

Ha BehuHW 3rpafa KpoBOBW Cy OWAM paBHW, anw
Cy C BpemMeHOoM npepaheHn y Koce Kako bu ce pelmro
npobnem NPoK1WHaBasa.

Mpo30opur Gopmmpajy NPO30PCKe TpaKe rae KOHCTPYK-
TVBHM CKAION TO oMoryhaea, a nojassbyjy ce U nojeanHay-
HV OTBOPU BENVIKUX AVMEH3M]a.

The largest schools from the 1970s and the 1980s
follow the design guidelines typical of the educational
buildings of the period, but they show more variations
in architecture owing to a great number of classrooms.
These schools may have more wings that are intercon-
nected or grouped around the central hall.

Most of the buildings were originally constructed
with flat roofs that were in time converted into pitched
roofs in order to manage frequent leakages.

Wherever the primary load bearing structure would
allow it, ribbon windows or continuous wide single
openings were applied.



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

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpagrba Hosux Npo3opa og MBL, npoduna ca ABOCIOJHMM U30M1aLMOHMM CTaK0-NaKETOM.

Installation of new, double-glazed PVC windows.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpebhetrbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUMOHUM CTaKO-NakeTom (4obpa
3anTVBEHOCT).

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

V130n0Batbe GpacapHWx 3uA0Ba KOHTAKTHOM TEPMOV30NaLIMOHOM dacafom. 130n10Bate KOCor KpoBa y3 MOTnyHy PeKoHCTPYKLMjy cnojesa ca
Cnorballkbe CTpaHe. /i3onoame mehycnpatHe KOHCTPYKLMje 13Ha[ OTBOPEHOr MPOCTopa. Yrpaarba HOBUMX Mpo30opa W ynasHyx BpaTa og MBL|
npodwna ca ABOCIOjHUM U30MALMOHMM HUCKOEMUCUOHUM CTaKNO-NakeTom (o6pa 3anTneeHoCT).

Insulation of fagade walls with a contact fagade system. Exterior insulation of pitched roof structure with total layer reconstruction. Insulation
of floor structure to outside area. Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (good
air-tightness).

1130n0Batbe GpacapHNX 3MA0BA KOHTAKTHOM TEPMOM301aLMOHOM Gacafom. 3onoBarbe KOCOr KPOBa Y3 MOTMYHY PEKOHCTPYKLMjy Cnojea
Ca Cnosballtbe CTpaHe. V3onosarbe mehycnpaTtHe KOHCTPYKLMje WM3HaZ OTBOPEHOr MpocTopa. V3onosatbe nofa Ha Ty Y3 AeNUMUYHY
PEKOHCTPYKLWY CojeBa. YrpaiHba HOBKX NPO30pa 1 yasHnx BpaTa Of KOMMO3UTHUX NPOdIa Ca TPOCIOjHUM M301aLIMOHIM HUCKOEMUCUOHIM
CTaKno-nakeTom (nobpa 3anTmeBeHoCT).

Insulation of fagade walls with a contact facade system. Exterior insulation of pitched roof structure with total layer reconstruction. Insulation
of floor structure to outside area. Insulation of ground floor, with partial layer reconstruction. Installation of new composite windows and
entrance doors with triple-glazed low-emissivity glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbm 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 3ug 2

External wall 2

U (W/m?K)

Koc kpos

Pitched roof

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHanpebherbe 2 Improvement 2

|

6eToH 38 cm, TepMowmzonaumja 10 cm, mantep
1cm

YHyTpa Inside
Cnosba Outside

concrete 38 cm, thermal insulation 10 cm,
plaster 1 cm

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

6eToH 38 cm, TepMowzonaumja 20 cm, manTep
1cm

concrete 38 cm, thermal insulation 20 cm,
plaster T cm

(9] [}

hel el
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HEMA M3MEHA

NO CHANGES

3.00
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Mantep 2 cm, CUInKaTHa oneka 38 cm,
Tepmomsonauuja 10 cm, mantep 1 cm

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

0.30

Mantep 2 cm, CUInKaTHa oneka 38 cm,
Tepmomsonauuja 20 cm, mantep 1 cm

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

0.17

Cnosba Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.66

Cnorba Outside

YHyTpa Inside

TpanesacTvt UM, Tep nanup, fatiyaHa
onnata 24 cm, auctaHuepu 5/20 cm/
Tepmom3onauwja 20 cm, 6eToHCKa nnova
16cm, mantep 2 cm

metal roofing sheet, roofing paper, planks

24 cm, wooden substructure 5/20, thermal
insulation 20 cm, concrete 16 cm, plaster 2 cm

0.19

Cnorsba Outside

YHyTpa Inside

TpanesacTvt UM, Tep Nanvp, AallyaHa
onnata 24 cm, aucTaHuepwu 5/30 cm/
Tepmovizonauuja 30 cm, 6eToHcKa nnova 16
cm, Mantep 2 cm

metal roofing sheet, roofing paper, planks
2.4 cm, wooden substructure 5/30, thermal
insulation 30 cm, concrete 16 cm, plaster
2cm

0.13




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

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

MehycnpaTHa

KOHCTPYKLUWja VM3Ha/
CMNOsbHOT NPOCTOpPa

Floor structure to

YHanpehetbe 1 Improvement 1

YHyTpa Inside

Cnospa Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

e,

Cnosba Outside

YHanpeberbe 3 Improvement 3
YHyTpa Inside

R
NN

Cnorba Outside

outside area HEMA M3MEHA Kepammuke nnounte 0.8 cm, emeHTHa kepammuke nnounue 0.8 cm, LemeHTHa
— KolysbuLa 3 ¢m, 3By4Ha 13onauuja 2 cm, KoLysbrLa 3 €m, 3By4YHa n3onaymja 2 cm,
NO CHANGES 6eToHCKa nnoya 16 cm, Mmantep 2 cm, 6eToHCKa nnoya 16 cm, mantep 2 cm,
Tepmownsonaymja 10 cm, mantep 1 cm Tepmowmsonauuja 20 cm, mantep 1 ¢cm
ceramic tiles 0.8 cm, cement screed 3 cm, sound  ceramic tiles 0.8 cm, cement screed 3 c¢m,
insulation 2 cm, concrete 16 cm, plaster 2 cm, sound insulation 2 cm, concrete 16 cm,
thermal insulation 10 cm, plaster 1 cm plaster 2 cm, thermal insulation 20 cm,
plaster 1 cm
U (W/mK) 124 0.28 0.16

