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

1.YBOJ

HakoH BuwerogmnLkber Npoyyasatsa 1 paja Ha 13pa-
O TMnonorvja ctambenux 3rpaga Cpbuje objaBrbeHnx y
BMLIE HayuYHMX MOHOrpaduja', UCTU UCTPaXMBAUKK TVIM
ApxuteKTOoHCKOr dakynTteTa, MalmHcKor 1 EnekTpoTtex-
HUUKOr GakynTeTa, AedrHMCao je 1 HaumoHanHy TMnono-
rvjy Wwkonckmx 3rpaga. OHa je Aeo vper npoyyaBarba,
cnposefeHor y nepunofy 2016-2018. rogmnHe, Koje ce nyo6-
NVKyje CToBpeMeHO a 6aBK UCTPaXkMBaHeM eHepreTcke

' Bupnet moHorpadwvje rpyne aytopa (JoaHoswh lNonoswh
M, Mrrbatosuh 1, Pagmsojesnh A, Pajumh A, hiykosuh
Nribatosuh H, hykaHosuh Jb. 1 Heanh M) y n3nary GlZ-a
1 ApXUTEKTOHCKOT dakynTeTa: ATnac nopoamnuHux Kyha
Cpb6uije/Atlas of Family housing in Serbia (2012), Atnac
BrWenopoanuHnx 3rpaga Cpbuje/Atlas of Family housing in
Serbia (2013) 1 HauvoHanHa TMnonoruja crambeHrx 3rpaga
Cpbuje/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).



edukacHoCT GoHAa jaBHMX 3rpafa y Cpbujn. VicTpaxn-

Bakbe, Kao 1 MybvKoBarbe pesyntata nogpxao je M3

(Deutsche gezellschaft fur internationale zusammenar

biet). Pe3ynTatv ucTpaxunearba nyonunkyjy ce, pagu nak-

wer npaherba MaTepuje 1 BenmKor 0buma, y OKBMpPY TpK

MOHorpadwje:

+ Kroura 1 32pade wikonckux u npedwKoIcKUx ycma-
HOB8A — MemMOoO0I0WKU OK8UP (hopMUpara muno-
J102uje U NO6O/LWArLA eHepaemcKe ehukacHocmu
nofpasymesa UCTOPWjCKM Npernes pa3soja 3rpaja
LWKONCKMX M MPEeALLKONCKMX YCTaHOBa, Pa3BOj pery-
natu1e v3 oBe 0bnacT1, METOLONOTVjy BPLLEHa MO-
n1ca 1 opmmpatrba TMNonoruje 3rpaaa, NpopadyH
noTeHUWjanH1X ylWTeaa eHepruje U CMakbetba emn-
Cyje yribeH- AMoKCMaa Kpo3 NpoLiece eHepreTcke
obHoBe 3rpaaa

+ Krbura 2 Tunosozuja wKosckux 32paoa

+ Krbura 3 Tunosiozuja 32pada npedwKocKUX ycmaHosa

[oacTuuaj 3a UCTpaxrBarbe KanuteTa 3rpaga jas-
He HamMeHe jecTe YMrbeHnLa fia, y3 CTambeHe 3rpafe, oHe
unHe Hajgehu feo rpaheBuHCKOr GOHAA 3eM/be, a HM-
XOBOM eHepreTckom 06HOBOM MOXe Ce, Y BENUKO]j MepH,
CMarUTW NOTPOLWHa eHepruje, anu U emucuhja yribeH-
anokcmaa y Cpbuju. Takohe, unaHCcTBOM Yy EHepreTckoj
3ajegHuum, Cpbuja je npeysena Ha cebe obasese Koje
Cy y noTnyHocTv ycknaheHe ca [lvpekTtrsama Esponcke
yHUWje? a Tnuy ce yHanpehetba eHepreTcke epuKacHOCTH
rpaheBuHCKor GoHAa 3rpafa na je OBO UCTPaXKBarbe Yy
KOHTeKCTy nocTojehnx obasesa anu 1 notpebda.

Krbura 2 Tunosoauja WKoACKUX 32padd noapasyme-
Ba KnacuduKoBarbe LUKOMCKYX 3rpaja Nno BeAMYMHI 1 ne-
prioArMa rpagrbe, feduHuie moryhe HBOe eHepreTcke
o0bHOBe (OMOTaY 3rpage, anvt 1 MalMHCKW ¥ eneKTpoe-
HepPreTcK1 CUCTeMU, Ko W NOTeHUWjanHe ywTeae eHep-
rvje Ha HuBoy Penybnuke Cpbuje). M3abpaHu v npuka-
3aHW penpeseHTV NpefcTaB/bajy CTBapHe 3rpaje Koje

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

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 MOfEeNCKMM 3rpajiama uuje Cy KapakTepmucTu-
ke yTBphHEHE Ha OCHOBY MOMKMCa U KnacTep aHanmse. 3Ha-
yaj TMMoNoWKe KnacuduKaumje WKONCKMX 3rpaaa ornena
Ce Y LUMPOKO] MPUMEHSBMBOCTY NMPK AOHOLLEHY CTpaTell-
KX OAJlyKa 3a OOHOBY W OCTaVIX LUKOMCKMX 3rpada Koje
YMHe 0Baj eo rpahesuHckor doHga Cpbuje.

2. lLIKONCKE 3rPAZIE Y BPOJEBUMA

[onuc LWKONCKKX 3rpaja je CNpoBefeH Ha TepeHy To-
Kom 2016. 1 2017. roanHe, a [obujeHn nofaum cy yHeTu
y CneuujanHo KpenpaHy 6a3y nopataka, MoToM npey3e-
TV, KOPUWREHW ¥ NPEeTPaXMBaHN NPUMEHOM Crelujan-
HO KperpaHor codTBepa WTO je AeTa/bHO M3NOXKEHO Y
Kromsn 1 32pade WKoCKUX U NpeOWKOICKUX yCmaHosad
— MemoO0o/IoWKU OK8UP (hopMuparea munosoauje u no-
60/pWarka eHepzemcke eqpuKkacHocmu.

Kopuwhere oBor codTBepa je omoryhuno npetpa-
XMBarbe KpevpaHe 6asze Mo CBUM MOCTaBSbEHVM MU-
TakblMa KPO3 TPU HUBOA YMUTHMKA®:

+ MPBUW HUBO YMUTHMKa 0OyxBaTa NeT NuTarba Kojuma
Cy NOEHTUGUKOBaHE MHCTUTYLM]E jaBHe HameHe,

« APYIN HMBO YNUTHMKA YMHN 14 NnTakba, @ HamerbeH
je NCKIbYYMBO 3a aIMMHUCTPATMBHE 3rpaje, LKose u
BpTWhe; NnTakbMa cy aeduHMCaHn Nonoxaj (aape-
Ca, KaTaCTapcKa napuesna) Kao 1 OCHOBHW MoAauun o
3rpaau (Bpeme rpahersa, HameHa rpadbe, MoCTojare
enabopata eHepreTcke edUKACHOCTU UK eHepreT-
CKOT Mperneaa, kao v cepTndrkaTta o eHepreTckim
CBOJCTBMMA 3rpafia Tj. eHepreTCKm NacoLw),

« Tpehu, 1 HAJOBUMHWjI, HABO YNIUTHMKA CafpKM 48
NWTakba U HaMereH je camo 3a Wkone v BpTuhe, a
00yXBaTMO je apXUTEKTOHCKe KapaKTepUCTYIKe 3rpa-
[ie, Kao 1 MpUMeHeHe C1cTeMe 13 JoMeHa MallviH-
CKINX W eNeKkTponHCTanaumja.

HakoH cnpoBefeHor nonvca, yHoleHa nogaTaka y
bopmmpaHy 6asy v BanuaaLumje NpUKynbeHrx nogaTaka
bopmmpaH je y3opak oa 1.857 WKONCKMX 3rpasa.

3Y Krbmsm 1 32pade WKockux u npeoduKoICcKUX ycmaHosa —
MemoOOJIOWKU OK8UP (hopMUPArba munosoeuje u Noboseluared
eHepeemcke eqoukacHoCMu AaTo je NpeursHo objallHerbe
CTPYKTYPE ¥ HaumnHa Gopmmparsa ynmnTHIKa

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 3rpagay Cpbujn

YkynaH 6poj wkonckmx 3rpaga y Cpbwjv yceojeH je Ha
OCHOBY aHan13e nofataka Koje fajy fBa jaBHO AOCTyMHa
13BOpA:

1. Ha cajty Penybnunukor 3aBofa 3a CcTatncTuky Cp-
6uje peaoBHO ce 0bjarrbyjy MybnvKkaumje 13 obnacTu ge-
NoBatba 0Be MHCTUTYLWje. LLikoncke 3rpage cy obpaheHe
y BULLE 13BOPA:

- Cmamucmuyku 200ukak Penybsuke Cpbuje- o6pa-

308arbe*, Koju Cce 0bjaBsbyje rogne 1
+ yoksupy CaonuwTerba: OCHOBHO WKO/ICKO 06pa3o-

garbe y Penybnuyu Cpbuju’ u CpedrowKosIcKo 0bpa-

308arbe y Penybnuyu Cpbuju® koju ce objassbyjy no-

UETKOM 1 Kpajem CBaKe LUKOJCKe roAnHe.

Y oba v3BOpa je youeHO Aa He MOCTOojU MpeuunsHo Ae-
drHMCaHa pasnurka 13mehy WKONCKMX 3rpada U MHCTU-
Tyuvja WwKona v Tek nopeherbem ca ApyrvimM 13BOpYMa
MOF/IO Ce 3aK/byuuTV Aa je pey O LKOCKMM 3rpajama.
Takobe, 6poj WKoNa, Na TMMe 1 LLKONCKMX 3rpafa, Mpome-
H/BUB je 13 roAvHe Y roarHy: 6poj OCHOBHMX LUKOMa ona-
ha a 6poj cpefrbyix Wwkona pacte. OBe NpomeHe cy y oba
Cnyyaja MYHUManHe, Marbe of 1%.

2. MMHWCTapCTBO MPOCBETE, HayKe W TEXHOMOLLKOD
pa3soja Peybnuke Cpbuje Takohe objaBmbyje nopatke
O WKoMama ¥ LWKOACKMM 3rpafiaMa y Cpbuju’. Yeuaom y
nofaTke MOXe ce KOHCTaToBaTW fAa ce 6a3a cacToju of
YKYMHO 4.444 NHCTUTYLMje, LUKOJIE U MOAPYKHE LWKOoSIe ca
yKynHo 6.052 pa3nununta objekta y cBOM cacTtasy. Mehy-
TUM, BENVIKM BPOj LLKOMa He nocefyje HujeaHy 3rpady, a
HaBefeH je BennkM B6Poj LWKoNa ca BPso Manum 6pojem
ydyeHuKka (o net). M3bauvBarbem 13 6ase wkona 6e3
3rpaja, Kao v MHCTUTYLMja ca marbum Bpojem 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/SB-621-SrednjeSkole2016-17.pdf
’ http://opendata.mpn.gov.rs/
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HWje KoHauaH Byayhu fa cy nonucanHy 1 apyrin objekTu,
a He CaMO OHM Y KOjiMa Ce OABMja YUMOHMYKa HacCTaBa:
cane, KOTIapHULE, PafMOHKLIE, OCTaBe, NOSbONPUBPEA-
HW 0BjeKTW, CTaHOBM 3a yunTesbe.

Mpemaa nogauvma MuHUCTapCTBa MPOCBETE, MaKko
BP0 0OMMHM 1 Ca BeNMKMM Bpojem nofaTtaka no CBakoj
WKOMCKOJ MHCTUTYUM}I, He Aajy NpeL3aH 6poj WKOMCKMX
3rpafia Koje ¢y y QyHKUMjW 1Y KojMa Ce peloBHO OfiBMja
HacTaBa, 3a fasby aHanm3y je kopuwheH nogaTtak 3asoza
3a CTaTUCTUKY. Tako, y 2016. rognHn y Cpbujn nma ykyn-
HO 3.890 OCHOBHMX W CPEeArbUX LKONa CBMX Npoduna.
Kako je farba aHanm3a cnpoBefeHa Ha y3opky of 1.857
NOMWCaHNX LUKOMICKMX 3rPaja, LWTO Y OfHOCY Ha YCBOje-
HW yKynaH 6poj oa 3.890 wkonckux 3rpaga y Cpbujn y
2016. rognHy NpefCcTas/ba N3y3eTHO BEIMKM CTaTUCTUY-
KM y30paK, KOHCTaToBaHoO je Aa dopmMmnpara b6asa nogata-
Ka omoryhasa JOHOLerbe peneBaHTHYX 3aK/byyaka.

OCHOBHe KapaKTePUCTUKE LWKONCKMX 3rpafa M3-
rpaheHux Ha Teputopmjn Cpduje, Ha OCHOBY M3BpPLUEHOT
MCTPaXKMBatba, MOTy Ce MCKasaTu kpo3 Behn 6poj acne-
KaTa obpaheHnX y Aarbem TeKCTY.

Mepwvion n3rpagre

AHanumsupajyhv 6poj Wkona no BpemeHy Kaaa cy us-
rpaheHe KOHCTaTyjeMo fa je cauyBaH BeWKM 6poj WKon-
CKMX 3rpafia 13 nepuoga npe [pBor CBeTCKOr pata u
n3Mehy ABa CBETCKa paTa Koje Cy jow yBeK Yy GbyHKUMju.
Kao nepvofn HajyHTeH3MBHMje U3rpadre UCTuuy ce ne-
proan nocne [Jpyror CBETCKOr pata Na ce MOXe 3aK/by-
UMTW [a je M3rpagrba WKoma npatuna obvmHy OOHOBY
M m3rpadry cTambeHnx 3rpaga y Cpbujn Koja je 6una
HajuHTEH3MBHMja Y Nnepuoay 1946-1979. rognne.? Mpo-
LEeHTya/lHa pacnoaena NonucaHmnx WKONCKMX 3rpada no
BPEMEHCKO] KnacuuKaLumjv faToj y YNUTHUKY NpurKasa-
Ha je Ha MpadukoHy 2.1.

8 JosaHosuh Monosuh M, Uriatosuh [1, Pagvsojesurh A,
Pajunh A, hykosuh Urbatosuh H, HykaHosuh Jb, Heguh 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 LWWKOMNCKMX 3rpaja NpemMa
nepuopny nrpaaroe [%]

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

>2012.

Huje peduHncaHo N/A

LLIkoncke 3rpage y 6pojesuma School Buildings in Figures

Figure 2.1. Distribution of school buildings
by the period of construction [%]
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Bynyhn na ce no CBOjM OONVIKOBHWM KapaKTepuc-
TMKaMa, Kao U KapaKTepucTiKamMa TePMUUKOr OMOTada 1
NPVYMEFbEHNX MHCTANAUMOHMX CUCTEMA, LKOSICKE 3rpafe
HUCY MHTEH3WBHO Metbase, 3a notpebe dopmrparba Tw-
nosnoruje neproamnsaLmja je CBeAeHa Ha UeTVPY KapakTe-
PUCTWYHa Neproaa 13rpajrbe objearrbaBarbem Nepriosa
JedVHNCaHNX KPO3 aHKeTHa NitTakba Y ynuTHULKMMA. VcTe
KapaKTepucTmKke NeproavisaLmje 3agpxane cy 1y Knacu-
brKaumjm NpUMereHoj 3a K3pagy TUNNorvje ca nepuoan-
Ma 00jefViFbeHV M Ha OCHOBY apPXUTEKTOHCKMX KapakTe-
pYCTVIKa 3rpafa v noctojehe perynatuee’. (MadrkoH 2.2.)

MpadukoH 2.2. 3aCTyr/beHOCT WKONCKMX 3rpaaa NpemMa
nepunoamn3aumjv ycojeHoj paan dopmmparsa tinonoruje [%]

< 1945.

1946-1970.

1971-1990.

> 1991.

16

Huje geduHncaHo 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 WKosckux U NpeowKonCKUX yCmaHosa —
MemoOoIOWKU OK8UP (hopMUpara munosioeuje U Nobosbwara
eHepaemcke epukacHocmu

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



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

2.1. ApXMTEKTOHCKE KapaKTepuCTUKe
KoMnakTHOCT 3rpage

[Likoncke 3rpage aenvimmyHe pasyheHocTr dpopwme,
a NOTOM 1 3rpajie KOMMaKTHe dopme unHe Hajsehun neo
doHpaa WKoNCckmMx 3rpaaa y Cpbuju; JOK Cy PETKO, Y CaMo
21% cnydajeBa, WkKone rpaheHe kao pasyhHeHe dopme.
OBaKaB MPOJEKTAHTCKM MPUCTYN MPom3nasn 13 OyHk-
Umje WKOCKor objekTa rae ce yuuoHuLe, CTaHaapaHor
obnrKa 1 AnumeHswja, 1 KabnHeTn ca npatehrm KoMyHu-
Kalyjama 1 CaHWUTapHUM MPOCTOPOM Hajuewhe rpynu-
LWy OKO XONCKOT, MyNTUdYHKLMOHaNHOr npocTopa. Mctu
NPOCTOPHYW pacrnopes NoHaB/ba Ce 1 Ha CNpaTHUM eTa-
*ama ko Behunx objekata. Ha MpadukoHy 2.3. npurikasa-
Ha je NPOUEHTYyaNHa 3acTyr/beHOCT 6poja 3rpaja npema
KOMMAKTHOCTMW.

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

KOMMaKTHa compact

nenvmmnyHo pasyhena partially complex

pasyheHa complex

Huje feduHmcaHo 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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Cn PATHOCT LWWKONa

[aneko Hajsehun 6poj wkona y Cpbuju, Ckopo nono-
BMHA, rpaheHe Cy Kao npuvsemHe 3rpafe. HewTto Buwe
Of YeTBPTMHe 3rpafa Mma ABe HaasemHe etaxe ([1+1),
TO jecT HelWTo BuLLe Of] YeTBPTUHE 1MMa NpU3emsbe 1 [1Ba
cnpara. (MpadukoH 2.4.)

Bpoj LWKoNa ca BUMLIe eTaxa je 13y3eTHO Manu 1 Beha
CNpaTHOCT ce cpehe camo Kof Wkona ca Behrm 6pojem
yuroHMLa, TO jecT Behe nospwuHe. Takohe, Wwkone cy pe-
TKO rpaheHe ca NoapyM1Ma, Bu1LLIE Of MoMa 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%) 1nv NOCToju jefHa NOAPYMCKa eTaxa y
KOjy ce cMellTajy noMohHe npocTopuje, Hajuewhe ocTa-
Be 3a orpes. (TpadukoH 2.5.)

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

npusembe ground floor (GF)
M+1 GF+1
M+2 GF+2 15

M+3 GF+3 4

M+4 GF+4 1

Huje neduHmncaHo N/A 4

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 [%]
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MpaduKoH 2.5. 3aCTyN/beHOCT WKONCKKMX 3rpana
npema cnpaTHOCTY — Yy OAHOCY Ha 6poj NOA3EMHIIX eTaxa [%]

40 50 60 70 80 90 100

Figure 2.5. Distribution of school buildings
by the number of floors relative to the number of levels
below the ground floor [%]

0 55
1 35
2|1
Huje peduHmncaro N/A 8
0 10 20 30 40 50 60 70 8 90 100
MoBplunHa WwKone Building size

(6pyTO pasBujeHa rpaheBrMHCKa NOBPLUVHA)

Hajsehn 6poj wkona y Cpbuju, Maga He U OOMU-
HaHTHO, CMafla y Knacy manux wkona, Ao 500 m? wro
notephyje 1 UMkbeHrla Aa Cy TO YIIaBHOM Mpu3emHe
3rpage rpaheHe y paHujuM nepuoarma 1 Hajuelwhe BaH
rpaackmnx cpeamHa. Cpearbx U BeNMKUX LIKOMA MMa Npu-
6AVKHO jefiHaK OPOj 1 MOXKe Ce 3aKk/byunTuy Aia Cy rpahe-
He Y KaCHMjUM NeproanMa, y rpafiCkMm CpearHama, Kaaa
je 1 aowno fo Harnor nopacta 6poja CTaHOBHWLWTBA U
HaTtanuTeTa (Nepwon 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 pa3swjeHoj 6pyTo NoBpLUMHM [%)]

<500 m?

500-2000 m?

> 2000 m?

Huje feduHmcaHo N/A

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

Kapa je obnMkoBarbe KpoBa Yy MuTarby, [Aaneko
Hajsehu 6POj LIKONCKKMX 3rpafa MMa KOCK KPOB, Yak 85%.
(MpaduKoH 2.7.) loM1HAHTHA je n3rpafjHba KOCKX KpOBO-
Ba Y CBMM MepuMoAMMa, Ca PeTKMM K3y3eurma npojek-
TOBakba PaBHOI KpOBa Kafa Cy TO KapakTepUCTUYHM
APXUTEKTOHCKM MpaBuu y oapeheHnM nepuognmMa Ha-
MeTanu, NpBeHcTBeHo 70-ux 1 80-1x roauHa NpoLwsor
Beka. YecTe cy MHTEpBEHLMje Ha OPUTVMHANHMM KPOBO-
BMMa LWITO Ce KO KOCKX KPOBOBa Orfiefa y B1ay aganta-
LMja TaBaHCKOr MPOCTOPa Y KOPUCTaH NpoCTop, a TUme
1 noBehasa KBagpaTypa WKONCKMX 3rpafa. Koa paBHMX
KPOBOBa Ce HakHafHe afjanTaumje ofHOCe Ha JOrpaatrby
HOBOI MPOCTOpPa, rAe je MCTOBPEMEHO M3BPLIEHa U pe-
KOHCTPYKLMja paBHVX KPOBOBa Koje, ycnen CTapocTu u
rnojage Lyperba, Tpeba caHnpaTu.

lpadukoH 2.7. 3aCTyn/beHOCT LWWKOMCKMX 3rpaja Npema Tumy
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
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MpadukoH 2.8. 3aCTyN/bEHOCT PA3NUUUTIIX KPOBHUX NMOKPMBaYa
Ha WKONCKMM 3rpanama [%)]

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  PasnUUTKX  KPOBHMX MOKPMBaYa
npuvKasaHa je Ha lpadwmkoHy 2.8. Moxe ce KOHCTaTOBa-
TV Aa faneko Hajgehn 6poj 3rpafa 1MMa Lpen Kao KpoB-
HV MOKPMBAY, IOK je ApYrv NO 3aCTym/beHOCTU M. OBO
y MOTNYHOCTW OAroBapa paHujoj KOHCTatauujn fa je
Hajsehun 6poj Wwkona rpaheH ca kocm KpoBoM. Hapas-
HO, WKOMe 13 paHujVx neproda NoKpMUBaHe Cy LIPEmnoMm,
[IOK Ce€ HELUTO KacHWje KopWCTMO num. Manu 6poj WKo-
N3, V3BEAEeHVX Ca PaBHUM KPOBOM, MOKPWBAH je WSbyH-
KOM mnv GeTOHCKMM nnovyama. Ha ocHoBY npoueHTyan-
He 3acTyn/beHOCTH, TaBaHCKM MPOCTOp ce Y Hajsehem
6pojy cnyyajesa (90%) He kopucTw. (MpadurkoH 2.9.) Camo
Y M3Yy3€THVM CyYajeBlmMa NMOTKPOBIBE je MPOjeKTOBAHO
Kao KOPWCTaH WKOMCKM NPOCTOP WK je HakHaHO aaan-
TYpaHo. Kao WTo je nomeHyTo, aganTaumja TaBaHCKMX
NpoCTOpa v A0rPaAHka eTaxKa KOf WKOMa Ca PaBHUM KpoO-
BOM je BWA HakHagHe VMHTepBeHUMje, anv byayhn fa ce
NCTPaKMBarbe 6asvpa Ha OPUrMHANHOM MPOjEKTOBAHOM
CTakby, OBE JOrPaAH-e HCY Y3VMaHe y 003Mp.

MpadukoH 2.9. 3acTyn/beHoCT kKopulhera TaBaHCKOT
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 aedrHmncaHo N/A 5
0 10 20 30 40 50 60 70 80 90 100

Takobe, TaBaHULa MCMO[ HerpejaHor TaBaHa, y Hajsehoj
MepW, Hyje n3onosaHa. (MpadurkoH 2.10))

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

wi
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lpadukoH 2.10. MocTojare Tepmomr3sonaLje y Cknomny
TaBaHULe Ka HerpejaHoM TasaHy [%]

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

Kopuwhetre noapyMckrx npoctopa

Beh je HarnaweHo fa Buile Of NONOBKHE aHan13vpa-
HVX WKOMa Hema NoapyM. Y CiydajeBrmMa Kaaa LWKOCKa
3rpafa “ma NoapyM, CIMYHO TPETMaHy TaBaHCKOT NMpoC-
TOPa, KOPUCTH Ce Kao MOMONHIM MPOCTOP KOju Ce He rpeje,
a TaBaHMLa Ka Nofpymy y CBOM CK/IOMY Hema CJ0j Tep-
MUUKe 3allTUTE WTO je uiyCTpoBaHo Ha lpadwmkoHy 2.11.

Camo 1% wkona mmMa yrpaheHy Tepmousonauujy
y cknony mehycnpaTHe KOHCTPYKUMje Ka HerpejaHom
nogpymy. NpeTnocTassba ce fja Cy TO Yr1aBHOM LUKONe
npojeKToBaHe y CKopvjem nepuoay, of ysoherba NpBux
nponunca o TePMMYKOj 3alUTUTK 3rpada Koju cy obase-
3VBaNN Ha NPOPayyH TEPMUYKMX KapakTepUCTUKa CBIX
eneMeHata TepMUYKOr OMOTaua 3rpage. Y Hekum Chy-
YajeBMMa, KaCHMjOM afjanTaLjom, HapOUUTO NOC/e NPW-
K/byuerba 3rpafia Ha Ja/bMHCKe cuMcTeMe rpejarba, nog-
pYMCKe mpocTopuje paHmnje kopuwheHe kao ocTase 3a
OrPEB M NIOXMOHWLE NPEHaMerbeHe Cy y KOPUCHe pafHe
npocTtope (Tpnesapvje, brbnnoTeKe ).
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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 TepMom3sonaLuje y cknony
TaBaHuLe Ka HerpejaHom noapymy [9%)]

nayes 1
He no

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

AHanv3a 3acTyn/beHoCTV Mnpo3opa Ha dacaan je
ypaheHa npema apXWUTEKTOHCKUM KapaKTepucTMKama
3rpaja, To jecT npema HauvHy TpeTMaHa Npo3opa y pas-
AVYUTUM UCTOPUJCKM Neprofnma. Moxe ce pehi aa cy
Yy paHvjuM Neprioarma Npo3opy TPeTUPaHK nojeamnHay-
HO, 'y OAHOCY Ha MOBPLWWHY YUYMOHMLIE KAaO Makby OT-
BopW, Ca Behnm Bpojem NoAeoHMX NPeyYKK, y3poKyjyhu
4ecTo WM HefoBO/bAH OCBET/baj y npocTopy. Ca Hampe-
TKOM WHAYCTPUje 1 NOojaBOM KBanUTETHM]MX Npo3opa U
moryhHowhy yrpagre Behrx cTakneHnx NoBpLUKHa, Kao
1 yBoherem nponuca ca AedrHMCaHM HUBOMMa OCBe-
T/baja ¥ BUCMHE MapaneTa y yYmoHuLama, v Mpo30pCKu
oTBOpW Cy nocTtanu Behn 06e36ehyjynn vy yunoHuuama
He CaMO KBanWTeTaH OCBET/baj HEOMXOAaH 3a KBanuTeT-
HO Npahetbe HacTaBe Beh 1 OOSHY BM3YENHN KOHTAKT Ca
CrnosbHOM cpefnHoM. LLIKona ca BennKmnm npoLeHTom oT-
BOpa Ha Gacaau y aHanm3mpaHoMm y30pKy 1ma oko 70%,
WTO je NpwvKazaHo Ha MpadukoHy 2.12. Koa mMarber 6poja
OBVIX LUKOMa MPO30pU Cy CMOjeHU Y BUAY MPO30PCKMX
Tpaka, WTo ce Takohe Moxe TyMauuTu Kao MoLToBarbe
CTUICKMX OANMKa apxUTeKType oapeheHor neproga.
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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.



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

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 nojaee PVC npo3opa HajzacTyribeHuju cy ounm
APBEHW MPO30PW, Y MOYETKY jJeAHOCTPYKM, a KacHuje
ABOCTPYKM Ca WMPOKOM WM YCKOM KyTVJOM WK TUM NPO-
30pa ,KpUNo Ha Kpwuno” VIcToBpemeHo, cropefHn wnm
XOJNCKM MPOCTOPW MOTIM Cy BT 3aCTaKIbEHW 1 METANHUM
npo30pKnMa, TO jecT Nperpagama, T38. LPHOM BpaBapujom.
[aHac, ckopo 90% wkona 1UMa NPo3ope ca APBEHUM, Of-
HocHO PVC pamoBKMa, IOK je MpuMeHa anyMUHUYMCKIMX
npo3opa peTka WTo Npwkasyje MpadrkoH 2.13.

Tpeba wncTahuv Aa je y npouecy caHaumje WKONCKMX
3rpafa npsa mepa obHOBe ynpaBo Oua 3ameHa 1OTpaja-
NMX OpBeHVX Npo3opa 1 upHe 6paeapuje PVC nposzo-
pVMa Ca M30MaLUMOHUM CTaKIMMa, YMMe Ce NOCTM3ano
1 nobosbllakbe eHepreTcke eprkacHOCTU OOHOB/bEHMX
3rpafa. Mako je npumeHa oBe Mepa OOHOBE Y BEVKOM
6pojy cnydajeBa AoBena Ao Nobosbliarba eHepreTcKor
paspefia 3a jeflHy Knacy Kako je Hawwum nponmucrma o
TEPMUMYKOj 3aWTUTK ObjekaTa ycnormbeHo'?, PVC npo3zo-

10 MpaBWHKK O YCIOBUMA, CAAPMKUHI 1 HAUMHY 13[aBatba
cepTvdrKaTa O eHepreTCKM CBojcTBMMa 3rpaga (C. rnacHuK
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 PEKOHCTPYKUWW Hajuewhe HUcy
OfroBapany AaHallkbiM 3axTeBMMa perynatuee'’, nako
NPUMEHEHM CTaKNOMNaKeTV jecy ABOCTPYKM M30MaLmno-
HW, an NPO30PCKM PaM HIje 3aA0BObaBajynnx KapakTe-
pYICTVIKa. 3aTO Ce, Kao jeaHa oA Mepa yHanpeherba WKon-
CKVIX 3rpaja, NpuMerbyje 1 Mepa Koja feduHuiie camo
3aMeHy Npo30pa, anu Ca KapakTepucT1Mkama npema 3a-
XTEBaHVIM CaBPEMEHVM NponucrMa. Tpeba nctahn ga y
CflyyajeBrMa rae Cy Npo30pw 3aMereHw, Mepa NoHOBHE
3aMeHe MOXe [JOBECTU [10 esbeHor Nobosbliarba Camo
aKo Cy NpO30pK M3Y3eTHO KBANMTETHM W yrpaheHu Tako
[Jla ce NoCTUrHe [o6pa 3anTUBEHOCT.

3acTopu

YNPKOC NOCTOjakby BENMKMX MPO30PCKNX MOBPLWMHA
jy>He opujeHTaumje, Hajgehn OPOj WKOMCKMX 3rpada Y
Cpbujn H1je onpemsbeH 3acTopmma (Yak 63 %) oK camo
1% WKona nmMa cnosballbe 3aCTope, LWTO je jJaCHO BUASbU-
BO Ha [padukoHy 2.14.

OBa YmMrbeHMLa yKa3yje Ha fole YCNoBe TOMIOTHOT U1
CBETNOCHOT KoMdopa Y WKonaMa. Magaa Wwkone He paje
TOKOM jyNna 1 aBrycTa, AnpekTHo CyHUYEBO 3paderbe, Yak U1
TOKOM 3MMCKIMX MeCeLr, MOXKe A0BECTU 0 NperpeRatba
Koje ce Hajuelwhe pelliaBa OTBapaH-em Npo3opa na ce He-
notpebHo rybun Tonnota. AnpektHo CyHUeBO 3paverbe,
Kof Npo3opa 6e3 yHyTpallkbKX 1 Crosballibix 3aCTopa,
61No Aa Cy NOKPeTHWU nnn 'y dopmu CTpexa 1 bpurconeja,
CUrypHO I0BOAM W 10 NojaBe BrbecKa Koju OMeTa KBann-
TeTHO Npaherbe HacTase 1 jedaH je of OUTHKX GakTopa
cseTnocHor komdopa (CraHkosuh, Koctuh, JosaHosuKh
Monosuh, 2014).

' 3a npo3ope y noctojehnm 3rpagama Koje ce obHaBsbajy
KoedVLMjeHT Nponasa TonnoTe NPo3opa U3HOCK Hajmarbe
U=1,4 W/m’K, npema lNpaBunHmnKy o eHepreTckoj edprkacHoCTy
3rpaaa (Cn. racHuk 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. 3acTynsbeHOCT 1 BPCTE 3aCTopa Ha NPO30opyrMa
LIKONCKKX 3rpaga [%)]

Hema no blinds
cnosbalkby external

yHyTpaLutsu internal

MprimereHn MaTepurjanu GpacagHor 3vaa

TpaanumoHanHo Hajuelwhe kopuwheHn Matepwjann
3a 3uaarbe 3rpagay Cpbuijun cy oneka (MpBo MyHa a noTom
1 OWYnSbeHa) a 3aTM y HOBUWjEM MEPUOLY OMeKapCKu
6nok. OBa fiBa MaTepujana Cy 3acTynsbeHa y GacagHvm
31OBMMA LKONCKMX 3rpafa Yak y 85% ciydyajesa, LWITO
je unycTtpoBaHo Ha lpadwmkoHy 2.15. Kpo3 NpoLeHTyanHy
3aCTYM/bEHOCT PasUUUTUX rpabeBMHCKKX maTepujana.
3acTyn/beHOCT 6ETOHCKYIX 3M0Ba je 13Y3EeTHO Mara, Tako
Ja ce npumMeHa 6eToHa cpehe Hajuewhe camo Kao cac-
TaBHW A0 KOHCTPYKTMBHOM cucTema. Mafa ce y nepwu-
oy npe [pyror cBeTckor paTa a HapouuTto npe Bennkor
paTa hepnuh 1nu Haboj KOPUCTNO Kao KOHCTPYKTUBHM
matepujan y nojefnHnm pervoHma Cpbuje, a'y Apyriuma
APBO, HMXOBA 3aCTYM/LEHOCT Y MOCMaTPaHOM Y30pKy je
Tako Mana fla ce Moxe y NOTNyHOCTH 3aHeMapuT. To je y
CKNady ca NPeTXOAHUM 3akbyylliMa O rybrbetby pervo-
HaNHVIX KapakTepuCTVKa rpaaHe HakoH [lpyror ceeTckor
pata (JoaHosuh Monosuh, Crankosuh, Majkuh, 2014).
nak, WKONCKMM 3rpafama carpaheHnm of oBKX maTe-
puvjana Tpeba NOCBETUTN MOCEOHY Maxtby, Na Uy cyvajy
Ja npecTtaHe wUXoBO Kopuwherbe Kao WKONCKOr Npoc-
Topa. Tpeba 1x cauysaTii, OOHOBWTH 1 3aLUTUTWTK Kao €0
Halle ucTopujcke balTnHe, a NTakbe HIUXOBE eHepreT-
CKe CaHauuje 3axTeBa NOCEOHY MaXkkby Yy CKNOMy CBeo-
byxBaTHe npobnemaTtrike 0OHOBE 1 3aLTWTe, CIMYHO MK~
Takby ObHOBe cTambeHor GpoHAa KOjU fAaTvpa M3 MCTor
nepvioaa (hykaroswh, Pagmsojeswh, 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¢ Popovi¢, Stankovi¢, Pajkic,
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
(Bukanovic¢, Radivojevi¢, Rajci¢, 2016).



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

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

apeo timber |0

hepnwih adobe |0

apyro other |3

Huje fedrHmucaHo 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 TepMUYKO]j 3alWTUTL 3rpa-
[a, Koju cy obyxsaTuiuv CBe TMMOBE 3rpaja na 1 WKose,
objaBmbeHn cy 1980. roamHe'?. Ako ce ynopean 6poj n3-
rpabeHVx WKoNCKMX 3rpada y nepuody nocne 1980. ro-
OMHe A0 AaHacC Ca NpOLEHTOM 3rpaja Koje 1UmMajy Tep-
MOV30M10BaHy dacafy, MOxe Ce KOHCTaToBaTW fa je
ynpaso Taj doHA 3rpafa (y oba cnydaja 14%, MoadukoH
2.16) NpojeKToBaH Ca C/ojem TepMom3sonauuje y ckiony
dacagHor 3uada , oK Cy cTapvje 3rpage u3rpaheHe 6e3
Tepmowzonauyje. [lebrorHa nprimerseHe Tepmon3ona-
Umje je y Hajsehem 6pojy cydajeBa, WTO je OAroBapano
TaAalkb0oj NpakcK, bmuna Ao 5 cm (y Yak 61% cnydajesa,
MpadukoH 2.17). [lebmbu cnojesn Tepmovzonaumje npu-
Membyjy Ce Yy KacHMjUM NepriofnmMa, HapounTo no CTy-
Marby Ha CHary caBpemeHux mpomwuca'® ma je muxosa
3aCTYM/bEHOCT Y UCMUTMBAHOM Y30PKy Mana: camo 3%
WKONCKMX 3rpafa y cknony dacafHor 31aa vma Tepmo-
n3onauujy aebmmnre 15 cm. (MadukoH 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. MocTojare Tepmomr3sonaLuje y Cknomny
bacagHMx 3vA0Ba WKONCKKX 3rpada [%)]

navyes

He no
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lpadukoH 2.17. 3aCTyn/beHOCT Pa3nnumTix AebmbiHa
npumMerbeHe Tepmomrsonauje dacagHor 3naa (%]

15cm
10cm
8cm

<5cm

Mpeosnahyjyhn Tun dpacage

Mpema TpeTmaHy dacafie WKOCKe 3rpafe Umajy ao-
MMHAHTHO TPaAMUMOHaNHy obpaay: koa 85% 3rpaaa 3a-
BPLWHa obpafa dacaja je y mantepy WTo nokasyje lpadw-
KoH 2.18. To je y cknafly ca NpeTXOAHUM 3aKfbyyurma o
3aCTYMN/bEHOCTM TPAAMUMOHANHWX rpaheBrHCKIX MaTe-
pujana nomyT orneke 1 onekapckinx 6nokosa. OBakea 06-
pafa dacage, YKONMKO mMantep Huje AeacTmpaH, ca ac-
neKTa eHepreTcke 06HOBe oMoryhasa Nako MOCTaB/bate
HOBOT TepMoM30naLmMoHor cnoja. Y 10% cnydajesa cpehe
ce 1 dacafHa oneka Kao 3aBPLIHW C/0j, IOK Cy OCTanu
TMNoBK obpafe dacafa 3aCTyn/beHW y 3aHeMap/bBOM
6pojy. Obnararbe UenokynHux acaga uan aenosa da-
cafla MaTepujanm3oBaHnx y GacagHoj oneun, yKoamKko ce
npv 06HOBM MpUMerbyje MCNPaBaH NPUCTYN ¥ 3adpxa-
Ba apXMTEKTOHCKM 13pa3, U3MCKyje BuLWe Hanopa. [1peko
NoCTaB/beHe TepMOM30/aLje HEOMXOAHO je MOCTaBUTH
[OAATHW 3aBPLUHM CNOJ KOjW CBOjUM M3rnefom noaceha
Ha oneky (onekapcke nnoywe unu dacaaHn NaHenu ca
3aBPLUHMM CII0jeM KOj UMUTIMPa OnekKy).

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 Pa3NNYUTKX TUMOBA
maTepujanu3aumje 3aBplwHe obpase dacage [%]

npyro other I 2

napknekc Parklex
KameH stone
anykoborg Alucobond 0

LemMeHTHe nioye cement pane\s 0

6eToH concrete 4

oneka brickwork 10

manTep plaster

Crame MNCNpPaBHOCTU 3rpaje

Kafa je y nuTarby NpoLieHa CTaka MCNpPaBHOCTY 3rpa-
[ie, Ha MOCTaB/bEHO NUTakbe Aia IV je Ha 3rpafu NoTpedHo
M3BPLINTU HEKE MHTEPBEHLMje, MToHYHeHO je neT Moryhux
OfroBopa Yy CKafy ca CTakbem 1CMPaBHOCTH Koje Ce Haj-
vewhe cpehe y npakcn. To cy cnegehe moryhHoCT:
1. ncnpasHa
2. noTpebHa nonpaska UK AenrM1MyHa 3ameHa
3. noTpebHa pekoHCTPyKUWja, afanTaumnja uin 3ameHa
eflemeHata TepMUYKOr oMoTaua
4. potpajana
5. HefnoBplweHa

Ha Hajsehem Opojy WKONCKMX 3rpaaa, YKYnHo 65%,
noTpebHo je VM3BPLWWTA MHTEPBeHUM]y. Ha nocTasmbeHo
M1Takbe O BPCTU MHTepBeHUWje Hajuyelwhe je oaroBapaHo
[a je noTpebHo nonpaeuT Gacady, KPOB MAN 3amMeHN-
TV npo3ope. Mnak, 23% wkona cy y o0O6pOM CTakby, 0K,
HaXkanocT, Tpeba KoHcTaToBaTh Aa ce 13% wkona y Cp-
6ujn cmaTpa foTpajanvm. CTakbe MCNPaBHOCTY LUKOACKIMX
3rpaga y Cpbujn je nprkazaHo Ha padukoHy 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 PasnnunTX 06NMKa CTakba
MNCNPaBHOCTU LWKONCKKX 3rpasa [%)]

ncnpasHa in good condition

notpebHa nonpaska in need of repair

noTpebHa pekoHCTpyKLpja in need of reconstruction
noTpajana in disrepair

HepospueHa unfinished

Figure 2.19. Distribution of measures for condition assessment
of school buildings [%]
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KakaB je TpeTmaH fiena rpaheBuHCKor doHaa WKon-
CKMX 3rpafa Koje ce cMaTpajy aoTpajanum? [la 6u ce go-
Heo peneBaHTaH 3ak/byyak noTpebHa je 1 Aarba aHanw-
3a. [peBacxoaHo Tpeba yTBPAMTY Y KOjUM CpearHamMa ce
OBe WKoJe Hanase 1 fa v, Kpo3s byayhy cTpaterujy o6-
pa3oBarba y Cpbuju, MMajy Aarby NepcnekT1By paga um
ce ycneq femorpadcke cuTyalvje nnaHMpa 3aTsaparbe.
Y Tom Cnyyajy, eBeHTyanHa obHoBa 3rpaga Tpeba Aa byae
nnaHvpaHa y cknagy ca HOBOM HaMeHOM.

2.2. TepmOTEXHMYKE NHCTanauunje

Y cKknony ynuTHWKa Tpeher HMBOa, Ha CET MuTarba
O CTatby TEPMOTEXHWUYKMX MHCTanauvja y Wwkonama, Ha-
XarnocT, Ha HeKa MNuTarba HUCY AaTV OArOBOPW, Na je 3a
nojeavHe aHanmse KopuwheH HeWTo Marbk y30pak Of
YKYMHOT 6poja y30paKka aHKeTVPaHMX WKOCKMX 3rpada
(1.857). Paznor HajBepoBaTHMje NeXn Yy KOMMNEKCHOCTYH
OBOT acreKTa vy H1BOY NOTPeOHe TeXHMUKe eKkcrepTunse
1 OOCTYMHOCTY MofaTakKa.

[pejare, BeHTUNaUWja, KNMMaTu3auynja

Y BeNnHK WKOMNa NOCTOJM MHCTanaumja rpejatba y Le-
N0j UK HajBehem aeny WKoCKe 3rpafe, LWTO je 1 0UeKu-
BAHO 1y CKMady Ca KMMMaTCKMM KapakTepuctnkama Cp-
6uje. (MadukoH 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
Makby €0 3rpaae minor part of the building 9
He noctojn does not exist | 2
0 10 20 30 40 50 60 70 80 90 100

Hajsehr 6poj wkona, C 063MpoM Ha Mepwof W3-
rpadke, NpojekToBaH je 1 n3rpaheH 6e3 MHCTanauwja
BeHTUMaUMje 1 KIMmMatv3auumje. Mlako TOKOM NeTrber 1
3MMCKOT pacrycTa y wkonama Hema haka, Bennkn 6poj
KoNa paav TOKOM Uene rofuHe, Guno fa ce [enosu
WKOMCKe 3rpaje vM3dajy y 3akyn unuv ce y moj oasujajy
Lpyre akTMBHOCTW. VIHCTanauvje BeHTUnaumje 1 KnnmmMa-
TV3alwje NocToje y Manom 6pojy 1y GyHKUMjU Cy Camo Y
marbem aeny 3rpage. (MadukoH 2.21. 1 MpadukoH 2.22.)
Hajuewhe je peu o mpocTopy ynpage Koja paaun fdyxu
BPEMEHCKM Nepuof, Kao ¥ O MojeauHnM KabuHeTu-
Ma Ca CreuwvjanHnM 3axTeBnmMa v NpocTopuma apyre
HameHe.

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

uena 3rpaga whole building

Hajsehu feo 3rpage major part of the building
Makbv 1o 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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lpadukoH 2.22. 3aCTyn/beHOCT NOKPYBEHOCTY LUKONCKNX
3rpana knvmatrsaumjom [%]
uena 3rpaga whole building M2
Hajsehu feo 3rpage major part of the building J§ 1
Marbu 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
rpejakba Koje yrfaBHoOM pafe C Maanm CTeneHoMm uc-
Kopuwwherba ropunea. Takohe, y 30% WKoAa OAroBOPHO
NLe He 3Ha Kaja je c1cTeMm 3a rpejarbe yrpaheH, To ject
Kafa je nocnearbyt MyT PEKOHCTPYMCaH. 3acTyn/beHoCT
CUCTEMA 3a rpejarbe Koju Cy TPeHYTHO Y ynoTpebu, npe-
Ma CTapOCTU, MOXKe Ce jacHO B1aeTH Ha [padukoHy 2.23.

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

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

npeko 30 rognHa over 30 years

Kana je cuctem rpejarba y NuTakby, MOXKE Ce YounTH
[a je Hajuewhe y NpUMeHN CUCTEM LEHTPANHOT rpejatba
Ca COMCTBEHOM KOTMAPHMLOM. Y LieHTpanv3oBaHe cucTe-
Me rpejakba Mory ce yopojatv 1 rpejarba 13 610KOBCKMX
KOTNapHMUa, Kao W rpejakbe NpeKko UEeHTPasHor cuc-
TeMa Ha HUBOY MHCTUTYUMje. [Mocne cucTema LeHTpan-
HOT rpejakba, Haj3acTynbeHmju Cy CUCTEMM JTIOKANHOT 1
Ja’bUHCKOT rpejarba. (padukoH 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 90 100

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

TONNOTHa Nymna heat pump

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

BpcTe ropusa

[OpVIBa 1 EHEPreHTN KOjI Ce HajBMLLE KOPUCTE Y LWKO-
namMa npu1KasaHu cy Ha MpadurkoHy 2.25. Moxe ce younTu
[la Ce Kao ropmBO HajBuLLe KOPUCTW APBO, Y MONOBUHM
MCMIUTMBAHNX LWKONCKMX 3rPafa, a 3aTUM NPUPOLHW rac,
[OK CBU [Pyt eHepreHTN NOKpKBajy noTpebe npuonm-
HO YeTBPTUHE WKOJa.

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

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

npupoanrw rac natural gas

TeuyHa ropviea (nox-ysoe) 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 [%]

AHanu3mpaxa je v kopenauuja n3mehy OCHOBHOT ro-
pVBa M WHCTANMCaHWX CUCTEMa 33 rpejarbe LIKOMCKIMX
3rpaga. Y crctemmma LIEHTPaHOT rpejatba, Koju Cy Haj3a-
CTYM/beHWjM Y WKONaMa, HajBuLLE Ce KOPUCTU [PBO, NpU-
POAHM rac 1 TeYHa ropyBa, 0K je y CUCTeMMMA NIOKaHor
rpejatba OCHOBHYVI EHEPreHT OrpeBHO APBO.

60 70 80 90

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. npukasaH je pe3yntaTt Koju aajy
O[LrOBOPW KOPUCHWMKA Ha NiTarba O KBaNIUTETY rpejarba y
LWKONCKMM 3rpagama. Oxpabpyje umrbeHnla Aa Hajehu
6pOj KOPUCHWKA rpejakbe oleryje Kao Aobpo man 3a-
noBosbasajyhe. Minak, nofgatak Aa 25% KOPUCHMKA Huje
3a[JOBOSBHO rpejarbem, MHOWKATVBaH je, 1 yKasyje Ha
HEOMXOLHY PEKOHCTPYKLMjy MPBEHCTBEHO OHMX LUKO-
na 'y KojuMa Cy HeafieKBaTHW YCNoBM Kompopa, a 3aTnm
1 OCTanWX Koje npefcTaB/bajy HeedukacHe noTpollaye
TOM/IOTHE eHepruje.

lpadukoH 2.26. OueHa KBanuTeTa rpejarba y LWkonama [%]

onnvuHo perfect

nobpo good

3afososbasajyhe satisfying

AenMMnYHO 3aososbasajyhe 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 [%]

Obpafjom aHKeTe O eHepreTCKMM KapaKTepuCTMKa-
Ma LUKOMa 3anaxeHa je Kopenauwja umehy nHcTanmca-
HOT C1UCTeMa 3a rpejarbe 1 OLeHe KOPUCHWKa O KBanuTe-
Ty rpejarba y rvma. Hajuelwhe je Kao oannMuUHO olerseHo
LEeHTPaNHO rpejarbe (M3 COMCTBEHE KOTNapHULE W
cnCTeMa [a/bMHCKOT rpejarba). LleHTpanHo rpejarbe y
HajseNoj MepK 3a40BObaBa 3axTeBe KOPUCHMKa Y norne-
Ay KBanuTeTa rpejatba (oLeHe: obpo 1 3afoBosbaBajyhe).
OAnNnYHO je ouerbeHO 1 rpejarbe TOMIOTHMM Nymnama,
anu je y3opak BEOMa Mau, Ha H1BOY CTaTUCTUYKeE rpeLu-
Ke (camo net wkona). Hajnowwnje je ouereHo NoKanHo
rpejarbe Wkona.

YTBpheHa je 1 Kopenauwja mamehy OCHOBHOr KO-
puwheHor eHepreHTa v OLeHe KBanuTeTa rpejakba Ko-
PUCHVKA KOjW Cy Haj3afOBOSbHUM Kafia Ce 3a rpejare
KOPWUCTW MPUPOAHM Tac Kao eKOMOLWKM HajnpuxBaT/bi-
BWje ropyBO. VIHTEPECaHTHO je fa je APBO 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 A0BMO 1 BPAIO BUCOKE OLieHE, an UCTOBPEME-
HO 1 Hajnolwwje. HajgepoBaTHMje je Aa NPWXBaT/bUBOCT
[pBeTa Kao eHepreHTa HajsuLLe 3aB1CK Off MPUMErbeHOr
cncTemMa rpejarba (LeHTpanHo 1nm NoKanHo).

CaHVITapHa TONnNa BoAa

LleHTpanHa npunpema caHutapHe Torne soge (CTB)
HWje 3acTynsbeHa y Wwkonama y Cpbujn (MpadukoH 2.27.)

[oTpoLHa Tomnna BOAa Ce YrNaBHOM MpuUnpema Jo-
KasHo y enekTpuuHumM 6ojneprma, JOK camo Manu 6poj
WKOMa ¥Ma 1 LieHTPaHy Npunpemy CaHuTapHe Tonne
BO[eE; HajBepOBaTHYMje OHe LWKOMe Koje MMajy CBOj KOTao
WAV Cy Ha CUCTeMY Aa/bUHCKOT rpejarba. [peTnocTaska je
[Ja je Benvku 6poj WKora, HapPOUMTO 13 paHujer neprnofa
M3rpaase, HakHagHo yrpaaro 6ojnepe, a fa 'y Ctapujvim
LwKOoNaMa HUCY Hu nocTojanu. Toeba HanomeHy T\ Ja OBO
UCTPaXuBarbe Huje 0byxBaTUio CropTcke objekTe, Kao
HW QUCKYNTYPHE Cane y CKNOoMy HeKwXx WKoNa, Tako Aa ce
HV NpUNpema CaHUTapHe TOMSe BOAE Ha HbWX He OAHOCH.

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

Lena 3rpaga whole building f§ 1
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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. Itis 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 [%]

Hajsehu feo 3rpage major part of the building 3
Marby ieo 3rpage minor part of the building 20
He nocTtoju does not exist 76|
0 10 20 30 40 50 60 70 80 90 100

Hajsehu 6poj wkona rpeje Boay nomohy 6ojnepa
KOj1 MOTy BTV MPOTOUHM 1 akymynaumoHu. Jok ce aky-
MynaLmoHun 6ojnepy npase ca MaHOoM CHarom of Npo-
TOYHMX, akyMy/IMCaHa TOMMa BOAa Ce BPEMEHOM X/1aau
unmMe ce ryou eHepruja. MNpoTouHn 6ojnepu rpejy soay
Kafla Cce OHa W KOPWCTW, Tako fa Cy TOMIOTHU ryouum
Matbyl, anu ce eneKkTpoeHepreTcku cuctem ontepehyje
BehOM CHarom WTO Cy AOAATHU Tyouum enekTpuyHe
eHepruje y MHCTanaumjama 1 HanojHoj Mpexu. Y YnnTHU-
Ky NMTakbe O TMny yrpaheHor 6ojnepa Huje NoCTaB/beHo,

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 1 Ca KOJTIMKOM 3aCTyr/be-
HOLLlhy Ce KOpUCTH y LWWKOTama.

2.3. EneKTpoeHepreTcke NHCTanauuvje
MoTpolwa enekTpryHe eHepruje

[oovWHa NOTPOLLFba eNekTpuyHe eHepruje, 1spa-
*eHa y kWh no jeanHvum NoBpLlImMHE WKOACKOT 06jeKTa,
npeAcTaB/ba OCHOBHM MofdaTak O roAvlwbimM notpeba-
Ma WWKOJe 3a eNeKTPUYHOM eHeprijoM Koja ce Hajuelhe
KOPWCTN 33: OCBET/bEME, Mpejarbe, NpUnpemMy CaHuTap-
He Tonne Bofe W paj padyHapa v ApYyrmx enekTpuyHmnx
ypehaja. AHanM3oM NPUKYM/bEHUX MoaaTtaka 3a 1.857
WwKona BMaAM ce Aa je ceera 65% LWKona Aano nHdopma-
LMjy O roavH0j NOTPOLWHY enekTpuyHe eHepruje. Ha
MpaduKoHy 2.28. je MpUKa3aH XMCTOrpam roauie cre-
UMdUUHE NOTPOLFE eNleKTpUYHe 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 ocHosy npu-
KYn/beHMX MoaaTaka ce 3ak/bydyje Aa jeaHa TpehuHa
wkona y Cpbuju Tpowm mMarse of 10 kWh/m? enektpuuy-
He eHepruje rognwrbe. Ceera oko 10% wkona y Cpbujm
Tpoww suwwe of 30 kWh/m?. MpoceyHa cneumdryHa noT-
POlWHa eneKkTpuYHe eHepruje y Wwkonama 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
kKWh 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 Kknumatu3aumje Aeo TepMoeHepreT-
CKUX cucTema, y Wwkonama y Cpbuju ce knumaTu3aunja
MOXe MOCMaTPaTH M Kao A0 eNeKTPOeHepreTCKMX NH-
CTanauuja, 6ygyhu fa LIKOMe HWUCY MOKPMBEHE LieH-
TpanHoM KnumaTusaumjom Beh ce KopwcTe yrnaBHOM
KnumMa-ypehaju, Hajuewhe cnnut cuctem. Kopuwherse
Knuma-ypehaja y LWKoNamMa Huje WHUPOKO pacnpoc-
TparbeHO 1 Npema NPUKYNbeHUM CTAaTUCTUYKMM Mofa-
UMMa KnnmMaTraumja He NocToju y npeko 90% WKOMNCKMX
3rpapa. (MpadwikoH 2.22.)

JlokanHa ynotpeba knuma-ypehaja je Hajuewhe 3a-
CTynSbeHa y pagH1UM NpocTopujama ynpase 1 nojeaunHmm
KabrHeTMMa, AOK Cy YunoHMLUe pehe knnumaTn3oBaHe.

EJ'IEKTpVILIHO OCBEeT/bEHE

EnekTpryHO oCBeT/berbe MpeAcTaB/ba 3HauajHy Ka-
Teropujy NoOTpOWHe eneKkTpuyHe eHepruje, HapoumTo
y WKofama y KojuMa Cce HaCTaBa OAp»aBa y Beuyeprbim
catvma, Te ce 300r Tora yHanpehere eHepreTcke edu-
KaCHOCTW Y MOTPOLLFY enekTpnyHe eHepruje Hajuewhe
Be3yje 3a noseharbe epnKaCHOCTY CUCTEMA OCBET/bEHA.
OCHOBHM TMMOBW OCBET/berba 00yXBaTajy: MHKAAeCLEHT-
HO OCBeT/berbe (CHjanuiLie ca yapeHoM HUTK) dnyopec-
LUeHTHO ocBeT/bere, wregbnse cujanuue (CFL) wn LED
ocBeT/berbe. Y WKOoMamMa je HajpacnpocTparbeHnje dny-
OPECLIEHTHO, AOK je APYro MO 3aCTyr/beHOCTN MHKaAeC-
LIeHTHO OCBET/bEHSE.

AyTOmaTcka KOHTpOSa OCBeT/betba BPJIO je peTka y
wkonama y Cpbujn. Ha MpadukoHmuma 2.29, 2.30. n 2.31.
npvikasaHa je NpoLeHTyanHa 3aCTynbeHOCT Pa3NnunUTIX
TUMNOBa OCBET/bEHA, 3AaCTYNIHEHOCT ayTOMATCKE KOHTPO-
e OCBeT/berba, Kao 1 NpoCceYHa AHeBHa ynoTpeba Bell-
TauKOr OCBET/bEHA Y WKOMama. Y NpoceuHoj wkonuy Cp-
6V1j1 OCBeT/berbe Ce KOPUCTM OKO LWECT CaTu AHEBHO Ma
je cTora 3HauajaH NOTPOLWAY enekTpuyHe 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 90
whole building 90
80
; 70
| Hajeehw feo 3rpape
. G 60
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40 40
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cvjanuue ca wrensbnee bnyo Lesu LED
yXapEeHOM HUTK cnjannue fluorescent LED
incadescent compact bulbs
bulbs fluorescent bulbs
lpadukoH 2.30. 3aCTynsbeHOCT ayTOMATCKe KOHTpOne Figure 2.30. Automatic control of artificial lighting
BeLUTaYKOr OCBET/bEHA Y LLIKONCKMM 3rpagama [%)] in schools [%]
fayes 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/bErA Y LKOACKMM 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
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Ynotpeba $oTOHANOHCKNX cUCTEMA

(DOTOHAMOHCKMM CUCTEMMMA Ce MPOV3BOAW enek-
TPUYHa eHeprvja NOMONY eHepruje CoNnapHoOr 3payetsa.
Ha oBaj HauunH, Nopep cmarberba emucyje yribeH-ANoK-
cnaa, NOCTUKe ce 1 edekaT NoKaHe NPOV3BOAHE enek-
TPUYHe eHepruje v cmarbyje HeTO Mpey3eTa efnekTpuyHa
eHeprija 13 AUCTPUOYTVBHOT cUCTEMa U CMakbyjy ryou-
UM Y AUCTPUOYTVBHO] M MPEHOCHO] Mpexu (babuh, Hypu-
wuh, Kapkosuh, 2015).

Mo3nTneaH edekat v3rpagHe GOTOHANOHCKNX CUC-
Tema Ha KpPOBOBMMA 3rpafa Moxe OUTU HapouuTo [0-
6po nckopuwheH y KOMOMHaLUWjX Ca ynpaBibakbemM NoT-
poLWHOM Yy objekTMa Wkona (Kotyp, Hypuwuh, 2017)
umme B ce Cmarbina CHara pasmeHe eHepruje LKONCKOr
objeKTa 1 enekTpoeHepreTcKkor cuctemMa. ako noctoju
BENVIKM NOTEHLMjan 3a U3rpagtby POTOHAMOHCKIMX C1CTe-
Ma, Ha CaMO HEKOJIMKO LUKONaA je MHCTanMpaH 0Baj 13BOP
enekTprUHe eHepruje. Ha oCHOBY MPUKyM/beHWX Noaa-
Taka, cBera cefiam Wkona y Cpbuju nocepyje GpoToHanoH-
CKM CUCTEM Ha KpoBY. Tpeba nctahn, npw Tom, Aa Hajgehn
6p0j WKoMa MMa KOCK KPOB, BEOMA YECTO jyxHe opujeH-
Tauuje, Wwto omoryhaesa edprikacHo kopuwhere GoToHa-
MOHCKMX crCTeMa. Tema NMpUMeHe OBUMX, Kao W OCTanmx
OOHOB/BUBIIX M3BOPa eHeprije y LWKonama 3aspehyje no-
cebHy Naxkmby 1 jefjHa je of TeMa fasber pafja OBor UCTpa-
KMBAUKOT TMA.

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¢, Zarkovic¢, 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 3TPALA
Knacndukauuja WKoONCKNX 3rpaga

OcHoBHa MaTpuLa 3a dopmmparbe TUMoNornje WKon-
CKMX 3rpaja je AeduHMCaHa HaKOH TeMEbHYX aHanm3a
ayTopCKOr TWMa, NMpe CBera, aHanM3oM pasBoja WKos-
cKmx 3rpaga y Cpbuju Kpo3 nctopujy, of NpBUX WKona
carpahenux jow y Xl n Xl eky', a HapounTo of XIX Beka
A0 [laHac, Kao v mponunca O MpojeKToBakby 1 rpaherby
WKONCKMX 3rpafa v Nponuca o TePMUYKO] 3aLuTuTy. Ta-
Kohe, Ha dopmmparbe TUMOMOWKe MaTpuLe YTULAOo je
npernea KbyYHUX NPeKpeTHULA Y Pa3Bojy TEXHUUKMX U
TEXHOMOLWKMX MOrYRHOCTU M3rpaatbe, pasBoja c1McTema,
npow3soaa v Matepujana, a HapaBHO 1 MO3HaBarbe Pas-
BOja apXWUTEKTOHCKE MUCV 1 CTUOBA Y MPOJEKTAHTCKO]
NPaKCK KOA Hac, Kao M3y3eTHO BaXXHOT KpUTEpHjyma.

OcHoBHa MaTpviLia TUNoorunje LWKOCKMX 3rpaja fe-
b1HMCaHa je Kpo3 uYeTnpK BpemeHcKa nepuopa:

- 00 1945, rognHe

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

/I Tpw TMNa No BennUMHM WKosne (bpyTo pa3BujeHoj
MOBPLWWHN):
«  Matbe of 500 m?
- 04500 go 2000 m?
- Behe og 2000 m?

Tpeba wcTahv aa je 3a oppehuBarbe TNoBa no Be-
VUMHK 3rpage kopuvwheHa aHanusa fobujeHnx noma-
Taka Cca TepeHa, Kao v aHanm3a moryhux opraHmnsauyio-
HUX LieMa WKOMCKMX 3rpafla YMja je OCHOBHa jeAMHMLa
YUMOHMUA CTaHOapAHWX AMMeH3Mja. Y3 noTpebHe npa-
Tehe NpocTopwje, KOMyHMKaLMje U XONCKM MPOCTOP, YM-
HOXaBakbem [10 NoTpebHOr 6poja yuroHwLa ce opmmpa
LIKOMCKa 3rpafa MuHumanHor v seher rabaputa.

“Kroura 1 32pade wWkonckux u npeduwKoCcKux YyCmaHosa —
MemoOoIOWKU OK8UP hopMUparea munosioauje U No6obUWAara
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
doHAa WKonNCcKMx 3rpaga no bpyTo pa3sujeHoj rpaheByH-
CKOJj MOBPLUMHMN.

MpadukoH 3.1. 3acTyn/beHoCT WKona
no 6pyTo pa3swjeHoj NoBPLIMHM [%]

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

sehe og 2000 m? larger than 2000 m?

Mpema T1Ay, CTaTUCTUYKK Cy Haj3acTyr/beHKje mane
1 BenvKe Wkoncke 3rpaae (MpadrkoH 3.2.), WTO oArosa-
pa APYWTBEHOMOMMUTUYKIM OKOSIHOCTMMA W Pa3BOjy Ha-
cerba Ha Teputopuju Cpbuje. Pa3Boj rpaioBa, HapoUnTO
y nepuoay nocnepatHe oOHOBe U ycMepeHe CTambeHe
n3rpagre, 4ecTo je 6no npaheH nsrpaarsom seher 6poja
GI0KOBCKM OPraHn30BaHWX CTambeHMX 3rpafa. YKynaH
6p0j CTaHOBHWKa HOBVX [1ef10Ba PafioBa je YecTo Npe.a-
31nasmno nojenHa Marba MecTa 1 6o OCHOBHYM MOACTU-
Laj 3a M3rpaarby BeNvKMX WKona. Takohe, pa3goj obpa-
30BHOM CUCTEMA W LIMIPEHbe MPEeXe LKONCKMX YCTaHOBa
[OBOAV [10 V3rPafitbe Kako LeHTPaNHNUX (Cpeare Unn Be-
NMKe) Tako 1 Beher 6poja MOAPYKHUX 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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TpadviKoH 3.2. 3aCTyN/bEHOCT MannX, COeAHUX 1 BENMKIX
LWwKoa npema nepvoay varpagme [%)]

Marne wkone (4o 500 m?)
small schools (smaller than 500 m?)

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

Benuke Wwkone (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 [%]

o 1945,
before 1945

. 1946-1970.
1945 -1970
1971-1990.
1971-1990

. Mocne 1991.
after 1991
HernosHaTo
N/A

Pe3yJ1TaTI/I Knacrtep aHanuse

Kao ocHoB 3a dopmuparbe Knactep aHanmse', oy-
ayhn na Huje mMoryhe KOpWUCTUTM CBe aHanm3MpaHe Ka-
PAKTEPUCTMKE LIKONCKMX 3rpafa M3 YnuTHMKA'®, Ko-
puwheHe Cy camo OCHOBHE KapaKTepUCTUKe Koje ce
O[IHOCE Ha MOBPLUVHY W BOMYMETPYjy ObjekaTa, Kao 1
Ha MaTepujanu3alujy TepMUMUKOr omoTada: 6pyTo NoBp-
WKWHa 3rpafe, CNPaTHOCT 3rpajle M KOMMaKTHOCT 3rpa-
A6, KapaKTepuCTVKe KpoBa, Matepujan dacagHor 3uaa,
Kao v TepMom3onaumja y TepMUYKOM oMoTady. AHanM3om
Y30pKa CTaTUCTMUKMM MeToflaMa, a Mpema HaBeaeHUM
KapakTepucTnkama, GopmripaHa je mMaTpuia ca Onucu-
Ma MOAENCKIX 3rpafia Koje ce Hajuewhe cpehy y 3apatvim
rPaHVYHIM yCoBKMA. Y CilydajeBrMa rae je aHanmsa no-
Kasana nofjefiHaky BepoBaTHONY NnojaBe MojeanHUX Ka-
PAKTEPUCTVIKA, HAPOUYMTO Pa3IUUUTOr apPXUTEKTOHCKON
13pasa Koju MMa AVMPEKTaH yTuLaj Ha TepMUUKe 0CObUHe
3rpaje, Nopes YCBOjeHOr TWMa LLKONe, jaBrbajy ce 1 nop-
TUNOBM LWKOMCKMX 3rpaja.

1> Objalwrberbe knactep aHanmse gato je y Krbusm 1 32pade
WIKOJICKUX U NPeOWIKOTICKUX YCMAaHO8A — MemodoIowKU

0K8UpP hopMUparLa munosioauje U NO6OLUIArA eHepeemcke
ephukacHocmu

' Krbura 1 32pade WkoACKux u NpeoduKoCKUX YCMAaHoea —
MemoOoIOWKU OK8UP hopMUparea munosioauje U No6obUWAara
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 nospuumHa (bIM)

gross floor area

Before 1945

TMN KpoBa roof type

Koc KpoB pitched roof

compact / partially complex
Koc KpoB pitched roof

Meprop MapameTpy aHanuse Marbe o 500 m? 0500 0 2000 m? gehe o 2000 m?
Period Analysis parameters smaller than 500 m? from 500 to 2000 m? larger than 2000 m?
TN/ noatvn 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 KoMnakTHa / Aen. pasyheHa nen. pasyheHa / pasyheHa

partially complex / complex
Koc KpoB pitched roof

VN KpoBa roof type

MaTepujan dacagHor 3uaa 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
onexka 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 KOMnNaKTHa 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

KOMOVHOBAHMW KPOB
combined roof

610K vnn 6eToH clay block or
concrete
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MpoueHTyanHa 3acTyrnsbeHOCT 3a CBe TUMOBe U Mof-
TMNOBE LKONCKMX 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 inTable 3.2.

OnuwTa HanomeHa:
Y cBvm Tabenama 6pojeBn Cy Npu1kasaHu y ckiagy ca
npaBuAMMa CPMCKOT je3uKa.

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

Tabena 3.2. 3aCTynsbeHOCT TUMOBA WKOMa No NepruoarMa
n3rpagre [%]

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 op 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 123 062 049

AHanu3om noaataka y Tabenu 3.2 je 3ak/byyeHo fla ce
nojefiHN TUMOBW WKONCKMX 3rpaja jas/bajy Y M3y3eTHO
Masniom 6pojy y YKyNMHOM rpaheBUHCKOM GOHAY LUKOCKIMX
3rpaja, Tako fa [obvjeHV onncn MOAenckmx Kyha Hiucy
peneBaHTHW 3a 1300p CTBapHWX NpefAcTaBHMKa. Vcnog
1,5% 3acTynsbeHOCTK, LWTO je YCBOjEHO Kao MaprvHaiHa
BPEeAHOCT, UMHe TUMOBM ManuX 1 CPEeAHUX LKoMa rpahe-
Hvx nocne 1991. roguHe. [lakne, y TMNONorujv oBe 3rpage
HUCY MPUKasaHe HUTW y3eTe y 003Vp NPUAKKOM 0bpayy-
Ha NOTPOLLIbE eHepruje, ylwTeAa eHepruje Kpo3 npouec
eHepreTcke pexabunurauuje v Husoa emmncunje CO, Ha Hit-
BOY UWTaBOr rpaheBMHCKOr GOHAA LWKOACKYX 3rpaja.

MpeTpaxrBarbem rpaduuke [OKyMeHTauuje npu-
Kyrn/beHe TOKOM MOMK1ca, Kao 1 Nperfiefjom CBNX OCTanmx
AOCTYNHWX 13BOPA, MPOHaheHe Cy LKOACKe 3rpaje Koje
Hajonvxe ofroBapajy AOOWJEHNMM OMUCKMA MOLENCKNX
LWKOMCKMX 3rpafja Te NpeACTaBsbajy 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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NocebaH Npobnem NpeAcTaB/bana je UnikbeHula faje
BENWKM OPOj 3rpafia fOKMBEO Pa3HOBPCHE M3MeHe Y Off-
HOCY Ha OPUIMHANHO CTarbe: Aorpadrba, afanTaumja, 3a-
MeHa 0TPajanmx KPOBHYMX NOKPKBaYa, 3aMeHa Npo3opa,
3aMeHa OpUTMHaNHKX CUCTema 3a rpejarbe 1 yBoherse
enekTpUUHMX 6ojnepa; Tako fa noctojehe cTakbe yecTo
O[ICTYMNa Off OPUTMHAHOT, MPOjeKTOBAHON CTakba. Ha oc-
HOBY MPWKYM/beHE TeXHUYKe [OKyMeHTaluje CBe aarbe
aHanwuse, feduHUCcare Moryhnx yHanpehera 1 npopa-
UyHM Cy paheHn Ha OCHOBY MPOjeKTOBAHOT CTakba ofab-
paHVX penpeseHaTa, AOK Cy Ha CMKama MnpuKasaHa
3aTeveHa CTakba OBYWIX WKoMa. Takohe, npunvkom aedu-
HUCarba MOryRux HKBOa yHanpeherba HWUCY pa3maTpa-
HE KapaKTepUCTMKE U CNeumndUUHOCTM CaMO WKOJCKe
3rpaje Koja NpeacTas/ba CTBAPHU penpeseHT Tuna, Beh
1 NpobremaTrika 06HOBE OCTaINX LWKOMCKMX 3rpafa Koje
npunagajy oapeheHom Tumy, Tako Aa Cy CnpoBeaeHe
aHanuse, Kao v npegnosv yHanpeherba NpUMeHbUBY
Ha LenokynaH rpaheBUHCKX GoHA npema AedUHUCaHVIM
TUMNOBYMIMA.

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 MaTpuua ofabpaHux penpeseHara

Table 3.3. Typological matrix of representative buildings

Mepvioa
Period

Mane wkone (go 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

AT

nocne 1991.
after 1991




AHanvsa NpviKynybeHnx nofataka no nepuoavma Data Analysis Across Periods

4. AHANIM3A NPUKYTUbEHWX MOAATAKA
MO NEPNOANMA

MNepuon go 1945. roanHe

Y nepvogy npe 1945. roanmHe AOMWHAHTHW TN
WwKoncke 3rpage (Buwe of 50%) jecte marba 3rpaga no-
BpWMHe Ao 500 m? VIcTopurjcKkm nocmaTpaHo, 0bpas3os-
HM NpoLec je y pa3Bojy, a OCHOBHM LWL jecTe PasBoj
npuMapHoOr obpazoBakba Haluje WTo he yTuuatv Ha 13-
rpafikby CEOCKMX M MakbX BAPOLLKMX LKoNa. Y Behnm Ha-
cerbiMa v rpaioBrma ce, Takohe, rpaje v WKOsCKe 3rpa-
[le 3HaYajHujer rabapuTta.

MpadukoH 4.A.1. 3acTyn/beHOCT 6poja WKONCKMX 3rpafja Npema
BeNMUMHN y neprody npe 1945. rogrHe [%)]

[pema KOMMaKTHOCTW LUKONCKe 3rpaje, Y nepuoay
npe 1945, oyekrBaHo, NpeoBnahyjy KOMNakTHe 1 fenu-
MUYHO pa3yheHe 3rpage byayhu Aa je AOMUHAHTHM TUM
WKOJMCKe 3rpafie Mana 3rpaga Hajuewhe dpopmrpaHa oKo
Matber 6poja YUMOHWMLA OPraHM30BaHNX Y jeAHOM TPakK-
Ty. Cpearbe v Behe wkone ce pafie Kao AeNMMUYHO UK
noTnyHo pasyheHe, Hajuelhe KnacuuHe Kommnosumuuje,
Ca UeHTPalHUM AOMMHAHTHUM KOPMYyCOM ¥ AOAaTHUM
OOYHUM ,KpUma'”.

[OMWHaHTHM TN WKONCKe 3rpaje 3a nepwog npe
1945. roanHe jecte mpwv3emHa 3rpaga. Mane wkoncke
3rpaje Cy roToBO yBeK MpU3eMHe, AOK Cy CpefHbe 1 Ben-
Ke WKone, rpaheHe y ypbaHm cpearHama, 3acTyrmbeHe
Kao CnpaTHe, TO jeCT ABOCMpaTHe, jep Cy, OCKM 0b6pa3oBs-
He, HOCWMe W 3HauajHy CUMOoNMUKY dyHKUWY OTenoT-
BOPEHY KPO3 BennurHy Gopme ca 13pasnTm 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 cpeftve 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



obenexjrmay Buy AekopaTneHe GacafHe nnacTuke. Be-
NIVIKM OPOj OBMX WKOCKMX 3rpafa noctane cy cumbonu
MecTa y Kojuma Cy u3rpaheHe.

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

MonpymMcke nNpocTopuje y OBOM Nepuogy ce rpage
YrNMaBHOM Kao MOMONHM NpocTopy (OCTaBe, KOTNApHULE,
PaAMOoHKLE ) KOjU KacHWje fobujajy Apyry HameHy, Haj-
velwhe HeofroBapajyhvx NPOCTOPHUX CTaHAapaa.

lpadvikoH 4.A.3. 3acTyrnbeHOCT 6poja WKONCKKX 3rpaja npema
cnpaTtHoCTV y nepuogy npe 1945. rogune [%]

Tun KpoBa 3rpada y nepuoay npe 1945. rognHe je
jenHO3HauaH 1, roToBO YBEK, PEasIM30BaH Kao KOCK KPOB
APBEHE KOHCTPYKUMjE Ca PasNUUTUM TUMOBMMA KPOB-
HUX MOKpMBaYa, Hajuelwhe NMMOM 1 Lipenom. TaBaHCKM
NPOCTOp Ce, UHULMjanHO, He KOpKUCTK 3a bopasak, Maja
je npumeTHa HeroBa akTMealMja, Hajuewhe Koa rpaj-
CKMX LUKONA, HacTana y KaCHWjum nepuoanma.
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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 [%]

mon M+4

GF GF+4

. M+1 HenosHato
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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MpadurkoH 4.A4. 3acTynsbeHoCT 6poja WKONCKMX 3rpada npema
My KpoBa y nepuogy npe 1945. rogute [%]

Mpema T1Mny KOHCTPYKTUBHOT CKIoMa, BeRHa WKona
OBOT Nnepropa je rpaheHa y MacMBHOM KOHCTPYKTUBHOM
cknony ca HocehrM 310BMMa Of MyHe OneKe, Pa3nuun-
TUX QOPMATa, Y 3aBWUCHOCTV Off PervioHanHe pPacnpoc-
TParbeHOCTN 1 CTapoCTh 3rpafa. Jpyrv Tmnosu mate-
pujanusauuje ce youasajy y OKBUPY PEKOHCTPYMCAHUX
WK [OAATUX CEerMeHaTa 3rpage, TO jeCT KOA Marbunx CTa-
PNjUX CEOCKMX LUKONA.