YHyTpa Inside YHyTpa Inside

Mog Ha Ty IYHyTpa Inside

Sl —

Cnosba Outside

Cnospa Outside Cnorsba Outside

HEMA N3MEHA HEMA N3MEHA BUHWA nnoye 0.2 ¢m, LieMeHTHa KoLwybiLia
— — 3 cm, Tepmom3sonaumja 5 cm, LuemeHTHa
NO CHANGES NO CHANGES KoLysbu1La 5 cm, Tepmousonaumja 2 ¢cm,
6eToHCKa nnoya 10 cm, xvuapour3sonaunja,
6eTOHCKa nnova 7 ¢m, WisyHak 10 cm,
HabvjeHa 3emsba
vinyl tile 0.2 cm, cement screed 3 cm,
thermal insulation 5 cm, cement screed 5cm,
thermal insulation 2 cm, concrete 10 cm,
hydro insulation, concrete 7 cm, gravel 10
cm, rammed earth
U (W/m?K) 0.30 0.30 0.19
Mpo3opw 3 3 3 3 3 3
_ E k= 2 g= 2 2
@) © O © O ©
. a Q o
Windows R £ I £ 3 £
e W S e = g 3
U U U
MBLl ca ABOCNOjHMM HUCKOEMMCUOHIM CTakno  TBLL ca ABOCNOjHMM HUCKOEMUCUMOHMM CTaKNO  KOMMO3WTHM Npodun ca TPOCIOjHM
nakeTom naKkeTom HUCKOEMUCHOHYIM CTAKIO MaKeTOM UCMYHEHIIM
— — VNHEPTHVIM racom
PVC, double glazed low-E glass unit, inert PVC, double glazed low-E glass unit, inert —
gas filling gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
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CucTem rpejama 3rpage — yHanpehewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdukacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tomne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1
My

3agpaH je noctojehn cuctem rpejarba
NPOCTOpPa, Ca CMatberbem TemrnepaTypCcKor
pexViMa y OAHOCY Ha NocTojenu.

The existing central hydronic system is
retained, with lower water temperature level
comparing to the existing.

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

3aApXaH je UCTU CUCTeM rpejarba, Y3 yrpadrby
HOBOT KOT/Ia Ha YBPCTO FOPMBO KOjW KOPHCTU
[pBHY 61IoMacy (ceuky).

The same heating system is retained, with
installation of new boiler that uses biomass
(wood chips) as the energy source.

0.91

0.85

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

yrpa,uH;a KOMMpPeCcopcke TorioTHe nymMne
Ba3,qy></Bo,qa Ca Xnapomoaynom.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



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

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

65%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

67%

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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKOHY Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmiiba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

45%

YHanpeherse 1
Improvement 1

27%

29%

) TpaHCeMUCHOnM ry6rLm — transsmission losses
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1- CnosbalLkby 3ug, 2- NPo30opwy, 3- ynasHa BpaTta, 4- KOC KpoB, 5- mehycnpaTHa KOHCTPYKUMja 13HaA HerpejaHor NpocTopa, 6- Mo Ha Ty
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BeHTUNaumnoHn rybuum — ventilation losses

i
6

YHanpeherse 2
Improvement 2

1800

1600

1400

1200

1000

800

600

400

200

26%

i
1

YHanpeherse 3
Improvement 3

19%

53% 67%

ywrefe — savings
1800
1600
1400
1200
1000
800
600
400

200

]
1

~ I
~ I

3.4 5 6 3 4 6

5

1- external wall, 2- windows, 3- doors, 4- pitched roof, 5-floor construction to unheated area, 6-ground floor

139 192
| | kWh/m? a
<188 >188 500
<200 <250 >250 rel %



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

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

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

o —

57926
7.3%

A

281426
35.7%

50 n
542812
68.8%

o —

A A

100096 144815
94%  13.6%

50 n
741633
69.8%

o —

|
46765
13.2%

©®

|
76752
21.6%

o —

M

MOMa3Ho CTakbe
starting condition

AAA

9877 10400 11404
334% 352% 38.6%

g+ 9+= @

V Hajuewhe nHTEPBEHUMjE
usual interventions

50 n
253062
71.2%

@

50

| |
yHanpeheroe 1 yHanpehetbe 2
A improvement 1 A improvement 2

789336

v

|
100%

355616

-4

100%

B @

29536

100%

yHanpehetbe 3
improvement 3
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LLIkoncka 3rpaga
noBpLnHe Behe og 2000 m?

A7 = @

School building
with area more than 2000 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 1973 Year of construction 1973

Bpoj eTaxa Mp+2 Number of floors Gf+2

MospLnHa (M?) 6pyTo 4400 Area (m?) Gross 4400

MoBpLnHa (M?) HeTO rpejaHa 3765 Area (m?) Net heated 3765

3anpemuHa (m?) HeTo rpejaHa 13770 Volume (m?) Net heated 13770

Lkoncka 3rpafa opraHv3oBaHa no NpUHLMAY ABOT-
paKTa, ca LEeHTPanHMM BULWEETaXHUM XOSIOM Y CKIO-
ny 3rpajge, Caapkmn BeVKn 6poj yumoHnLa 1 KabrHeTa
ca npatehum cagpKajyma 1 GyHKUMOHANHMM rpynama.
Objekat ce cacToju of TpW KyOUUHa BoymeHa: HOUHMX
Kpwna cnpatHocTv M+1, M+2 v LeHTpanHor fena cnpat-
HocTw 143,

(Macafa je cBefieHe reoMeTpyje, MaTepwjanM3osaHa y
HaTyp 6eToHy. OTBOPM Ha YUMOHMLaMa Cy Y BUAY KOHTY-
HyanHVX NPO30PCKNX Tpaka, AOK je XOAHMK OCBET/beH
riojefVHa4YHMM OTBOPVIMA Ha OOUYHKM dacafjama.