MpadukoH 4.A.5. 3acTynsbeHOCT Opoja WKOACKKX 3rpada npema
maTepwjany ¢acagHor 3uaay nepuogy npe 1945. roauHe [%]

MpPO30PCKN OTBOPU WKOMCKMX 3rpafa, OBOr nepu-
ofla, peanusyjy ce Kao MHAMBUAYanHW, Hajuyelwhe npse-
He KOHCTPYKUWMje, MO TUMY jeAHOCTPYKM MM ABOCTPYKM
Ca pasdBoOjeHUM KPUIMMA, 3aCTaK/beHW jeAHOCTPYKMM
CTaknoMm. BenmnumHa nNpo3opcKmnx OTBoOpa je, Mo npasu-
ny, y CKNafly ca ronoxajem 1 BeMYMHOM 3rpafia, Tako
Ja cy y Behvm Wwkonama 1 Behr Npo3opcky OTBOpY 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 feduHncaHo
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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BULLEAENHUM NPO30PCKAM KOHCTPYKLUMjaMa; 3a pasnu-
Ky Ooff Matbux LWKoMa rae Cy Hajuewhe marbi OTBOPY W,
Mo nNpasuy, 4BOKPUAHM Npo3opu. Koa BehinHe npo3sop-
CKMX KOHCTPYKLWja Ce jaBsbajy T3B. ydTepn, T jecT Kpu-
Na Koja ce OTBapajy OKO A0HE XOPU30HTa/IHE OCe OMO-
ryhaBajyhu ceex Basayx.

lpadukoH 4.A.6. 3aCTyn/bEHOCT 6poja WKONCKKMX 3rpaja npema
TVNYy NPO30PCKIMX OTBOPA Y Nepurogy npe 1945. rognHe [%]

41

KoHTMHYMpaHa ynoTpeba LWKONCKKX 3rpafa, u3rpahe-
H¥x Npe 1945, npaheHa nownm ofjpaBarbem, 0BeNa je
[0 nponafjarba NocTojeRnx NPO30PCKMX KOHCTPYKLMja
Te je ¥ NpumMeTaH 0bMM MHTePBeHLUM]a Ha NO3ULMjK MPO-
30pCKMX 0TBOpA. Hajuewhe ce noctojehe KOHCTPYKUWje
3amerbyjy PVC cTonapwjom, noHassbajyhn reomeTpujcky
NornKy noctojeRnx Npo3opa y3 3acTak/betrbe TepMOon30-
nyjyhum ctaknonaketom. byayhu aa senvkm 6poj 3rpaa
OBOI Nepmroaa MMa M3pPasunTi KynTypPHONCTOPWICKN 3Ha-
yaj, TemaTMLUM aeKkBaTHOr TPeTMaHa NPO30PCKNX OTBO-
pa 1 MaTepujanusaumje bu Tpebano NocBeTUTV NOCebHy
NaXkkby Kako 61 ce ouyBane ayTOXTOHE apXMTEKTOHCKe
BPEAHOCTH, a MCTOBPeMeHO 0be3beannn NoTpedHn 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, roguriHe [%)

C 0631pOM Ha TO Aa Cy opurmHanHe 3rpage rpaheHe
KNaCcMUYHOM TEXHWUKOM rpafrbe 6e3 kopulhera Tepmo-
M30MaUMOHVX MaTepujana, ynotpeba Tepmousonaunje
Ha LWKonama 13 nepuofa npe 1945. roanHe je nosesaH
ca npouecoMm OOHOBe, AOrPafre U PEKOHCTPYKLMje.
MojeavHe mehycnpaTHe KOHCTPYKUMje mnpema TaBaH-
CKMM ¥ MOAPYMCKIM MPOCTOPMMa Cy peanv3oBaHe Kao
,KapaTtaBaH’, y3 ynoTpeby Tpcke 1 3emsbe Ca MUSbEBUHOM,
CfojeBa KojU nocefyjy MpUMeTHe TepmOoM30aLmoHe
KapaKTepucTuke.

MpadukoH 4.A.8. Tepmomsonauvja dpacape y nepuomy
10 1945 roante [%]

TepmoTexHUYKe NHCTanaymje

Onpem/beHOCT MHCTanauvjaMma rpejarba, BeHTMNa-
uvje, KnMMaTtmn3aumje 1 npunpeme NoTpoLUHe Tonse Bofe
3a WKOJCKe 3rpafe, nrpaheHe y neproay fo 1945, Beo-
Ma je pasHOBPCHa a NpukasaHa Ha Mpadukory 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 [%)]
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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 onpembeHa MHCTanauvjama
rpejarba Koje MOKPMBajy LENOKynHy MOBPWWHY 3rpaje.
C 0031MpOM Ha umnrbeHMUy fa Hajsehn Aeo neTa wkosne
He pafie, MHCTanauwje BeHTUAaUMje U KNMMmaTmn3aumje, no
npaBuy, HUCY MHCTanMcaHe, CeEM Y MakbeM OPOjy LWKO-
na rae ce KopwcTe nokanHo. LleHTpanHa npunpema ca-
HuTapHe Torne Boae ([MTB) Huje KapakTepucCTMyHa 3a
wkone y Cpbuju, Beh ce, y Hajgehoj mepu, KopuCTe enek-
TPUUHYM H6ojnepu.
lpadvikoH 4.A.M.T 3aCTyn/beHOCT TEPMOTEXHUUKIX

MNHCTanauwvja v npunpeme MTB y WKonckM 3rpagama
n3rpabeHrm npe 1945. rogune

rpejare
heating
100
. BeHTWAUM]a 90
ventilation 80
70
KnUmaTu3aumja 60
air conditioning 50
40
npvinpema MTB 30
DHW 20
10
0

lLkone rpa’F)eHe Yy OBOM nepuoay cy, 1 noped Hak-
HaaHWX I/IHTepBeHLJ,l/Ija pasnnymTor 0bvma, Yr1aBHOM
onpems/beHe CTapnm VIHCTaJ'IaLLMjaMa KOje, no npaswny,
pane C Mannm CcterneHom I/ICKODI/ILLIFIEH:a roprsa.

lpadukor 4.AM.2 CrapoCT c1cTema 3a rpejarse y LWKonama
y nepviogy Ao 1945. roanHe [%]

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

uena 3rpaga
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

npeko 30 rognHa
over 30 years
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Hajuewhe kopuwheHn cuctemM rpejarba je LieHTpan-
HM Ca COMCTBEHOM KOTIIaPHMLIOM, a 3aTM CUCTEM J10-
KaJIHOT rpejarba, oK Ce Kao EHePreHT HajBuLWe KOPUCTM
[PBO, a NOTOM MPUPOAHW rac. Y cncTeMmma LeHTPanHor
rpejarba Npeoenahyje APBO M MNPUPOAHWM rac, AOK je y
CMCTEMMMA JIOKASTHOT rPejarba OCHOBHIM eHepreHT APBO.

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

y 4

|| UeHTpanko 3a 3rpagy
centralized heating for building

[ UeHTPanHo 3a ukCTATYLMjy
centralized heating for institution

apyro
other

39

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

[ yram

coal

apyro
other

PasmaTtparbem kopenauuje wusmehy wvHCTanucaHor
CMCTEeMA 3a rpejatbe 1 OUEHe O HEroBOM KBanuTeTy
yTBpHYjeMO Aa Cy KOPVICHWUM Haj3al0BOSbHI}N LieHTpan-
HUM rpejarbem (6e3 063rpa Ha To Aa N NoTUYe 13 con-
CTBEHe KOTNapHuLe Win cucTema AarbVHCKOT rpejarba)
a HajMarbe NOKalHWM cucTeMoM rpejarba. (MpadukoH
4AM.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
610oKoBCKa KOTNapHMLa
centralized heating for city block

Na/bMHCKO rpejatbe
district heating

TIOKanHo
local heating

TOMNOTHA Mymna
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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AHanu3om penauwje cucTem rpejarba — KopuwheHu
EHepreHT yoyaBamo Aia Cy KOPUCHMUM Haj3af0BObHMjN
Kafa Ce 3a rpejarbe KOPUCTY MPUPOAHM rac, Kao eKo-
NOWKM HajnprixBaT/byBMje ropyBo. VIHTEpeCcaHTHO je aa
je ApBO, KA0 eHepPreHT, A0BUNO 1 BP0 BUCOKE, anu UCTO-
BPEMEHO U1 HajfoLLIvje OLEHE, LITO je BEPOBATHO Mocsie-
Avla NPYMEHEHOT CUCTeMa Tpejarba (LEeHTpanHo wnm
nokasnHo). (MpadurkoH 4.AM.6)

lpadukoH 4. AM.5 Kopenauwja namehy cuctema rpejarba 1
OLeHe KOPMUCHMKa O KBANWUTETY rpejatba Yy WKonama y nepuomy
1o 1945, rognHe

150 [

120 |

90 |~

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 satisfled 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 KOTapHULa
centralized heating for city block

LIeHTPASHO 3a UHCTUTYLM]Y
centralized heating for institution
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centralized heating for building
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local heating

TOMMOTHA Mymra
heat pump
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o

OJINYHO
perfect
satisfying

3an0BosbaBajyhe

other
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NenVMMYHO 3310B0baBajyhe
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MpadukoH 4.A.M.6 Kopenauwja n3mehy OCHOBHOI eHepreHTa 3a
rpejarbe 1 OLieHe KOPUCHKMKa O KBaNUTETY rpejarba Y LWKOMama
y nepviogy [0 1945. rognHe

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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EﬂeKTpOGHepFeTCKe I/IHCTaﬂaLI,VIje

AHanv3om CTpyKType NOoTPOLHbe eflekTpUYHe eHep-
rvje WKONCKMX 3rpafda marpaheHux npe 1945. roanHe
MOXe Ce 3aK/byunTV Aa Ce eneKkTpuyHa eHepruja yrnas-
HOM KOPWCTM 3a OCBET/beHEe WKONCKUX MPOCTOpWja 1
npunpemy caHuTapHe Tonne Bofe (kof 60% objekata).
Csera 5% objekaTa KOPUCTW eNekTPUYHY eHeprijy 3a f10-
Ovjatbe TOMOTHe eHeprije, AoK je ynoTpeba 3a notpebe
KMmaTn3aLmje NpocTopuja roTOBO 3aHEMapsbMBa.

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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lpadukor 4.A.E.1 Tunosm ocBeTIbeHbA M 3aCTYNILEHOCT Y
LUKOJNICKMM 3rpagama narpabenvm npe 1945. roguxe

[ | LED

LED

. WTeA/bMBe Crjanmue
CFL

cujanuue ca y)KapeHom HUTH
incadescent

bnyo uesm
fluorescent

Mako ce, y n3BOpHOM 00MMKY, Y LIKONama OBOr ne-
pvoaa KOpUCTUNO NHKALEeCLEHTHO OCBET/bEHE, U3 Mpa-
drkoHa 4.AE.1 MOXemMO BMAETH [la Ce Y BENVKO] MepH,
KopucTe v yopeclieHTHe CBETU/bKE KOoje aHac uvHe
JOMVHaHTaH BUA M3BOpa OCBeT/berba. [1pocevaH 6poj
CaTh paja BelUTayKor OCBET/beHbAa YIIaBHOM 3aBUCK Of
TVNa WKoOMe 1 HaylHa OpraHv3oBarba HacTaBe — jeAHa
v aBe cmeHe. Ha rpadukoHy 4.AE.1. youaBamo fia ce
y Hajsehem 6pojy Wkona oBor neprofa (39%) BelwTauko
OCBETIbEHE KOPUCTN 3-6 caTi AHeBHO. C 0631POM Ha TO
na 24% LKOMNa KOPUCTIN OCBET/bEHE BULLIE Of IEBET CaTH,
MOXEMO 3aK/by4uTI Aa Ce Y MPOCEYHO) WKOAN M3 Nepu-
Ofla v3rpaarbe npe 1945, roanHe BelwTayko OCBeT/berbe
KOPUCTUNO 67 CaTi Yy TOKY faHa.

padukoH 4.A.E.2 Bpeme kopuiherba BeLUTAUKOr OCBET/bEHA Y
wKonama marpaheHum npe 1945. roavHe [%)]

24

AyTOMATCKa KOHTPONa OCBET/bEH:A je peTka Y LKoMama
OBOT NepUOAa, 0K je Camo Ha jeHOM OBjeKTy y OKBUPY aHa-
NIM3MPAHOT Y30PKa MHCTanMpaH GOTOHANOHCKM CUCTEM.
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Figure 4.A.E.1 Distribution of types of lighting in schools
built before 1945

1 uenasrpaga
whole building

2 Hajsehv feo 3rpage
major part of the building

3 Makby 1o 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 controlis
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 OOHOBe KapaKTepulle CBeo-
OyxBaTHM Pa3BOj M 3HATHO MoBeharbe yKynHor rpahe-
BMHCKOr doHAa Te U GoHAa WKONCKMX 3rpafa. ObHOBa
pasopeHunx rpafoBa 1 AOKTPUHA NMPOMEHe CTPYKTYpe ¥
TMNa NPUBPENHUX [ENaTHOCTW Liene 3emibe, Y3 Harna-
LeH npenasak ca nosbonpuspese Ha HAYCTPM]CKY Npo-
V3BOAMY, JOBENe CY A0 U3rpaaHbe Beher 6poja WKONCKIMX
3rpaga y pactyhum Bapolwmuama 1 rpajoBmnma, y3 UcTo-
BpEMeHWN Pa3Boj MPEXe MakbiX CEOCKMX LKona. Marby
00jeKTN ¥ farbe NpecTassbajy penatmBHO JOMMHAHTaH
TMN W3rpaare, y3 npumMeTHo noseharbe 6poja BeNMKMX
LWKOMCKVX 3rpaja.

MpadukoH 4.5.1. 3acTyn/beHoCT 6poja WKONCKKMX 3rpaja npema
BenuunHN y nepuogy 1946-1970. roanHe [%]

30

/3rpantba BeNVIX LUKONCKMX 3rpaja je ycnoBuia npo-
MeHy cTeneHa KomnakTHoCcTh dpopme. OpraHumsaLmja oc-
HOBE Y BWAY NOjeAMHAYHYX TPaKTOBa NOBE3aHX Y Lienw-
Hy NOCTaje OCHOBHW TpeHA v3rpaatse. Lkone ce rpage y
HOBMM AenoB1Ma rpafa, Ha Behm napuenama, 6e3 orpa-
HUYerba nocTojehnx ypbaHux Matpuua Te ce BULIE NpW-
narohasajy TepeHy, KopucTe NpeaHOCTU opujeHTalmja 1
CermMeHTUpajy npema CTPyKTYpU yuyeHuKa 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 cpearve BenmynHe (500-2000 m?)
[ |
medium sized schools (500-2000 m?)

38 Benvike Wkone (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 3rpada npemva
KOMMaKTHOCTH Y nepurogy 1946-1970. roguHe [%)]

38

Mpr3emHa WKOMCKa 3rpafa NpeacTas/ba AOMUHAHT-
HU TVIN Nepuoaa, Npema ChpaTHOCTW, Y3 NPUMETHY 3a-
CTYN/bEHOCT CMpPaTHUX W [OBOCHPATHWX 3rpada. Mane
WKOse Ce U [la/be rpajie UCKIbYUMBO Kao NMpu3emMHe, 10K
ce ko Behux 3rpafa npumenyjy TPaKTOBM pasnunyuTe Cr-
PaTHOCTW, a Npema CTPYKTYpU 00pa3oBHOr NpoLeca.

lpadvikoH 4.5.3. 3aCTyn/beHOCT 6poja LWKONCKMX 3rpafja npema
cnpatHocTW y nepuogy 1946-1970. roanHe [%]

KpoBOBM LIKONCKIMX 3rpafa cy y nepuody 1946-1970.
AOMUHAHTHO KOCK, y3 MPUMETHY NOjaBy paBHUX 1 KOMOU-
HOBaHWX KPOBOBA Ha Beh1M OBjeKTIMa, HAPOUMTO Y yp-
6aHVM cpeArHama. 3rpaje paBHMX KPOBOBa (BeomMa Ma-
VX Harnba koju ce y dopmn 3rpaje AOXKMBIbaBajy Kao
paBHW) Yy CKnady Cy ca NMPOMEHOM MeTepujanHo- ecTeT-
CKMX [OKTPUHA rae ce KybnuHa dopma cmaTpana cvim-
6010M MOLEPHOCTV 1 HaNpeTKa, HapounTo Yy neproay
nocne 1960. Peann3oBaHW paBHW KPOBOBW Cy, yCnef
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Figure 4.8.2. Distribution of school buildings in the period
1946-1970 by floor plan compactness [%]

[1] KomnakTHe
compact

[ AenvMAdHO 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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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 rpabeBuHCKe WMHAYCTPUje,
Kao v ynotpebe matepujana penatmeHO Cabor Keanw-
TeTa, N0 NPaBuIly, y JoWeM CTakby 1 KOA Bennkor 6poja
LWKOJCKWX 3rpajia M3BPLUEHa je KacHWja caHauuja y3 m3-
rpaaky KOCKUX KPOBOBA.

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

KOHCTPYKLWMje LKONCKNX 3rpajia Cy 1 farbe MacUBHE,
YIN1aBHOM 3WfaHe, y3 Nnojasy apMypaHo-0eTOHCKIX CKe-
NETHUX KOHCTPYKLWMja Y APYroj NonoBMHM OBOT NEPUOAa.
MpvMeTHa je 1 NpoMeHa TEXHONOTWje U3rpaae LIKOS-
CKUX 3rpafja rae ce HanylTajy KnacuuHe KOHCTpyKUWje,
a npenasu Ha caBpemeHuje CKnornose 1 matepujane. Koa
3rpaja ca apMrMpaHoO-0ETOHCKUM CKENETHWUM CUCTEMOM
ncnyHe ce Hajuewhe rpagun of nyHe oneke, a pehe 1 rv-
Tep 6nokoBa. Bapuparbem AebsbrHa 1CnyHa Y KOMOU-
Haumju ca ckenetom GopmMMpa Ce NMpUMapHa NnacTika
3rpaza npeno3HaT/biea 3a OBaj NepPUOA.

MpadmkoH 4.5.5. 3aCTyn/beHOCT 6poja LKOACKMX 3rpaja npema
maTepwjany GacagHor 3uaa y nepuogy 1946-1970.roamHe [%]

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 u3rpaarba Mofena WKONCKMX 3rpafla Koju npeacTa-
B/ba, Ca MaTepujanHo-0bIMKOBHOM CTaHOBWILLTA, HacTa-
BaK MPETXOAHOr Mepuofda Koju Kapaktepuuly 3rpage
MaCVBHMX 3110Ba 1 MOjeaVHaYHKX NPO30PCKIMX OTBOPA
MarbVX MV CPearbUX ANMEH3Mja. Y TOKY Neproaa Moaen
LWKOJICKE 3rpajie Y roToBO CBMM BeVUMHAMa Ce Mehba U
npenasn ce Ha Behe NPO30opCKe OTBOPE, @ KacHMje 1 Ha
,MPO30PCKe Tpake WTo 3rpafamMa flaje CaBpemMeHujn r3-
rneqn y3 UCTOBPeMeHO NMobosbliake YCoBa CBETIIOCHOT
Komdopa y yuroHMLama.

lpadukoH 4.5.6. 3aCTynsbeHOCT 6poja LWKOMCKKX 3rpasda npema
TVNYy NPO30PCKIMX OTBOPa Y Nepuogy 1946-1970. rogmnHe [%]

31

Y nepviogy 1946-1970. ApBO je n Aarbe JOMUHAHT-
HW MaTepwujan 3a 13pady npo3opa. VictoBpemeHo, aona-
31 1 A0 NpUMeHe, MeTanHKx" Npo3opa (LpHa bpasapuja)
3aCTaKSbeHVX OOUYHMM WU aQPMUPAHKM CTaKIIOM, YraB-
HOM Yy 30HaMa yna3a, XOAHMKa 1 Ha NOMONHUM MPOCTO-
prjama. [lpseHn npo3opu Cy ABOCTPYKM (LUMPOKa 1 yCKa
KyTWja) nnv caBpemeHuju, ,kpuno Ha kpuno”. Lkone osor
neprofia ce KopucTe y HenpomMerbeHOM 0BUMY U Hame-
HW WTO, Y3 Npouec pexabunutauvje cnposefeH y nNpo-
TEeKSIOM Nepuoay, yCnoB/baea 3HataH yaeo PVC nposop-
CKMX KOHCTPYKUMja Y YKYNHOM GOHAY.

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 Perynuily npumeHy Tep-
MOWV30/1aUNOHWX CojeBa y CTPYKTYpu dacagHor 3waa
HeMa Ma MOXeMO KOHCTATOBaTW Aa youeHa 3acTyrsbe-
HOCT 3rpaja Koje vMajy Tepmou3onauujy npenctassba
nocneauLly npoueca caHauuje U pekoHCTpyKUMje a He
OPUrMHaNHO CTakbe.

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

TepmoTexHUYKe NHCTanaymje

Onpem/beHOCT MHCTanaumjama rpejarba, BeHTWNa-
umje, KnmMaTtmsauumje v npunpeme NoTpoLLHe ToMe Boae
33 WKoncKe 3rpafe m3rpaheHe y nepuoay 1946-1970.
rofViHe je rotToBo MAEHTWNYHA Ca NPETXOAHUM NEPUOLOM
WTO je BUA/BUBO Ha [padukoHy 4.6.M.1.

BehuHa wkona (59%) je onpemsbeHa MHCTanauwja-
Ma rpejarba Koje NOoKpYBajy LIeIoKyMHY MOBPLUMHY 3rpa-
[ie. 3a WKone OBOr NePUOAA je KapakTePUCTUYHO Aa He
noceflyjy MHCTanaumje BeHTUMauuvje W KnMmatmsauuje,
OCUM Y MatbeM 6pojy 3rpaja rae cy y GyHKLUMIM 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 caHvTapHe Tonne sofe (MTB) Huje
3aCTyn/beHa Te ce M KoA 3rpaja OBOr mepvoda, yrnas-
HOM, MPUMerbYjy NOKAIHO WMHCTANVCaHW enekTpUYHM
6ojnepw.

lpadvkoH 4.6.M.1 3aCTyn/beHOCT TePMOTEXHUUKIX

MNHCTanauwvja v npunpeme MTB y WKonckM 3rpagama
m3rpaheHnm y nepriogy 1946-1970. roamHe

| rpejare
heating
100
. BeHTUNauMja 90
ventilation 80
70
KnUMaTM3aUja 60
air conditioning 50
40
npunpema MTB 30
DHW 20
10
0

Buwe oa 50% cnctema rpejatba LWKoa OBOr nepriofa

je, nnoped HakHagHnx l/lHTepBeHLl,l/lja, CTapocCTn Behe of

56

30 roavHa, WTo 61 3HaYMNO Aa, NO NPaBuAy, page C Ma-
NVM cTeneHom nckopuihersa ropmnea.

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

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 . o 10 roguHa
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 neprofa 1946-1970.
je LeHTpasnHw, ca CONCTBEHOM KOT/IaPHMLIOM, 3aTUM CI1C-
Tem nokanHor rpejarba (Cnvika 4.6.M.3) ok je Hajza-
CTYM/bEHWNj eHepreHT APBO, a NMOTOM NPUPOAHWM rac. Y
cMCTEMMMA LEHTPANHOT rpejakba HajBulle ce KopucTe
[PBO, MPUPOAHM Tac 1 yrasb, a Y CUCTEMMMA JIOKaNHOT
rpejarba OCHOBHM eHepreHT je apeo. (Cnvka 4.6.M.4)

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

LieHTpanHo 3a 3rpagy
centralized heating for building

LieHTPpanHo 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. rogute [%]

4

yrasmb 14
coal
Apyro
other
10
18

1
3310BOSBCTBO KOPUCHMKa MHCTaNnCaHUM CNCTEMOM

rpejarba Mokasyje Hajborbe pesynTate KoA LieHTpasHor
rpejarba (6e3 ob3vpa fa v NoTUYe U3 COMNCTBEHE KOT-
NapHULIE WK 13 CUCTEMA LAJbUHCKOT rpejarba) [OK Cy
KOPUCHWLM HajMarbe 3aA0BOSbHU NIOKAHUM CUCTEMOM
rpejarba. (MpadwkoH 4.6.M.5)

YcnocTarmbajynn penauvjy cuctem rpejarba — Ko-
pULAeHN eHepreHT 3ak/byyeHo je fa Cy KOPUCHULM Haj-
3a[0BO/bHUjN Kafa Ce 3a rpejarbe KOPUCTU NMPUPOAHN

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 KOTNapHuLa

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 satisflied 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 satisfled with natural gas, as the most
environmentally friendly fuel. Interestingly, wood as fuel
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rac, Kao eKonouwKM Hajnprxeatbleuje ropuso. M oeae je  was rated both very high and very low for heating qual-
npUMeHa [pBeTa Kao eHepreHTa olereHa 1 Hajpuwom 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 unm nokanHo). (MpadukoH  (centralized or local) (Figure 4.B.M.6).

4.B.M.6)
padvikoH 4.6.M.5 Kopenauuja namehy crnctema rpejarba Figure 4.56.M.5 Correlation between the heating system and
1 OLeHe KOPUCHWKA O KBaNUTETY rpejarba y WKoaama 13 the evaluation of quality of heating in schools built in the
nepunoga 1946-1970. rognHe period 1946-1970
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MpadukoH 4.6.M.6 Kopenauwja namehy oCHOBHOT eHepreHTa 3a
rpejarbe 1 oLeHe KOPUCHYVKA O KBaNUTETY rpejatba y WKonama
13 nepvoga 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 nHcTanauuje

AHanv3om CTpyKType NOTPOLUHbe eNleKTPUYHE eHep-
rvje WKONCKMX 3rpaga marpaheHux y nepuogy 1946-
1970. roAuHe MOXeMO 3aK/byuuMTu [a Cce enekTpuyHa
eHepruja y Hajsehoj Mepu KOPUCTY 3a OCBET/berbe WKOJ-
CKMX MPOCTOpWja 1 NpUNpeMy CaHUTapHe TOonfe BOAe
(ko 50% objekata). Cera 2% objekaTa KOPUCTA enek-
TPUUHY eHeprujy 3a foOKjarbe TOMOTHE eHepruje, oK je
ynoTpeba 3a notpebe KNMMaTM3aLUMje NPOCTOPWja roTo-
BO 3aHemapsbusa.

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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padukoH 4.6.E.1 Tnosm ocBeT/berba 1 HIUXOBA 3aCTYN/bEHOCT
y WKonama v3 nepvioga 1946-1970. rogmne

[ | LED

LED

. WTeA/bMBe Crjanmue
CFL

cujanuue ca y)KapeHom HUTH
incadescent

bnyo uesm
fluorescent

Mako ce y n3BOpHOM 0OANKY Y LUKOMama OBOr nepu-
O[3, Ka0 W MPETXOAHOT, KOPUCTE MHKaAeCLEeHTHE CBe-
TurbKe, MpadukoH 4.6.E.1 jacHo nokasyje ga cy y Benn-
KOj Mepw y ynoTpebn 1 GpnyopecLieHTHe CBETUBKE Koje
YMHE JOMUHAHTHY BUI M3BOPA OCBETIbEMA.

MpoceuaH 6poj caTvi pafjia BELUTAUKOr OCBET/bEHA Y
WwKonama nepuopa 1946-1970. je npurkasaH Ha rpaduko-
Hy 4.6.E.2. Y Hajsehem 6pojy WwKona (33%) BewTauko oc-
BeT/berbe Ce KOPUCTN 3-6 CaTh HEBHO, AOK je koa 28%
wKona y ynotpebn 6-9 catu. Y npoceyHoj WKonm osor
neprofa BeWTauko OCBET/berbe Ce KOPUCTN 5-6 catn y
TOKY AaHa.

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

18

28

AyTOMaTCKa KOHTPOMa OCBeT/betba je BE€OMa peTKa 'y
WKOJlaMa OBOrI nepnoda, AOK je d)OTOHaI‘IOHCKl/I ancTem
MHCTaNnMpaH Ha CaMo [iBa O6j€KTa Yy OKBMPY aHanm3npa-
HOT Y30pPKa.
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Figure 4.B.E.1 Distribution of types of lighting in schools built in
the period 1946-1970

1 uenasrpaga
whole building

2 Hajsehv feo 3rpage
major part of the building

3 Marbi fjeo 3rpaje
minor part of the building

Although the schools from this category original-
ly used incandescent lighting, the Figure 4B.E.T 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 4.B.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 catu
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 KapakTepulle HacTaBak
npoLieca MHTeH3MBHe ypbaHu3almje Ha Teputopujn Pe-
nybnvike Cpbuje 1 3HaTHO NoBeharbe rpafckor CTaHo-
BHULITBA W M3rpagHba BeRnx LWKONCKMX 3rpaja. Bennke
LKoNe NocCTajy OMUHAHTHN TUM, JOK CY CPefrbe U Mane
FOTOBO VICTOBETHO 3aCTyr/beHe.

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

38

HacTaBak nnaHmparba rpagosa rae AOMUHUPAjY
OTBOPeHM OfIOKOBM Y3 BEeMKe napuefie Hamerse-
He LKONCKMM OBjeKTVMa Koju HepeTKo MMajy ¥ BEOMA
KOMMIeKCHe nporpame (yuYnoHwLe, KabrHeTu, cneuwja-
JIN30BaHe YyUYMOHMLE, BULWE PasInumnTX TUNOBA Cana, Ky-
XWHbe, WKOMCKN PeCcTOpaHy, paanoHKLE... Yak 1 HaseHn)
YCNOBUAM Cy AEMVMMUYHO MW MOTAYHO pasyheHe dop-
Me CerMeHTVMPaHMX MHAVBUAYaNHUX cafgpaja. Bapwje-
TeTy TWUMOBA LUKONCKMX 3rpaja [OMPUHOCK W 3HayajaH
MCTPaXvBauKK paj y obnactv obpasoBatba, TO jecT uc-
nuTVBatbe GOPManHMX Mofena 3rpaaa, a ornefa ce Kpos
M3rpadrby WUPOKOr AMjanasoHa pasinunTiX KoHLena-
Ta 1 NPOCTOPHO-MaTepujanHux opraHmnsaumja. Komnakr-
He dopme Cy 1 Aarbe AOMUHAHTaH TV U3rpadrbe Manmx
LWKOMCKMX 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 (o 500 m?)
small schools (smaller than 500 m?)
31 . wKore cpearve senmynHe (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. 3acTynmeHocT 6poja WKONCKUX 3rpaja
nepviofa 1971-1990. roaviHe npema KOMMaKTHOCTW [%)]

31

32

CnpaTHe 1 fBocnpaTtHe 3rpage npey3umajy (y yKyn-
HOM 361pY) NPVMAT Haf NPU3EMHMM 00jeKT1Ma, WTO je y
CKnay ca Nporpamckom KomraekcHowhy v BenmymHom
WKONCKMX 3rpaja. Mane wwkone ce 1 fambe rpaje kao
npr3emHe, jeiHoCTaBHe GopMe, 10K Cy CPefHe 1 Ben-
Ke WKone, No Npasuiy, CnpaTHe unu BuwecnpatHe. Koa
Behnx objekata cermMeHTUpaHoCT dopme je, Hajuewhe,
npaheHa v pa3nuumTom cnpatHowhy nojearHuX Jenosa.

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

34

Kao ny npetxoaHom, 1y nepuogy 1971-1990. rognHe
ce Mory MAeHTUGUKOBATU MaTepujanHO-CTUACKE Npome-
He y rpaanTesbCkoj Npakcw. Y Apyroj NONOBMHM nepnoaa
HanywTa ce uaean KybuuHWUX apXUTEKTOHCKMX GopmMM,
TEXW Ce PasHOBPCHW]Oj MaTepujanmsaymjy 1, WTo je no-
cebHO BaXKHO, MPVIMEHM KOCUX KpoBoBa. OHW Cy AOMM-
HaHTHM Ha CBMM MaiMM LLIKONICKMM 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.



AHanvsa NpviKynybeHnx nofataka no nepuoavma Data Analysis Across Periods

MpadukoH 4.Ll.4. 3acTynreHocT O6poja LWKONCKMX 3rpaaa
nepuoga 1971-1990. rogmHenpema T1ny Kposa [%]

Pa3HOBPCHOCT Mofena 3rpafa ce OACMKaBa M KPo3
matepvjanv3auvjy dacagHvX 3uaoBa  TAe  youaBamo
3HaTHy MPUMeHY apmupaHor 6eToHa W ruTep 610KoBa
Y3  [OMMHAHTHY ynoTpeby oOneke Kao OCHOBHOTM
KOHCTPYKTVBHOI  MaTepujana. ,beToHcke” wkone, Koje
y CBOjOj MaTepvjanv3aumjy  3afpxaBajy  NpuMapHu
KOHCTPYKTVBHM MaTepujan, NocTajy yobuuajeHa npakca y
rpagjoBMMa, AOK Ce Y MarbiM CPeAVHaMa 1 Aarbe KopucTe
ApMMPaHO-OETOHCKE KOHCTPYKLMjE Ca 3U4aHVM MChyHama.

MpadukoH 4.L1.5. 3acTynmbeHocT 6poja LWKOACKMX 3rpaaa
nepuoaa 1971-1990. roavHe npema matepwjany dpacagHor
3uaa [%]

LLkoncke 3rpage 0BOr Neproaa, No NPaBuiy, Kapak-
TepULY BENMKN MPO30PCKM OTBOPW HEPETKO OpPraHm-
30BaHM Yy BMAY MPO30PCKUX TpaKa. Y cknagy ca mehy-
OLHOCOM BefMUMHE LLKOMICKE 3rpaje Npema NoBpLnHN
dacagHnx 31aoBa Moxemo pehn aa Cy WKone ca Marbe
of, 50% NpO30PCKIMX OTBOPA YIABHOM M Makbe MOBPLLIN-
He, jep ce yuMOoHWLe OCBeT/baBajy, MO MPaBwmIly, CaMmo Ca
jenHe cTpaHe.

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

9

pasaH
flat

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 feduHncaHo
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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 WKONCKUX 3rpaja
nepvofa 1971-1990. roanHe npema Ty NPO30PCKMX
oTBopa [%]

Pa3Boj TexHonorvje rpagre, HapounMTo MPUMETaH
y OBOM Mepuody, yTvye 1 Ha Matepujanmnsaunjy npo3o-
pa Te ce OCUM, U Aasbe LJOMUHAHTHO 3aCTyr/beHux, Ap-
BEHVIX NPO30pPa NOCTaBsbajy 1 anyM1UHUyMCKIM, OQHOCHO
npo3opu Of KOMOMHauuje pasnnuuTix matepujana,
3aCTaK/beHu No NPaBusTy TePMOM30NaLMOHNM CTak/ona-
KeTom. PVC npo3opu ce cnopavuyHoO NpUMersyjy, a Hii-
XOBa BEJMKA 3aCTyI/bEHOCT je pesynTaTr npoueca pexa-
bunutaunje 1 caHaumje, a He MHULWjANHO NPOJEKTOBAHO
CTarbe.

padwikoH 4.L1.7. Matepujan npo3opa 3a nepvog 1971-1990.

roguHe [%)] 0
1

Mako Tepmmykm nponuncy jow og 1970. roanHe npea-
BMhajy ynoTpeby Tepmoun3onalyoHor coja y cacTaBy
OMOTaya 3rpaja, Nodaly NoKasyjy penatvsHO masy 3a-
CTYM/bEHOCT. Pasnore 3a OBakBe MoOAaTKe MOXEMO Tpa-
KUTW My CamOM MPOLLeCy rpaare rae ce NpojeKkTy pe-
anu3yjy TOKOM BULLIE TOAMHA, @ HEeJOCTaje W aAeKkBaTHa
KOHTPOSA 1 CaHKLUMOHWCarbe.
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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 og 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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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 dacage
3a nepviog 1946-1970. rogute [%]

TepmoTexHUYKe NHCTanaymje

Y nepuoay 1971-1990. roanHe ONPem/beHOCT WH-
CTanaumjama rpejarba, BeHTUNaumje, Knnmatmauvje u
npunpeme NOTPOLLUHE TOMJ1e BOAE je y CKNajy Cca TpeH-
[OBMMa YOUEHVM Y MPeTxoAHa ABa nepuofa (MpadukoH
4.L1.M.1). BehnHa wkona (90%) je onpemsbeHe MHCTana-
UMjama rpejarba Koje 3arpesajy Ueny 3rpady WM rbeH
Hajsehn aeo. My oBom mepuogy, WHCTanaumje BEHTW-
naumje 1 Knnmatnsauuje, No NPasuay, HACY peanr3osa-
He ocuM Yy Makbem OpOjy 3rpada rae cy y GyHKUMjM camo
NOKanHo. LleHTpanHa npunpemMa caHuTapHe Tonne Boge
(MTB) je cnopaanuHa, y3 AOMUHAHTHY ynoTpeby enek-
TpUYHKX Bojnepa MHCTANMCaHMX NOKANHO.

MpadukoH 4.LI.M.T 3acTynmbeHoCT TePMOTEXHUUKIX
MHCTanauvja v npunpeme MTB y WKONCKMM 3rpajama
m3rpaheHnm y neprogay 1971-1990. roavHe

rpejarbe
heating
100
[ Benvnauvja 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 [%)]
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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 3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Matbu Aeo 3rpase
minor part of the building

4 He noctoju
do not exist

5 Huje gedvHMCcaHo
N/A
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[0TOBO ABe TpehKHe MHCTaNMCcaHUX cUcTeMa rpejakba
LLKOMa OBOr Mepvofa je ctapoctn sule of 30 roanHa,
LITO 3HauW [a Of M3rpafrbe HUCY BPLUEHE HMKAKBE MH-
TepBeHUMje HUTW NpomMeHe. Moxemo pehn fa 0BM cucTe-
MW pafie ca Manum cTeneHom nckopviihersa eHepreHara.

lpadukoH 4.L1.M.2. CrapocT crcTema 3a rpejarbe y Wkonama 13
nepviofa 1971-1990. roaute [%]
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[oMnHaHTHK cncTem rpejarba y nepuoay 1971-1990.
je LeHTpanHu ca COMCTBEHOM KOT/IaPHMLOM, a MOTOM
cmctem nokanHor rpejarba (Cnnka 4.L.M.3) umnja je 3a-
CTYM/bEHOCT 3HaTHO Marba HEro y MPETXOAHOM NMEPUOLY.