KpOBOBW Cy paBHW, HEMPOXOLHN.

234

The school building, designed as a three-bay struc-
ture with the central multi-story hall, contains a large
number of classrooms and laboratories, with all compli-
mentary spaces and functional groups. The structure
consists of three prismatic volumes: the lower side wings
and the main volume four stories high.

The facade is simple in geometry, emphasizing the
use of béton brut. The classroom facade openings are
in the form of continuous ribbon windows while the
corridors are lit through the single windows on the side
facades.

All roofs are flat.



KOHCTpyKUWja je apMMPaHOBETOHCKA, Ca MacUBHUM
Hocehvm 31aoBMMa. bouHn Hocehw 31MaoBK Cy 1M30/108Ba-
HW Ca yHyTpallkbe CTpaHe Tepmousonaumnjom aebronHe
10cm, AOK Cy NapaneTHe UCMyHe off apMMpaHor 6eToHa
nebmwrHe 20cm 6e3 TepMmnyke M3onauuje. Y CKony pae-
HMX KPOBOBA M MOLOBA Ha Ty NMOCTOj1 TepMou3sonaLmja
anu HYjeAaH enemeHT TePMMYKOr OMOTaya He OfroBapa
AKTYeNHWM CTaHAapANMa.

Mpo3opwn Cy anyMUHUJYMCKY, 6e3 TepMmo npeKknaa,
3aCTak/beHM ABOCTPYKMM CTAKOM.

EHepreTckm paspep objekTa — MPOJEKTOBAHO CTakbe

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

The entire load bearing structure is in reinforced
concrete, with massive walls and ribbed floor slabs.
Side bearing walls have 10cm of thermal insulation on
the interior side, whereas parapet infills are uninsulat-
ed 20cm reinforced concrete walls. Flat roofs and floors
on the ground contain a thermal insulation layer which
doesn't comply with the current standards.

Windows are uninsulated aluminium frames, single
sashed with double glazing.

Energy class of building - as designed

Qe %] Q,,, [kWh/(m?a)]
308 231
<15
<25
_ <50
<100
<150
<200
<250
> 250
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HaumoHanHa Tnonorwja wkonckmx 3rpaga Cpobuje

CKNIONOBU TEPMUYKOT OMOTaya — noctojehe

National Typology of School Buildings in Serbia

ctatbe — Elements of the thermal envelope - existing

Cnosbalksn 3ua 1 3 5 PaBaH KpoB
_ £ E _
= (@]
External Wall 1 £ 8 Flat roof
= 2
()
6etoH 20 cm
concrete 20cm
U (W/m?K) 3.91
Cnosbalbn 3ug 2 3 5
_ 2 E
] O
External Wall 2 £ 8
= 2
()
U (W/m?ZK)
Mantep 2 cm, Tepmowizonauuja 10 cm, 6eToH
20cm
i Mog Ha Ty

plaster 2 cm, thermal insulation 10 cm,

concrete 20 cm

Ground floor

U (W/m?K) 0.78
Crosballby 3ug 3 2 35
. : :
External Wall 3 £ 3
= 2
)

manTep 2 cm, Tepmousonatmja 10 cm, 6eToH

30cm

plaster 2 cm, thermal insulation 10 cm, U (W/m?2K)
concrete 30 cm
U (W/m?2K) 0.75 Mpo3opwu
Windows
U (W/mZK)

Cnosba Outside

YHyTpa Inside

Tepalo nnoye 2.5 cm, Mantep 2 cm,xvaponsonauuja 1

Cm, LUeMeHTHa KoLysbuua 3 cm, 6eTOH 3a nNag MUH. 5 cm,
Tepmowi3onaumja 5 cm, pebpacTa apMmMpaHo 6ETOHCKa
KOHCTPYKLWja 60 cm (nnoya 10cm)

terazzo tile 2.5 cm, plaster 2 cm, hydro insulation 1 cm,
cement screed 3 cm, lightweight concrete to fall min. 5
cm, thermal insulation 5 cm, ribbed concrete structrure 60
cm (slab 10 cm)

1.06

YHyTpa Inside
|

Cnosba Outside

BMHa3 nove 0.2 cm, LeMeHTHa KoLy biua3 cm,
Tepmom3onaumja 2.5 cm, 6eToHCKa nnova 5 cm,
xuapomsonaymja 1 cm, 6eToHcKa nnova 10 cm, WbyHak
10 cm, HabujeHa 3emrba

vinyl-asbestos tile 0.2 cm, cement screed 3 cm, thermal
insulation 2.5 cm, concrete 5 cm, hydro insulation 1 cm,
concrete 10 cm, gravel 10 cm, rammed earth

0.30

(=

Cnosba Outside
YHyTpa Inside

anyMUHUjyMCKI 63 TePMUUKOT NMPeKnaa 3acTakIbeH
ABOC/IOJHUM CTaKNOM

aluminium single frame (cold profile), with double glazing

4.50




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

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

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopuCcHOCTH
cucTema rpejarba

Heating system
efficiency

Cncrtem ocBeT/bea

YHyTpalutba pacseTa

Interior lighting

CucTem LeHTpanHor rpejarba ca
paavjaTopyma Kao rpejHUM Tennma un

KOT/IOM KOjW KOPUCTM NIAKO Y/be 3a JIOXKeHe.

Central hydronic heating system with
radiators and boiler, using light heating oil
as the energy source.

Lighting system

i

Y WKonu ce KopucTn Gnyo ocseTbetse. bes
ayToMaTCKe KOHTPOSe OCBeT/betba.

The school uses fluorescent lighting. No
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CHOCTH
npunpeme CaHUTapHe
ToMnse Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[NoTpoluHa ToMna Boga ce npunpema y
eekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

0.5 1

.

KuBrHe cnjannue.