[pBo je, n parbe, Hajuewhe KopuwheHy eHepreHT,
a NOTOM MPUPOAHK rac. AKO aHanM3Mpamo Besy CucTe-
Ma rpejarba ¥ TUNa eHepreHTa MOXEMO YOUnUTU Aa ce 'y
CUCTEMMMA LIEHTPASTHOT IPejarba HajBuLLIEe KOPUCTe 4PBO
1 MPUPOAHW Tac, anu 1 TeYHa ropwea, LTO Huje Ciy-
Yyaj y paHujum nepuoanmMa, oK je y cucTeMinma nokan-
HOT rpejarba OCHOBHW eHepreHT un Aasbe ApBO. (Cnnka
4.U.M4)

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 Crctemn rpejarba y LWKoONama neprioaa
1971-1990. roguHe [%)]
2 3

LieHTpasHo 3a 3rpagy
centralized heating for building

LIEHTPasHO 3a MHCTUTYLW]Y
centralized heating for institution

Apyro
other
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MpadukoH 4.L1.M.4 3acTynmeHoCcT OCHOBHOT eHepreHTa 3a
rpejarbe y Wkonama nepuopaa 1971-1990. roguHe [%]

yrasb
coal

apyro
other

3310BO/bCTBO KOPUCHWKA MHCTA/IMCAHMM CUCTEMOM
rpejarba Mokasyje Hajbosbe pesyntate y cnydajy UeH-
TpanHor rpejarba (6e3 ob3mpa Aa nv NoTMYe 13 ConcTae-
He KOTMapHMue WM 13 cucTeMa JarbUHCKOT rpejarba).
KopWCHMUWM Cy Nak HajMarbe 3340BOSbHM JIOKASTHM CUC-
TEMOM Pejarba, anu, WTO je CBOJEBPCHM NapafoKc, 1 LieH-
TPANHUM 1 [afbUHCKIM rpejarbem. (MpadukoH 4.L|.M.5)

AHanv3om penauuje KBanuTeT rpejarba — Kopuwhe-
HW eHEPreHT youaBaMo Aa Cy KOPUCHWUUM Haj3afoBOSb-
HWjW Kafa Ce 3a rpejarbe KOPWUCTU MPUPOAHK rac, Kao
€KOJIOLLKM HajnpmXBaT/bMBUje roprBo. VIHTEPeCaHTHO je
[a je ApBO, Kao eHepreHT, 4OOMNO 1 BP/IO BUCOKE a UC-
TOBPEMEHO ¥ HajIoWKje OLeHe, Kao WTO je U paHuje bro
CJ1yyaj 1 BEPOBATHO je NocneAmLia NprYMerbeHor cucTemMa
rpejarba (LUeHTpanHo unv nokanHo). (MpadurkoH 4.L1.M.6)

Figure 4.C.M.3 Distribution of heating systems in schools built
in the period 1971-1990 [%]
2
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centralized heating for city block
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[AJbVHCKO rpejarbe
district heating

noKanHo
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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 satisfled 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 cuctema rpejarba
1 OLieHe KOPUCHMKA O KBANUTETY rpejarba Y LWKonama 13

nepunoga 1971-1990. rognHe

100 [

80|

60

68
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nobpo

good

3afoBosbagajyhe

satisfying
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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 namehy oCHOBHOr eHepreHTa
3a rpejarbe 1 OLleHe KOPUCHMKa O KBalMTeTy rpejarba y
WwKonama 13 nepmopa 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 nHCTanauvje

AHanv3om CTpyKType NOTPOLUHbe efleKTPUYHE eHep-
rvje WKONCKMX 3rpaga msrpaheHux y nepuogy 1971-
1990. roanHe MOXeMO 3aK/byunTi [ja Ce OHa YraBHOM
KOPWCTM 3a OCBET/berbe LUKOMCKMX MpoCcTopurja U npw-
npemy caHuTapHe Tonne Boje (koa 60% objekata). Yno-
Tpeba enekTpuyHe eHeprvje 3a foOujarbe TOMMNOTHE
eHepruje je 3aHemMapsb1Ba, AoK 3a NoTpede KAMmaTn3a-
Umje npocTopwja je Beoma Mana (Mare 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 TuNoBun ocBeT/bera 1 3aCTyN/beHOCT Y
LUKOMCKMM 3rpafiama varpaherum y nepuogy 1971-1990.
rognHe

LED
LED

. WTeA/bMBe Crjanmue
CFL

cujanuue ca y)KapeHom HUTH
incadescent

bnyo uesm
fluorescent

Wkoncke 3rpage m3rpahere y neprogy 1971-1990.
roaviHe y Hajeehoj mepu kopwmcTe Gnyo LieBn Kao 1M3Bop
BelUTauYKor ocBeT/betrba. Takohe, y Bennmkom 6pojy Wwkona
je 1 gambe y ynotpebn MHKa[eCUeHTO OCBET/bEHE, [JOK
cy wregbmee cvjanuue v JIEL paceeTta 3acTynsbeHe y
MarbOj MEepPY 1 OrpaHnyeHe Ha Makbe enoBe 3rpaje.

MpoceyaH 6poj caT pafia BELITAYKOr OCBET/bEHA
LUKOMa OBOF Meprofa je npuvkasaH Ha civum 4.L.E2. Y
Hajsehem 6pojy Wkona (39%) BelTauyko OCBETIbEHE Ce
KOpKCTW 3-6 caTu AHeBHO. Takohe je 3HaTaH 1 6poj LWKo-
Na Koje KopMCTe BeLUTaYKO OCBET/bEHE U BULE O AeBET
caTvi. 3aKsbyuyjemo fla ce y MPOCeYHO] LUKOAM M3rpaheHoj
y MOMeHYTOM Mepuoay BeWTauko OCBETI/bEHE KOPUCTU
5-6 caTu y TOKY flaHa.

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

22

23

AyTOMAaTCKa KOHTPOMA OCBET/bEHA C& BEOMA PETKO
cpehe y wkonama OBOr Mepuoaa, AOK je camo Ha ABa
objeKTa y OKBMPY aHaNM3MpPaHOr y30pKa WHCTanMpaH
HOTOHANOHCKM CUCTEM.
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Figure 4.C.E.1 Distribution of types of lighting in schools built
in the period 1971-1990

1 uenasrpaga
whole building

2 Hajsehv feo 3rpage
major part of the building

3 Makby 1o 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

39 over 9 hours

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 3anoyvet pacnagom COP Jyrocnasuje Ka-
PaKTEPULLY 3HATHE MUrPaLje CTaHOBHMLWTBA, YIaBHOM
Ha Nepudepujy ypbaHnx cpeamnHa, WTo je yCnoBmuo 13-
rpadky AOMVHAHTHO BENMKMX LUIKONACKMX 3rpada. Mane
3rpafe ce YrnaBHOM pafle Kao ,TOTafHE PEeKOHCTPYK-
umje” (MoHoBHa M3rpafrba y WMCTOBETHOM OOMMY) AOK
cpefe (MO BENMYMHWM) WKOMe NpefcTaB/bajy HajMarbe
3aCTyrnsbeH TN, MpUMeTHO CMarbere Bpoja yueHuKa
LIeHTPaNHOj 30HM FPafioBa, a 3HAaTHO NoBeharbe Ha nepu-
bepwjv poBoaAM O Apyraumjux TpeHaoBa 1 noTpeba 3a
rPafHOM.

MpadukoH 4.0.1. 3aCTyn/beHOCT 6poja WKOMCKKX 3rpaja
nepvofa nocne 1991. rogrHe npema sBenuunHm [%)

26

PazyheHocT dopme WKONCKMX 3rpaja ce y nepwu-
opy nocne 1991. cmarbyje ycnen NOHOBHE NMPOMeHe [0-
KTPVHE 1 HaulHa rpagrbe. Moaenckmn passoj WKOMCKNX
3rpafa, KapakTepucaH TUMM3MPaHUM NPOCTOPHUM pe-
WerblMa, BULWE HWje AOMUHaHTaH NPUHLMN U n3rpadrba
je nmpenywTeHa nojeanHayHOj ayTOPCKO] MHTeprpeTa-
UMW ¥ MHAVBUAYANHOM apXUTEKTOHCKOM je3UKy. 3rpage
CY 3HATHMX AUMEH3Mja, KOMMaKTHMJer BOTyMEHa, Ca MPO-
MEHEHNM apPXUTEKTOHCKIM 13Pa30OM KOju BHLLE OArosa-
pa BpemeHy HaCTaHKa Hero T1ny 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 (o 500 m?)
28 small schools (smaller than 500 m?)

wkore cpearse senmynHe (500-2000 m?)
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HenosHato
N/A
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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
nepviofa rnocne 1991. rogrHe npema KOMNaKTHOCTW [%)]

19

VI3rpasrba BENMKKMX LWKOSa penaTuBHO Makbe pasyhe-
HOCTW OCTBapeHa je noehaHNM 6pojem eTaxa Te ce kao
AOMVHAHTHa V3[Baja TpoeTaxkHa WKoscKa 3rpafa. OcTa-
fle CNPaTHOCTW Cy rOTOBO jefiHaKO 3acTyr/beHe y3 noja-
BY 1 UETBOPOETaXHMX 00jeKaTa, LWTO je paHuje buna pet-
KOCT Y rpaiuTerbCkoj Npakcu.

lpadukoH 4.[.3. 3acTynsbeHoCT Opoja WKONCKMX 3rpaaa
nepviofa nocne 1991. rogmHe npema cnpatHoCTK [%)]

Hanywrarbe eCcTeTckor MoAena MOAEPHUCTUYKE Ky-
6ryHe popme ce HacTaB/ba Uy Neprofdy nocne 1991. ro-
AViHe Te HajBehw 6poj 3rpaja MMa Kocw KpoB. Ha 3rpaga-
Ma, Ha 13rne, PaBHKX KPOBOBA, Hajuellhe ce npumetsyjy
KOCK KPOBOBM Manor Harmba cakpueeHn v3a Hasujaka.
MaTtepujanvsaumja KpoBa je pa3HOBPCHa, @ MpUIMETHa je
1 aKkTVBauKja NOTKPOBHOT 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
H 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 3rpasa
nepuvoga nocne 199. roauHe npema T1ny Kposa [%]

KOHCTPYKTMBHM CK/OM 3rpada u3rpaheHnx nocne
1991. je Hajuelhe peann3oBaH Kao apMUPAHO-OETOHCKN
cKeneT ca PasMuUTUM 3MaaHUM 1cnyHama. lNprmeHa
Oneke je 1 farbe Haj3acTynsbeHwja, anu ce 4ecTo Kopu-
cTe W Wyn/bk HBIOKOBK, TO jecT BeTOHCKN BnokoBK (be-
TOHCKa 3aBpliHa 0bpaza).

MpadukoH 4.1.5. 3aCTyn/beHOCT 6poja WKONCKMX 3rpasa
nepuvopa nocne 1991. roauHe npema matepwjany dacagHor
3u1aa [%]

14

[MpoMeHa CTUACKMX O4VKa apXUTEKType u Ha-
nywTarbe AOMUHAHTHOT MOAEPHUCTUYKON PeYHMKa yC-
NOBUAM Cy W NPOMEHY KOHLMNMpParba dacafa LUKOMCKMX
3rpafa, OOHOCHO BEMYMHA 1 pacnopeAa NPO30PCKMX
OTBOpa Te ce y nepwvody nocne 1991. rogrHe NOHOBO,
Y 3HaTHOj MepW, jaB/bajy NojeAVHaYHM GacaHu OTBO-
PV MarbMX MOBPLUKHA. [1po3opcke Tpake, C 063MPOM Ha
NpPOMNVCaHy BENMYMHY MPO30PCKMX OTBOPa, W Aasbe Ce
NpUMerbyjy Kao BEOMA YeCTO pellerbe.

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

HUje pedrHMcaHoO
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.
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lpadukoH 4.[.6. 3aCTynsbeHOCT Opoja LWKONCKMX 3rpaaa
nepviofa nocne 1991. rogmHe npema T1ny NpO30PCKUX
oTBopa [%]

Y nepuoay nocne 1991. rogrHe NpuMeTHa je ynotpe-
6a PVC npo3opckux npoduna Koju, y3 ApBeHe npo30-
pe, NpeacTaB/bajy AOMUHAHTAH KopuwheHn maTepwjan.
Moxe ce pehu fia je noYeTKOM OBOT MepUoaa Npeosa-
[aBana nprMeHa APBEHWX W anyMUHWJYMCKIMX NpO30p-
CKMX OKBMPA, AOK Ce JaHaC roTOBO UCK/bYYMBO KOpUCTe
PVC npodunn.

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

[prMeHa TepMOM30MaLMOHKX MaTepujana y cacTa-
By dacagHvx 3waoBa of ceera 50% npoueHaTa ykasyje
[a HefoCTaje KOHTpona y npumMeHn obasesyjyhnx npo-
nuca 13 obnactu rpahesnHcke dpusmke. Paznor Moxemo
TpaxuTn 1y Behem Bpojy pekoHCTpyMCcaHKX, Hajuelwhe
MakbWx, objekaTta Koju cy paheHn Y OpUrMHanHOM KOH-
CTPYKTMBHOM CKIOMY, Y3 HEOMXOAHA KOHCTPYKTVBHA U
TEXHWUYKO-TEXHOMOLWKA, anw He 1 TepMmnyKa 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. Tepmowvizonaunja acase neproa
nocne 1991. roauHe [%]

TepmoTexHUYKe NHCTanaymje

Y nepviogy nocne 1991. rogvHe onpembeHoCT MH-
CTanaumjama rpejarba, BeHTUNaumje, Knnmatmauvje u
npvnpeme NOTPOLWHe TOM/e BOAE je roTOBO WAEHTUYHA
Kao y npeTxofHom nepuoay. (rpaduvkoH 4.40.M.1)

Morkemo pehun fla cy CKOpO CBe LIKOMe onpemsbe-
He MHCTanaumjama rpejarba Koje 3arpesajy Leny 3rpagy
U HeH Hajgehn feo. Cuctemn BeHTUNaUMje U KNMMATU-
3auuje, NO NPaBWYy, HNUCY MHCTANNCAHW, OCUM Y MaHem
6pojy 3rpafa, rae cy y dyHKUMjM caMo nokanHo. LleH-
TpanHa Npunpema caHuTapHe Torne soge ([1T8B) je cno-
paavyHa 1 AOMMHaHTa je ynoTpeba enekTpudHmux 6ojne-
pa NHCTaNMCaHMX NIOKaNHO.

MpadukoH 4.0.M.1. 3aCTyn/bEHOCT TEPMOTEXHUYKINX
WNHCTanauvja v npunpeme MTB y WKOACKMM 3rpajama
n3rpaheHnm y neprogy nocne 1991. roguHe

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

Figure 4.0.8. 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 3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Matbu Aeo 3rpase
minor part of the building

4 He noctoju
do not exist

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

lpadwikoH 4.4.M.2. CrapocT cucTema 3a rpejatbe y WKosama 3a
nepwviog nocne 1991. rogute [%]

18

Y nepuoay nocne 1991. rognHe Haj3acTyn/beHwmju
je LeHTpanHu cucTem rpejarba ca CONCTBEHOM KOTIap-
HMLOM, @ MOTOM CUCTEM fTIOKanHor rpejarsa. (padurkoH
41.M3)

[pBO je v farbe AOMUHAHTHY eHepreHT y ynoTtpebu, a
NOTOM MPUPOAHM rac. AHaNM30M Be3e CUCTeMa rpejarba
1 TUNa eHepreHTa yoyaBaMo fa ce y CUCTeMMMa LeH-
TPasHor rpejarba KOPUCTe pasnnyunTa roprsa: ApBO, NPK-
POAHW rac, Te4YHa ropyiBa, eNeKTprYHa eHepruja 1 yrasb,
[OK je y cucTeMnMa NOKaHOT rpejarba OCHOBHN eHep-
reHT apBo. (MpadwkoH 4.11.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

LIeHTPAHO 33 UHCTUTYLWjY
centralized heating for institution

apyro
other

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

10

yrasn
coal

Apyro
other

KopuCHMUM  Cy  Haj3al0BOJbHUjM  LIeHTPaNHMMm
rpejarbem (6e3 063mpa fa nv NoTHYe 13 CONCTBEHE KOT-
napHUUe mnu 13 cucTeMa JasbUMHCKOT rpejakba) a Haj-
Makbe TOKANHUM CUCTeMOM rpejarba. (MpadukoH 4.1.M.5)

MpVpPOaHN rac je eHepreHT KojuM Cy KOPUCHULIW Haj-
330BOSbHUIK, Y3UMajyhv y 0031p penauujy KBanmuteT
rpejatba — KOpULWHEHN eHEPreHT, AOK CY TEYHUM rOpUBK-
Ma 1 APBETOM KOPUCHMLM HajMatbe 3aA0BOBHM. (Tpadu-
KoH 4.[1.M.6)

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

6

610KOBCKa KOT/apHMLa
centralized heating for city block

DaTbUHCKO rpejarbe
district heating

TIOKaHoO
local heating

TOMMOTHa Nymna
heat pump

0

Figure 4.D.M4 Distribution of heating energy sources in
schools built after 1991 [%]

. [1pBO (OrpeBHO, ceuka, neneT)

wood (firewood, wood chips, pellet)
eneKTpUYHa eHepruja

electricity

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 satisflied with natural gas and least satisfied
with the use of liquid fuels and wood (Figure 4.D.M.6).
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lpadukor 4.4.M.5 Kopenaunja n3mehy crctema rpejarba v Figure 4.D.M.5 Correlation between the heating system and
oLleHe KOPYMCHIKA O KBaNUTETY rpejatba Y LWKOoNamMa 3a nepuog the evaluation of quality of heating in schools built after 1991
nocne 1991. rognHe
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MpadukoH 4.1.M.6 Kopenaunja namehy oCHOBHOT eHepreHTa 3a
rpejarbe 1 OLieHe KOPUCHKMKa O KBaNUTETY rpejarba Y LWKOMama

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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EﬂeKTpOGHepFeTCKe I/IHCTaﬂaLI,VIje

AHanv3om CTpyKType NOoTPOLHbe eflekTpUYHe eHep-
rvje WKOMCKMX 3rpafa n3rpaheHnx y nomeHyToM nepu-
0y MOXEMO 3aKJ/byUnTV ia Ce OHa YrNIaBHOM KOPMCTH 3
OCBET/bEHE WKONCKMX MPOCTOpWja M NpUnpemMy caHu-
TapHe Tonne Bofe (kof 60% objekata). YnoTtpeba enek-
TpUUHe eHepruje 3a nobujarbe TOMIOTHE eHepruje je
npumMerbeHa y Tek 10% 3rpaaa, a 3a noTpebe KnMmaTm3a-
Lvje NpocTopuja penaTmeHo je mana (Mare 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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lpadukor 4.[.E.1 Tunosm oceTsberba 1 3aCTyNibEHOCT Y
LUKOMCKIMM 3rpafama n3rpaheHrv y neprogy nocne 1991. rogvne

. LED

LED

[ wrenbrse cujanvue
CFL

CHjanuLe ca yxapeHoM HUTK
incadescent

bnyo Lesm
fluorescent

3a WwKoncke 3rpafe n3rpaheHe y nepunomy nocne 1991.
roanHe Moxemo pehu fa y Hajgehoj Mepu kopucTe Gryo
LIeBM Kao M3BOP BELUTAUKOr OcBeT/bekba. Takohe, y 3HaT-
HOoM BpOjy LWKoNa je v aarbe Yy ynoTpebu MHKaaecLeHTo
OCBeT/bErbE, AN je NpUMETaH v TpeHs nosehaHe ynoTpe-
6e wreasbmBKx cujanuua 1 LED pacgeTe. MpoceyaH 6poj
caTu paja BelTaykor ocBeT/berba NpKKasaH je Ha lpadu-
koHy 4.[1.E.2. Y Hajsehem Opojy WKoNa 13 oBe KaTeropuje
(40%) BelTauko OCBET/bEHE Ce KOPUCTM 3-6 CaTu OHEB-
Ho. Takohe je Benwku 1 6poj WKoMa Koje KopurcTe BellTay-
KO OCBET/bErbE Y BULLIE Of ieBET caTh. MoXe ce 3aK/byyu-
TV 1@ Ce y NPOCEYHO] LUKOMV 13 OBE KaTeropuje BELUTauko
OCBET/bEMbE KOPUCTW 5-6 CaTi Y TOKY [aHa.

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

22

Y wkonama nepvoga nocne 1991. rogrHe 13y3eTHO
peTKo je y ynoTpebu ayToMaTCcka KOHTPOMA OCBeT/berba.
Ha aHanu3mpaHom y30pky Huje 3abenexeHa MHCTana-
Lpja GOTOHAMOHCKMX cMCTeMa.
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Figure 4.D.E.1 Distribution of types of lighting in schools built
in the period after 1991

1 uena3rpaga
whole building

2 Hajsehu peo 3rpage
major part of the building

3 Marby fjeo 3rpade
minor part of the building

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 catn
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.
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5. MOBOJbLIAHE EHEPTETCKE EOMKACHOCTW
1 CMAHEHE EMUCKIE CO,
YHATPEBEHEM LUKOJICKUX 3rPAJA

MNobosbluarbe eHepreTcke eprKacHOCTM y Cknagy ca
Baxxehom perynatvMsom orfiefa ce y cmarberby notped-
He eHepruje 3a rpejarbe y3 NOCTU3ake 3aKOHCKM Aedu-
HUCaHWX ycnosa komdopa. 1o TpeHyTHO Baxkehoj pery-
natven'’y Cpbuju ce ceptudnkalmja rpafia paam camo
Ha OCHOBY MoTpebHe eHepruje 3a rpejarbe, AOK Ce OcTa-
v obnmum notpebHe eHepruje, Koju Cy 3acTyribeHn y
3rpagama, He obpauyHagajy. MehyTum, Kako je 3a cBaky
ofabpaHy 3rpafy Koja NpeAcTaB/ba PeanHu penpeseHT
MOfenCKe 3rpaje, y NpeTxoaHnm Tabenama, aedrHrcaHo
BMLLE HauMHa yHanpeherba 1 TO KPO3 MHTepBEeHLMje Ha
KapakTepucT1kama:

+ TEPMUYKM OMOTaya

+ TEPMOTEXHUUKM CUCTEMM 1

* eNeKTPOeHEPreTCKM CUCTEMM,
TO Cy CBV BMOBW €Hepruje Koja ce Tpowwu y 3rpafama
y3eTn y o63up. Takohe, Kao Beoma 3HauyajHO Mepuno
yHanpeherba KBanuTteTa 3rpage cy U npopadyHaTe emu-
cnje yribeH-gnokcmnaa byayhn aa ce osaj napametap y
CTPYYHOj NnTepaTypu cBe Yelhe KOPUCTY Kao Mepuno
BpeaHocTn rpahesmHckor doHaa (Mriatosuh, hykoswh
NrisaTosumh, JosaHoswh lMonosuh, 2017). Pa3vaTpaH je
M yTULaj CMarberba emmncuje yribeH-grmokcuaa nprme-
HOM OBHOB/BMBUX M3BOPa eHepruje y Cpbuju (boxuh,
LiBeTkoswh, Mnekoswuh, 2015). EMrcHja yribeH-anoKcu-
[a orpaHu1yeHa je 3a CBaky 3eMsby NOHAOCOb ca Nponu-
CaHMM POKOBHMMA 33 CMatbeHEe OBE eMucHje MehyHaposa-
HMM Criopasymmnma.'®

Mpw npopayyHnma cy KopuwheHe KapakTepucTu-
Ke opabpaHuvx penpeseHaTa y MpojeKToBaHOM, TO jecT,

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

'8 KjoTo npoTokon je ycBojeH y KjoTy, JanaH 1997. roauHe.
MpoTokon obasesyje MHAYCTPUjaM30BaHe 3emibe Aa
CTabunK3yjy eMncrjy racoBa ca edeKTom CTakeHe baliTe

Ha ocHoBY Hauena KonseHuuje. Cpbuja je patudrkosana
lpoTokon y jaHyapy 2008. rognHe.
http://unfcccint/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
of theRS,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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OPUIMHANHOM CTakby Yy Mepuomy HacTaHka M Kpo3 Tpu
cueHapvja yHanpehersa. MehyTum, 3a mpopadyHe ykynHe
eHepruje, BplieHe fa b1 ce NPOLEHMNO CTakbe Ha HUBOY
Cpbuije, kopurwheHe cy NoBpLUKHE 1 6POj LIKOAICKMX 3rpa-
Aa fobujeHe MeTooM Knactep aHanmse'”. Metogonoruja
npopayyHa y CKnagy je ca TPeHyTHOM perynaTnsom, Maja
ce 3a fobujarbe NPEeLM3HMIMX NoAaTaka MOry KOPUCTUTK
v AeTaroHe cumynauuje. Mopes KOHBEHUMOHANHMX MeTo-
Ja npopayyHa Koje y3unmajy y 063vp CBe fieTarbHe Kapak-
TEPWCTVKE 3rpaja 1 CUCTeMa, MOTY Ce MPUMEHUTU 1 MO-
AeNV KojW NMpUMekbyjy MeTofe BellTauke MHTenureHuuje,
anu 3axTeBajy BenvKy KONMUUHY MePEHMX YNasHuX U 13-
na3zHux BenudrHa (JoeaHosuh, CpeteHosuh, Knskosuh,
2015, 2016; JosaHosuh, CpeteHosuh, 2015).

Y Tabenu 5.1. paTe cy v3payyHaTe BpeAHOCTU ro-
Avibe noTpebHe, CnopydyeHe U NprmapHe eHepruje
3a rpejarbe v npunpemy CTB y TUAWYHMM LWKONaMa, a
npolwvpeHe Ha cge Wkone y Cpbujn v rpynvcaHe no
Knactepuma y noctojehem cTarsy. lNocTojehe, Tj. 3aTe-
UeHO CTatbe Ce pa3fnKyje of MPOjeKTOBaHOT, 3aTo WTO
MHOre LWKoMe y nepuody Kaga Cy MpojeKToBaHe HuCy
VMane MHCTanucaHe cnucTeme npunpemMe caHvTapHe To-
nne sofe. CucTem 3a rpejarbe U KopUWheHn eHepreHT
HUCY Y3eTh Npema KapakTepucTvkama TUMCKe LWKone y
KnacTepy, Beh cy ogpeheHn 3a AOMUHAHTHA TPW CUCTe-
Ma 3a rpejarbe, Koju Cy AobujeHn obpajoM aHKeTa O UH-
CTanvcaHoOM cUCTeMy ¥ KOpWWNEHOM OCHOBHOM eHep-
FeHTy 3a CBakM knactep. HapaBHO, AobujeHn pe3ynTaTtu
Jajy npesenwvike BPeAHOCTY, jep MpUMerbeHa MeTofo-
norvja npopadyHa npema ,l[1paBunHKKY O eHepreTckoj
edurKacHOCTM 3rpada” He y3uma y 063Mp Aa ce He rpeje
LleNoKynHa NoBpLUMHA WKOa, fa NOCTOjN NPeKn] Y 3a-
rpeBarby (HONY, BUKEHAOM, MPA3HMLMMA, TOKOM 3UM-
CKOT pacnycTa). YkynHa noTpebHa nprmapHa eHepryja je
Marba of dunHanHe eHepruje 3001 BENMKOT yaena ApBeTa
Kao eHepreHTa, Koju MMa BeoMa Mann KoepuumjeHT TpaH-
chopmaumje GrHanHe y nprmapHy eHeprujy.

1° leTarbHO objallhbere CTaTUCTUYKOT MEeTOAQ KacTep
aHanu3e CNpoBefeHOr Ha NPeaMEeTHOM Y30PKy 3rpaja Hanasm
cey: Krbura 1 32pade WKoICKuUX U NpedUIKOICKUX YCMAHO8A —
MemoOOSIOWKU OKBUP (hopMUpPara munosioeuje u NobobLWara
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
NpaBUIMMa CPACKOT je3nKa.

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

Tabena 5.1. YkynHo noTpebHa, ucrnopydeHa 1 npumapHa
enepruja, kao v CO, emmncuja ceux wrona y Cpbujv no
Knactepuma 3a noctojehe carbe.

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 242 555.148 131,63 555 169,28 201,07 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 4735 1.357,00 1.117,30 301.806

Y Tabenu 5.2. npukasaHa je ykynHo notpebHa, mc-
nopyyeHa v NpUMapHa eHepruja, Kao 1 em1cuja yribeH-
amokcmaa cemx wkona y Cpbujv no knacteprma 3a
CueHapvo yHanpehersa 1, Koje 0byxBaTa apXMTEKTOH-
CKo-TpaheBUHCKe 1 Mepe 0OHOBE TEPMOTEXHUYKIMX CIC-
Tema. Y yHanpehery 1 cy npeasrheHn camo pagosu Ha
nobosbliarby TePMUYKOr OMOTaYa 3rpafe, AoK je 3aap-
XaH MUCTV TN rpejakba 1 HeNPOMerbeHM OCHOBHM eHep-
reHT. HapaBHoO, H¥ 3a yHanpehere 1 npopadyHn HuCy
paheHu padyHajyhn cuctem rpejarba v eHepreHT npe-
Ma TUMCKO] WKOAK Yy Knactepy, Beh cy ogpeheHn 3a Tpu
Hajuewhe NprMer-eHa CUCTEMA 3a rpejatbe Koju Cy Ao-
6rjeHn 0bpPaaoM aHKeTa O MHCTANMCAHOM CUCTEMY 1 KO-
puWheHOoM 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 1 eMncHja yribeH-aAnoKCKaa CBIUX WKona y
Cpbuju No KnacTeprima 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHNUKO 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/al
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 9737 5,55 126,80 152,67 40.067
B1 664 67.728 12,20 0,68 2515 5,50 2.051
B2 449 390.630 48,44 391 86,29 3643 13.613
B3 538 1.295.504 176,71 12,96 233,35 284,53 76.346
1 337 64.367 11,86 0,64 23,04 574 1.889
(@) 274 352912 65,11 3,53 89,41 60,74 17.311
c3 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 8.378
YKYMHO
TOTAL 3.890 4.735.090 644,19 47,35 921,37 805,33 227.822

CueHapuo yHanpehetba 2 00yxBaTa BPAO 06UMHY 06-
HOBY TEPMMYKOI OMOTaua 3rpafe y OiHOCY Ha nocTojehe
CTarbe, LTO Ce MOXe BUAETV 13 OAHOCA NOTPEOHNX eHep-
rvja 3a rpejakbe (361,98/959,67 = 0,38 ) u Kopuwherse
briomace (OAHOCHO MeneTa y WKoMaMa Makbe NMOoBPLIMHE
M APBHE Ceuke Yy CpefrbiM U BENMKNM LWKONCKAM 3rpa-
[aMa) 3a rpejakbe, OCUM Kafla Y WKOAM NOCTOJU UHCTanu-
CaHO LieHTPaNHo rpejarbe ca raCHUM KOT/IOM WK je WKO-
f1a NMoBe3aHa Ha CUCTeM [albMHCKOT rpejarba Mpu Yemy
je y TonnaHu NPUpOAHM rac OCHOBHO rOPMBO. PauyHcke
BPEAHOCTM Pa3nnunTX 0bnnka noTpebHe eHeprije 3a
rpejarbe wkone n npunpemy CTB, Kao 1 emrcHje yribeH-
AMOKCUIA, NpKKazaHe cy y Tabenn 5.3. no knactepnma u
YKYMHO 3a cBe Wwkone y Cpbujn.
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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, ucrnopyyeHa 1 npumapHa Table 5.3.Total required, delivered, and primary energy
eHepruja, Kao 1 eMmncuja yribeH-AnoKcmaa CBUX 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 YHanpehetbe 2
S RS
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[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 53,52 555 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
CnnyHo je ypaheHo 1 3a cleHapuo yHanpeherba 3, A similar procedure was performed for Improvement

C TVM LWITO je C acnekTa TepPMOTeXHWYKMX MHCTanauuja 3, while in all HVAC systems the existing energy source
M3BPLUEHa 3aMeHa CBUX nocTojehux 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 1 eMncHja yribeH-aAnoKCKaa CBIUX WKona y
Cpbuju No KnacTeprima 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHMUKO yHanpeherse 3

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

S S
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[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/al
Al 596 98.340 787 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 17,62 391 747 18,68 9.899
B3 538 1.295.504 56,35 12,96 24,06 60,14 31.876
1 337 64.367 517 0,64 2,02 5,04 2673
(@) 274 352912 21,53 3,53 8,70 21,74 11.524
c3 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-
GrKoHy 5.1, ako ce noTpebHa eHepruja 3a rpejarbe CBUX
wkona y Cpbuju y noctojehem crarby o3Haum ca 100%,
cueHapuom yHanpehersa 1 Moxe ce nocTvhn ylteaa of
33%. [larbum nobosbliarem TePMUYKOr OMOTaua LLIKoa
Te ywTeae mory goctrhn 62% 3a yHanpeberbe 2,10 ject
74% 3a yHanpeherbe 3. AKO Ce mocmaTpa YKymnHo fo-
TpebHa eHepruja 3a rpejakbe CBUX WKOMA 1 NpUnpemy
CTBy tbMMa, oHfa cy moryhe ywTeae HelwTo marbe: 31%
3a yHanpehere 1, 59% 3a yHanpeherse 2 1 71% 3a Haj-
BULIM HMBO MpeABMheHe 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 drHanHa (McnopyuyeHa) eHeprija 3a rpejarbe
n npunpemy CTB y cBuM wkonama y Cpbujn, nopepn
Mepa yHanpehersa TEpMMUKOr OMOTaua, y3nma y oo3up
N KapaKTepUCTMKe TEPMOTEXHUYKMX CUCTEMA Y LIKOMa-
ma (MpadukoH 5.2) Kao cBeobyxBaTHMjer ceTa pacnoso-
XMBMX Mepa yHanpebherba eHepretcke epUKacHOCTM
y eHepreTmuu v 3rpafgapcTBy, Y LUWby O4yBakba »KMBOT-
He cpeanHe (Kmekosuh, JaHkec, Hosakosuh, 2013).
Ako ce noctojeha roavwha KonuuMHa GrHanHe eHep-
rvje o3Haun ca 100%, oHAa ce yHanpeherbem 1 Moxe
noctvhn ywTtena on 32%, yHanpeherem 2 on 63%, a
yHanpeherem 3 uak 92%, jep ce npenasu Ha rpejarbe
TOMAOTHMM MyMMaMa Yujyi Cy KOMMPeCopy MOKpeTaHw
eNeKTPOMOTOpUMA.

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

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

yHanpehere 3 improvement 3

OAHOC NpuUMapHe eHepruje 3a rpejarbe 1 Npunpe-
my CTB 3a nocTojehe cTarbe 1 aHanm3npaHmx cleHapwja
yHanpeherba (MpadurKoH 5.3) Mokasyje HeLTo apyradunje,
yMmepeHuje ywTteae (HapounTo 3a yHanpeherse 3) C 06-
3MPOM Ha BENVKY BPEAHOCT KoeduLMjeHTa TpaHChopMa-
unje drHanHe enekTpuyHe eHepruje y npumMapHy eHep-
rujy, Kao NocneaunLe BENVIKOT yaena TepMoenekTpaHa Ha
JIUTHUT Y YKYMHOj MPOW3BOAHU ENEKTPUYHE eHepruje Y
Cpbuju.

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
yHanpeherse 1T improvement 1
yHanpeherbe 2 improvement 2
yHanpeherbe 3 improvement 3
[peTxodHO je HaBefeHO fda ce Yy cleHapujy
yHanpeherba 3 KOpPUCTW enekTpuyHa eHepruja 3a no-
roH TOMAOTHMX NMyMAW Ba3fyx/Bofda. To je rnmaBHM pas-
J10T 3alWTO 61 emncuja yribeH-anokcmaa una NpubAVK-
HO jeiHaKa y BapunjaHTama yHanpehera 2 1 3 (TpadukoH
54), imajyhv y Buay Aa je notpouwrba duHamHe eHep-
rMje 3a yHanpeherbe 2 ckopo neT nyTa Beha Hero 3a
yHanpeherbe 3, a NOTPOWHa NPYIMapPHe eHeprije CKopo

ABa nyTa Beha.
MpapuKoH 5.4. Emncuja yriver-arokeupa [t CO,/a]

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

yHanpeherbe 3 improvement 3

CnnyHa aHanmsa moryha je 1 3a fjobujeHe pesynTa-
Te yHanpeherba enekTpoeHepreTckmx cuctema. Mpepa-
uyHaTe cy notpebHe NprmapHe eHepruje, kao 1 moryha
ylwTeAa emmcuje yribeH-anoKcuaa 3a cea Tpu Mofena
yHanpehersa. Y Tabenu 5.5. v3pauyHate Cy BpenHOCTM
rofvrbe NoTpebHe, NCNopyyeHe U NprMapHe eHeprije
33 OCBET/bEHE Y TUMMYHMM LIKOIaMa NPOLUMPEHE Ha CBe
wkone y Cpbuju, rpyniicane no Knactepuma.

Bpno je 6BuTHO HanomeHy TV Aa yHanpehete eHepreT-
CKe epUKaCHOCTM OCBET/bera NoAPa3ymMeBa, y Hajsehem
6pojy WKoNa, MHCTanaLwjy HOBUX CBETUIBKI, LITO je npu-
NMKa [la ce yHanpeau KBanwTeT OCBET/betba W Npwna-
roav CtaHaapavma 3a npoctopuje oppeheHe HameHe y
oBUM 0bjekTMa. Mmajyhu To y By, yHanpeherbe eHep-
reTcke epuKacHOCTW Tpeba jeAHOBPEMEHO MOCMATPaTH
1 ca yHanpeherbem KBanuTeTa OCBeT/bEHbA. V13 TOr pas-
nora, 3a ogpeheHe WKoncke objekTe, ca cNabom BeLuTau-
KoM ocseT/beHolw Ny, 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 5.4), 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]

I 302
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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
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epUKaCHOCTW Y anconyTHOM cMUcy Hehe fatv ouekw-
BaHO CMatbetbe MOTPOLLIFbE ENEeKTPUYHE eHepruje, anu
he 06e30eamT 6O/bM KBANUTET OCBET/bEMA.

Tabena 5.5. YKynHo noTtpebHa, McnopyyeHa 1 npumapHa
eHepruja, Kao 1 eMmncuja yribeH-aroKcraa CBUX LWKona
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 Gé 35 pt 2 é g
o = 5} ~
cluster number - § g = Eﬁ %8 . % = 28
of schools | £ 5 = o= = _ & =
S Somg |52 E |28
£22 £®82¢2 |£E225 |¥2
[m?] [GWh/a] [GWh/a] [t CO./a]
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 16259
B1 664 67.728 0,14 0,46 153,2
B2 449 390.630 2,28 7,55 24822
B3 538 1.295.504 6,38 21,06 6.923,8
C1 337 64.367 0,54 1,79 5889
2 274 352912 347 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. lNprkaszaHa je ykynHO noTpebHa, mc-
nopyyeHa v NpUMapHa eHepruja, Kao v em1cuja yribeH-
AvoKcvaa cBux wkona y Cpbuju no knactepuma 3a
yHanpeherbe 1 enekTpoeHepreTcKMx cucTema Koje
obyxBaTa 3ameHy noctojeher cuctemMa ocsetbersa 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 YIibeH-AnoKcMaa Curx Wwrkona y Cpbuju no
KnacTepuma 3a yHanpeherse 1 cnctema 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.
S ¢ . © “
E : = | =z |85
b= o
6p0j . gy 2 ¢ 3 |T32
Knactep wKona 2 % g g SE v 2 é %
cluster number 3 = cEEYp 5 2 |y
ofschools | £ 5 = o= =z _ 0 =
S E S >S9 8 5 SsS¢c & SNt
£25 £gcc |£8o5 |¥8
[m?] [GWh/a] [GWh/a] [tCOy/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 26735
@ 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 1.2583
YKifgI;IAOL 3.890 4.735.090 12,66 41,78 13.734,2

Y Tabenwu 5.7. MpukasaHu cy pesyntatu 3a UcTe BU-
[IOBE eHepruvje, Kao U emucrja YribeH-ANOKCUAA CBUX
wkona y Cpbujn no knactepuma 3a yHanpeherbe 2 enek-
TpOeHepreTCKMx cucTema. YHanpeherse 2 obyxeaTta LieH-
TpanHy KOHTPOJY YK/by4eHOCTN OCBeT/berba Y MPOCTO-
pvjama. Ha Taj HaumH, yBOAM Ce CUCTeM ayTomaTu3aumje
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
Y emncuja yribeH-anoKcmnaa cemx weona y Cpbuju no
KnacTepvma 3a yHanpeherbe 2 cucTema 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

g
=
© [oR
8 ? © “
3 o g1 5 Ss
6poj . |8y 5| ¢ 3 |23
Knactep WwKona 2 9_(; Cg Gé 3@ pt 2 é g
cluster number | § = cSEfT | % Sty
of schools | T 5 = TErs |22 _5 |ZY
SEC SOE 3 |SSEE |5E
22 IRe2 |25 [¥8
[m?] [GWh/a] [GWh/a] [t CO./a]
Al 596 98.340 0,25 0,84 304,1
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
@ 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 4.8455
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-
nopydeHa W npuvMapHa eHeprvja, Kao U emucuja
yIbeH-anoKcnaa ceux wkona y Cpbujy no knactepu-
Ma 3a yHanpehere 3 enekTpoeHepreTcKkux cucTema.
YHanpeherbe 3 obyxBaTa Aasbe nobosbllarbe cucTema
ayTomaTv3aumje OCBET/bEHA KPO3 AeTeKUM)Y NPUCYCTBa
JbyAM Yy NpoCTopMjama 1 npunarohaBarbe OCBET/bEHA Y
3aBUCHOCTW Of1 106a 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-aroKcuaa cavix wkona 'y Cpbujn no
KnacTepuma 3a yHanpeherse 3 cnctema 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 .
3 s £ | £ 8 s
=z ke
6p0j <. gy 2 ¢ 3 |T32
Knactep wKona 2 % g g 3@ v 2 é %
cluster number 3 = cEEYp 5 2 |y
ofschools | £ 5 = o= =z _ 0 =
S E S >S9 8 5 SsS¢c & SNt
£25 £gcc |£8o5 |¥8
[m?] [GWh/a] [GWh/a] [tCOy/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
YKifgITHAOL 3.890 4.735.090 11,12 36,69 12.012,35

Pe3ynTtaTi yliTefia HakoH NprmeHe Mepa yHanpeherba
€1eKTPOeHEePreTCKMX CucTemMa MpMKasaHn Cy Ha rpa-
durKoHMMma 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 yHanpehery. Pas-
J10T 32 TO je 3aMeHa nocTojeher cucTemMa ocseT/bera LED
OCBET/bEHEM KOje 3axTeBa [AaneKko Makby eHeprujy of
MHKaleCLIeHTHOr OCBeT/beha, anvt 1 of dayopecLieHT-
Hor ocBeT/berba. [lpyro v Tpehe yHanpeherbe 0byxBatajy
yBohere ayTomaTu3auumje pafa ocBeTberba. Kako ce y
YUMOHMLIAMa OOMYHO Ha Kpajy LKOMCKOT laHa NCKIbyYyjy
cnjanunue, eHepreTcke ywTeae Koje ce ouekyjy nprumeHoM
Mepa apyror 1 Tpeher yHanpeherba Cy Marbe y OHOCY Ha
NpBO yHanpeheke, anu CBakako 3HauajHe 1 onpaeaaHe
Ca CTaHOBWLWITa eHepreTcke eprKacHOCTH. MpUMKom m3-
60pa JIE[] ocBeT/bera Tpeba KOHCYNTOBATK 1 CTPYUtba-
Ke 33 OCBET/bEHE KaKO OU CneKTpasHe KapakTepucTrike
opabpaHor JIE[] ocBeT/berba bune NpuxBaT/b1Be 3a NPOC-
Topyje y Kojuma bopase yUeHWLM 1 HACTaBHULIA.

The savings achieved by the measures for the im-
provement of the electric power systems are shown
in Figures 5.5, 5.6 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 ocseT/bere [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 1T improvement 1
yHanpeherbe 2 improvement 2

yHanpehere 3 improvement 3

lpadukoH 5.7. Emucuja yrven-guokcuaa [t CO,/al

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

yHanpehere 3 improvement 3

YHanpeherbe eHepreTcke eprKaCHOCTY CMCTeMa OC-
BeT/berba UMa OVTaH No3uTKBaH edekat v Ha noseharse
eHepreTcke ehUKaCHOCTW LIENOKYMHOT eNekTpoeHepreT-
CKOr cucTema. leHepanHo, OCBET/beHe Kao KaTeropuja
NOTPOLWHe 1UMa KapakTep BpLHOr onTepehetsa, na ce
noseharbem rerose ePprKacHOCTM OUTHO CMarbyjy BPLL-
Ha onTepeherba 1 ryouuUmM Y MPeHOCHUM U1 ANCTPUOY THB-
HUM MpeXxama y enekTpoeHepretckom cuctemy (Tpudy-
Hoswh, Mukynoswh, Bypuwnh, Hypwh, Koctuh, 2009;
TondyHosuh, Mukynosuh, hHypuwuh, Koctuh, 2011).
Ogaj edekat OUTHO yTWYe 1 Ha HUBO MPUMApPHE eHepruje
notpebHe 3a oCBeT/beHE, jep Tpeba fa 0byxBaTn 1 ry-
6UTKE Yy MPEHOCY 1 AUCTPUOYLINU eNEKTPUUHE eHeprije
o[} eneKTpaHa Ao Kpajrblix NoTpoLiaya.

Pe3ynTyjyhe ywTene HakoH MpuUMeHe TpU HMBOA
yHanpeherba KapakTepucTVKa TEPMUUKOT OMOTaua, Tep-
MOTEXHUUKUX 11 ENIEKTPOEHEPIETCKMX CUCTEMA WKOMCKNX
3rpafa y nopebhetby ca noctojehvm cTarbem Kaaa je y nu-
Tarby NpUNpemMa 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¢, Burisic,
Buri¢, Kosti¢, 2009; Trifunovi¢, Mikulovi¢, Burisi¢, Kosti¢,
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 eHeprija 3a rpejarbe,
npunpemy CTB 1 ocseTrbetrbe [GWh/al

noctojehe cTare existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

lpadukoH 5.9. YkynHa npumMapHa eHepruja 3a rpejarse,
npunpemy CTB 1 oceeT/berbe [GWh/a] (%)
noctojehe cTare existing condition

yHanpeherse 1T improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

lpadukoH 5.10. YKynHa emmcuja yribeH-anoKcmnaa , rpejarbe,
npunpema CTB v ocsemberve [t CO /al (%)
noctojehe cTare existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

Kana je eHeprvja y nutamby, U3 rpaduKoHa ce Moxe
3aK/bYUNTM Aa NOCTOJM CTanHW nag v noTpebHe v Npu-
MapHe eHepruje ca ysoherem HOBKX NOOOSbLIAHA, OA-
HOCHO [1a CBaKo Aasbe yHanpehere Aaje 1 nobosbluakbe
eHepreTcke edrKacHOCTM 3rpafja. HacynpoT Tome, Kaaa
je emncHja yribeH-AVOKCMAA Y MUTakby, yHanpehetba 2 v
3 pajy nogjenHake pesyntate. OunrneiHo je, fjakne, aa 'y
33BWCHOCTM Off TOra fia v je Uwb yHanpeherba 3rpaga
eHepruja unm em1cuja yribeH-aMoKCaa pellerba Tpeba
TpaxuTn n3mehy yHanpehersa 2 11 3, oA YCIOBOM Aia ce
JIOKaXKe U HblIXOBa EKOHOMCKa MCMNATUBOCT.
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Figure 5.8. Total required energy for heating, DHW preparation,
and lighting [GWh/a]
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Figure 5.9. Total primary energy for heating, DHW preparation,
and lighting [GWh/a] (%)
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Figure 5.10. Total CO, emissions, heating, DHW preparations,
and lighting [t CO,/a] (%)
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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. Cmarberbe NoTpebHe eHepruje
Kpo3 yHanpeheha y oaHoCy Ha nocTojehe cTarbe
(rpejarbe, npunpema CTB 1 ocseTrberbe) %)
noctojehe cTarbe existing condition
yHanpeherbe 1T improvement 1
yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

MpadukoH 5.12. Cmarberbe NpuMapHe eHepruje
Kpo3 yHanpehetra y oaHOCy Ha nocTojehe cTarbe
(rpejatbe, npunpema CTB v oceeTberse) (%]
noctojehe crare existing condition
yHanpeherbe 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

MpadukoH 5.13. Cmatrbetrbe emucuje yribeH- AnoKCcmnaa
Kpo3 yHanpehetba y 0aHOCY Ha noctojehe cTarbe
(rpejarbe, npunpema CTB 1 ocseTrbetbe) [%)
noctojehe cTarbe existing condition
yHanpeherbe 1T improvement 1
yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

Ha rpadukorHuma 5.11, 5.12. n 5.13. npvkaszaHa je
ylwTeAa 3a TpW HMBOA YHanpehersa y noTpebHoj 1 npu-
MapHOj eHeprujy 1 CMarberbe emmncurje YribeH- 4NOKCU-
na. OcHos je nocTojehe cTarbe 3rpafe nNpe yHanpeheha.
TpeHA cMatbersa NoTpebHe U NprMapHe eHeprunje ca
yHanpeherma ce jacHo BuauW: yHanpehersa 1 u 2 fo-
HoCe CcMarberbe of oko 30% Kop oba 0bnnka eHepruje
Y OfJHOCY Ha MPETXOAHM HMBO, AOK je ca yHanpeherem
3 CMarbetbe HelWTo Marbe U 13HocK 12%, ogHoCcHO 17%
3a NOTPebHY 1 NpUMapPHY eHeprujy csoaehn nx Ha 29%,
OHOCHO 24% Yy ofiHOCY Ha nocTtojehe CTarbe rpaheBuH-
ckor GoHAa WKONCKMX 3rpaga y Cpbujn. Emmcuja yrieH-
OMOKCMAA Ce CMarbyje ca yHanpehersem 1 v 2, anu
yHanpeherbe 3 He AOHOCK [larbe CMatbetbe OBe eMUcHje:
3aApXaBa ce BpeAHOCT o 44% y oaHocy Ha noctojehe
CTakbe rpaheBuHCKor GoHAa.

[lo kor HvBOa he ce 3rpage yHanpehneat? To he 3a-
BMCUTW 1 O pe3ynTaTta ONTUMMU3aLMOHKMX CTyaKja, TO jecT
E€KOHOMCKE MCMNaTUBOCTM NOTPEOHWX ynararba 3a yCio-
Be Kakw noctoje y Cpbuju.

Figure 5.11. Reductions in required energy

by improvements compared to the existing condition
(heating, DHW preparation and lighting) [%]
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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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Al
A1l

T

LLIkoncka 3rpaga
NoBpLUMHE Makbe of 500 m?

School building
with area less than 500 m?

Kateropuja OCHOBHa LLIKONa 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

MoBpLwnHa (M?) HeTo rpejaHa 260 Area (m?) Net heated 260

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

[lkoncka 3rpafa jegHOCTaBHE OCHOBE, Ca YeTw-
pU yuroHuLe, 300PHULIOM U KaHLENapwjoM 3a Aupek-
Topa. OBaj TMN KapakTepuwe Manu 6poj yuroHuua, 6e3
13ABOjeHNX KabuHeTa, cane 3a GpU3MUYKO BaCmuUTarbe Um
APYIVX HAMEHCKIX 1 CePBUCHUX MPOCTOPA.

PenpeseHT Cy, Mo npaBuiy, Mpu3emMHe 3rpage,
cBefieHe reomeTpuje, MOKpUBEeHe ABOBOAHMM KOCKUM
KPOBOBVMA, Ca TaBaHCKMM MPOCTOPOM KOjU Ce HE KOpUC-
T 1 6e3 MoA3eMHUX eTaxa (MOAPYMCKMX MpoCTopuja)
a MPO30PCKN OTBOPK Cy MOjeAVHAYHW, MarbUX OUMEH-
3uja. OBe WKOMCKe 3rpafie Cy YecTo y pexunmy 3alitute
(nonyT objekTa Ha CWLM) WTO MOXe YTUMLATV Ha Mepe
yHanpehersa.

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-
BoM. MacafHu 31a0BM Cy 06OCTPAHO ManTeprcaHK, ca
efeMeHTVMa jeJHOCTaBHe AekopaTuBHe MnnacTuke, 6e3
TepMmuuke nsonauuje. Mposopn Cy ApBeHW, ABOCTPYKH,
Ca PasABoOjeHVM KPWWMMA, 3aCTak/beHW jeHOCTPYKMM
cTaknom. Mofgoem cy ca ApeBeHOM 0060rom, 6e3 Tepmmny-
Ke nsonaunje.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

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
_ <50
<100
<150
<200
<250
> 250

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

Cnosballitbm 31a

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTpYKLUMja UCcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/mZK)

lNog Ha Ty

YHyTpa Inside

Cnorba 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, facke 2.4
cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKLWja 6 cm , ManTep Ha
TPWYaHoj 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

s, s, 5|
|

Cnorsba Outside

falwdaHy nogd 2.2 cm, facke 2.4 cm,
notnatocHuLe 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 pasmakHy TV M
Kpunmma (W1poka KyTuja) 1 jeHOCTRYKVM
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 LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix 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 ocBeTbera  Lighting system

YHyTpalutba pacseTa

Interior lighting

¥ A

Y WKONW je y M3BOPHOM 00nMKy KopuwheHo
MHKa[eCLEHTHO OCBET/bErbE, 0K je Mpema
noctojehem CTarby KOMMneTHa 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
TOoM/e Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasuhera 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

KrBKHe crjanuue v meTan xanoreHe
crjanvue.

Mercury bulbs and metal halogen bulbs.



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

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

[LIkoncke 3rpafie oBor Tvna rpaheHe cy 3a notpebe
NOAPYYHVIX jeiIMHNALIA Y MakbM HacerblmMa.

Y [neKkopaTMBHUM enemeHTVMMa ¢dacaaHe obpane
yoyaBa Ce Pa3HOBPCHOCT — Off CacBMM je[HOCTaBHWX
bacagHvx obpafa, 6e3 VKakBe MnacT1ke, Npeko pena-
TMBHO je[IHOCTABHMX AEKOPATUBHUX eflemMeHaTa, CBe [0
AeTarbHO pa3paheHnx dacapa M3BeAeHVX Y BeWTaYKOM
KameHy, rae v npo3opwv Mory 61T AeKopaTVBHO ypahe-
HW, ca cneundryHoM nofenom 1 npodunaumjom. Kako ce
Hajuelwhe paau o 3rpafama Koje cy y oapeheHoM pexu-
My 3aLUTUTE, TEXHMYKA pPeLlerba Mepa yHanpehersa buhe
AedVHMCaHa Tako fla Ce 3afpe CBe BPeAHe OfVKe
OPUMMHAMHOT aPXUTEKTOHCKOT PeLleHsa.

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
yHanpeherba

Previous improvements

PekoHCTpyKUWMja NofjoBa Ha Ty. BpoAackM NofoBK Ha NOTNATOCHKLAMA Y COjy Necka Cy 3amerbeHn GETOHCKMM NOAOBMMA Ca PasINUUTUM
3aBPWHVM obnorama (ApBo, KepammKa).

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

YHanpeherbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpehetrbe 3

Improvement 3

/130n0Batbe GacafiHUX 31AOBA KOHTAKTHOM TePMOU30MauMoHoM dacafom. Yrpagrsa Hosux npo3opa oA [BL npodwvna ca ABOCIOjHUM
M30M1aLMOHMM HUCKOEMUCUOHIM CTako-NMakeTom (CpeArba 3anTBEHOCT). Yrpafrba HOBUMX Yas3HUX JPBEHVX BpaTa Ca TePMOM30aLYIOHOM
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 310Ba KOHTAKTHOM TEPMOV30MaLMOHOM dacafiom. VI3onoBarbe nofa Ha Ty Y3 PeKOHCTPYKUMY CojeBa. Yrpadrba
HOBYX Npo3opa of MNBL npoduna ca ABOCIOjHMM 130MaLUMOHMM HUCKOEMIUCVOHKM CTaKIo-NakeTom (1obpa 3anTneeHocT). Yrparba HOBKX
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.

130n0Batbe dacagHnx 3Ma0Ba KOHTAKTHOM TEPMOM3ONALMOHOM dacafom. M3onosarbe MmehycnpaTHe KOHCTPYKLMjE Ka HEerpejaHoM TaBaHy
npeko noctojehiix cnojesa. Mi3onosarbe Nofa Ha Ty y3 NOTNYHY PEKOHCTPYKLW]Y C10jeBa. Yrpadba HOBMX MPO30Pa Off KOMMNO3UTHIUX Npoduna
Ca TPOCIOJHUM M30MALMOHNUM HUCKOEMUCHMOHUM CTaKo-NakeToM (4obpa 3anTvBeHOCT). Yrpaftba HOBUX YNas3HUX APBEHMX KOMMO3UTHUX
BpaTa ca TepMOV30M1aLIMOHOM UCTYHOM.

Thermal insulation of fagade walls with a contact fagcade system. Insulation of floor structure to unheated attic, over existing layers. Insulation
of 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
KOHCTPYKUWja NCMOA
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnorba Outside

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

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

0.28

Cnospa 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,
Tepmomsonauuja 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

IE donuja, Tepmowmzonaumja 15 cm, nacke

24 cm, TaBatbaye 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CM , 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 dponwja, Tepmomnsonaymja 25 cm, gacke
2.4 cm, TaBakbaye 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLIYaHoj
noano3n 3cm

PE foil, thermal insulation 25 cm, plank

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

0.13




A - nepuogd 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)

[Tpo3opwu

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 ¢m, LeMEHTHa Kolyrbuua 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLyrbuLa 4 cm,
— Tepmownsonaymja 5 cm, xuapousonaymja 1 Tepmomsonaumja 5 cm, xuaponsonauuja 1
NO CHANGES cm, 6eToHcKa nnoya 10 cm, WbyHak 10cm, cm, 6eToHcKa nnova 10 cm, wibyHak 10cm,
HabujeHa 3emrba HabujeHa 3em/ba
parquet 2.2 cm, cement screed 4 cm, thermal parquet 2.2 cm, cement screed 4 cm, 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
0.52 0.30 0.30
[} (9] [ () [ ()
° ° ° © ° °
3 I o A 3 &
5 = 5 < 5 <
O © (@] © (@] ©
© c I o I e
: = o z 5 -
8 > = > = >
(o] O o

[1BL| ca ABOCNOJHMM HUCKOEMUCHOHMM CTak/o
MakeTom

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

1.40

[1BL| ca ABOCNOjHMM HUCKOEMMCVIOHWM CTaK/0
nakeTom

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

1.40

Komno3uTHM npodun ca TPOCIojHUM
HCKOEMUCUOHYIM CTAKIIO MAaKETOM MCTYHEHUM
VIHEPTHYIM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa.

The existing heating system is retained.

0.5

046

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpeherse 2 Improvement 2

Yrpaparba LeHTpanHor rpejatba ca

paavjaToprma Kao rpejHIM Terma 1 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

EnekTpryHm akymynaumoHm 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

e
K

yrpa,uH;a KOMMPeCOpCKe TOn1I0THe nymne
Ba3,uy></Bo,ua Ca XnapomMoaynom.

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
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

36%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLm

w
o

~ [ I |

w [l

Heat losses 19% 19% -
(%]
45% S6% 70%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn rybuum — ventilation losses ywreae — savings
TpaHCMUCKOHH ryBurLm 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- MeNycrpaTHa KOHCTPYKLMja MCMOZ HerpejaHor TaBaHa, 5-Mof Ha Ty

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

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

80 122 161



A - nepuogd npe 1945. A - period before 1945

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

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

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 vHTEPBEHUWMjE
usual interventions

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

Q- §+= @

| |
yHanpeherse 1 yHanpehetoe 2
A improvement 1 A improvement 2

178478

v

|
100%

193218

v

100%

@)

63159

-4

100%

100%

|
yHanpehetbe 3
A improvement 3
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. —————— o ————

F

T L1

.

A2a
A2a

LLIkoncka 3rpaga
noBpLUnHe 500-2000 m?

<50%

School building
with area 500-2000 m?

Kateropuja OCHOBHa LLIKONa 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

MoBpLwnHa (M?) HeTo rpejaHa 675 Area (m?) Net heated 675

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

WKkoncka 3rpafia M3dyxeHe OCHOBE, Ca YNpaBHUM
penom 1 Behum 6pojem yuroruua. MpojekTom WKone
npeasurbeHe cy CTaHAapaHe yuroHuue 6e3 HaMeHCKIMX
npocTopa 3a U3Bohere ApYrnx BUAOBa HacTaBe 1 BaHHa-
CTaBHVIX aKTUBHOCTU.

PenpeseHTn OBOr TWNa Cy, MO NpaBuily, Npu3emHe
3rpage HelwTo Behe NOBPLIMHE, anv penaTnBHO CBefe-
He reomeTpuje. lOKpMBEHE Cy KOCKMM KPOBOBMMA, Ca
TaBaHCKMM MPOCTOPOM KOjU Ce He KOPWUCTK, a Y Mojean-
HWUM CllyYajeBrma NoCToje 1 HerpejaHe nogpymcke npoc-
Topuje. [po30pCKIM OTBOPK Cy NOjefMHaYHV, PeNnaTuBHO
MarbVx AuMeH3mja, 6e3 3aTrTe of CyHua.

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

Wkoncke 3rpage oBor TMMna paheHe Cy jeAHOCTaBHMIM
TPaAMUMOHANHUM TexHVKaMa rpaberba. KOHCTPYKTMB-
HW CKNON je MacKBaH, ca ApBeHOM mehycnpaTHOM KOH-
CTPYKUMjOM (,KapaTaBaH”) M KOCUM BULIEBOAHUM KPO-
BoM. MacafHu 31a0BM Cy 06OCTPAHO ManTeprcaHK, ca
efnemMeHTVIMa jeJHOCTaBHe [1eKopaTUBHE Mnactuke, 6e3
TepMmuuke nsonauuje. Mposopn Cy ApBeHW, ABOCTPYKH,
3aCTak/beHV jeAHOCTPYKMM CTaknom. [ogosu cy y Gop-
MW 6POACKOr MOAa 1 Ha NOAN03M Off HabujeHe 3emsbe.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO 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 TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope - existing

Cnosballitbm 31a

External Wall

U (W/m?K)

MebhycnpatHa
KOHCTpYyKLUMja MCnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

lNoa Ha Ty

YHyTpa Inside

Cnosba Outside

Mantep 2cm, oneka 44cm, mantep 3cm

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

113

Cnosba Outside

T

YHyTpa Inside

U (W/m?K)

lNpo3opwu
3emsba ca nnesom 10 cm, packe 2.4

cm, TaBarbaye 14/20 cm, opBeHa
NMOTKOHCTPYKUWja 6 CM, 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

B = = =

Cnosba 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
*
I

Cnosba Outside

nalwdaHy nof 2.2 cm, facke 2.4 cm,
notnatocHuLe 8/5 cmy cnojy necka 10 cm,
HabujeHa 3emba

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

0.46

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

[lpBeHV IBOCTPYKM Ca pasmMakHy TV M
Kpunmma (Wrpoka 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

CreneH KOPUCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/bema

YHyTpalltba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix ypehaja - nehn
Ha YBPCTO ropurBO (APBO 1 yram). Taj cnuctem
Ce KOPWCTW ¥ iaHac, 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 M3BOPHOM 06nMKy kopuwheHo
MHKa[leCLIEHTHO OCBET/bErbE, [IOK je MpemMa
noctojehem CTatby KOMMneTHa WKona
nokpviseHa ¢pnyo oceeTberbem. He noctoju
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

CreneH KOPUCHOCTH
npunpeme CaHUTapHe
TOMe Boae

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasuhera 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

CnunyHm 06jekTn — npeactaBHum Tuna — Similar buildings — type representatives

Wkoncke 3rpafge OBOr TMNa OANMKyje jeAHOCTaBHa
OCHOBa Ca LIEHTPAIHAM YNa3HWUM AeNOoM. Y 3aBUCHOCTH
o[l BenuunHe objeKkTa, yNpaBHO-aAMUHUCTPATUBHI Ae0
je nocTass/beH y nocebHom HGouHom Kpuny. Kako je pey
O HeKMM Off HajCTapujuxX KOS Y 3eM/bW, OHE Hemajy
npojekToBaHe nocebHe cane W Apyre BrLUEHaMeHCKe
npocTope, a npatehn cagpxajn (YKONMKo mUx 1ma) cy C
BpPeMEHOM [03VHMBaHW Y3 OPUTMHAMHY WKOMCKY 3rpa-
Ay vnu rpabeHn Kao He3aBWCHM OBJeKTM Ha WKOMCKO)
napuenv.

[lekopaTvBHI enemeHTH Cy YecTu y 0ONnKy jeaHoC-
TaBHe QacagHe nnacTnke, Maja dacaje Hekmx LWKona
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
yHanpeherba

Previous improvements

Yrpadtea Hosux Npo3opa o MNBLL npoduna ca ABOCNOJHMM M30NaLMOHUM CTaK/0-NaKeToM. PEKOHCTPYKLMja NoaoBsa Ha Ty. Bpoacku nogosw
Ha NOTNATOCHWMLAMa Y Cojy Mecka Cy 3aMerbeHr BETOHCKMM NOAOBKMA Ca Pa3INYMTIM 3aBPLLIHMM 0bnorama (BUHW, KepamuiKa).

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

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

YHanpehetbe 3

Improvement 3

V3onoBatbe mehycnpaTHe KOHCTPYKLMje Ka HerpejaHom TaBaHy y3 AefIMMUUHY PEKOHCTPYKUM]y CrlojeBa. Yrpafrba HOBKX Npo3opa oA [1BL
npodwna ca ABOCIOHUM U30MALMOHVM HUCKOEMUCUOHUM CTakNo-NakeTom (Cpefdrba 3anTUBEeHOCT).

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).

1130n0Bare dacagHnx 3Ma0Ba KOHTAKTHOM TEPMOM30NALMOHOM dacafom. M3onosarbe MehycnpaTHe KOHCTPYKUWMjE Ka HerpejaHoM TaBaHy
y3 NeNUMUYHY PEKOHCTPYKUM]Y cnojesa. V3onosare MehycnpaTtHe KOHCTPYKUMje Ka HerpejaHom nogpymy. V3onosarse noga Ha iy y3
PEKOHCTPYKLMjy CnojeBa. Yrpaarsa HoBux npo3opa oA [MBL npoduna ca ABOCNOJHUM M30MALMOHUM HUCKOEMUCUOHMM CTaKIo-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.

130n0Barbe dacafHMX 310083 KOHTAKTHOM TEPMOM3ONALMOHOM dacafiom. M3onosarbe MehycnpaTHe KOHCTPYKLMje Ka HerpejaHoM TaBaHy
y3 OeNUMUYHY PEKOHCTPYKUM]Y cnojesa. V3onosare MehycnpaTtHe KOHCTPYKLMje Ka HerpejaHoM nogpymy. /3onosare noga Ha iy y3
PEKOHCTPYKLWjy CojeBa. Yrpafrba HOBMX NPO30pa Of KOMMO3WUTHUX NPOduna ca TPOCIOjHMM M30NaLMOHUM HUCKOEMCUOHUM CTaKo-
nakeTom (fobpa 3anTMBeHOCT). Yrpasrba HOBMX YNa3HUX APBEHMX KOMNO3UTHUX BPaTa Ca TEPMOW30M1aLIMOHOM 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
KOHCTPYKLUWja 1crnoa
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MebycnpaTHa
KOHCTpYyKLUWja U3Haa
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

YHanpehetbe 1 Improvement 1

(9] | | JIC— ] (]

he) T he!

: Bt

8 I ©

B — 5

> I 8
S

HEMA M3MEHA

NO CHANGES

1.13

Cnosba Outside

YHyTpa Inside

IE donwja, Tepmowzonaumja 15 cm, facke

24 cm, TaBarbaye 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
[l Wi Sl
Cnosba Outside
HEMA M3MEHA

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,
Tepmomsonauuja 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

IE donwja, Tepmowzonaumja 15 cm, facke

24 cm, TaBarbade 14/20 cm, ApBeHa
NOTKOHCTPYKLUMja 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

falyaHn nog 2.2 cm, noTnaTtocHuue (8/5cm)
y cnojy necka 10cm, facke 2.4cm, TaBarbade
14/20 cm / Tepmomzonaupja 10 cm, netee
5/3cm, rMncKapToHcka nnova 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
1.25¢cm

0.37

Cnosba Outside

YHyTpa Inside

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

PE foil, thermal insulation 25 cm, plank

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

0.13

YHyTpa Inside

Cnorba Outside

naliyaHn nof 2.2 cm, NOTNaToCHMLEe
(8/5cm ) y cnojy necka 10cm, facke 2.4cm,
TaBarbaye 14/20 cm / Tepmowzonaumja 20
cm, neTee 5/3 cm, r’MNCKapTOHCKa niova
1.25cm

wood strip 2.2 cm, sleepers 8/5cmin 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 - nepuogd 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
MNog Ha Ty YHyTpa Inside YHyTpa Inside YHyTpa Inside
Ground floor
| |
Cnospa Outside Cnospa Outside Cnorba Outside
HEMA N3MEHA napkeT 2.2 Cm, LUeMEHTHa Kolyrbuua 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLysbua 4 cm,
— Tepmowusonaymja 5 cm, xmgpousonaynja Tepmomsonauuja 5 cm, xuapousonaumja
NO CHANGES 1cm, 6eToHcKa nnoya 10 cm, wibyHak 10cm,  1cm, 6eToHcka nnoya 10 cm, wisyHak 10cm,
HabujeHa 3emrba HabujeHa 3em/ba
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
Mpo3sopw S 3 b 3 3 bl
— ‘C5> ﬁ@ < ‘S < g <
= © © ©
. Q. Q o
Windows 8 ;s 8 3 8 £
2 o= 2 = 2 =
(o] (@) (@]
IBL| ca ABOCNOjHMM HUCKOEMMCUOHMM CTakno  TBLL ca ABOCIOjHMM HUCKOEMUCUOHMM CTako  KOMMO3WTHM NPOodui ca TPOCNOjHIM
NaKeTom naKkeTom HVICKOEMMCUOHIM CTaKSO NakeToM UCTyH-EHM
— — MHEPTHUM 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 — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa.

The existing heating system is retained.

0.5

046

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpeherse 2 Improvement 2

Yrpaparba LeHTpanHor rpejatba ca

paavjaToprma Kao rpejHIM Terma 1 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

EnekTpryHm akymynaumoHm 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

e
K

yrpa,uH;a KOMMPeCOpCKe TOn1I0THe nymne
Ba3,uy></Bo,ua Ca XnapomMoaynom.

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
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

65%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHN ryouLm

Heat losses

(%]

TpaHCMWCYIOHY Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmiba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

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

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 [
1T 2 3 4 5 6 1 2 3 4 5 1 2 3 4 5 6 1 2 3 4 5 6

1- cnosballbi 31A, 2- NPO30pw, 3- yNasHa Bpata, 4- Me*r')ycnpaTHa KOHCTPYKLMja UCNOA 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 %
_
|

155



A - nepuogd npe 1945. A - period before 1945

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

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

" A
18502
4.9%

A

8635

7

23.1%

50

A

235566
63.0%

|
0

A A

26229 46255
53% 93%

o —

P
<

11926 24515
7.3% 15.1%

©® ©

o —

M

MOMa3Ho CTakbe
starting condition

(I
1208 1271 1394
335% 352% 38.6%

Q-+ 9+= @

Y

Hajuewhe vHTEPBEHUWMjE
usual interventions

50

A

315033

50

50

A

yHanpeherse 1
improvement 1

63.6%

104659
64.5%

A

yHanpehetoe 2
improvement 2

A

374064

v

|
100%

495080

v

100%

@)

162274

-4

100%

100%

yHanpehetbe 3
improvement 3
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A26
A2b

LLIkoncka 3rpaga
noBpLUnHe 500-2000 m?

RENCE

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
MoBpLwnHa (M?) HeTo rpejaHa 1055 Area (m?) Net heated 1055
3anpemuHa (m?) HeTo rpejaHa 4345 Volume (m?) Net heated 4345

CnpaTHe WKOMCKe 3rpafle OBOr nepuoaa paheHe cy
Hajuewhe Kao penpeseHTaTMBHWU O6jeKTV W faHac Cy
uecTo y ogpeherom pexunmy 3awTute. Kapakrepuiie vix
KNacuMUMCTYKa KOMMO3MLMja Ca HaraWeHuM LeHTpas-
HUM BOTYMEHOM 1 BOUHIM KPUAMMA.

LLIkoncke 3rpajie oBor T1na umajy sehn 6poj yuroHw-
la 1 cee npatehe 1 cepBUCHe NPOCTOPE.

MoKprBeHe Cy KOCMM KPOBOBMMA, Ca TaBaHCKWM
NPOCTOPOM KOjM Ce He KOPWCTW, @ Y NOjefnHM Crydaje-
BMMa Moceflyjy ¥ HerpejaHe noapymcke npoctopuje.
MpPO30pCKM OTBOPW CY MOjeAMHAUHM, PENATUBHO MatkbX
avmMeH3uja, 6e3 3awTuTe of CyHUa WM ca niaTHeHUM
pofieTHama ca yHyTpallkbe CTpaHe.

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

Ukoncke 3rpage oBor Tvna paheHe Cy Tpaamumo-
HaNHUM TexHVKama rpahersa. KOHCTPYKTUBHM CKoN je
MacCMBaH, Ca ApBEHOM MehyCnpaTHOM KOHCTPYKLMjOM
(,kapaTtaBaH") 1 KOCMM BUWEBOAHMM KpoBom. DacagHn
3140BM Cy 000CTPaHO ManTepucaHn, HeM30I0BaHY, ca
efeMeHTVMa flekopaTneHe nnactuke. Mpo3opu cy Ap-
BeHV, ABOCTPYKW, Ca PA3ABOJEHUM KPWUIMMA, 3aCTak/be-
HW jeAHOCTPYKMM CTaknom. [MogosK cy ApBeHu (6poackm
Mo N NApKeT) Ha NOTNATOCHMUAMa Yy Necky.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO CTakbe

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

Qe [%] Q. [kWh/(m?a)]
335 251
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope - existing

Cnosballitbm 31a

External Wall

U (W/m?K)

MehycnpatHa
KOHCTPYyKLWja 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

Mantep 2 cm, oneka 44 cm, mantep 5 cm

YHyTpa Inside
Cnosba Outside

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 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

YryTpa Inside U (W/m?K)

Cnosba Outside

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

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

1.29

Ground floor

YhyTpa Inside

I

Cnosba Outside

nalvaHv nof 2.2 cm, gacke 2.4 cm,
notnatocHule 8/5 cm'y cnojy necka 10 cm,
6eToHCKa nnoya 10 cm, WwibyHak 10 cm,
HabujeHa 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

038
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LPBEHV IBOCTPYKM Ca PasMaKHy VM
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/bena

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrarb). KacHuje
je yrpaheH cuctem ueHTpanHor rpejarba

Ca papmnjaTopuma Kao rpejHm Tenrma. 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, 10K je
npema noctojehem cTary Hajsehn feo
LUKONE MOKPVMBEH (ryo OCBET/bEHEM @
Matbh Ae0 NHKaAECLEHTHUM OCBET/bEHbEM.
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
TOoM/e Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasuhera 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

s
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OBakBe wWkKoCKe 3rpafe cy paheHe kpajem 19. 1
noueTtkom 20. Beka Wurpom Cpbuje, y rpafosuma, anw
Ny MarblM MeCcTMMa, Hajuewhe Kao OCHOBHE LIKOMe
WM Makbe rMMHasuje. Ocum cnobopHocTojehrx obje-
KaTa KOMMaKTHOr rabaputa, y ypbaHum cpefnHama cy
3aCTyn/beHe ¥ Kao yraoHe 3rpage.

(MacagHa obpaga Bapupa of jeAHOCTaBHMX, ManTe-
pucaHvx dacada, cee [0 Beoma paspaheHnx CTUACKMX
dacafa y BelWTaukoM KameHy, ca OpOjHUM AeKopaTUBHIUM
enemeHTMMa.

TpeTmaH KpOBHOT BeHLa NpaTn TpeTMaH Gpacafe — of
JeAHOCTaBHUX MANTKMUX CTpexa ca Bucehnm onyumma ao
KPOBHWX PaBHW MOBYYEHMX 13a CTUICKOT Ha3WTKa.

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
yHanpeherba

Previous improvements

yl’pa,D,H:;a HOBVX PBEHNX MPO30pPa Ca ABOC/IOjHUM M30M1aLMOHMM CTakOM Ha [eny 3rpaje.

Partial installation of new wooden windows with double-glazing.

Onuc yHanpeherwa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

YHanpehetrbe 3

Improvement 3

Yrpagrea Hoeux npo3opa og MNBL, npodwna ca ABOCOJHMM U301aLMOHVIM HUCKOEMUCMOHUM CTaKO-MakeToM (4obpa 3anTnBeHoCT).

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

1130n0Bare dacagHnx 3Ma0Ba KOHTAKTHOM TEPMOM30NALMOHOM hacafom. M3onosarbe MehycnpatHe KOHCTPYKUWMjE Ka HerpejaHoM TaBaHy
y3 IeNIMMNYHY PEKOHCTPYKLM]Y Cojesa. V13onosarbe MehycnpaTHe KOHCTPYKLMje Ka HerpejaHom NoApymy. Yrpada HOBYX Nposopa og MBLY
npodwna ca ABOCIOJHMM M30NaLMOHUM HUCKOEMUCHOHIM CTaKMO-NakeToM (000pa 3anTvBeHOCT). Yrpasirba HOBYX YNa3HUxX APBEHUX BpaTa Ca
TEPMOM30M1aLMOHOM 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.