Mercury vapor bulbs.
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CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

Wkoncke 3rpage OBOr TMMa, Y MOjeAnHUM Ciydaje-
BMMa, NpojeKToBaHe Cy ca ¢dacagama MaTtepujanns3os-
HVM Y HaTyp 6eToHy, GacagHoj oneuy unv KOMOUHaLMju
OBa ABa MaTepujana na Gopmmpajy cneunduyaH apxm-
TEKTOHCKM 13pa3 KOju 3axTeBa HeLUTO Apyraynjy TpeTmaH
NPUANKOM eHepreTcke pexabunutauuje. lNpeosnahyjy
ABOCMNPATHM OOjeKTI, ann 1 3rpafe ca jeaHUM 1nu Tpu
cnpara.

Ha 3rpanama v3 70-vx roarHa npeosnahyjy npo3opc-
Ke Tpake ¥ paBHW WAN MANTKM KOCU KPOBOBK, AOK Cy
TOKOM 80-UX YecTn nojeAnHaYHKU OTBOPU Behmx AnMMeH-
3¥ija 1 KOCK KPOBOBW MOKPMBEHW LIPEMOM.

ERE I EERERBEL |
- {441

Some of the school buildings of this type were
designed with facades in béton brut, facing bricks or a
combination of these materials, in a way that the result-
ing architecture requires a different approach when
reaching for energy efficiency upgrades. Three-story
buildings prevail, but two- or four-story structures occur
as well.

Window ribbons and flat or shallow pitched roofs are
typical of the buildings from the 1970s, while those from
the 1980s may have large single openings and pitched
roofs with tiling.



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

3ateveHo ctabe — Existing state

[peTxogHa
yHanpehetba

Previous improvements

Yrpagrba Hosux Npo3opa og MBL, npoduna ca ABOCIOJHMM U30M1aLMOHMM CTaK0-NaKETOM.

Installation of new, double-glazed PVC windows.

Onuc yHanpeherwa — Improvement measures description

YHanpehetrse 1

Improvement 1

YHanpebhetrbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUMOHUM CTaKO-NakeTom (4obpa
3anTVBEHOCT).

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

130noBatbe dacafHMx 3MA0Ba KOHTaKTHOM TEPMOM30MaLUMOHOM dacafjoM. V3onoBarbe paBHOr KpoBa Y3 AENUMUYHY PEKOHCTPYKLM)Y
cnojesa. Yrpafrba HOBUX Npo3opa 1 ynasHwx Bpata o [NBL| npoduna ca ABOCIOJHUM M30MaLMOHNM HACKOEMUCUMOHUM CTakfo-MakeTom
(nobpa 3anTrBeHoCT).

Insulation of facade walls with a contact fagade system. Insulation of flat roof structure with partial layer reconstruction. Installation of new
PVC windows and entrance doors with double-glazed low-emissivity glass unit (good air-tightness).

130n0Barbe pacafHyix 31L0Ba KOHTAKTHOM TePMOM30NaLOHOM Gacafom. /130n10BarHe paBHOr KPOBa Y3 AENMMUYHY PEKOHCTPYKLW)Y C10jeBa.
V3onoBatbe Noda Ha Ty y3 AeMMUUHY PEKOHCTPYKLM)Y CojeBa. Yrpadkba HOBUX MPO30pa 1 yNasHyX BpaTa Of KOMMO3UTHYX Npoduna ca
TPOCNOJHINM U30MALMOHVIM HUCKOEMUCUOHUM CTakI0-NakeTom (4o0pa 3anTMBeHoCT).

Insulation of fagade walls with a contact fagade system. Insulation of flat roof structure with partial layer reconstruction. Insulation of ground
floor, with partial layer reconstruction. Installation of new composite windows and entrance doors with triple-glazed low-emissivity glass unit
(good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbm 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 3ug 2

External wall 2

U (W/m?K)

Cnosballtby 31a 3

External wall 3

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

3.91

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

6eToH 20 cm, TepMowmzonaumja 10 cm, mantep
1cm

concrete 20 cm, thermal insulation 10 cm,
plaster 1 cm

YHanpebherbe 3 Improvement 3

“

YHyTpa Inside
 §
Cnosba Outside

6eToH 20 cm, TepMowmzonaumja 20 cm, manTep
1cm

concrete 20 cm, thermal insulation 20 cm,
plaster T cm

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.78

Cnosba Outside

0.34 0.18
[} [} [} TN v [}
) ) ) > G )
%) %) ) ® o %)
< 5 < ! . =t
8 % 3 ‘! - %
= = 3 .
B 5 z F H 5
= ¢
= e = - 2
() ()

ManTep 2 cm, Tepmousonauuja 10 cm, 6eToH
20 cm, Tepmowmsonaumja 10 cm, mantep 1 cm
plaster 2 cm, thermal insulation 10 cm,
concrete 20 cm, thermal insulation 10 ¢m,
plaster 1 cm

ManTep 2 cm, Tepmousonauwja 10 cm, 6eToH
20cm, Tepmowsonaumja 20 cm, mantep 1 cm
plaster 2 cm, thermal insulation 10 cm,
concrete 20 cm, thermal insulation 20 cm,
plaster 1 cm

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.75

Cnosba Outside

0.25 0.15

(] [} [} [}

° ° ° °

> > > =

< 5 < 5

3 © 3 ©

= =

= 2 = 2

= e = 2
O O

ManTep 2 cm, Tepmousonatmja 10 cm, 6eToH
30 cm, Tepmomzonaumja 10 cm, mantep 1 cm

plaster 2 cm, thermal insulation 10 cm,
concrete 30 cm, thermal insulation 10 cm,
plaster 1 cm

0.25

ManTep 2 cm, Tepmousonatuja 10 cm, 6eToH
30cm, Tepmomsonauuja 20 cm, mantep 1 cm
plaster 2 cm, thermal insulation 10 cm,
concrete 30 cm, thermal insulation 20 cm,
plaster T cm

0.15




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

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

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpeberbe 3 Improvement 3

PaBaH KpoB Cnoma Outside Cnosma Outside Cnoma Outside

— S
Flat roof T, It {XV_}Q

YHyTpa Inside YHyTpa Inside YHyTpa Inside

HEMA M3MEHA XVMAPOW30/aLMOHa MeMbpaHa, TepMomnsonaLja  Xuapor3onaLmoHa Membpara, TepMomnsonaLmja

— 20 cm, ME donuja, uemeHTHa Kowwysbuua 3 cm, 40 cm, ME dponuja, LemeHTHa Kowwyrbuua 3 cm,

NO CHANGES 6ETOH 3a Mad M1H. 5 cm, TepMowm3onalnja 5cm,  6eToH 3a nag MuH. 5 cm, Tepmom3onauwmja 5 cm,
pebpacTa apM1paHo 6eToHCKa KOHCTPYKUMja 60 pebpacTa apMupaHo BeTOHCKa KOHCTPYKLMja
cm (nnoya 10cm) 60cm (nnova 10 cm)

waterproof membrane, thermal insulation 20 cm, waterproof membrane, thermal insulation 40
PE foil, cement screed 3 cm, lightweight concrete  c¢m, PE foil, cement screed 3 cm, lightweight

tofall min. 5 cm, thermal insulation 5 cm, ribbed concrete to fall min. 5 cm, thermal insulation
concrete structrure 60 cm (slab 10 cm) 5 cm, ribbed concrete structrure 60 cm (slab
10 cm)
U (W/m?K) 1.06 0.16 0.09
Cnosba Outside Cnosba Outside Cnosba Outside

[log Ha Ty

Ground floor

YHyTpa Inside YHyTpa Inside YHyTpa Inside

HEMA N3MEHA HEMA N3MEHA BUHMA nnode 0.2 cm, LemeHTHa KoLy bliua 3cm,
— — Tepmouzonauwja 5 cm, 6eToHcKa nnoda 5 cm,
NO CHANGES NO CHANGES xuapousonaumja 1 cm, 6eToHcka nnova 10 cm,

WbyHak 10 cm, HabujeHa 3emrba

vinyl tile 0.2 cm, cement screed 3cm, thermal
insulation 5cm, concrete 5 ¢cm, hydro insulation
1 cm, concrete 10 cm, gravel 10 cm, rammed

earth
U (W/m?K) 0.30 0.30 0.19
Mpo3opw S b b 3 3 3
- g k= 2 g= 2 2
@) g © (@} _ﬁ © (@} ©
’ o Q o
Windows % L LB 8 A £ 3 =
e 3 2 = g2 =
(@] (@] (@]
MBL| ca ABOCNOjHMM HIUCKOEMMCUOHIM CTakno  TBLL ca ABOCNOjHMM HNCKOEMUCUMOHMM CTaKNo  KOMMO3WTHM NPpodui ca TPOCOjHM
nakeTom naxkeTom HMCKOEMMUCVIOHM CTaKMO MakeToM UCMyHeHUM
— — VHEPTHVIM racom
PVC, double glazed low-E glass unit, inert PVC, double glazed low-E glass unit, inert —
gas filling gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
L
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CucTem rpejama 3rpage — yHanpehewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdukacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tomne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa: LIeHTPaIHO rpejatbe C KOTOM Ha
TEYHO rOpPUBO.

The existing heating system is retained: central

hydronic system with oil fired boiler.

0.85

0.79

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

3appaH je UCTV CCTeM rpejatba, 3 yrpaaty

HOBOT KOT/Ia Ha YBPCTO FOPMBO KOjW KOPHCTU
[pBHY 61IoMacy (ceuky).

The same heating system is retained, with
installation of new boiler that uses biomass
(wood chips) as the energy source.

0.91

0.85

EneKkTpuuHmM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

yrpa,uH;a KOMMpPeCcopcke TorioTHe nymMne
Ba3,qy></Bo,qa Ca Xnapomoaynom.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTtHa nymna Basgyx/soaa

Air source heat pump



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

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ametba noctojeher ocsetrberba LED
OCBET/bEFHEM.

Replacement of existing lighting with LED
lighting.

3amerba noctojeher ocsetrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

30%

| | |
0% 50% 100%

YHanpehetbe 2 Improvement 2

G +d

LED ocsetrberse ca moryhHowhy
LIeHTPANM30BaHE KOHTPOSE YKIbyYeHOCTH
OCBET/bEMDA Y MOjeANHIM NPOCTOPVjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yKibyurBarba
OCBET/bEHA Y 3aBMCHOCTM Of] 106a roInHe.

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

36%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

S +o

Jlncnep3osaHm ayToMaT30BaH! CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohersa
HVBOA OCBET/bEHA Y 3aBMCHOCTW Of A06a AlaHa
v noTpeba /byaun y NpocTopuju.

Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeTrbetse ca ayToMaTCKoM KOHTPOMOM
OCBET/LEHOCTM 1 AMMOBAFEM OCBET/bEHA Y
3aBWCHOCTM O} 400a AaHa.

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

39%

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

OpurvHanHo YHanpeherse 1 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3
TonnoTHN ryouLn
_ 14%
Heat losses 155
(%]
36% 61% 73%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywTeae — savings
TpaHCMUCKOHN TyOmLM 5500 5500 5500 5500
- o 5000 5000 5000 5000
Transmissive losses
4500 4500 4500 4500
[(W/KI 4000 4000 4000 4000
3500 3500 3500 3500
3000 3000 l 3000 3000
2500 2500 l 2500 2500
2000 2000 l 2000 2000
m |
1500 ll 1500 lll 1500 l 1500
1000 lll 1000 lll 1000 l 1000 l
500 lll 500 lll 500 l 500 l
| | L T | [
12 3 4 12 3 4 12 3 4
1- cnosballbn 31f, 2- NPO30PK 1 BPaTa, 3- paBaH KPOB, 4-Mnof Ha Ty
1- external wall, 2- windows and doors, 3- flat roof, 4- ground floor
CneunduruHa rouv?u.n-ba 149 931
notpebHa eHepruja 3a \I/ v
rpejare | | kWh/m?a
<12 <20 <38 <75 <188 >188 500
Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %

|
[kWh/m?a] A A A

40 65 131
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Ll - nepnop 1971-1990. C - period 1971-1990