1130n0Batve dacagHnx 3MA0Ba KOHTAKTHOM TEPMOM3ONALMOHOM dacafom. M3onoBarbe MehycnpaTHe KOHCTPYKLMjE Ka HEerpejaHoM TaBaHy
y3 OeNUMUYHY PEKOHCTPYKUM]Y cnojesa. V3onosare MehycnpaTHe KOHCTPYKLUMje Ka HerpejaHoM nogpymy. V3onosare noga Ha Ty y3
LENMMNYHY PEKOHCTPYKLM]Y CnojeBa. Yrpadtba HOBKX MPO30pa Of KOMMO3WTHYX Npoduria ca TPOCOjHIM M30MaLMOHNM HUCKOEMVICUOHIM
CTakno-nakeTom ([O6pa 3anNTMBEHOCT). Yrpafba HOBYIX YNa3HMX APBEHNX KOMMO3WTHYIX BPaTa Ca TePMOU30MaLIMOHOM 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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CKnonoBwu TepMrYKOT oMoTaua — yHanpeherwa — 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
KOHCTpYyKUWja U3Haa
HerpejaHor nogpyma
Floor structure to
unheated basement

YHanpehetbe 1 Improvement 1

(OB IC— ] (]

he) T he)

£ — S

g T ©

£ T 3

§ Il o
e — S

HEMA M3MEHA

NO CHANGES

1.10

Cnospa Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.78

YHyTpa Inside

Cnospa Outside
HEMA V3MEHA

NO CHANGES

1.29

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 3 cm, oneka 44 cm, Mmantep 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,
Tepmomsonauuja 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

ME ponwja, Tepmomsonauyuja 15 cm, gacke
2.4 cm, TaBarbave 14/20 cm, apBeHa
MOTKOHCTPYKLUWja 6 CM , ManTep Ha TPLIYaHO]
noanosn 3cm

PE foil, thermal insulation 15 cm, plank 2.4 cm,
wood rafters 14/20 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.19

YHyTpa Inside

Cnosba Outside

napkeTt 2.2 cm, gacke 2.4 cm, nOTNaToCcHuLe
(8/5cm ) y cnojy necka 10cm, cutHopebpacTa
TaBaHuua 40 cm, Tepmomsonauuja 15 cm,
netee 5/3 cm, rMNckapToHcka nova 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

IE donwja, Tepmomsonaumja 25 cm, Aacke

2.4 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

YHyTpa Inside

Cnoma Outside

MapkeT 2.2 Cm, LeMeHTHa Kolwysbuuia 4

cm, Tepmom3onaLmja 5cm, cutHopebpacTta
TaBaHvua 40 cm, Tepmomsonaumja 20 ¢m,
netse 5/3 cm, rMNcKapToHcka nnoya 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

CKNnonoBu 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

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

e mwﬁm&mnlmw

Cnorba Outside

HEMA N3MEHA HEMA N3MEHA napkeTt 2.2 cm, UeMeHTHa KoLysbua 4 cm,
— — Tepmomsonauuja 5 cm, xuapousonaumja
NO CHANGES NO CHANGES Tcm, 6eToHcka nnova 10 cm, wibyHak 10cm,
HabujeHa 3em/ba
parquet 2.2 cm, cement screed 4 cm,
thermal insulation 5 cm, hydro insulation
Tcm, concrete 10 ¢cm, gravel 10 cm, rammed
earth
0.38 0.38 0.24
(] [} [} (5} (5} (]
° ° ° o ° o
§ z é‘ N 2 é‘ Z
© s © ©
[oN Q. Q
2 £ 2 o—fF_ < 2 £
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[1BL| ca ABOCNIOJHMM HUCKOEMUCHIOHKM CTaK/o
naKkeTom

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

1.40

[NBLL ca ABOCNOjHMM HUCKOEMUCVIOHMM CTaKIO
MaKkeTom

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

1.40

Komno3uTHM npodun ca TpocnojH1m
HUCKOEMICUOHIM CTaKO MaKeTOM UCTYHEHM
MHEPTHUM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1
My

= v

3agpaH je noctojehn cuctem rpejarba
NPOCTOPa: LIEHTPANHO rpejatbe C 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

YHanpeherse 2 Improvement 2

Yrpafrba LIeHTPanHor rpejarba ca

paavjaTop1ma Kao rpejHIM Temvma 1 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

EnekTpryHm akymynaumoHm 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

yrpamba KOMMPeCOpCKe TOn1I0THe nymne
Ba3,uy></Bo,ua Ca XnapomMoaynom.

Installation of air source heat pump with
hydromodule.

30

2.88

TonnoTHa Mymna Basayx/8oaa

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
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

65%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLm

15%
Heat losses 21 21%
(%]
24%
54% 68%
o TPAHCMIUCMOHN TyOULM — transsmission losses BEHTUAUMOHN rybuum — ventilation losses ywrege — savings
TPaHCMUCHOHM ryBrLM 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 56

1- cnosbalukby 31g, 2- NPO30pK, 3- ynasHa Bpata, 4- MehycnpaTHa KOHCTPYKLMja MCMOJ HErpejaHor TaBaHa, 5- MefycnpaTHa KOHCTPYKUWja
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

CneuydunuHa roauiitba

notpebHa eHeprija 3a V v

rpejare | | kWh/m?a
Specific Heating Energy <15 <100 <150 <200 <250 >250 rel %

SEITECIERET _
A A

[kWh/m?a]
100 185



A - nepuogd npe 1945. A - period before 1945

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

DviHanHa eHepruja 391293
Final energy |
[kWh/a] I I [ [ I [
0 e a 50 n 100%
28050 136098 290514
7.2% 34.8% 74.2%
) 431255
[prmapHa eHeprija v

I
Primary energy

o —

A A 50 A 100%

[kwWh/a]
41084 70125 324430
95%  163% 75.2%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKUX Mepa

@)

143708

-4

CO, emission after
architectural and HVAC

. |
improvement 0 a a 50 ﬁ 100%
18658 37166 109604
kg/al 13.0% 25.9% 76.3%
® @
Emncnja CO, HakoH H @ &
yHanpebherba cnctema 5638
pacseTe

- |
CO, emission after
lighting improvement

o —

A A IA 50 100%

[kg/al 1885 1985 2177
334% 352% 38.6%

g+ @+= @

| | |
v MNONA3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE yHanpeherse 1 yHanpehetoe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |
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A3a
A3a

LLIkoncka 3rpaga
noBpLmnHe Behe og 2000 m?

<50%

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

MoBpLwnHa (M?) HeTo rpejaHa 2115 Area (m?) Net heated 2115

3anpemuHa (m?) HeTo rpejaHa 8485 Volume (m?) Net heated 8485

LLIkoncke 3rpafe OBOr TMMa Cy PenaTneHoO jeHOCTaB-
HW BOMYMEHMW Y GOPMM KNACULUMCTYKe KOMMO3uLuje, ca
HaraweHUM UeHTPaIHUM AeNoM 1 BOUYHUM KpuivMa.
Vimajy nBe rpejaHe eTaxe (MpU3emrbe 1 CNpaT) Ca yuno-
HULAMa ¥ KOMMEMEHTapHUM MpOoCTOpuWjama, TaBaH-
CKM MPOCTOP KOjU Ce He KOPWCTW, a 4ecTo U Herpeja-
HW NOAPYM UK CyTepeH Ca CePBUCHUM NPOCTOpHjamMa.
Maxom cy paheHe Kao penpe3eHTaTVBHM 00jeKTH 1 laHac
yecTo y oapeheHoM peximmy 3alTuTe.

KpoBOBM Cy KOCH, BULWEBOAHN. [TDO30PCKM OTBOPU CY
nojeauHauHm, PenaTMBHO Marbyx JUMeH3vja, 6e3 3alwTu-
Te off CyHUa WM ca NnaTHeHWM poneTHama ca yHyTpa-
WHbe CTpaHe.

134

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 orneke, ApBeHOM MehyCnpaTHOM KOH-
CTPYKUMjOM Mpema TaBaHy (,kapaTaBaH”) M KOCKMM BU-
WeBOAHMM KpoBom. MacafiHy 31aoBM Cy 000CTPaHO
ManTepucaHu, HeM3oNoBaHY, YecTo ca eneMeHTMa ae-
KopaTvBHe nnactuke. [po3opun Cy ApPBEHW, ABOCTPYKY,
Ca Pa3fBOjeHVM KPWAMMA, 3aCTak/beHV jefHOCTPYKMUM
TpaHCNapeHTHKM CTakoMm. [ogoBK Cy ApBeHy (6poacKM
Mo N NApKeT) Ha NOTNATOCHMUAMa Yy Necky.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO CTakbe

A —nepwuop npe 1945. A - period before 1945

The load 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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CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope - existing

Cnospalltbm 3ma 1

External Wall 1

U (W/m?K)

MehycnpatHa
KOHCTpYyKLUWja MCnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MebhycnpaTHa
KOHCTpYyKUWja M3Haa
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/mZK)

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

T

YHyTpa Inside

3emsba ca nnesom 10 cm, gacke
2.4cm, TaBarbade 14/20 cm, npseHa
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

=

Cnosba Outside

napkeTt 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

112

YHyTpa Inside
e |
I

Cnorba Outside

napker 2.2 cm, aacke 2.4 cm, NoTNaTtocHuLe
8/5 cmy cnojy necka 10 cm, HabujeHa
3emrba

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

0.69
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[IPBEHV [1BOCTPYKM Ca PasmMakHy TUM
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

TepMOTEXHNYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting - existing

CucTem rpejara 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOpUCHOCTH
cucTemMa rpejarba
Heating system
efficiency

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrarb). KacHuje
je yrpaheH cnctem LeHTpanHor rpejarba ca
pafvjatoprima 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.

Cuctem 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 Wkosna
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 npeasuhera 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 cujanuue v meTan xanoreHe
cvjanvue.

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

HajcTtapuje cnpaTHe wkoncke 3rpage y Cpbujn pahe-
He Cy Kao penpeseHTaTVBHa ApxaBHa 3Aarba 1 jaHac cy
BeNMHOM BpefHM CMIOMEHNUW KyNType, YjeAHO U Lietbe-
He 00pa3oBHe MHCTUTYLWMje. HbrxoB 3Hauaj ce, n3mehy
OCTafIor, HarnawaBao 1 apXUTEKTOHCKMM pellerbem —
bopmManHoM 1 CUMETPUYHOM KOMMO3ULMJOM BOyMe-
Ha, BENMKMM CNpaTHUM BUCMHaMa, 6orato AeKoprcaHom
dacafom, Kao M HepeTKO PACKOWHWUM eHTepujepumMa,
HapOYMTO LIeHTPaNHOr X0f1a, CTENEeHMLLITa, CBEYaHe cane.

Kon osux objekaTa mepe yHanpehersa eHepreTcke
edrKkacHOCTV MOpajy Or1TK fedrHIMCaHe Tako Aa ce 3aap-
e CBe apXMTEKTOHCKe BPeAHOCTH.

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
yHanpeherba

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

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

YHanpehetrbe 3

Improvement 3

Yrpagrea Hoeux npo3opa og MNBL, npodwna ca ABOCOJHMM U301aLMOHVIM HUCKOEMUCMOHUM CTaKO-MakeToM (4obpa 3anTnBeHoCT).

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

1130noBare pacagHvx 31aoBa Ca yHyTpalke CTpaHe. V3onoBarbe mMehycnpaTHe KOHCTPYKUMjE Ka HerpejaHoM TaBaHy y3 AenvMUYHY
PEKOHCTPYKLWjy CrnojeBa. V3onosarbe MehycnpaTtHe KOHCTPyKUMje Ka HerpejaHom NOApymy. M3onosarbe noga Ha Ty Y3 MOTyHY
PEKOHCTPYKLMjy CnojeBa. Yrpaarsa HoBux npo3opa oA [MBL npoduna ca ABOCNOJHUM M30MALMOHUM HUCKOEMUCUOHMM CTaKIO-MakeTom
(nobpa 3anTBEHOCT). YrpaAa HOBWX YNa3HKX APBEHMX BPaTa Ca TePMOW30M1aLMOHOM 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 yHyTpallkbe CTpaHe. V3onoBarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy y3 AeNVMUYHY
PEKOHCTPYKLWjy cnojeBa. V3onosarbe MehycnpaTHe KOHCTPyKUMje Ka HerpejaHom Noapymy. M3onosarbe noga Ha Ty y3 MOTAYyHY
PEKOHCTPYKLMjY CrojeBa. Yrpafrba HOBMX MPO30pa Of KOMMO3WUTHUX NPOoduna ca TPOCIOjHMM M30NaLMOHNM HUCKOEMUCUOHUM CTaKMo-
nakeTom (fobpa 3anTMBEHOCT). Yrpafitba HOBIX YNasHUX [PBEHMX KOMNO3UTHUX BPaTa Ca TePMOW30M1aLIMOHOM UCMYHOM.

Interior insulation of facade 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

Cnospalltbn 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 3ua 2

External wall 2

U (W/m?K)

MehycnpaTHa

KOHCTPYKLUMja ncnog

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

MNC KapTOHCKa rova 1.25 cm,
NOTKOHCTPYKLWMja/ TepMonsonaLmja 8 cm,
ManTtep 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

MNC KapTOHCKa rova 1.25 cm,
NOTKOHCTPYKUWja/ Tepmovisonauwja 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 M3MEHA

NO CHANGES
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Cnosba Outside

0.30 0.26
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MUNC KapTOHCKa nnoyva 1.25 cm,
MOTKOHCTPYKLUMja/ Tepmouzonauuja 8 cm,
ManTtep 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,
MOTKOHCTPYKUMja/ Tepmomzonauuja 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

YHyTpa Inside

ME ponwja, Tepmomsonaumja 15 ¢cm, gacke
2.4 cm, TaBarbave 14/20 cm, apBeHa
MOTKOHCTPYKUWja 6 CM , ManTep Ha TpLI4aHoj
nogno3n 3cm

PE foil, thermal insulation 15 cm, plank 2.4 cm,
wood rafters 14/20 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.19

Cnosba Outside

YHyTpa Inside

IE donwja, TepMomzonaumja 25 cm, facke
24 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKLUWMja 6 CM , ManTep Ha TpLUYaHoj
noanosn 3cm

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 - nepuogd npe 1945. A - period before 1945

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

MehycnpaTHa

KOHCTPYyKUWja 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
== &=

Cnospa Outside

YHanpebhetbe 3 Improvement 3

YHyTpa Inside
ﬁ

LOOOADANANS

—

Cnorba Outside

napkeT 2.2 cm, facke 2.4 cm, noTnaTtocHuLe napket 2.2 cm, gacke 2.4 cm, noTnatocHMLe
(8/5cm ) y cnojy necka 10-15 cm, oneka 14cm, (8/5cm )y cnojy necka 10-15cm,

Tepmomsonaumja 10 cm, NOTKOHCTPYKUMja,
TMNCKapTOHCKa noya 1.25 cm

parquet 2.2 cm, wooden subfloor 2.4 ¢cm,

sleepers 8/5 cmin 10-15 cm sand bedding,
brick vault 14 cm, thermal insulation 10 cm,
metal substructure, gypsum board 1.25 cm

0.27

oneka 14 cm, Tepmownzonauynja 20 cm,
MOTKOHCTPYKLMja, TMNCKapTOHCKa niova
1.25cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10-15 cm sand bedding,
brick vault 14 cm, thermal insulation 20 cm,
metal substructure, gypsum board 1.25 cm

0.16

YHyTpa Inside

YHyTpa Inside

YHyTpa Inside

= Gl Gl NSNS X AN

am— [ )
| ——]

Cnospa Outside Cnospa Outside Cnosba Outside

HEMA N3MEHA napkeT 2.2 cm, LeMeHTHa KowwysbuLia 4 cm, napkeT 2.2 cm, LemMeHTHa Kolwyrbyta 4 cm,

— TepMmousonaumja 5 cm, xmgpousonaunja Tepmomsonauuja 10 cm, xuapounsonauwija

NO CHANGES 1cm, 6eToHcKa nnoya 10 cm, wibyHak 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

0.69 0.36 0.24
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[1BL ca ABOCNOJHMM HUCKOEMUCHIOHKM CTaK/o

NakeTom

PVC, double glazed low-E glass unit, inert

gas filling

1.40

MBL| ca ABOCNOjHMM HUCKOEMUCHOHNM CTaKNo  KOMMNO3WUTHM Npodun ca TPOCIOjHIM

MakeTom

HNCKOEMUCOHUM CTaKIO NakeToM UCNyHheHM
VHEPTHMM racom

PVC, double glazed low-E glass unit, inert —

gas filling

1.40

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

EdvkacHocT n3gopa
TonmnoTe

Heat source efficiency

EdwmkacHocT crctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOnne Boae

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapxaH je noctojehn crctem rpejarba
NpOCTOpa: AarbUHCKO rpejarbe C KOTIIOM Ha
NPUPOAHN rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

EneKTpuuHIM akyMynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3appaH je noctojehn cuctem rpejarba
NPOCTOpPa: IA/bUHCKO rpejarbe C KOTNIOM Ha
NPYPOAHY rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

0.92

EneKkTpuUHIM akyMynaLmnoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafirba KOMMPECOpCKe TOMJIOTHE Mymre
Ba3/yx/BO/a Ca XVAPOMOAYSIOM.

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 [%]

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

36%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLm

15%
Heat losses 21% 22%
%
[l 24%
54% 66%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn rybuum — ventilation losses ywrefe — savings
TPaHCMUCKOHN TYOULIM 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- cnosbalukby 31g, 2- NPO30pK, 3- ynasHa Bpata, 4- MehycnpaTHa KOHCTPYKLMja MCMOJ HErpejaHor TaBaHa, 5- MefycnpaTHa KOHCTPYKUWja
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

CneuydunuHa roauiitba

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 - nepuogd npe 1945. A - period before 1945

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

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

<
P
>

58579 296534 520739
8.4% 42.6% 74.8%

| | | |

A" 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 vHTEPBEHUWMjE yHanpeherse 1 yHanpehetoe 2
starting condition usual interventions A improvement 1 A improvement 2 A
| |

695845

v

100%

797557

v

100%

®®

178444

100%

R 8 8

100%

yHanpehetbe 3
improvement 3
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LLIkoncka 3rpaga
noBpLmnHe Behe og 2000 m?
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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
MoBpLwnHa (M?) HeTo rpejaHa 2305 Area (m?) Net heated 2305
3anpemuHa (m?) HeTo rpejaHa 9910 Volume (m?) Net heated 9910

[lBocnpaTHe LWKOMCKe 3rpafe OBOr TWna paheHe
Cy Y AyXy penpeseHTaTMBHMX 3rpaja CBOr BPemeHa, ca
NaX/bMBO MPOJEKTOBAHUM U [eKOPaTVBHO ObpaheHnM
dacagama, yecto 3alwTMheHe Kao CMOMEHMLM KynType.
bejaHe eTaxe (Npu3embe 1 ABa cnpata) Cy Behe cnpat-
He BUCUHE 1 Caipe YUroHMLe 1 ofgrosapajyhe komnne-
MeHTapHe cafipxaje 3a HaCTaBHWKe 1 yuyeHyike. [oa3emHa
eTaxa Ce He rpeje, a TaBaHCKM NPOCTOP Ce He KOPUCTUI.

KpoBoBK Cy KOCH, BULIEBOAHW, MPO30PCKIA OTBOPU
Cy nojeanHauHK, 6e3 3awTuTte of CyHUa WK ca nnaTHe-
HMM poneTHama ca yHyTpalltbe 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 Hocehinm 3uao-
BMMa Of} MyHe onekKe, APBEHOM MeRYCNPaTHOM KOHCTPYK-
LMjOM Npema TaBaHy (,kapaTaBaH”) 1 KOCKM BULLIEBOAHWM
KpoBom. MacafHn 31a0BK Cy 0BOCTPAHO ManTepuCaHu,
HEV30M10BaHN, YeCTO Ca efleMeHTMA AeKOPATMBHE Mac-
TVIKe 1 CerMeHTVIMa paheHnm y BeluTaukom KameHy. Mpo-
30pW Cy ApBeHM, ABOCTPYKM, Ca PA3ABOJEHUM KPUIMMA,
3aCTak/beHM jeHOCTPYKM CTaknom. [ogoBm cy ApBeHn
(6pOACKM NOA UM NAPKET) Ha NOTMATOCHMLIAMA Y MECKY.

EHepreTckm pa3pep objekTa — NPOjeKTOBaHO CTakbe

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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CKnonoBu TepMMYKOT 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
KOHCTPYKUWja 13Hag
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/mZK)

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

T

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke
2.4cm, TaBarbade 14/20 cm, npseHa
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

== =
Cnosba Outside

napkeT 2.2 cm, gacke 2.4 cm, NotnatocHuLe
(8/5cm ) y cnojy necka 10-30 cm, oneka
14cm

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

1.05

314 Ka cycejHoM
objekTy

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

Cnospa Outside

ManTep 3 cm, oneka 59 cm, mantep 5 cm

plaster 3 cm, brick wall 59 cm, plaster 5 cm

0.85

YHyTpa Inside

Cnorba Outside

nalyaHv nof 2.2 cm, gacke 2.4 cm,
notnatocHuue 8/5 cm'y cnojy necka 10 cm,
6eToHCKa nnova 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 [1BOCTPYKM Ca PasmMakHy TUM
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/bena

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrarb). KacHuje
je yrpaheH cuctem ueHTpanHor rpejarba

Ca papmnjaTopuma Kao rpejHm Tenrma. 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 06nMKy KopulwheHo
MHKa[eCLIEHTHO OCBET/bErbE, [IOK je NpemMa
noctojehem CTarby KOMMnneTHa Wkona
nokpuseHa Gpnyo ocseTberbem. bes
ayTOMATCKe KOHTPOSe OCBET/beHba.
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

ToMe Boae

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasuhera 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 crjanuue v meTan xanoreHe
crjanuvue.

Mercury bulbs and metal halogen bulbs.
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives
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3rpage oBor TMna Cy rpabeHe mMaxom y nepuomdy
n3mehy fABa CBETCKa paTa, YrNaBHOM Kao MMmHasuje v
cTpyuHe wkone. Ognvkyjy Ux CTUNCKA Bapypatrba Kapak-
TEPUCTMYHA 33 OBaj MEPWOA: MPUMEPH KNacULmMCTAY-
KUX 3[atba, WKOMA NPOJeKTOBAHMX Y T3B. CPICKO-BU3aH-
TWjCKOM CTWITY, Na CBE [0 MOAEPHUCTUYKKX 3rpaaa 6e3
MKaKBUX [eKopaTnBHUX enemeHata. CnpaTtHe BUCKHE
Bapupajy of GyHKUMOHANHWX CTaHaapaa 3a OBaj Twr
3rpafja Ao BEOMa Penpe3eHTaTUBHUX BUCOKUX Y HEPETKO
AEKOPUCaHVIX TaBaHULja.

KpOBOBW Cy MUTKM, KOCK, @ KDOBHE PaBHM Cy 00WY-
HO MOByYeHe 13a Ha3uTKa uiu, pehe, ca Manom CTpexom
1 AEKOPATUBHVIM BEHLEM.

8= Bl
A

TR

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 CMOjJEHNM KPUIMMA 3aCTaKIbEHNX jJeJHOCTPYKUM CTaKIIOM.

yHarlpeF)eH;a Installation of new double-frame wooden windows, with single-glazed connected sash.

Previous improvements

Onuc yHanpeherwa — Improvement measures description

YHanpehetse 1 Yrpagrea Hoeux npo3opa og MNBL, npodwna ca ABOCOJHMM U301aLMOHVIM HUCKOEMUCMOHUM CTaKO-MakeToM (4obpa 3anTnBeHoCT).

Installation of new PVC windows with double-glazed low-emissivity glass unit (good air tightness).
Improvement 1

YHanpeherse 2 M3onoBarbe pacapHMx 31goBa KOHTAKTHOM TepMoM3onaLvoHOM dacafom. Mzonosarbe 31poBa Ka CycefHOM ObGjeKTy ca yHyTpallrbe
CTpaHe. V30n0Bare mehycnpaTHe KOHCTPYKLMjE Ka HerpejaHoM TaBaHy Y3 AeNMUYHY PEKOHCTPYKLMJY cnojesa. V3onoare mehycnpatHe
KOHCTPYKLUMje Ka HerpejaHom Noapymy. Yrpafrba HoBwx nposopa of MBL npodwna ca ABOCNOjHMM M30MaLMOHNM HUCKOEMUCUOHMM CTaK/o-
Improvement 2 naketom (Hobpa 3anTUBeHOCT). Yrpatba HOBUX YNasHYIX PBEHNX BpaTa Ca TePMOM30SIaLMOHOM NCTTYHOM.

Insulation of fagade 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. 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.

Yranpebherbe 3 M30n0Barbe dacaiHUX 31110Ba KOHTAKTHOM TepMOW3OMaLMoHOM (acafioM. M3onoBarbe 3110Ba ka CycefHoM OBjekTy Ca yHyTpalltbe

cTpate. M3onoBarbe MehycnpaTHe KOHCTPYKLMje Ka HerpejaHoM TaBaHy y3 AeIMMUUHY PeKOHCTPYKLM]y crojesa. Mzonosarbe MehycnpatHe

KOHCTPYKLUMje Ka HerpejaHom noapyMy. V3onosarbe nofa Ha Ty y3 AeNMMUUHY PEeKOHCTPYKUMjy Cnojesa. Yrpafira HOBUX Mpo3opa Of

Improvement 3 KOMMO3UTHWX Npodua ca TPOCIOjHIM U30MaLMOHIM HACKOEMUCUOHVM CTaKNO-NakeToM (1o6pa 3anTueeHoCT). Yrpadrba HOBUX yrasHIIX
APBEHWX KOMMO3WTHYVIX BPaTa Ca TePMOV30MaLIYIOHOM UCTYHOM.

Insulation of fagade 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)

YHanpeherbe T Impr

R

YHyTpa Inside

HEMA VI3MEHA

NO CHANGES

0.88

ovement 1

Cnosba Outside

YHyTpa Inside

HEMA VI3MEHA

NO CHANGES

0.85

Cnosba Outside

Cnospa Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.78

YHanpebherbe 2 Improvement 2 YHanpebherbe 3 Improvement 3

YHyTpa Inside

YHyTpa Inside
Cnosba Outside
Cnosba Outside

Mantep 3 cm, oneka 59 cm, mantep 5 cm,
Tepmomsonauuja 20 cm, mantep 1 cm

Mantep 3 cm, oneka 59 cm, mantep 5 cm,
Tepmovsonauuja 10 cm, mantep 1 cm

plaster 3 cm, brick wall 59 cm, plaster 5 cm,
thermal insulation 20 cm, plaster 1 cm

plaster 3 cm, brick wall 59 cm, plaster 5 cm,
thermal insulation 10 cm, plaster 1 cm

0.26 0.15
] 5} ] o B v
o pe] i) °
) % ) 2
£ 5 = =
© O © O
,C} © ,C} ©
T 5 Iz 5
> 2 = e
) )

MANC KapTOHCKa rova 1.25 cm,
NOTKOHCTPYKUWja/ Tepmovisonaumja 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 5¢cm

MNC KapTOHCKa rova 1.25 cm,
NOTKOHCTPYKUWMja/ TepMomn3sonaLmja 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 0.25

Cnosba Outside Cnorba Outside

XX XX

(RN WY

YHyTpa Inside

YHyTpa Inside

ME donunja, Tepmomzonaumja 25 cm, facke

24 cm, TaBarbaye 14/20 cm, ApBeHa
MOTKOHCTPYKLWMja 6 €M, MaTep Ha TPLWYaHoj
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

ME donuja, Tepmomzonauwja 15 cm, facke
2.4 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKLUWja 6 CM, ManTep Ha TPLW4YaHoj
noano3n 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




A —nepwuop npe 1945. A - period before 1945

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

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpebhetbe 3 Improvement 3
MehycnpatHa YHyTpa Inside YHyTpa Inside YHyTpa Inside
KOHCTPYKUW]a M3Ha T W | |
HerpejaHor noapyma XXXWDDDMHZZ M ‘
o T
Floor structure to
unheated basement Cnosa Outside Cnorea Outside Criorea Outside
HEMA N3MEHA napkeT 2.2 cm, facke 2.4 cm, noTnaTtocHuLe napket 2.2 cm, gacke 2.4 cm, noTnatocHuLe
— (8/5cm ) y cnojy necka 10-30 cm, oneka 14cm,  (8/5cm ) y cnojy necka 10-30 cm,
NO CHANGES Tepmomsonaumja 10 cm, NOTKOHCTPYKUMja, oneka 14 cm, Tepmownzonaumja 20 cm,
rMNCKapTOHCKa nnova 1.25 cm MOTKOHCTPYKLMja, TMNCKaPTOHCKa niova
— 1.25cm
parquet 2.2 cm, wooden subfloor 2.4 ¢cm, —
sleepers 8/5 cm in 10-30 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 10-30 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
- e F e

Ground floor

Cnospa Outside Cnospa Outside Cnosba Outside

HEMA N3MEHA HEMA N3MEHA napkeT 2.2 cm, LemMeHTHa Kolwyrbyta 4 cm,
— — Tepmomnsonaumja 5 cm, xuapousonaumnja

NO CHANGES NO CHANGES T1cm, 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
U (W/m?K) 0.39 0.39 0.25
Mpo3sopw o bl © bl 3 b
- g g g £ g £
] © O © (e} ©
. ol aQ aQ
Windows 8 = 3 £ 3 =
g ~ g > 2 =
(o] (@) (@]
IBL| ca ABOCNOjHMM HUCKOEMMCUOHMM CTakno  MBLI ca ABOCIOjHMM HNCKOEMUCUOHMM CTakNo  KOMMO3WTHM Npodui ca TPOCNOjHM
naKeTom naKkeTom HCKOEMMCUOHIM CTaKSO NakeToM UCMyHeHM
— — VIHEPTHUM 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 — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdunkacHocT n3Bopa
TonnoTe

Heat source efficiency

EdunkacHocT cnuctema
rpejarba

Heating system
efficiency

MNpvinpema caHWTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa: LIeHTPaHO rpejarbe C KOTIOM Ha
TEYHO rOpPUBO.

The existing heating system is retained: central

hydronic system with oil fired boiler.

0.85

EneKkTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherse 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 akyMyraLmoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

yrpa,uH;a KOMMPeCOpCKe TOn1I0THe nymne
Ba3,uy></Bo,ua Ca XnapomMoaynom.

Installation of air-source heat pump with
hydromodule.

30

2.88

<

TonnoTHa 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 cuctema
ocBeTbeha [%] 30%

_ | | |
Relative energy savings = 0% 50% 100%

of lighting system [%]

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

36%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

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

TonnoTHN ryouLm

19%
Heat losses 27% 579%
46%
[96]
29% 50% 65%
() TpaHCMUCHOHN ryBuL — transsmission losses BEHTUNALUMOHN rybuum — ventilation losses ywrese — savings
TpaHCMUCKOHN TyOmLn 1600 1600 1600
Transmissive losses 1400 I 1400 1400
[W/K] 1200 I 1200 1200
1000 I 1000 1000
800 I 800 800
“in i “n
b II I b iI b
200 200 200 -.
12 3 4 5 6 12 3 4 5 6 1 2 3 4 5 6
1- cnosbalukby 31g, 2- NPO30pK, 3- ynasHa Bpata, 4- MehycnpaTHa KOHCTPYKLMja MCMOJ HErpejaHor TaBaHa, 5- MefycnpaTHa KOHCTPYKUWja
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
CneunduruHa I'OJ:LI/?LLIH:a 142 198
notpebHa eHepruja 3a 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



A - nepuogd npe 1945. A - period before 1945

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

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

o —

50 n
410884
68.4%

o —

o —

®

50 n
525547
69.8%

50 n
162771
71.9%

o —

M

Hajuewhe vHTEPBEHUWMjE

starting condition usual interventions

| | |
50
A A A
8226 8647 9499
61.0% 64.1% 70.4%

Q+e> 9+= @

| |
yHanpeherse 1 yHanpehetoe 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

MoBpLwnHa (M?) HeTo rpejaHa 145 Area (m?) Net heated 145

3anpemuHa (m?) HeTo rpejaHa 415 Volume (m?) Net heated 415

[lkoncka 3rpaga jeAHOCTaBHe, KOMMAKTHE OCHOBE,
rpaheHa y MarlM CpearHama Kao noApydHa WKona ca
MELIOBUTUM OflesberbriMa. 3a OBaj TWM je KapaKTepucTh-
YaH Manu 6poj yurmoHuLa, 6e3 13aBojeHrx KabrHeTa nnm
APYIVX HAMEHCKUX 1 CEPBUCHUX npocTopa. MpupyyHa
6rbnroTeka Huje 13ABOjeHa, Beh ce Hajuewhe Hanasw y
CaMVM YUMOHMLAMa.

MpeAcTaBHMUM OBOr TWMa Cy Mpu3emHe 3rpafe
CBefleHe reomeTpuje, ABOBOMHMX KPOBOBA, Ca TaBaH-
CKMM MPOCTOPOM KOjW Ce He KOPUCTU 1 6e3 MOA3EMHIIX
eTaxa (noapymckmx npoctopuja). OTBOPU Cy NojeanHay-
HW — TPAAMLMOHANHM NPO30PW HelTo BeRnX AMMeH3Mja
Y OAHOCY Ha WKOJCKe 3rpaje NpeTXoAHor 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.



Wkoncke 3rpage oBor TMMna paheHe Cy jeAHOCTaBHMIM
TexHWKama rpaherba. KOHCTPYKTUBHM CKIOM je MackBaH,
ca JpBeHOM MehycnpaTHOM KOHCTPYKUMjOM (,KapaTa-
BaH") U KOCMM [1BOBOAHUM KpoBOM. DacafHu 3u0BM Cy
060CTpaHO ManTepucany, 6e3 TepMmnyKe rsonaunje, anm
1 6e3 AieKopaTHBHe NnacTu1ke WTo omoryhasa jeqHoCTaB-
He Mepe eHepreTcke pexabunutaymje dacage. Mposopn
CY APBEHY, 3aCTaK/beHN jelHOCTPYKMM CTaknom. [Nogosu
Cy Ca ApBeHOM 00510rom 6e3 TepmMuyKe n3onauuje.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO 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
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CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope - existing

Cnosballbh 31g 5 38 lNoa Ha Ty YHyTpa Inside
_ £ E _
2 O S e L
External Wall £ 3 Ground floor s
3 g
(@] |
Mantep 2 cm, oneka 38 cm, Mantep 3 cm Cnorba Outside
plaster 2 cm, brick wall 38 cm, plaster3 cm Aawdary nog 2.2.cm, ﬂaCKe'ZA cm,
notnatocHuLe 8/5 cmy cnojy necka 10 cm,
6eToHCKa nnoya 10 cm, WwrbyHak 10 cm,
HabujeHa 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
U (W/mZK) 1.26 U (W/mZK) 0.56
MehycnpaTHa Cnorpa Outside Mpo3opu 3 3
. - Z E
KOHCTPyKLlMJa ncnon ‘ 8 s
HerpejaHor TaBaHa Windows 3 £
_ e =
—_— 5
Floor structure to y e
. HyTpa Inside NPBEH JBOCTPYKM Ca Pa3MakHy TV M
unheated attic Kpvnvma (LuMpoKa KyTwja) 1 jeAHOCTRYKIM
3emsba ca nnesom 10 cm, gacke CTaKIOM

2.4cm, TaBarbade 14/20 cm, apseHa
MOTKOHCTPYKUWja 6 CmM , ManTep Ha
TPLYaHOj Noano3n 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

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

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrarb). KacHuje
je yrpaheH cuctem ueHTpanHor rpejarba

Ca papmnjaTopuma Kao rpejHm Tenrma. 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 06nMKy KopulwheHo
je MHKafeCUeHTHO OCBET/berbE, 10K je
npema noctojehem cTarby Hajsehn feo
LKONE NMOKPUBEH Gyo oCBET/bEHEM a
Matoh A0 NHKaAECUEHTHUM OCBET/bEHEM.
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
TOoM/e Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasuhera 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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CnunyHm 06jekTn — npeactaBHum Tuna — Similar buildings — type representatives

BehiHa WKonNckmx 3rpada OBOr TMNa je vM3BeaeHa y
NOTAYHOCTW Kopuwherem jeAHOCTaBHUX NpeapaTHMX
TeXHVKa 3ufarba, ann, y OBOM Mepuomy, Hema penpe-
3eHTaTMBHWX 34atba. CNpaTHe BUCKHe Cy Makbe, pacagHa
obpafa jefHoOCTaBHa, 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 nmMajy 1 Npo3ope Hanmk OHUMa Ha
nocnepaTHUM CTambeHuUM ObjekTnMa, JOK Cy KOA OCTa-
NIVX NPO30PCKM OTBOPYM HelwTo Behux aumensinja. [lpse-
HV NOAOBM Ha NOAN03V Of HabujeHe 3emsbe Takohe BuiLe
nofcehajy Ha cTambeHe Hero Ha jaBHe 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.
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3ateveHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Onuc yHanpeherwa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

YHanpehetrbe 3

Improvement 3

V3onoBatbe mehycnpaTHe KOHCTPYKLMje Ka HerpejaHom TaBaHy y3 AefIMMUUHY PEKOHCTPYKUM]y CrlojeBa. Yrpafrba HOBKX Npo3opa oA [1BL
npodwna ca ABOCIOjHUM M30MALMOHVM HUCKOEMCUOHUM CTakNo-NakeTom (obpa 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).

1130n0Bare dacagHnx 3Ma0Ba KOHTAKTHOM TEPMOM30NALMOHOM dacafom. M3onosarbe MehycnpaTHe KOHCTPYKUWMjE Ka HerpejaHoM TaBaHy
Y3 AENVIMIYHY PEKOHCTPYKUM]Y Cnojesa. VI3o10Bate noaa Ha Ty y3 AeNMMAYHY PEKOHCTPYKLM]Y CojeBa. Yrpadtea HOBKX nNpo3opa oA MBL
npodwna ca ABOCIOJHMM M30NaLMOHUM HUCKOEMUCHOHIM CTaKMO-NakeToM (000pa 3anTvBeHOCT). Yrpasirba HOBYX YNa3HUxX APBEHUX BpaTa Ca
TEPMOM30M1aLMOHOM 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.

130n0Batbe dacagHnx 3Ma0Ba KOHTAKTHOM TEPMOM3ONALMOHOM dacafom. M3onosarbe MmehycnpaTHe KOHCTPYKLMjE Ka HEerpejaHoM TaBaHy
Y3 OeNVIMUYHY PEKOHCTPYKUMJY CrojeBa. M3onosarbe nofa Ha Ty Y3 AeNVMUYHY PEKOHCTPYKLW)y CnojeBa. YrpaAkba HOBKX Mpo3opa of
KOMMO3WTHMX NPodUna ca TPOCIOJHUM M30NaLMOHUM HUCKOEMMCUOHMM CTakIO-NakeTom (Aobpa 3anTuBeHOCT). Yrpadtba HOBUX yNasHuX
NPBEHMNX KOMMO3WTHWX BPaTa Ca TePMOM301aLMOHOM UCMYHOM.