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

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

o —

|
65735
5.8%

|
331490
29.1%

| |
50 n
663159
58.2%

0

AA

131196 164337

92% 11.6%

SO n
848900
59.7%

o —

|
62268
14.7%

ONG

|
87099
20 6%

| |
50 ﬁ
263225
62.1%

o —

M

MOMa3Ho CTakbe
starting condition

Y

Hajuewhe nHTEPBEHUMjE
usual interventions

° AAA

6724 7068 7765
61.0% 64.1% 70.4%

g+ @+= @

yHanpehetbe 2

|
yHanpeheroe 1
A improvement 1 improvement 2

1140356
v

|
100%

1421536

423563

-4

100%

A8

11027

100%

yHanpehetbe 3
improvement 3

245






D period after 1991
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LLIkoncka 3rpaga
noBpLnHe Behe og 2000 m?

School building
with area more than 2000 m?

Kateropuja OCHOBHa LLIKONa Category elementary school
[oavHa n3rpagme 2014, Year of construction 2014

Bpoj eTaxa Mo+Mp+2 Number of floors B+Gf+2
MospLnHa (M?) 6pyTo 5300 Area (m?) Gross 5300

MoBpLnHa (M?) HeTO rpejaHa 4600 Area (m?) Net heated 4600

3anpemuHa (m?) HeTo rpejaHa 16140 Volume (m?) Net heated 16140

248

[Lkoncky 3rpagy Gopmmpajy fiBa ynpaBHO NOCTaBsbe-
Ha Kpuvna — jeffHOTPaKT 1 ABOTPAKT cnpaTHOCTH [1+2 ca
LIEHTPaNHMM BULLIEETXKHIM XONIOM Ha MeCTy yKpluTarba
OBVIX BOTyMeHa. Y CKNony LWKoMe Hanasw ce Bennku 6poj
YUMOHMLA 1 KabuHeTa ca cBuUM npatehnm cagpxajuma n
GyHKUMOHaNHMM rpynama.

(Macapa ceojom nvKoBHOWHY 1 MaTepwjanm3aLmjom
npatv NOTWKy W 3axTeBe pasnMuUTUX cagpxaja. OTBo-
PV Ha yyMOHMLAMa Cy Y BUAY KOHTVHYanHUX npo3op-
CKMX TPaKa, AOK CY XOAHWLM OCBET/bEHU NOjenHaYHIM
OTBOPVIMA. KPOBOBM Cy KOCW, ABOBOAHWM Yy Gnarom nagy,
CaKpMBEHW 13a Ha3nAaka, Tako Aa 3rpafa y noTnyHOCTU
33/pXKaBa jesnk KyomnuHmux Gopmu.

The school has an “L” shaped plan, with double-bay
and triple-bay three-story wings and the main multi-
story hall at the junction of these volumes. The school
contains a large number of classrooms and laboratories,
with all complimentary spaces.

The facade design and materials correspond to the
various programs within the structure. The classroom
facade openings are in the form of continuous ribbon
windows while the corridors are lit through the single
windows on the side facades.

The roofs are pitched, hidden behind the perim-
eter walls so that the building retains the prismatic
appearance.



0 10m

KOHCTPYKTUBHM CKIOM je CKeneTHa apM1paHobeToH-
CKa KOHCTpYKLMja.

MacafHv 31a0BwM Cy paheHy Kao,CeHABMY" KOHCTPYK-
UMja ca TepmMoM30naumMjoM U ManTepUCaHOM LWYynbom
onekom (bouHa 3MaHa MnaTHa), Kao BEHTUMCAHA KOH-
CTPyKUMWja ca 0bnorom of LIeMEHT-KOMMO3UTHMX MioYa
Ha MOTKOHCTPYKUMjI (NapaneTu yUYnoHuLa) Uim Kao,3uf
-3aBeca’ (y LeHTpanHom geny).

CBW enemeHTV TepMMUKOr OMOTaua Cy Y CKnagy ca
AKTYeNIHOM PEerynaTMBom 0bnacTv TepMUUKe 3aliTuTe.

EHepreTckm pa3pep objekTa — NPojeKTOBaHO CTake

[ - nepuviog nocne 1991. D - period after 1991

The load bearing structure is a reinforced frame
system with bidirectional shear walls. Floor and roof
structures are 20cm reinforced concrete slabs.

Facade walls are in the form of “sandwich walls” (side
walls), a ventilated structure with fiber cement panels
(classroom window parapets), or a curtain wall (the main
hall).

All thermal envelope elements comply with the
current regulations on thermal protection and energy
performance.

Energy class of building - as designed

Qe %] Q,,, [kWh/(m?a)]
55 41

<15

<25

B <50
<100
<150
<200

<250

> 250
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope - existing

Cnosballksen 31a

External Wall

U (W/m?K)

3u Ka HerpejaHom
npoctopy

Wall to unheated area

U (W/m?K)

MehycnpaTHa
KOHCTPYKLMja 1cnoa
HerpejaHor NpocTopa
Floor structure to
unheated area

U (W/m?K)

YhyTpa Inside
Cnorba Outside

mantep 2 cm, Wwyrnsba oneka 25 cm, ME
donuja, Tepmowizonaumja 20 cm, Wynsba
oneka 12 cm, mantep 2 cm

plaster 2 cm, hollow brick 25 cm, PE foil,
thermal insulation 20 cm, hollow brick
12cm, plaster 2 cm

0.15

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, Wyrnsba oneka 12 cm,
Tepmonsonaumja 10 cm, mantep 3 cm

plaster 2 cm, hollow brick 12 cm, thermal
insulation 10 cm, plaster 3 cm

0.30

Cnorba Outside

YHyTpa Inside

naponponycHa BoOAOHeNponycHa donuja,
Tepmousonauwja 18 cm, 6etoH 20 cm,
Mantep 2 cm

vapour control layer, thermal insulation
18cm, concrete 20 cm, plaster 2 cm

0.20

MebhycnpatHa
KOHCTpYKLWja
N3Hag
HerpejaHor
noapyma

Floor structure
to unheated
basement

U (W/m?K)