Thermalinsulation of fagade walls with a contact fagcade 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)

MebycnpaTHa
KOHCTpYyKUWja Mcnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnospa Outside

HEMA VI3MEHA

NO CHANGES

1.26

Cnosba Outside

YHyTpa Inside

IE donwja, Tepmowmzonaumja 15 cm, facke
24 cm, TaBatbaye 14/20 cm, ApBeHa
MOTKOHCTPYKLMja 6 CmM , 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

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

Mantep 2 cm, oneka 38 cm, Mantep 3 cm,
Tepmovsonauuja 10 cm, mantep 1 cm

plaster 2 cm, brick wall 38 cm, plaster 3 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 3 cm,
Tepmomsonauuja 20 cm, mantep 1 cm

plaster 2 cm, brick wall 38 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.16

Cnosba Outside

YHyTpa Inside

ME donvja, Tepmowmzonaumja 15 cm, nacke
24 cm, TaBatbaye 14/20 cm, ApseHa
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, Tepmomzonaumja 25 cm, gacke

2.4 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
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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

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

YHanpebhetbe 3 Improvement 3

YHyTpa Inside

Cnorba Outside

HEMA N3MEHA napkeT 2.2 cm, LleMeHTHa KolwyrbuLa 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLysbua 4 cm,
— Tepmomsonauuja 5 cm, xvgpovisonauuja Tepmomsonauuja 10 cm, xvapounsonauuja
NO CHANGES 1cm, 6eToHcka nnoda 10 cm, wrbyHak 10cm, Tcm, 6eToHcka nnova 10 cm, wibyHak 10cm,
HabvijeHa 3emrba HabujeHa 3em/ba
parquet 2.2 cm, cement screed 4 cm, thermal — parquet 2.2 cm, cement screed 4 cm,
insulation 5 cm, hydro insulation 1 cm, thermal insulation 10 cm, hydro insulation
concrete 10 cm, gravel 10 cm, rammed earth Tcm, concrete 10 ¢cm, gravel 10 cm, rammed
earth
0.56 0.32 0.22
[} (9] [ () [ [}
e, ° S hel hel e,
Z g 2 a 2 2
S ® 3 P 3 ®
© 2 I a I 2
2 f > 2 > 2 >
e = 2 = 2 =
(o] (@) (@]

[BL| ca ABOCAOJHMM HUCKOEMUCHOHKM CTaKSo
naKkeTom

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

1.40

MBL| ca ABOCNOjHMM HUCKOEMUCHIOHKM CTaK/O
NaKeTom

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

140

Kommno3uTHW npodusn ca TpociojHMm
HUCKOEMVCMOHIM CTaK10 MaKeTOM UCTYHEHM
MHEPTHUM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 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

YHanpeherse 2 Improvement 2

yrpamba 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

EnekTpryHm akymynaumoHm 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

yrpamba KOMMPeCOpCKe TOn1I0THe nymne
Ba3,uy></Bo,ua Ca XnapomMoaynom.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTHa Mymna Basayx/8oaa

Air source heat pump



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

65%

| | |
0% 50% 100%

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

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLm

14% 14%
Heat losses
0,
%] 34%
58% 71%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn rybuum — ventilation losses ywrefe — savings
TpaHCMUCKOHN TyOmLn 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- cnosbalutby 31f, 2- NPo30pw, 3- ynasHa 8pata, 4- MehycnpaTHa KOHCTPYKLMja MCMOZ, HerpejaHor TaBaHa, 5-Mof Ha Ty

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

CneuydunuHa roauiitba

230 292
noTpebHa eHepruja 3a
rpejarbe KWh/m? a
Specific Heating Energy <15 <100 <150 <200 <250 >250 rel %

SEITECIERET _
A A

|
[kWh/m?a] A
104 180
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

o —

3703
74%

o —

o —

| |
5610 9257
98% 16.1%

2537
19.9%

o —

M

MonasHo CTare
starting condition

AAA

107 113 124
332% 35.1% 38.5%

g+ 9+= @

Hajuewhe vHTEPBEHUWMjE
usual interventions

Y

A

50

50

yHanpeherse 1
improvement 1

36813
64.2%

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
nospwuHe 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

MoBpLwnHa (M?) HeTo rpejaHa 840 Area (m?) Net heated 840

3anpemuHa (m?) HeTo rpejaHa 2720 Volume (m?) Net heated 2720

[LIkoncke 3rpaje OBOr TWMa Cy Beoma YecTo rpaheHe
y nocnepatHom nepriogy. Ca Nprisem/bem 1 CNPaToM Ha
JEAHOCTaBHOj, KOMMAKTHO] 1 QYHKLMOHANHO MOCTaB/be-
HOJj OCHOBM, OBaKBe 3rpajie ce Mory Hahn W1pPom 3emrbe
Y HOBWM Hacerbima unv narpaheHe ymecTo WKOMCKKMX
3rpaaa owTeheHnx Ny CpyLeHrX TOKOM paTa.

PenpeseHTn Cy, N0 NpaBmny, CNpaTHe 3rpaje, ceefle-
He reomMeTpuje, NPOjeKToBaHe y fyxy HOBVX [pYLITBe-
HWX OLIHOCA, Y CTaNHOj NOTPa3w 3a UAEHTUOUKALMOHIM
eNeMEHTVIMA HOBOI apPXUTEKTOHCKOT je3uka. OTBopK
Cy MOjeAVHAYHN — BULLIEAENHN NMPO30PKU 3HaTHO Behux
AMMEeH3Mja Yy OfHOCY Ha LUKONCKEe 3rpafe MpPeTXoAHOr
nepvoaa.

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.



koncke 3rpafie OBOr TWMa KapakTepulle MacvBaH
KOHCTPYKTMBHW CKIOTI, Ca Hocehunm 31nAOBKMMa of nyHe
oneke 1 MehyCcnpaTHOM KOHCTPYKUMJOM TNa ,aBPamMeH-
Ko" MacagHu 3vaoBK Cy 06OCTPAHO ManTepucaHy, 6e3
TepmuuKe n3onaunje, anv 1 6e3 aekopatvBHe miacTu-
Ke. [po3opw Cy ApBEHN, ABOCTPYKM, OK CY YasHa Bpa-
Ta 1 3aCTak/berbe XOAHWKa LpHa bpaBapuja 3acTak/beHa
jeaHoCTpyKMM cTaknom. MofdoBM Ha Ty Cy Ha OETOHCKO]
nnoyw, 6es TepMuuKe rsonauuje.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO 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

Cnorba 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
fipBeHe ByHe 5 cm, "ABpameHKo” TaBaHMLa
30 cm, opBeHa NOTKOHCTPYKLUKja 6 cm,
ManTep Ha TpWYaHoj NOAN03N 3 cm

metal sheet, roofing paper, lightweight
concrete 8cm, thermal insulation 5cm
(wood particle board), ribbed semi-
prefabricated concrete slab Avramenko
30cm, wooden substructure 6¢cm, straw-
plaster ceiling 3cm

0.61

Ground floor

YHyTpa Inside
I

Cnosba Outside

nnHoneym 0.2 cm, LieMeHTHa Kowwysbuua 5
cm, xuapousonauwja 1 cm, 6eToHCKa niova
10 cm, wbyHak 10 cm, HabwjeHa 3emba
linoleum 0.2 cm, cement screed 5 cm, hydro
insulation 1 cm, concrete 10 cm, gravel
10cm, rammed earth

0.56
2] (]
o° °
3 3
= £
]

3 B
5 2
g =
)

[PBEHV JBOCTPYKM Ca CNOjEHUM KpUMMa 1
JeAHOCTPYKMM CTaKoM

wooden, double frame, connected sash with
single glazing

350
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TepMOTEXHNYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting - existing

CucTem rpejara 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOpUCHOCTH
cucTemMa rpejarba
Heating system
efficiency

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrarb). KacHuje
je yrpaheH cnctem LeHTpanHor rpejarba ca
pafvjatoprima 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 0bnnKy kopuwheHo
MHKa[eCLIEHTHO OCBET/bEtbE, [IOK je npema
noctojehem CTarby Hajsehw feo wkone
NOKpUBEH Gyo OCBET/bEHEM a Matb

[e0 VHKafleCLIeHTHUM OCBeT/betbeM. be3
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
CaHWTapHe Tomne Boae
Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTK
npunpeme caHuTapHe
Tonne Bofe

DHW preparation
efficiency

CnosbHa pacseTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasuhera 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

OKONHOCTK Yy KOjUMa Cy rpaheHe oBe WKofe ycno-
BU/Ie Cy jeJHOCTaBHa apXWUTEKTOHCKa peLlerba, a TeXH-
Ke rpaherba Cy ce C BpeMEHOM MOCTeNeHo Metrbane na
je npenas oA HajjeAHOCTaBHMjUX Ka CaBPeMeHWjM BPIIO
n3pakeH. HemocpenHo HakKOH paTa, Hema MPUMETHOr
OTK/IOHa Y OJHOCY Ha NpefpaTHe 3rpage, a 6e3 MoHyMeH-
TaNHOCTW 1 penpe3eHTaTUBHOCTM Huje buno notpebde Hu
33 KOMMAEKCHMJUM TEXHNYKKM pelersiima. C BpeMeHoM
[0Masn A0 MPOMEeHe Yy KOHCTPYKTVMBHOM CKJIOMY, Moja-
BJbYjy CE€ CKeSIETHM CMCTEMM Ma 1 NPBE NPO30PCKe Tpake
Te Ce Kpajem Nepriofa jassbajy 1 apXMTEKTOHCKa pelletba
y CKfagy ca HOBMM MPUHLUMNMMA NPOjeKTOBarba WKOS-
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
yHanpeherba

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

YHanpeherbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUOHUM CTaKO-NakeTom (4o6pa
3anTVBEHOCT).

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

130onoBatbe dacafHMxX 3MA0Ba KOHTAaKTHOM TEPMOM30MaLUMOHOM dacafioM. V3onosarbe paBHOr KpoBa Y3 AENMMUYHY PEKOHCTPYKLMY
cnojesa. Yrpafjtba HOBUX Npo30opa 1 ynasHwx Bpata of [NBL| npoduna ca ABOCIOJHUM M30MaLMOHNM HACKOEMUCUOHUM 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. 130n10Bare pPaBHOT KPOBa Y3 AENMMUYHY PEKOHCTPYKLM)Y ClojeBa.
V3onoBatbe Noda Ha Ty y3 AeUMUYHY PEKOHCTPYKLM)Y Cnojesa. Yrpadkba HOBUX MPO30pPa W yAa3Hyx BpaTa Of KOMMO3UTHYX npoduna ca
TPOCOJHIM U30MALMOHVIM HUCKOEMCUOHMM CTakI0-NakeTom ([o0pa 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

Cnospalltbn 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

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 2 cm, oneka 38 cm, Mantep 2 cm,
Tepmovsonauuja 10 cm, mantep 1 cm

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
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HEMA M3MEHA

NO CHANGES

1.85

YHyTpa Inside
Cnosba Outside

Mantep 2 cm, oneka 25 cm, Mantep 2 cm,
Tepmomsonaupja 10 cm, mantep 1 cm

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

0.31

YHyTpa Inside

Cnosba Outside

ManTep 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

IXRRA RN

YHyTpa Inside

X1Apor3onaLmnoHa MemopaHa,
Tepmom3onauuja 15 cm, ME donuja, naku
6eToH 8 cm, Mnoue of ApBeHe ByHe 5cm,
"ABpameHKo” TaBaHMLa 30 cm, ApBeHa
NOTKOHCTPYKLMja 6 Cm, 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

TR

YHyTpa Inside

XUAPOV30aLMOHa MemMbpaHa,
Tepmovizonaumja 25 cm, ME donvija, nakm
6eToH 8 cm, nnoye of ApBeHe ByHe 5 cm,
"ABpameHKo"TaBaHMLa 30 cm, ApBeHa
MOTKOHCTPYKLUMja 6 CM, ManTep Ha TPWYaHO]
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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CKNnonoBu 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 KoLyrbuLa 4 cm,
— — Tepmomsonauuja 5 cm, xuapousonaumja
NO CHANGES NO CHANGES Tcm, 6eToHcka nnova 10 cm, WwibyHak 10cm,
HabujeHa 3em/ba
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} [} (]
° ° ° o ° °
@) < O O
: 2 AN - : 2
5 oz 5 T 5 z
c > c > = >
(o] (@) (@)

[1BL| ca ABOCOjHMM HUCKOEMUCHOHMM CTaK/1o
naKkeTom

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

1.40

[BL| ca ABOCNOjHMM HUCKOEMUCHIOHWM CTaK/O
MaKkeTom

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

1.40

KomMno3uTHM npodun ca TpocnojHm
HUCKOEMWCUOHIM CTaKNO MaKeTOM UCTyHEeHM
MHEPTHMM 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

EdwukacHocT crctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapxaH je noctojehn crctem rpejarba
NpOCTOpa: AarbUHCKO rpejarbe C KOTIIOM Ha
NPUPOAHY rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

EneKkTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3aapxaH je noctojehu cnctem rpejarba
MPOCTOPa: AATbMHCKO rpejatbe C KOTIIOM Ha
NPUPOAHY rac.

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

0.92

F

EneKkTpuuHmM akyMyraLmoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafirba KOMMPECOpCKe TOMJIOTHE Mymre
Ba3/yx/BO/a Ca XVAPOMOAYSIOM.

Installation of air-source heat pump with
hydromodule.

30

TonnoTHa nymna BasAyx/Boja

Air source heat pump



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

65%

| | |
0% 50% 100%

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

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3
TonnoTHN ryouLm
- 20 14%
Heat losses %
34%
(%]
31% 55% 69%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn rybuum — ventilation losses ywreae — savings
TpaHCMUCKOHN TyOmLn 700 700 700 700
Transmissive losses 600 I 600 I 600 600
[W/KI 500 I SOOI 500 500
400 I 400 I 400 400
II I h I I h h
) Ilil - Ii I ) i )
|| ||
: IIII II : I :
12 3 45 2 4 5 12 3 45 12 3 45
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'OLLI/!LUH:a 148 192
notpebHa eHeprija 3a V v
rpejare | | kWh/m?a
<12 <20 <38 <75 <188 >188 500
Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %

|
[kWh/m?a] A A A
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

o —

o —

16084
7.1%

40211
15.4%

| | |
A 7 A
88689 149066
39.3% 66.1%

A 7 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 vHTEPBEHUWMjE ﬁ yHanpeherse 1 a yHanpehetbe 2

usual interventions improvement 1 improvement 2

A

225470
v

|
100%

260792

v

100%

®®

59687

100%

100%

yHanpehetbe 3
improvement 3
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b3
B3

LLIkoncka 3rpaga
noBpLmnHe Behe og 2000 m?

T @

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
MoBpLwnHa (M?) HeTo rpejaHa 1990 Area (m?) Net heated 1990
3anpemuHa (m?) HeTo rpejaHa 6650 Volume (m?) Net heated 6650

OCHOBHM KOpnyC LWKOMe MpeAcTas/ba ABOCMPATHY
BONyMeH jejHOCTaBHe reomeTpuje, ca BOUHMM Npu3em-
HUM 1 CNpaTHUM TpakToBMMa. LLIkoncke 3rpaae osor Tvna
umajy Behn 6poj yUMoHMLa U KabrHeTa, BrubnmoTeky u
ynpasHM Aeo ca 360pHULIOM, KaHLEeNnapujoMm Agnpektopa
M aOMUHUCTPaTUBHUM Ciyxbama. Dacafa je jegHoCTaB-
Ha, 1y FeOMEeTPUIN 1 y MaTepujanu3aLumjy, LWTo omoryha-
Ba MPUMEHY Pa3HOBPCHUX MepPa eHepreTcke pexabunm-
Taumje U NpeobnrKkoBarba.

KpoB rnaBHOr TpakTa je paBaH HempoxodaH, a Ha
BOUHUM KpUAKMA Cy MANTKM KOCK KpoBoBK. OTBOPU Cy
nojeAnHayHu — BULLEAENHN NPo30opK BENUX AMMEH3Ma
KOjV fiajy YTUCaK 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 apMmupa-
HOOETOHCKOM CKeNeTHOM CucTemy, ca mehycnpaTtHom
KOHCTpyKumjoM. PacagHn 31OoBM Cy Of MyHe Oreke,
060CTPaHO ManTepucaHy, HeM30N0BaHK, Ca BUAHUM CTy-
6oBKMMa. [po30opK Cy APBEHN, ABOCTPYKM, Ca CMOJEHNUM
Kpunvma. Y CKony paBHOr KpoBa MOCTOjW TepMOn30sa-
UVja KOja He ofjroBapa akTyenHVm CTaHdapavma. [lofosn
Ha Ty Cy Ha BETOHCKO] M1oYK (TepaLio y XOAHWLMMA, BU-
Ha3 niove y yunmoHuLama) 6es Tepmudke 13onaumje.

EHepreTckm paspep objeKkTa — MPOJEKTOBAHO CTarbe
QH,nd rel [%]

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

SER RNTET Taram

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
Q¢ KWh/(m?a)]

263 197
<100
<150
<200
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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)

Koc kpoB

Pitched roof

U (W/m?K)

PaBaH KpoB

Flat roof

U (W/m?K)

YHyTpa Inside

Cnorba Outside

ManTep 2 cm, oneka 38 cm, mantep 2 cm

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

1.27 U (W/m?K)

Cnorba Outside Mon Ha TNy

YHyTpa Inside

Tpanesactu num 0.07 cm, netse

5/3 cm, porosn 10/12 cm, ApBeHa
MOTKOHCTPYKLMja5/3 cm, rmnckapToHCKa
nnova 1.25cm

trapezoidal metal sheet 0.07 cm, battens
5/3 cm, wood rafters 10/12 cm, wooden
substructure 5/3 cm, gypsum board 1.25 cm

1.11 U (W/m?K)

Cnora Outside [po3opwu

Windows

YHyTpa Inside

WIbyHaK 6 cm, GUTyMeHCKa Xapoun3sonauynja
1 cm, naku 6eToH 8 cm, nnoye of ApBeHe
ByHe 5 cm, pebpacTa KOHCTPyKUMja 35 cm
(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)

1.06 U (W/mK)

Cnosballksn 3ug 2

External Wall 2

YHyTpa Inside
Cnosba Outside

ManTtep 2 cm, 6eToH 38 cm, manTep 2 cm

plaster 2 cm, concrete 38 cm, plaster 2 cm

2.70

Ground floor

YHyTpa Inside
I

Cnorba Outside

mHoneym 0.2 cm, LeMeHTHa Kowwysbu1ua 5
cm, xuapowsonauwja 1 cm, 6eToHcKa nnoya
10 cm, wvyHak 10 cm, HabujeHa 3emba
linoleum 0.2 cm, cement screed 5 cm, hydro
insulation 1 cm, concrete 10 cm, gravel
10cm, rammed earth

0.34

Cnosba Outside
YHyTpa Inside

NPBEHU IBOCTPYKM Ca CMOjEHMM KpUAVMa U
JeAHOCTPYKMM CTaKnoM

wooden, double frame, connected sash with
single glazing

330
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TepMOTEXHNYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting - existing

CucTem rpejara 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOpUCHOCTH
cucTemMa rpejarba
Heating system
efficiency

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix ypehaja - nehn
Ha YBPCTO ropurBO (APBO W yrarb). KacHuje
je yrpaheH cnctem LeHTpanHor rpejarba ca
pafvjatoprima 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 0bnnKy kopuwheHo
MHKa[eCLIEHTHO OCBET/bEtbE, [IOK je npema
noctojehem CTarby Hajsehw feo wkone
NOKpUBEH Gyo OCBET/bEHEM a Matb

[e0 VHKafleCLIeHTHUM OCBeT/betbeM. be3
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
CaHWTapHe Tomne Boae
Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTK
npunpeme caHuTapHe
Tonne Bofe

DHW preparation
efficiency

CnosbHa pacseTa

Outdoor lighting

[pvinpema NOTPOLUHE ToMne Boje Huje

6vina npeasuhera 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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CnunyHm 06jekTn — npeactaBHum Tuna — Similar buildings — type representatives

LLIkoncke 3rpage OBOr TuMa rloce,qyjy npeno3HaT/bn-
BE €/IeMeHTE CaBpPeEMEHE apXUTEKTYPE CBOI noba.

[OMVHAHTHW Cy PaBHYW, HEMPOXOAHW KPOBOBM
1 NPO30pCKe Tpake, AOK Ce YouaBajy W MAWTKMA KOCK
KPOBOBM MOKPYBeHM NMOoM. OCKM NPO30PCKKX Tpaka,
UCTWUY Ce 1 BeNWKe 3acTak/beHe NnoBpLuvHe (Hajuewhe
Ha [leny ueHTpanHor xofa). KoHCTpyKumja nposopa je
1 Aarbe ApBeHa, a nojefnHe no3uuuje ce page of LpHe
bpaBapvije.

Ose 3rpage, 300r Hen3onoBaHMx GacagHUx 3v40Ba 1
BE/VIKMX CTaK/eHMX MOBPLUMHA, UMajy BENMKe TOMNOTHE
rybuTke Te Cy BEOMa NOrOfIHe 3a EHEPreTcKy pexabwni-
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
yHanpeherba

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

YHanpeherbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUOHUM CTaKO-NakeTom (4o6pa
3anTVBEHOCT).

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

130onoBatbe dacafHMxX 3MA0Ba KOHTAaKTHOM TEPMOM30MaLUMOHOM dacafioM. V3onosarbe paBHOr KpoBa Y3 AENMMUYHY PEKOHCTPYKLMY
cnojesa. V130n0Barbe KOCOr KpoBa Y3 AeMMUYHY DEKOHCTPYKLW]Y ClojeBa Ca YHyTpalltbe CTpaHe. /3onoBarbe noda Ha Ty y3 OeUMUYHY
PEKOHCTPYKLWjy CojeBa. Yrpaftba HOBUX MPo30opa v ynasHux spata of MNBLl npoduna ca ABOCNOJHUM M30MaLMOHUM HUCKOEMUCUOHIM
CTaKkno-nakeTom (nobpa 3anTmBeHocT).

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 dacafHMx 3MA0Ba KOHTAKTHOM TEPMOM30MaLMOHOM dacafiom. M3onosarbe paBHOr KpoBa Y3 AENMMUYHY PEKOHCTPYKLM)Y
cnojesa. VI3on0Bakbe KOCOr KPOBa Y3 AENVMUYHY PEKOHCTPYKLM]Y CI0jeBa Ca yHyTpalltbe CTpaHe. V13010Bate nofa Ha Ty y3 AenUMUYHy
PEKOHCTPYKLWjy ClojeBa. Yrpafba HOBUX MPO30pa v yNasHYIX BpaTta off KOMMO3UTHVX NPOodIina ca TPOCNOjHUM M301aLMOHKM HUCKOEMUCUOHIM
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
Cnosballby 3ug 1 e 3 = - 3 ] 3
— £ — ! = E < E
External wall 1 Y I 3 £ 3 £ 3
I I 5 I IS I [9)
> N c > < = > =
(@] (@] (@]
HEMA M3MEHA ManTep 2 cm, oneka 38 cm, Mantep 2 cm, ManTep 2 cm, oneka 38 cm, Mantep 2 cm,
— Tepmovsonauuja 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/mZK) 127 0.29 0.16
Cnosbalitby 3uf 2 5 8 3 3 5 3
_ £ B 2 £ 2 £
© @) © (@) © (@]
External wall 2 £ 3 £ 3 £ 3
= e = e = g
(o] : (@] (@]
HEMA N3MEHA mManTtep 2 cm, 6eToH 38 cm, ManTep 2 cm, Mantep 2 cm, 6eToH 38 cm, ManTep 2 cm,
— Tepmomsonaumja 10 cm, Mantep 1cm Tepmomsonauuja 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 1 cm thermal insulation 20 cm, plaster 1 cm
U (W/m?K) 2.70 0.32 0.17
Koc kposB Cnosba Outside Cnosba Outside ;non;a Outside
Pitched roof -
YHyTpa Inside YHyTpa Inside YHyTpa Inside
HEMA M3MEHA Tpane3actvi nium 0.07 cm, netse 5/3 cm, porosw  Tpanesacty nvm 0.07 cm, netse 5/3 cm,
— 10/12 cm / Tepmomzonauuja 12 cm, ApseHa porosu 10/12 cm / TepmowizonaLimja
NO CHANGES MOTKOHCTPYKLMja 6 CM , TUNC KAPTOHCKa MoYa 18 cm, ApBeHa NOTKOHCTPYKLMja 6Cm, rnc
125¢cm KapTOHCKa 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/mZK) 1.11 0.16 0.13




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,
Tepmovsonauuja 15 cm, ME dponuja, 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

Xvapoun3sonaymnoHa MemopaHa,
Tepmomsonauuja 25 cm, ME dponwja, naku
6eToH 8 cm, nNnoye 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 KolwysbLLa 4 cm,

— Tepmomsonauwja 5 cm, xuapounsonauwja Tepmom3sonaumja 5 cm, xuapomsonaumja

NO CHANGES 1cm, 6eToHcka nnova 10 cm, wibyHak 10cm, Tcm, GeToHcka nnova 10 cm, wibyHak 10cm,
HabujeHa 3emmba 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

£ H z £ ‘ Z Z 2

S ® 3 P 3 ®

© e I a I 2

: z : : 3 :

[ [ > c > = >

(o] (@] (@]

IBL| ca ABOCNOJHMM HUCKOEMUCHOHKM CTaKSOo

NakeTom

PVC, double glazed low-E glass unit, inert

gas filling

1.40

[BL| ca ABOCNOjHMM HUCKOEMUCHIOHKM CTaKO
MaKeTom

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

140

Komno3unTH1 npodun ca TpoCnojHVM
HUCKOEMUCVIOHNM CTaK/O0 MakeToM UCMYHEeHUM
VNHEPTHVM 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

EdwukacHocT crctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapxaH je noctojehn crctem rpejarba
NpOCTOpa: AarbUHCKO rpejarbe C KOTIIOM Ha
NPUPOAHY rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

EneKkTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3aapxaH je noctojehu cnctem rpejarba
MPOCTOPa: AATbMHCKO rpejatbe C KOTIIOM Ha
NPUPOAHY rac.

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

0.92

F

EneKkTpuuHmM akyMyraLmoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafirba KOMMPECOpCKe TOMJIOTHE Mymre
Ba3/yx/BO/a Ca XVAPOMOAYSIOM.

Installation of air-source heat pump with
hydromodule.

30

TonnoTHa nymna BasAyx/Boja

Air source heat pump



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnosrbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

65%

| | |
0% 50% 100%

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

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHN ryouLm

Heat losses

(%]

TpaHCMWCYIOHY Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmiba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

YHanpeherse 1
Improvement 1

20%

27%

) TpaHCMUCHOnM ry6rLm — transsmission losses

1800

1600

1400

1200

1000

S [o)]
o o
S S
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o

o
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YHanpehetse 2
Improvement 2

BeHTUNaunoHn 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

<38 <75
<50 <100
B C

<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

kWh/m? a
500

rel %

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

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

o —

36984
6.7%

| | |
A ” A
198798 386141
36.2% 70.3%

o —

o —

A

92459
14.6%

| | |
A 7 A
248931 455009
39.2% 71.7%

| | |

e a 50 n
49003 67614
33.9% 46.7%

® G®

o —

M

MonasHo CTare
starting condition

AAA *

3559 3748 4110
334% 352% 38.6%

g+ 9+= @

| |
V Hajuewhe vHTEPBEHUWMjE ﬁ yHanpeherse 1 a yHanpehetbe 2

usual interventions improvement 1 improvement 2

A

549165

v

|
100%

634335

v

100%

®®

144695

v

100%

100%

yHanpehetbe 3
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

MoBpLwnHa (M?) HeTo rpejaHa 185 Area (m?) Net heated 185

3anpemuHa (m?) HeTo rpejaHa 600 Volume (m?) Net heated 600

3rpaje NoApYYHUX WKOMa OBOr Mepuofa yriaBHOM
Cy paheHe npema TUNCKMM NPOjeKkTMa npunaroheHrm
YC/I0BMMa KOHKPETHE JlIoKauuje v nuaHupaHor Kana-
upnteta. Caipe HeKONMKO YYMOHMLA, CAHUTApHN YBOP
M Marby KaHuenapujy, 6e3 octanux KoMmnemeHTapHUX
caapxaja. [pojeKToBaHe Cy 3a HacTaBy OpraHM3oBaHy y
MELLIOBUTUM OfieSberbrMa.

3rpaga je npusemHa, jeJHoCTaBHe KOMMaKTHe OCHO-
BE, Ca [JBOBOAHMM KPOBOM, TaBAHCKMM MPOCTOPOM KOji
ce He KopucTun 1 6e3 noasemHux eTaxa. OTBopw Cy noje-
AVIHauHW, anu Behx AumMeH3mja. ADXMTEKTOHCKa peluetba
0BUX ObjekaTa Hemajy cneLnPruyHOCTY Koje b1 ycnossba-
Basle nocebaH pexunm Npu 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 CKMoMy, ca Hocehum 31aoBMma of
nyHe oneke. [pemMa TaBaHy je ApBeHa mehycnpaTtHa KoH-
CTPYKUMja @ KPOBHA KOHCTPYKLMja je jeJHOCTaBHa Tpa-
amumoHanHa. ®acafgHy 31aoBK Cy 0OOCTPaHO ManTe-
pvcaHu, 6e3 TepmuyKe 1M3onaunje; Npo3opu Cy APBEHY,
[BOCTPYKM, Ca Pas3ABOjEHNM KPUVIMA @ 3alUTUTa Off CyH-
Uajey BMay nnaTHeHWX poneTHu. [1ofoBm Cy ca ApBEHOM
obnorom (yrnasHom napkeT) 6e3 Tepmmnyke nsonauuje.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO 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



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

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

Cnorba 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
NMOTKOHCTPYKUWja 6 cm , Mantep Ha
TPLIYaHOj NOAI03M 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

i

Cnosba Outside

napket 2.2 cm, facke 2.4 cm,

notnatocHule 8/5 cm'y cnojy necka 10 cm,

xugpownsonaumja 1 cm, 6eToHcka nnova 10
cm, WwbyHak 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
Cnosba Outside

JlpBeHV 1BOCTPYKM Ca Pa3ABOjeHM
Kpvnvima 1 jeiHOCTPYKMM CTaK1OM

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
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/beha

YHyTpalltba paceeTa

Interior lighting

Y M3BOPHOM CTatby LIKOa Ce 3arpesarna
nyTem NoKanHux 3arpesHuix 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 KOPUCTY MHKaAECLeHTHO
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.
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CnunyHm 06jekTn — npeactaBHum Tuna — Similar buildings — type representatives

LLIkoncke 3rpage oBoOr Tuna rpaT)eHe Cy yriaBHom
npemMa TMncknm I'IpOjeKTHI/IM pewembnma, a nociegmnia
je M3paxKeHa TUMNOoWKa XOMOTeHOCT. Tuncko pewerbe,

3anpaBo, MpeACTaB/ba CaBpemeHy UWHTepnpeTtauujy
Manunx NoAPYUHMX LWKoMa rpaheHrx y NpeTxoaHoM nepw-
ofy. KoHCTpyKUMja je onTMIM30BaHa, NpO30PCKM OTBOPU
cy noeehaHu HajuLe Moryhe y OKBUPY AaTOr KOHCTPYK-
TUBHOT CKfona.

Bapwjauuje Ha BehrHM objekaTta Cy MYHMMAIHe, WTO
omoryhaBa 1 penaTvBHO jeJHOCTaBHY MMMeMeHTaLujy
mepa eHepreTcke epurkacHoCTU. Mepe yHanpeherba fate
y OBOj Mybnunkauuju mory 6uty, y3 MUHUManHa npuna-
rohasarba, NpUMerbeHe Ha UMTaB HI3 LKOSa.

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
yHanpeherba

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

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

YHanpehetrbe 3

Improvement 3

V3onoBatbe pacaHVIx 31110Ba KOHTaKTHOM TepMov3onaLvoHoM dacafom. Yrpadka HOBKX NPo30opa 1 ynasHux BpaTa oA MBL npoduna ca
ABOCSOJHUM M30M1aLMOHNM HUCKOEMUCKOHIM CTako-NakeTom (4o6pa 3anTMBEHOCT).

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

130noBare dacagHnx 31MA0Ba KOHTAKTHOM TEPMOM30MaLMOHOM Gacaom. V13010Bare YHyTpallbKX 3140Ba NPemMa HerpejaHoMm TaBaHy.
1130n0Batse MehycrnpaTHe KOHCTPYKLUMjE Ka HerpejaHoM TaBaHy y3 AENVMMIYHY PEKOHCTPYKLM]Y ClojeBa. V30n0Bakbe nofa Ha Ty y3 AeNVMUYHY
PEKOHCTPYKLMjy CrojeBa. Yrpadrba HOBMX Mpo3opa W ynasuux Bpata of [NBLl npoduna ca ABOCIOJHUM M30MALMOHNM HUCKOEMUCHIOHKM
CTakno-naketom ([obpa 3anTmeeHoCT).

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).

130noBatbe dacagHnx 31MA0Ba KOHTAKTHOM TEPMOM30MALMOHOM Gacafom. V130n0Bare yHyTpallbKX 3140Ba NPemMa HerpejaHom TasaHy.
130noBarbe MehycnpaTHe KOHCTPYKLMje Ka HerpejaHoM TaBaHy Y3 AENVMUYHY PEKOHCTPYKUMjy crnojesa. Vi3onosarbe Nopa Ha Ty y3
LENMMNYHY PEKOHCTPYKUM]Y CnojeBa. Yrpafrba HOBYKX MPO30pa M ynasHyx BpaTa Of KOMMO3WTHKX Npoduna ca TPOCNOJHUM M30aLUNOHMM
HUCKOEMUCUOHIM CTaKMO-MakeToM (fobpa 3anTuBeHOCT).

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

Cnospalltbn 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

Mantep 2 cm, oneka 38 cm, Mantep 2 cm,
Tepmovsonauuja 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

o ] -

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

0.29
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°© °©
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=
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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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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,
Tepmomsonauuja 20 cm, mantep 1cm

plaster 2 cm, brick wall 25 cm, plaster 2 cm,
thermal insulation 20 cm, plaster 1 cm

0.17

0.30

(] (5}

) T e

g T <
©

3 T g
>

o =

5 I

HEMA N3MEHA

NO CHANGES

148

YHyTpa Inside

Cnosba Outside

rMNCKapTOHCKa mnoya 1.25 ¢cm,
TepmMom3sonaumja 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

rMNCKapTOHCKa moya 1.25 ¢cm,
TepmMomsonaupja 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

MehycnpaTHa

KOHCTpYyKUWja ncnog

HerpejaHor TaBaHa

Floor structure to
unheated attic

U (W/m?K)

[og Ha Ty

Ground floor

U (W/m?K)

[Mpo3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.78

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

IE dponuja, Tepmomsonauwja 15 cm, facke
2.4 cm, TaBarbaye 14/20 cm, ApBeHa
NOTKOHCTPYKLMja 6 CM , ManTep Ha TpLYaHoj
nogno3n 3 cm

PE foil, thermal insulation 15 cm, planks 2.4 cm,
wood rafters 14/20 cm, wooden substructure 6
cm, straw-plaster ceiling 3 cm

0.19

YHanpebhetbe 3 Improvement 3

Cnorsba Outside

YHyTpa Inside

ME donwja, Tepmomrsonaumja 25 cm, gacke
2.4 cm, TaBakbaue 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLYaHoj
nognosn 3cm

PE foil, thermal insulation 25 cm, planks

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

0.13

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

YhyTpa Inside

Cnorsba Outside

HEMA N3MEHA napkKeT 2.2 cm, LieMeHTHa Kolwysbula 4 cm, napkeT 2.2 cm, LemMeHTHa Kolysbria 4 cm,

— Tepmowusonaumja 5 cm, xmugpomnsonauuja 1 Tepmousonauuja 5 cm, xugpovsonauuja 1

NO CHANGES cm, 6eToHcKa nnoya 10 cm, wbyHak 10cm, cm, 6eToHCKa nnoua 10 cm, wibyHak 10cm,
HabvjeHa 3emrba HabwjeHa 3emrba
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

048 0.28 0.28

[} () [ () [ [}

° © o © ° °

2 2 2 2 2 2

> = =] = =] =

] © @) © (@) ©

© o I o I 2

2 > 2 > 2 >

g ~ e > 2 >
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[1BL| ca ABOCOJHMM HUCKOEMUCHOHKM CTaKS1O
naKkeTom

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 TpocnojHmm
HICKOEMMCVIOHIM CTaK/O MakeToM UCMYHEHUM
VHEPTHVM racom

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

0.80




206

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

CucTem rpejama 3rpage — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa.

The existing heating system is retained.

0.5

046

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpeherse 2 Improvement 2

Yrpaparba LeHTpanHor rpejatba ca

paavjaToprma Kao rpejHIM Terma 1 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

EnekTpryHm akymynaumoHm 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

e
K

yrpa,uH;a KOMMPeCOpCKe TOn1I0THe nymne
Ba3,uy></Bo,ua Ca XnapomMoaynom.

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
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

82%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHN ryouLm

Heat losses

(%]

TpaHCMWCKOHY Ty6uLm

Transmissive losses

[W/K]

CneuynduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

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

250

200

150

100

50

15% 15%
40%
57% 70%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn 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

T — Ccnosballrbh 31f, 2 — NPo30pK, 3 — ynasHa BpaTta, 4 — 31 Ka HerpejaHom NpocTopy, 5 — MehycnpaTtHa KOHCTPYKLUMja MCNOZ, 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 TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja 130318
Final energy |
[kwh/a] Lo | [ | [
0 A A 50 A 100%
5815 28447 76310
(4.5%) (21.8%) (58.6%)
MprmapHa eHeprija 141036
MIMapHa eHepruj v

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

7676 14538 83788
(5.4%) (10.3%) (59.4%)

Emmcmja CO, HakoH

npvMeHe rpaheBnHCKIIX
1 TEPMOTEXHUYKKX Mepa

oy emission afte ]
architectural and HVAC

@)

46086

-4

o —

improvement A A 50 A 100%
3408 7705 27810
kg/al 74%)  (16.7%) (60.3%)
| ©
Emncnja CO, HakoH f @
yHanpebherba cnctema 1697

pacsete v
- |
CO, emission after
lighting improvement

0 A AA 50 100%

[kg/al 294309 339
(17.3%) (18.2%) (20.0%)

0+ 9+ @

| | |
v MNONA3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE yHanpeherse 1 yHanpehetbe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |

209



HauwvoHanHa Tvnonoruja wkonckwx 3rpaga Cpbuje  National Typology of School Buildings in Serbia

Li2
C2

LLIkoncka 3rpaga
nospwuHe 500-2000 m?

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

MoBpLwnHa (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 Mpema
npunaroheHm TUNCKMM MPOjeKTIMa: LWKOSCKa 3rpaaa
je dopmmpaHa of rnaBHOr KOpryca, ca jedHUM Ao ABa
aHekca (4ecto rpaheHum y daszama) 1 cagpxum sehu 6poj
yumoHmnUa 1 KabuHeTa, 360pHULY 1M aAMUHUCTPATUBHM
6nok. LleHTpanHu geo 3rpade MMa npusembe U Crpar,
JOK aHeKcu Mory OuTW NPU3eMHW UAK cnpaTHW. Vcnog
[ena 3rpajie Hanasw ce HerpejaHu NOAPYM Ca TEXHUUYKIM
npoctopujama. KpoBOBM Cy PaBHM, HEMPOXOAHW WM
Kocu y bnarom nagy.

OTBOpPV Cy y BMAY NPO30PCKMX TPaka Koje ce npocTn-
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.



koncke 3rpage oBor TMMna paheHe Cy y CKeneTHOM
CUCTEMY Ca CUTHOPEOPACTOM MeRyCNPaTHOM KOHCTPYK-
UMjOM T1Na ,aBpameHKo”. ApMMPaHODETOHCKM (CTyO0BY,
rpefe, 3uHa nnaTHa) v 3uaaHn (MCiyHe of rmtep one-
Ke, GacaiHv 310BM Of NyHe oneke) enemeHTH GacagHor
OomOTaya Cy Hen30s0BaHW. PaBHM KPOBOBM 1Majy Y CBOjOj
CTPYKTYPU 1 TepMOM30aLujy Koja He OAroBapa akTyes-
HVM CTaHAAPAMMA, JOK CY MAMTKIM KOCK KDOBOBM paheHu
13Haa 6eToHCKe TaBaHuLe 6e3 Tepmon3onauyje.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO 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 er %] Q. kWh/(m?a)]
409 307
<15
<25
_ <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)

PaBaH Kpos

Flat roof

U (W/m?K)

Koc kpoB

Pitched roof

3 3 MebhycnpaTHa
é g KOHCTPYyKUMja M3Haa
£ 3 HerpejaHor nogpyma
T o
> [ R

)

Floor structure to

6eToH 40 cm

unheated basement

concrete 40 cm

2.92

Cnorba Outside

YHyTpa Inside U (W/m?K)
WbyHaK 2 cm, xuapounsonauwja 1 cm, 6eToH

3a nag 8 cm, Tep nanvp, Tepmousonanja

5cm), “ABpameHKo” TaBaHmua 30 cm, ApBeHa Noa Ha Ty

NOTKOHCTPYKUMja 6 CM, ManTep Ha TpLIYaHoj _
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

U (W/m?K)

MNpo3opwu

YHyTpa Inside

CanoHwuT, neTee 5/8 cm, ApBeHe rpeavue
8/10 cm, “ABpameHKo” TaBaHMua 30 cm,
[ipBeHa NOTKOHCTPYKLUMja 6 Cm, ManTep Ha
TPLIYaHOj NoANo3n 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
MOTKOHCTPYKLMja 6 CM, ManTep Ha TPLYaHoj
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
e

Cnorba Outside

BMHa3 nnoue 0.2 cm, dnopout 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 1T cm,
concrete 10 cm, gravel 10 cm, rammed eart

0.30

Cnorpa Outside
YHyTpa Inside

NPBEHU IBOCTPYKM Ca CMOJEHNM KpUIVMa U
JeAHOCTPYKMM CTaKnoM

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 LIKOa Ce 3arpesarna
CUCTEMOM LIEHTPAJTHOT rpejarba Ca KOT/IoM
Ha YBPCTO ropmBo (yrarb) v ca pagnjatopuma
Kao rpejHnM Tenrma. Taj cuctem 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 MHKaLECLEHTHO
oCBeT/berbe [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 CaHUTapHe
TOMe Boae

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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CnunyHm 06jekTn — npeactaBHum Tuna — Similar buildings — type representatives

Wkoncke 3rpafe cpefre BenMuvHe npojeKToBaHe
Cy npema Tafla CTaHAAPAHUM MOAeNMMa Te ce CIMYHa
APXMTEKTOHCKA pellerba - CNpaTHM ABOTPAKT, Ca HU30BW-
Ma MojeArHauYHKX MPO30pa KOojU CUMYMPajy MPpO30pCKe
Tpake - MOry Hahv LUIMPOM 3emsbe.