MNoa Ha Ty

Ground floor

U (W/m?K)

[Mpo3opwu

Windows

U (W/m?K)

YHyTpa Inside

Cnosa Outside

BMHUA Mnove 0.2 cm, uemeHTHa Kowysbuua 5 cm, MBL
bonwja, Tepmonizonaumja 10 cm, 6eToHcKa nnoya 20
cm, Tepmonsonaumja 5 cm, mantep 3 cm

vinyl tile 0.2 cm, cement screed 5 cm, PVC foil, thermal
insulation 10 cm, concrete 20 cm, thermal insulation 5
cm, plaster 3 cm

0.21

YHyTpa Inside

Cnosba Outside

nnmHoneym 0.2 cm, LleMeHTHa Kowwysbua 5 cm,
Tepmousonauwja 10 cm, 6eToHcKa nnova 15 cm,
XnapomnsonaumnoHa membpaHa, betoHcka niova 10 cm,
wrbyHak 10 cm, HabujeHa 3emsba

linoleum 0.2 cm, cement screed 5 cm, thermal
insulation 10 cm, concrete 15 cm, waterproof
membrane, concrete 10 cm, gravel 10 cm, rammed
earth

0.15

YHyTpa Inside

ANYMUHW]YMCKM NPO30pP Ca NO6OSbLIAHM TEPMUYKMM
NPEKNAOM 3aCTaKIbeH TPOCIOJHVM HUCKOEMUCHOHIM
CTaKSOM MyHEHVM KPUMTOHOM

Aluminium (HI profile), triple glazed low-E glass unit,
inert Krypton gas filling

Cnosba Outside

1.10




[ - nepuviog nocne 1991. D - period after 1991

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

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopuCcHOCTH
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpallitba paceeTa

Interior lighting

Cucrem LeHTPanHor rpejarba ca
paavjatopvma Kao rpejHum tennma. Wkona
je nosesaHa Ha cycTeM JarbUHCKOT rpejarba,
ay TOMMaHy Ce Kao OCHOBHO rOPUBO
KOPUCTV NPUPOAHN rac.

The central hydronic heating system

with radiators is installed. The school is
connected to district heating system, with
thermal plant using natural gas as primary
energy source.

Lighting system

§ +d

Y wkonu ce kopuctn LED ocseTberse. Ca
ayTOMATCKOM KOHTPOJIOM OCBET/bEHba.

The school uses LED lighting. With
automatic light control.

CucTem npunpeme

CaHUTapHe Tonne Boae

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CHOCTH
npunpeme CaHUTapHe
ToMnse Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[NoTpoluHa ToMna Boga ce npunpema y
eekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

0.5 1

Hwje nosHato.

N/A



252

HaumoranHa Tunonorwja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

CnuyHm 06jekTn — npeacTaBHuM Tuna — Similar buildings — type representatives

[LIkoncke 3rpaae rpaheHe HakoH 1990. rognHe ognu-
Kyjy Ce BenMKOM Pa3HOBPCHOWRY  apXMTEKTOHCKMX
pellerba. 3a pasnvky of MPeTXOAHWX nepvofa, Hema
JeAVHCTBEHOT WabMoHa HY Y OpraHM3aumnjn HUTL Y maTe-
pujanusaumjy. Youasajy ce pasnuumte dacagHe obpa-
[ie, PaBHV ¥ KOCW KpPOBOBW, VHAMBWMAYaNHM OTBOPW U
Npo30pcke Tpake, NMa Yak ¥ 3uA 3aBece Ha NojefnHVM
[enosuma.

CsK 0OjekT OBOr TWMa MPOJEKTOBaHW Cy Y CKMa-
Ay Ca HaUMOHANHMM Mponmcma 13 obnactn Tepmmy-
Ke 3aLlT1Te KOoju Cy TOKOM nocneare aeteHuje 20. Bexa
y BENVIKOj Mepu ycarnaweHn ca TafalHbom eBPOMNCKOM
perynaTuBoM.

The schools built after 1990 show a great variety in
architectural design. Unlike in the previous periods, there
are no patterns either in the layout or in the materials
and massing. Facades vary in finishes, design and struc-
ture; the same is true for the geometry of roofs. There is
fenestration of all types, from large single openings to
window ribbons or even curtain walls in some parts of
the buildings.

All schools of this type were designed in compli-
ance with the national regulations related to the thermal
behavior of buildings.



[ - nepuviog nocne 1991. D - period after 1991

MpeTxoaHa bes npetxoaHyix yHarnpeherba.

yHanpeherba No previous improvements.

Previous improvements

YHanpehere 1 Huje nnaHmparo.
- E)t specified.
Improvement 1

YHanpeherse 2 Huje nnaHmparo.
N N70t specified.

Improvement 2

YHanpehetrbe 3 V3onosarbe dacafHMX 31[0Ba KOHTAKTHOM TEPMOM30MaLMOHOM dacadom. V3onoBarbe mehycnpaTHe KOHCTPYKUMje MCMof HerpejaHor
npocTopa. Yrpagrba HOBYX MPO30pa M Ya3HKX BpaTa Of KOMMO3UTHYX Mpoduna ca TPOCIOjHVM M30/1aLMOHNM HACKOEMUCUOHIM CTaK/0-
nakeTom (Lobpa 3anT1BEHOCT).
Improvement 3 _
Insulation of fagade walls with a contact fagade system. Insulation of floor structure to unheated apea. Installation of new composite windows
and entrance doors with triple-glazed low-emissivity glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31,

External wall

U (W/m?K)

31 Ka HerpejaHom
npocTopy

Wall to unheated area

U (W/m?K)

MehycnpaTHa
KOHCTPYKUWja ncnoa
HerpejaHor mpocTopa
Floor structure to
unheated area

U (W/mK)

YHanpehetbe 1 Improvement 1

v 4]
© = ko]
£ B
g = o
s s 2
= g
)

HEMA M3MEHA
NO CHANGES
0.15
(9] o [}
° ] °
B 2
© ] @)
. = 2
= = e

5
HEMA M3MEHA
NO CHANGES
0.30

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.20

YHanpebherbe 2 Improvement 2

YHanpebherbe 3 Improvement 3

[ [} [ [}
e > ) he; he)
2 B £ g
g B ¢ g S
= o £ > 2
> 2 = S
U U
HEMA M3MEHA ManTtep 2 cm, Wwynsba oneka 25 cm, ME donuja,
— Tepmovsonayuja 20 cm, wyryba oneka 12 cm,
NO CHANGES ManTep 2 cm, Tepmovsonaumja 10 cm, mantep
2cm
plaster 2 cm, hollow brick 25 cm, PE foil,
thermal insulation 20 cm, hollow brick 12 cm,
plaster 2 cm, thermal insulation 10 cm, plaster
2cm
0.15 0.1
[ (] [ (]
he; e he; he;
£ E = 2
g o 8 S
> g > g
= 2 = 2
@] @]
HEMA M3MEHA HEMA M3MEHA
NO CHANGES NO CHANGES
0.30 0.30

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.20

Cnosba Outside

YHyTpa Inside

naponporycHa BOAOHENPOMycHa Gonvija,
Tepmomsonaumja 15 cm, Tepmovizonaumja
18cm, 6eToH 20 cm, ManTep 2 cm

vapour control layer, thermal insulation
15 cm, thermal insulation 18 cm, concrete
20cm, plaster 2 cm

0.1




[ - nepuviog nocne 1991. D - period after 1991

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

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpeberbe 3 Improvement 3

MebycnpaTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

KOHCTPYKLUWja VM3Ha/
HerpejaHor noapyma

Floor structure to

heated b ¢ Cnosba Outside Cnosba Outside Cnosba Outside
unneate dsernen HEMA M3MEHA HEMA M3MEHA HEMA M3MEHA
NO CHANGES NO CHANGES NO CHANGES
U (W/m?K) 0.21 0.21 0.21
YHyTpa Inside YHyTpa Inside YHyTpa Inside

Mo Ha Ty

Ground floor

Cnorba Outside Cnosa Outside Cnora Outside
HEMA M3MEHA HEMA M3MEHA HEMA M3MEHA
NO CHANGES NO CHANGES NO CHANGES
U (W/m?K) 0.15 0.15 0.15
Mpo3opw b b 3 3 3 3
o 2 k= 2 g 2 2
@] © O © (e} ©
. a o o
Windows 3 = 3 £ 3 =
& 8 § 8 § 8
HEMA M3MEHA HEMA M3MEHA KoMMno3uTHW Npodun ca TpoCiojHIM
— — HUCKOEMUCHOHYIM CTaKIO NaKeTOM UCMYHEHM
NO CHANGES NO CHANGES VHEPTHVIM racom
Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.10 1.10 0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdunkacHocT n3Bopa
Tonnote

Heat source efficiency

EdurkacHocT cucTema
rpejarba

Heating system
efficiency

MNpvinpema caHWTapHe
Tonne Boae

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3aapxaH je noctojehn cctem rpejarba
NpOCTOpa: AarbUHCKO rpejatbe C KOTIIOM Ha
NPUPOAHN rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

I

EneKkTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpehere 2 Improvement 2

3appaH je noctojehn cuctem rpejarba
NPOCTOpPa: A/bUHCKO rpejarbe C KOTIOM Ha
NPYPOAHY rac.

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

0.92

I

EneKkTpuuHmM akyMyrnaLmoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafirba KOMMPECopCKe TOMJIoTHE Mymre
Ba3fyx/BoAa Ca XVMAPOMOZY/IOM.

Installation of air-source heat pump with
hydromodule.

30

TonnoTtHa nymna Basayx/soaa

Air source heat pump



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenaTneHa eHepreTcKa
ylwteaa cuctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

Hema n3veHa

No changes

Hema n3mveHa

No changes

0% 50% 100%

YHanpehetbe 2 Improvement 2

!

Hema n3meHa

No changes

Hema n3meHa

No changes

| | |
0% 50% 100%

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

YHanpehetrse 3 Improvement 3

S}

Hema n3meHa

No changes

Hema n3meHa

No changes

0% 50% 100%



HaumoranHa Tunonorwja wkonckux 3rpaga Cpbuje National Typology of School Buildings in Serbia

YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLn

Heat losses
0,
[%] 530% 53%
10%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywreae — savings
TpaHCMUCKOHN TyOmnLM 1200 1200
Transmissive losses
1000 1000
[W/K] I .
800 I 800 I
600 I 600 I
I ) I
I .
II : II I
2 3 4 5 6 12 3 4 5 6

1- cnosbalutbk 3ug, 2- Npo3opy, 3- BpaTta, 4- mehycnpaTHa KOHCTPYKLMja CMOA HErpejaHor NpocTopa, 5- MehycnpaTHa KOHCTPYKUMja U3HaZ
HerpejaHor noagpyma, 6- nog Ha Ty

1- external wall, 2- windows, 3- doors, 4- floor construction to unheated area, 5- floor construction to unheated basement, 6-ground floor

CneuydunyHa roaniitba

noTpe6Ha eHepruja 3a 6

rpejarbe | kWh/m? a
Specific Heating Energy <15 <100 <150 <200 <250 >250 rel %
dermaperes |
[kWh/m?a] A
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YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

OuHanHa eHepryja

Final energy

[kwh/a]

[MpvmapHa eHepruja

Primary energy

[kWh/a]

Emncmja CO, HakoH
npumeHe rpaheBUHCKMX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpebhetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/a]

305640

v

0 a 50 100%
74936
24.5%

405981

o

[

A ¥
187339
46.1%

o —

| | |
100%

99290
81.2%

9

14243
|
| | |

o

v MOMa3Ho CTakbe
starting condition

Y

50 100%

yHanpeheroe 1

|
Hajuewhe nHTEPBEHUMjE
A improvement 1

| |
yHanpehetbe 2 yHanpehetbe 3
usual interventions A improvement 2 A improvement 3
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