EnemeHT mMatepujanusaumje ce Takohe MOHaB/bajy,
Kako y eKkCTepujepy Tako 1y eHTepujepy, Na noaHe obno-
re y y4moHnLama, XogHuLUN, CTeneHnwTa, orpaje 1 onpe-
Ma roTOBO fa Cy UCTW Y CBMM LUKOf1ama OBOT THMa.

360r BENMKMX CTakNeHWX MOBPLWWHAE, 3aMeHa
dacagHe cTonapvje jedHa je of HEM30CTaBHUX Mepa
yHanpehersa BeOMa NOWNX eHEPTeTCKNX KapaKTepucTu-
Ka OBMX 3rpafa.

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
yHanpeherba

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

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

YHanpehetrbe 3

Improvement 3

/130n0Batbe PaBHOr KPOBa Y3 AeNMMUUHY PEKOHCTPYKLMJY CrojeBa. M3onoBarbe KOCOr KpoBa Y3 AENVIMUUHY PEKOHCTPYKLM]Y CrojeBa ca
cnosballibe CTpaHe. V3onosare mehycnpaTHe KOHCTPYKLMje Ka HerpejaHoM NoapyMy Y3 AeNUMUYHY PEKOHCTPYKLM)Y CiojeBa. Yrpadtba
HOBWX NPO30pPa v ynasHwx Bpata oA MBL| npoduina ca ABOCIOjHUM 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).

1130n0Bare dacagHMx 31A0Ba KOHTAKTHOM TEPMOMW30MaUMOHOM $acaom. V13050Barbe paBHOM KpOoBa Y3 AENMMUUHY PEKOHCTPYKLMY
cnojesa. M3onoBarbe KOCOr KpoBa Y3 AENVMUYHY PEKOHCTPYKLMJY ClojeBa ca Cnosballtbe CTpaHe. M3onosarbe MehycnpatHe KOHCTPYKLMje
Ka HerpejaHoM noapymy y3 AenvMnyHy PEKOHCTPYKLM]Y CrlojeBa. Yrpaarba HOBMX Mpo30opa 1 ynasHyx Bpata of INBL| npoduna ca ABOCNOjHUM
130M1aLMOHNM HUCKOEMMCUOHMM CTaK0-NakeToM (B06pa 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).

130n0Batbe dacafHMx 3MA0BA KOHTAaKTHOM TEPMOMW30MALUMOHOM dacajom. V3onoBarbe paBHOM KpOBa Y3 AENMMUUHY PEKOHCTPYKLM]Y
cnojesa. M3onoBarbe KOCOr KPOBa Y3 AENVMMUYHY PEKOHCTPYKLMJY CnojeBa ca Cnosballtbe CTpaHe. M3onosarbe MehycnpatHe KOHCTPYKUMje
Ka HerpejaHoM NOAPyMY Y3 AENUMUYHY PEKOHCTPYKLWjy CrojeBa. V3onoBarbe noaa Ha Ty y3 AeNUMUYHY PEKOHCTPYKLW)Y CrojeBa. Yrpagrba
HOBVX MPO30pPa M YNasHWX BpaTa Of KOMMO3WTHUX NMpoduna ca TPOCIOJHUM M30NALMOHNM HUCKOEMUCUOHIM 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

] RIS, ]

o RRS008383835%8% °

£ : g

8 .

= 2

= e
)

HEMA VI3MEHA

NO CHANGES

292

Cnosba Outside

YHyTpa Inside

XVapon3onaLoHa membpara, Tepmomnsonaumja 15

cm, napHa bpaHa, 6eToH 3a nag 8 cm, Tep nanup,
Tepmomsonaumja 5 cm, “ABpameHKo” TasaHuua 30 cm,
[IPBEHa NOTKOHCTPYKUMja 6CmM, MasTep 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

T 1

YHyTpa Inside

TpanesacTvi MM, ABOCTPYyKe NneTse 3/5, Tep nanup, facke
24 cm, guctaHuepu 5/15 cm/ Tepmowizonaumja 15 cm,
“"ABpameHko"TaBaHMLa 30 cm, ApBeHa NOTKOHCTPYKLMja 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

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

YHyTpa Inside

Xvapon3onaLroHa membpaa, Tepmomnsonaumja 15

cm, napHa bpaHa, 6eToH 3a nag 8 cm, Tep nanup,
Tepmomsonaumja 5 cm, “ABpameHKo” TasaHuua 30 cm,
[ApBeHa NMOTKOHCTPYKLWja 6CM, ManTep Ha TPLYaHO]
noanosn 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, auctaHuepu 5/15 cm/ Tepmowisonaumja 15 cm,
"ABpameHKo" TaBaHuLa 30 Cm, ApBeHa NOTKOHCTPYKLUMja 6
Ccm, ManTep Ha TPLIYaHoj NoA1o3M 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

(BEXEERERY,

YHyTpa Inside

XApov3onaLmMoHa MembpaHa, TepMown3sonaumja 25

cm , napHa 6pata, 6eToH 3a Nag 8 cm, Tep nanvip,
Tepmow3onaumja 5cm, “AspameHko” TaBanmua 30 cm,
[ipBeHa NOTKOHCTPYKUMja 6 Cm, ManTep Ha TpLU4aHoj
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

S

YHyTpa Inside

TpanesacTu i, ABOCTPYKe neTse 3/5 cm, Tep nanwp,
[acke 24 cm, aucTaHuepu 5/25 cm/ Tepmousonaumja

25 cm, "ABpameHKko" TaBaHwmUa 30 cm, pBeHa
NOTKOHCTPYKLWja 6CM, ManTep Ha TPLIYaHoOj NOf/1031
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
KOHCTPYyKUWja 13Haa
HerpejaHor noapyma

Floor structure to
unheated basement

U (W/m?K)

Mo Ha Ty

Ground floor

U (W/m?K)
[Mpo3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside

ByHUN nnove 0.2 cm, Gnopout 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

ByHWUN nnove 0.2 cm, Gnopbut 5 cm,
"ABpameHKo” TaBaHMLa 30 cm, ApBeHa
NOTKOHCTPYKUMja netse 2x 5/3 cm /
Tepmomsonaumja 10 cm, rMNCckapToHCKa noya
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

BUHMA nnoye 0.2 cm, dnopbuT 5 cm,
"ABpameHKo” TaBaHMLa 30 cm, ApBeHa
MOTKOHCTPYKLMja netse 2x 5/3 cm /
Tepmowmsonaumja 20 cm, rmNcKapToHCKa
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

Cnosba Outside

HEMA M3MEHA HEMA M3MEHA BUHWA noye 0.2 cm, LieMeHTHa KoLy bLLa
— — 4 cm, Tepmowi3onaumja 5 cm, nop6ut 5.cm,
NO CHANGES NO CHANGES xuapovsonaumja 1 cm, 6etoHcka nnova 10cm,
WwsbyHak 10 cm, HabwijeHa 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} [} (9]
°© © o © o ©
é j= é H j= g =
© © o
a [oN [oR
;I s SR Sy 3 LE 3 £
o = e 2 e I
(@} (@] (@]

[1BL| ca ABOCNOJHMM HUCKOEMUCHOHMM CTak/o
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

KomMno3uTHW 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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CucTem rpejama 3rpage — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 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.

EnekTpuyHy akymynaumor 6ojnepu

Electric water heaters

YHanpeherse 2 Improvement 2

3appxaH je noctojehn cuctem rpejarba
NPOCTOPA, Ca CMakbeHbem TeMnepaTypcKor
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

YHanpeherbe 3 Improvement 3

yrpamba KOMMPeCOpCKe TOn1I0THe nymne
Ba3,uy></Bo,ua Ca XnapomMoaynom.

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
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

65%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

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

TonnoTHN ryouLm

- 15% 15% 11%
Heat losses
%
[l 36%
63% 74%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn rybuum — ventilation losses ywTeae — savings
TpaHCMUCMOHN 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
(=}

~ I

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-MehycnpaTHa KOHCTPYKLUMja 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

CneuydunuHa roauiitba

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

DviHanHa eHepruja 365897
;i nal energy Y
I
[kWh/a] I I [ [ I [
0 50 100%
2%7 1 %2 2244470
6.6% 32.0% 61.3%
MpymapHa eHepruja 4%558

I
Primary energy

|
[kWh/a] 0 a a 50 ﬂ 100%
60391 144004 261988
14.5% 34.5% 62.7%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKUX Mepa

S

92393

-4

CO, emission after
architectural and HVAC

. | | |
improvement 0 a a 50 ﬁ 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/al 3546 3734 4094
334% 352% 38.6%

g+ 9+= @

| | |
v MNONA3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE yHanpeherse 1 yHanpehetbe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |

221
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L3a
C3a

LLIkoncka 3rpaga
noBpLmnHe Behe og 2000 m?

A7 fm

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
MoBpLwnHa (M?) HeTo rpejaHa 2765 Area (m?) Net heated 2765
3anpemuHa (m?) HeTo rpejaHa 11575 Volume (m?) Net heated 11575

222

APXUTEKTOHCKM CKIOM WKOMCKMX 3rpaja OBOr TUMa
pe3ynTar je NpuMeHe CTaHAAPAHWX NPOJEKTHUX Pelleba
KapaKTePUCTUYHWIX 3a WKoncKe 3rpage 70-ux roguHa 20.
Beka. 3rpaja MMa Npr3emsbe v ClpaT: YUYMOHNMLE 1 Kabu-
HETW Ce HUXKY YK LEHTPaNHOr XO[HWKa, a Y NMpu3emby
Ce KO ynasHor xofa Hanase 360pH1La 1M aaMUHWUCTPa-
TUBHM ONOK. KpOBOBW Cy KOCY IBOBOLHMW.

OTBOPW Ha yumMOHMLaMa Cy Y BULY NPO30PCKMX TPaKa
Koje ce MPOCTUPY YHYTap KOHCTPYKTMBHYX pacroHa, ca
APMMPAHOOETOHCKMM CTY6OBMMA BMASBUBMM Ha dacaan,
[OK je XO[HWK OCBET/beH MOjeAMHauYHUM OTBOPUMA Ha
604yHMM dacagama.

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 apMmupa-
HOOETOHCKOM CKeNeTHOM cucTemy. EnemeHTn ckenetHe
KOHCTPYyKUMje, Kao v dacadHu 31aosKM of GyroBaHe cu-
JINKaTHe Oneke Ca Crnosballtbe CTpaHe Cy Hemantepunca-
Hu, 6e3 TepmnuKe 13onaunje. KOHCTPYKLUMja KOCOT KPOBa
je nyHa apmrpaHobeToOHCKa NoYa, ca 5cm Tepmon3ona-
umje 1 OETOHCKMM LipenomM Ha APBEHO] MOTKOHCTRYKUM)U.
[po30opw Cy ApBEHW, ABOCTPYKM, Ca CMOJEHUM KpUarma
(,KpWNO Ha KpUNO”) 3aCTakbeH jefHOCTPYKM CTAKIOM.

EHepreTckn paspen 06jeKTa — MPOjEKTOBAHO 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
_ <50
<100
<150
<200
<250
> 250
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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope — existing

Cnosbalwtbn 3ug 1 3 3 MebhycnpaTHa YHyTpa Inside
— é 3 KOHCTPYyKUMja M3Haa ‘
External Wall 1 =y 3 CMOJSbHOT MPOCTOPa E
= é’ _ |
Floor structure to Cnospa Outside
6eToH 38 cm .
o outside area Kepammuke nnoymte 0.8 cm, LemeHTHa
concrete 38 cm Kolwysbyla 3 ¢m, 3By4YHa 1U3onauuja 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
U (W/m2K) 3.00 U (W/m?K) 124
Cnorbaltbh 31g 2 3 —— 3 Mo Ha Ty YryTpa Inside
- 2 N _
g = © ‘
External Wall 2 £ I 3 Ground floor _
|

Mantep 2 cm, CUn1KaTHa oneka 38 cm

Cnosba Outside

plaster 2 cm, silicate brick wall 38 cm BMHa3 nnoye 0.2 cm, LeMeHTHa Kowysbu1ua 5
cm, TepMom3sonaluja 2 ¢cm, 6eToHCKa niova
10 cm, xuapou3onauwja, beToHcKa nnova
7cm, WibyHak 10 cm, HabujeHa 3emrba
2 vinyl-asbestos tile 0.2 cm, cement screed
U (W/m?*K) 1.75 5cm, thermal insulation 2 cm, concrete
10cm, hydro insulation, concrete 7 cm,
gravel 10 cm, rammed earth

Koc kpoB Cnorva Outside
- U (W/m?K) 0.30
Pitched roof
[ (9]
YHyTpa Inside Mposopy 2 2
— 5 <
CaNoHWTKa, Tep nanvp, AalyaHa onnarta 2.4 . © 3
cm, neTse 3/5 cm/ Tepmowzonaumja 5 cm, Windows g '%
Tep nanunp, 6eToHCKa nnoYa 16 cm, Mantep 5 >
2cm
— [IPBEHV [1BOCTPYKM Ca CMNOJEHMM KpUvMa v
fibre cement tile, roofing paper, planks 2.4 JeAHOCTPYKMM CTaKIoM
cm, battens 3/5 cm, thermal insulation 5 cm, —
roofing paper, concrete 16 cm, plaster 2 cm wooden, double frame, connected sash with
single glazing
U (W/m?K) 0.66 U (W/m?K) 3.30
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TepMOTEXHNYKM CUCTEMU 1 OCBETIbEREe — nocTojehe ctatbe — HVAC and lighting — existing

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/beha

YHyTpalltba paceeTa

Interior lighting

My

Cucrem LeHTpanHor rpejarba ca
paavjaToprma Kao rpejHUM Tenmnma un
KOT/IOM Ha YBPCTO ropuBO (yrasb).
Central hydronic heating system, with
radiators and coal fired boiler.

Lighting system

¥ A

Manu geo Wwkone KOPUCTU MHKaLECLEHTHO
oCBeT/berbe [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



226

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

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

Hajsehe wkoncke 3rpane 13 70-mx 1 80-nx roarHa 20.
Beka npate NpojeKTaHTCKY NOr1Ky yobuuajeHy 3a obpa-
30BHe 0bjeKTe Tor neprofa, anu 36or Beher 6poja yuno-
HMLa 1 KabnHeTa Nokasyjy HelwTo Behe Bapujaumje apxm-
TEKTOHCKOT cknona. Ose WkKone Mory UmaTn Behn 6poj
TpaKToBa NMOBE3aHMX TOMIOM BE30OM MW FPYMMCaHNX OKO
LieHTpanHor xona.

Ha BehuHW 3rpaja KpoBOBW Cy OWAM paBHW, anw
Cy C BpemMeHOoM npepaheHn y Koce Kako bu ce pelmro
npobnem NPoKMLWHaBaksa.

Mpo30opur Gopmmpajy NPO30PCKe TpaKe rae KOHCTPYK-
TVBHWM CKNOM TO oMoryhaea, a nojassbyjy ce 1 nojeamnHay-
HY 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
yHanpeherba

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

YHanpeherbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpehetrbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUOHUM CTaKO-NakeTom (4o6pa
3anTVBEHOCT).

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

V130n0Batbe GpacapHWx 3u0Ba KOHTAKTHOM TEPMOV30MaLIMOHOM dpacafom. V130n10BaHe KOCOr KpoBa y3 MOTMYHY PEeKOHCTPYKUM)y Crojesa ca
Cnorballkbe CTpaHe. /i3onoBare mehycnpatHe KOHCTPYKUMje 13Ha[ OTBOPEHOr NPOCTopa. Yrpaara HOBUX MPo30opa v ynasHux Bpata o MBL
npodwna ca ABOCIOjHNM U30MALMOHKM HUCKOEMUCUOHMM 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).

130n0Barbe GpacapHMX 3MA0BA KOHTAKTHOM TEPMOM30/1aLUMOHOM Gacafiom. M30m0Barbe KOCOr KPOBa Y3 NOTMYHY PEKOHCTPYKLM)Y Crojesa
Ca Cnosballtbe CTpaHe. V3onosarbe mehycnpaTtHe KOHCTPYKUMje W3HaZ OTBOPEeHOr NpocTopa. V3onosarbe nofa Ha Ty y3 AeNUMUYHY
PEKOHCTPYKLWY CojeBa. Yrpaitba HOBVX NPO30pa 1 yasHmx BpaTa Of KOMMO3UTHUX NPOdIra ca TPOCIOjHUM U301aLUNOHMM HUICKOEMUCUOHIM
CTaKno-nakeTom (nobpa 3anTMBeHoCT).

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

Cnospalltbn 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)

YHanpeherbe 1 Im

provement 1

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

6eToH 38 cm, TepMowmzonaumja 10 cm, manTep
1cm

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]

o °

2 g

g O

£ 2

= g
. )

HEMA M3MEHA

NO CHANGES

3.00

VT T w

° T o

2 L ]

3 I ©

& I 2

I I 8

0 S

HEMA M3MEHA

NO CHANGES

1.75

(2] B ) (] [ T TeEeEE=EEE - QL
° T ° ° 1 °
2 I 4] 2 I 4]
= I = —= I S
© @) ®© (@)
g — 3 £ — 3
= S = 2
I I

[} I 1 S
> I & 5 > o — 6

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

TpanesacTut UM, Tep nanup, fatyaHa
onnata 24 cm, anctaHuepu 5/20 cm/
Tepmom3onauywja 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

TpanesacTvi VM, Tep Nanup, AatyaHa
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

KOHCTPYyKUWja 13Haa
CMNOsbHOT NPOCTOpPa

Floor structure to
outside area

U (W/m?K)
Mo Ha Ty

Ground floor

U (W/m?K)
[pozopu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

Cnospa Outside
HEMA M3MEHA

NO CHANGES

1.24

YHanpehetbe 2 Improvement 2
YHyTpa Inside

BB BER

Cnospa Outside

Kepamuuke nnoune 0.8 cm, LemeHTHa
KolysbyLa 3 €m, 3By4Ha 13onauuja 2 cm,
6eToHCKa nnoya 16 cm, Mmantep 2 cm,
Tepmownsonaymja 10 cm, mantep 1 cm
ceramic tiles 0.8 cm, cement screed 3 cm, sound
insulation 2 cm, concrete 16 cm, plaster 2 cm,
thermal insulation 10 cm, plaster 1 cm

0.28

YHanpebherbe 3 Improvement 3
YHyTpa Inside

EON

AIAXAANAAN

Cnorba Outside

Kepamuuke nnoynte 0.8 cm, LemeHTHa
KoLysbrLa 3 €m, 3By4Ha v13onaunja 2 cm,
6eToHCKa nnoya 16 cm, mantep 2 cm,
Tepmomsonaumja 20 cm, mantep 1 ¢cm
ceramic tiles 0.8 cm, cement screed 3 cm,
sound insulation 2 cm, concrete 16 cm,
plaster 2 cm, thermal insulation 20 cm,
plaster 1 cm

0.16

YHyTpa Inside

Cnosba Outside
HEMA M3MEHA

NO CHANGES

0.30

YHyTpa Inside

Cnosba Outside
HEMA M3MEHA

NO CHANGES

0.30

YHyTpa Inside

Cnosba Outside

BVHWN Node 0.2 CM, LIeMeHTHa KoLy bULa
3 cm, Tepmom3sonaumja 5 cm, LuemeHTHa
KolwysbMLa 5 cm, Tepmowizonaumja 2 ¢cm,
6eToHCKa nnoya 10 cm, xugpoursonaunja,
6eTOHCKa nnova 7 ¢m, WibyHak 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

0.19

YHyTpa Inside

Cnosba Outside

[1BL| ca ABOCAOJHMM HUCKOEMUCHOHMM CTako
NakeTom

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

1.40

Cnosba Outside
YHyTpa Inside

[1BL| ca ABOCNOjHMM HUCKOEMUCVIOHWM CTaKIO
NaKeTom

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

1.40

YHyTpa Inside

Cnorba Outside

Komno3uTHM npodun ca TpoCiojHIM
HCKOEMUCUOHUM CTAKSIO MAKETOM VCTYHEHIM
VHEPTHUM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1
-

= v

3agpaH je noctojehn cuctem rpejarba
NPOCTOpPa, Ca CMatberbeM TemrnepaTypCKor
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

YHanpeherse 2 Improvement 2

YHanpeherbe 3 Improvement 3

3a/1p>KaH je ncTn cncrTem rpejaH:a, Y3 yrpagmy yrpagma KOMMPeCOpCKe TOn1I0THe nymne

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

EnekTpryHm akymynaumoHm 6ojnepu

Electric water heaters

Ba3,uy></Bo,ua Ca XnapomMoaynom.

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
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

65%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLm

N
o
o

19%
Heat losses 27% 26%
45%
[%]
29% 53% 67%
) TpaHCMUCHOnM ry6rLm — transsmission losses BEHTUNALMOHM ry6rum — ventilation losses yluTeae — savings
TPaHCMVCHOHY ryBuLy 1800 1800 1800 1800
- N | N
Transmissive losses 1600 II 1600 I 1600 1600
1400 1400 1400 1400
[W/K]
1200 II . 1200 I . 1200 1200
1000 II I 1000 I I 1000 1000
800 II I 800 I I 800 800
600 II I 600 I I 600 600
400 II I 400 I I 400 400
12 4 : 4

~
> |
~ I

w

~ I

] — . ] —
I "IN "slN e
6 1 3 4 6 1 4 6

1- CnosbalLksy 3ug, 2- NPo30opH, 3- ynasHa BpaTa, 4- KOC KpoB, 5- MehycnpaTHa KOHCTPYKLMja V3Hag HerpejaHor npocTopa, 6- Nog Ha Ty

“ |

- I
N
o
o

w

5 3 5

1- external wall, 2- windows, 3- doors, 4- pitched roof, 5-floor construction to unheated area, 6-ground floor

CneuydunuHa roauiitba

noTpe6Ha eHepruja 3a % %

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

[kWh/m?a] A A A
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

o —

57926
7.3%

A

281426
35.7%

50 n
542812
68.8%

o —

o —

A A

100096 144815
94%  13.6%

<
<

46765
13.2%

©®

76752
21.6%

o —

M

MOMa3Ho CTakbe
starting condition

AAA

9877 10400 11404
334% 352% 38.6%

g+ 9+= @

V Hajuewhe vHTEPBEHUWMjE
usual interventions

50 n
741633
69.8%

50 n
253062
71.2%

@

50

| |
yHanpeherse 1 yHanpehetoe 2
A improvement 1 A improvement 2

789336

v

|
100%

100%

@)

355616

-4

100%

B @

29536

100%

yHanpehetbe 3
improvement 3
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LLIkoncka 3rpaga
noBpLmnHe Behe og 2000 m?

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

MoBpLwnHa (M?) HeTo rpejaHa 3765 Area (m?) Net heated 3765

3anpemuHa (m?) HeTo rpejaHa 13770 Volume (m?) Net heated 13770

234

Lkoncka 3rpada opraHy3oBaHa no NPUHLMIY ABOT-
pakTa, Cca LEeHTPanHVM BULWEETaXHUM XONIOM Y CKJIO-
ny 3rpajge, Caapkn BenvKkn 6poj yunmoHnUa 1 KabrHeTa
ca npatehum cagpKajyma 1 GYHKUMOHANHMM rpynama.
Objekat ce cacToju of Tpy KyOMUHa BosymeHa: HOUHMX
Kpwna cnpatHocTv [1+1, M+2 v LeHTpanHor fena cnpat-
HocTn [143.

(Macafa je cBefieHe reoMeTpyje, MaTepujanm3oBaHa y
HaTyp 6eToHy. OTBOPM Ha YUMOHMLAMa Cy Y BUAY KOHTW-
HyanHMX NPO30PCKMX Tpaka, AOK je XOAHWK OCBeT/beH
nojeArHaYHUM OTBOPUMA Ha 6OYHMM dacatama.

KpOBOBW Cy paBHW, HEMPOXOLHN.

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.



KoHCTpYKUMja je apMMpaHODeTOHCKa, Ca MacKBHMM
Hocehvm 31aoBMMa. bouHK Hocehw 31A0BK Cy 1M30/108Ba-
HV Ca yHyTpalrbe CTpaHe Tepmonsonaumjom aebsounHe
10cm, JOK Cy MapaneTHe UCnyHe of apMypaHor 6eToHa
nebmwrHe 20cm 6e3 TepMuyKe M3onaumje. Y CKnomny pae-
HMX KPOBOBA W MOLOBA Ha Ty NMOCTOj1 TepMoKr3onaLmja
aNnu HYjedaH eneMeHT TePMUYKOr OMOTada He OAroBapa
aKTYeHMM CTaH4apavma.

Mpo3opun Cy anyMUHUJYMCKYM, 6e3 Tepmo npeKknaa,
3aCTak/beH ABOCTPYKMM CTaK/TOM.

EHepreTckn paspen 06jeKTa — 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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CKnomnoBu TEpMUYKOT OMOTauya — noctojehe ctame — Elements of the thermal envelope — existing

Cnosbalksn 3ua 1

External Wall 1

U (W/m?K)

Cnosbalbn 3ug 2

External Wall 2

U (W/m?K)

Cnorballhu 31a 3

External Wall 3

U (W/m?K)

PaBaH KpoB

Flat roof

YhyTpa Inside
Cnorba Outside

6etoH 20 cm

concrete 20 cm

391

YHyTpa Inside
Cnosba Outside

U (W/m?K)
Mantep 2 cm, Tepmowzonauuja 10 cm, 6eToH
20cm

plaster 2 cm, thermal insulation 10 cm, Mog Ha Ty
concrete 20 cm —

Ground floor
0.78

YHyTpa Inside
Cnorba Outside

manTep 2 cm, Tepmomsonaumja 10 cm, 6eToH
30cm

plaster 2 cm, thermal insulation 10 cm, U (W/m?2K)
concrete 30 cm

0.75 MNpo3opwu

Windows

U (W/m?K)

Cnosba Outside

YHyTpa Inside

Tepayo nnove 2.5 cm, Mantep 2 cmxugpounsonauyija 1

€M, LUeMeHTHa KoLlysbuua 3 ¢m, 6eTOH 3a Nag M1H. 5 cm,
Tepmovi3onaumja 5 cm, pebpacTa apMrMpaHo 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
== Y 8=

Cnosba Outside

BMHa3 nove 0.2 cm, LeMeHTHa KoLysbuua3 cm,
Tepmom3onaumja 2.5 cm, 6eToHCKa nnova 5 cm,
xuapovsonaumja 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 TepMIUUKOT NPeKMaa 3aCTak/beHw
ABOC/IOJHUM CTaKNIOM

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
paavjaToprma Kao rpejHUM Tenmnma 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
TOoM/e 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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CnunyHm 06jekTn — npeactaBHum Tuna — Similar buildings — type representatives

Wkoncke 3rpage OBOr TMMa, Y MOjeAvHNM Cryydaje-
BMMa, NpojeKToBaHe Cy ca dacagama maTtepmjann3os-
HVM Y HaTyp 6eToHy, dacagHoj oneuy 1 KOMOMHaLMju
OBa ABa MaTepujana na dopmmpajy cneunduyaH apxm-
TEKTOHCKM 13pa3 KOju 3axTeBa HeLUToO Apyraymnjy ToeTmaH
NPUANKOM eHepreTcke pexabunutauuje. lNpeosnahyjy
ABOCMNPATHW 0OjeKTM, ann 1 3rpafe ca jeaHUM 1nu Tpu
cnpara.

Ha 3rpanama v3 70-vx roavrHa npeosnahyjy npo3opc-
Ke Tpake ¥ paBHW WAN MANTKM KOCU KPOBOBK, AOK CY
TOKOM 80-1x YeCTn NojeArHauYHN OTBOPM BeNnx AUMEH-
3¥ja 1 KOCK KPOBOBW MOKPUBEHY LIPEMOM.

gEp I BPEERBEL
b F g 314144

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
yHanpeherba

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

YHanpeherbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpehetbe 3

Improvement 3

Yrpagra HOBKX Mpo3opa 1 ynasHux spata of MBL| npodwna ca ABOCAOjHUM M30MALUMOHNM HUCKOEMUCUOHUM CTaKO-NakeTom (4o6pa
3anTVBEHOCT).

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

130onoBatbe dacafHMxX 3MA0Ba KOHTAaKTHOM TEPMOM30MaLUMOHOM dacafioM. V3onosarbe paBHOr KpoBa Y3 AENMMUYHY PEKOHCTPYKLMY
cnojesa. Yrpafjtba HOBUX Npo30opa 1 ynasHwx Bpata of [NBL| npoduna ca ABOCIOJHUM M30MaLMOHNM HACKOEMUCUOHUM 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. 130n10Bare pPaBHOT KPOBa Y3 AENMMUYHY PEKOHCTPYKLM)Y ClojeBa.
V3onoBatbe Noda Ha Ty y3 AeUMUYHY PEKOHCTPYKLM)Y Cnojesa. Yrpadkba HOBUX MPO30pPa W yAa3Hyx BpaTa Of KOMMO3UTHYX npoduna ca
TPOCOJHIM U30MALMOHVIM HUCKOEMCUOHMM CTakI0-NakeTom ([o0pa 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

Cnospalltbn 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, TepMowzonaumja 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
v = v v 4}
ie) <] ie) e ie)
2 & 2 2 2
< b: 3 < E
© ©
o3 E: © o ©
= < ] > 2
T :‘ o I o
> = c > c
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ManTep 2 cm, Tepmomsonauwja 10 cm, 6eToH
20 cm, Tepmomsonauuja 10 cm, mantep 1 cm
plaster 2 cm, thermal insulation 10 cm,
concrete 20 cm, thermal insulation 10 ¢m,
plaster 1 cm

0.25

ManTep 2 cm, Tepmomsonauja 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

0.15

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.75

Cnosba Outside

=
<]
|
|
|
|
>
<
[ >
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(>
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>
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|
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YHyTpa Inside
Cnorba Outside

ManTep 2 cm, Tepmomsonatuja 10 cm, 6eToH
30 cm, Tepmomsonaumja 10 cm, mantep 1 cm
plaster 2 cm, thermal insulation 10 cm,
concrete 30 cm, thermal insulation 10 cm,
plaster T cm

0.25

YHyTpa Inside
Cnosba Outside

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

PaBaH kpoB

Flat roof

U (W/m?K)

[log Ha Ty

Ground floor

U (W/m?K)
[po3opu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

1.06

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

XMAPOU30NaLMoHa MembpaHa, Tepmomr3sonauyja
20 cm, NME donuja, uemeHTHa Kowwysbuua 3 cm,
6€eTOH 3a naf M1H. 5 cm, Tepmou3onaumja 5 cm,
pebpacTa apMm1paHo 6ETOHCKa KOHCTPYKLMja 60
cm (nnoya 10cm)

waterproof membrane, thermal insulation 20 cm,
PE foil, cement screed 3 cm, lightweight concrete
tofall min. 5 cm, thermal insulation 5 cm, ribbed
concrete structrure 60 cm (slab 10 cm)

0.16

YHanpebherbe 3 Improvement 3

Cnorsba Outside

YHyTpa Inside

XMAPOM30MaLMOoHa MemMbpaHa, TepmMounsonaumja
40 cm, MNE dponuja, LemeHTHa Kowwysrbuua 3 cm,
6eToH 3a Nag M1H. 5 cm, Tepmow3onaumja 5 cm,
pebpacTa apMypaHo G6eToHCKa KOHCTPYKUMja
60cm (nnoya 10 cm)

waterproof membrane, thermal insulation 40
cm, PE foil, cement screed 3 cm, lightweight
concrete to fall min. 5 cm, thermal insulation

5 cm, ribbed concrete structrure 60 cm (slab

10 cm)

0.09

Cnosba Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

HEMA N3MEHA HEMA N3MEHA BUHMA nnode 0.2 cm, LemeHTHa KoLy buua 3cm,

— — Tepmou3onauwja 5 cm, 6eToHcKa nnoda 5 cm,

NO CHANGES NO CHANGES xvn,upomsonaumja 1cm, 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

0.30 0.30 0.19

[} (9] [ [ [ [}
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[1BL| ca ABOCAOJHMM HUCKOEMUCHOHMM CTakfo
MaKkeTom

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

140

[1BL| ca ABOCNOjHMM HUCKOEMUCHIOHMM CTaK0
NaKeToM

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

1.40

Komno3uTHM npodun ca TpoCiojHIM
HCKOEMUCUOHUM CTAKSIO MAKETOM VCTYHEHIM
VHEPTHUM racom

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

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

CucTtem 3arpeBarba
npocTopuja

Heating system

EdvkacHocT n3gopa
TonnoTe

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOMne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3agpaH je noctojehn cuctem rpejarba
npocTopa: LIeHTPaHO rpejarbe C KOTIOM 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

YHanpeherse 2 Improvement 2

YHanpeherbe 3 Improvement 3

3a/1p>KaH je ncTn cncrTem rpejaH:a, Y3 yrpagmy yrpagma KOMMPeCOpCKe TOn1I0THe nymne

HOBOI KOT/1a Ha YBPCTO FOPUBO KOjW KOPUCTU

[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

EnekTpryHm akymynaumoHm 6ojnepu

Electric water heaters

Ba3,uy></Bo,ua Ca XnapomMoaynom.

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
ylwteaa cMctema
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%

YHanpeherse 2 Improvement 2

G +d

LED ocsetrberve ca moryhHowhy
LleHTpan13oBaHe KOHTPONE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAnHNM NPoCTopKjama.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNogaeluaBarbe BpeMeHa yK/byuriBarba
OCBET/bEHA Y 3aBVCHOCTM Off 106a rofIHe.

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

36%

| | |
0% 50% 100%

YHanpehetrbe 3 Improvement 3

S +o

[ncnep3oBaHu ayTOMaT30BaHM CUCTEM
OCBeT/berba KOji 00yxBaTa AeTekumjy
NPUCYCTBa JbyAN U MOTYRHOCT Npunarohetsa
HVIBO@ OCBET/bEHbA Y 3aBMCHOCTM Of A06a flaHa
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 AMOBAFEM OCBET/bEHA Y
3aBWCHOCTW O A06a 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 TepMMUKOT OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3
TonnoTHN ryouLm
- 14%
Heat losses 155
(%]
36% 61% 73%
o TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn rybuum — ventilation losses ywTeae — savings
TpaHCMUCKOHN TyOmLn 5500 5500 5500 5500
- o 5000 5000 5000 5000
Transmissive losses
4500 4500 4500 4500
[(W/K] 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 eHeprija 3a V v
rpejare | | kWh/m?a
<12 <20 <38 <75 <188 >188 500
Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %

|
[kWh/m?a] A A A

40 65 131
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Ll - nepnop 1971-1990. C - period 1971-1990

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

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

o

A

65735
5.8%

A

331490
29.1%

50 n
663159
58.2%

0

A A

131196 164337

92% 11.6%

50 n
848900
59.7%

o

o

M

|
62268
14.7%

®

MOMa3Ho CTakbe
starting condition

|
87099
20.6%

Y

Hajuewhe vHTEPBEHUWMjE
usual interventions

50 ﬂ
263225
62.1%

| | |
50
A A A
6724 7068 7765
61.0% 64.1% 70.4%

g+ @+= @

| |
yHanpeherse 1 yHanpehetoe 2
A improvement 1 A improvement 2

1140356

v

|
100%

1421536

v

100%

©

423563

-4

100%

A8

11027

100%

yHanpehetbe 3
improvement 3
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D period after 1991
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A3
D3

LLIkoncka 3rpaga
noBpLmnHe 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

MoBpLwnHa (M?) HeTo rpejaHa 4600 Area (m?) Net heated 4600

3anpemuHa (m?) HeTo rpejaHa 16140 Volume (m?) Net heated 16140

LLkoncky 3rpagy Gopmmnpajy fiBa ynpaBHO NOCTaBbe-
Ha Kpuna — jeAHOTPaKT W ABOTPaKT cnpaTtHocTK M42 ca
LeHTPANHMM BULIEETAXKHMM XONIOM Ha MECTY YKPLUTaka
OBVIX BOTyMeHa. Y CKNoMy LUKOme Hanaswu ce Benuku 6poj
yumoHMUa v KabrHeTa ca cBUM npatehrm cagpajuma 1
GYHKUMOHANHMM rpynama.

Macafia CBOjOM NMKOBHOWRY 1 MaTepujanmzaumnjom
npatv NOrVKy W 3axTeBe pasnnMuUTUX cagpxaja. OTBo-
pY Ha yYMOHMLAMa CYy Y BUAY KOHTMHYaNHWX Mpo30p-
CKMX TPaKa, 10K Cy XOAHWLUM OCBET/bEHN NOjeANHAYHIUM
OTBOPVIMA. KPOBOBU Cy KOCW, ABOBOAHWM Yy Gnarom nagy,
CaKpMBEHW M13a Ha3WAaka, Tako fa 3rpafa y noTnyHoCTK
3a/ipXKaBa jesnK KyomnuyHmnx Gopmum.

248

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

KOHCTPYKTMBHM CKIOM je CKeneTHa apMnpaHo0eToH-
CKa KOHCTpYKLMja.

MacafHv 3Ma0Bw Cy paheHu Kao,CeHABNY" KOHCTPYK-
UMja ca TepmoM3onaumjoMm 1 ManTepucaHoM LWyrnbom
onexkom (bouyHa 3MaHa MiaTHa), Kao BEHTUMNCAHA KOH-
CTPyKUMWja ca 0bnorom of LeMeHT-KOMMO3UTHMX MioYa
Ha MOTKOHCTPYKUMjI (NapaneTu yunoHuLa) Uim Kao,3uf
-3aBeca’ (y LeHTpanHom geny).

CBM enemMeHTV TepMUUKOr OMOTaua Cy Y CKnafdy ca
AKTYeNIHOM PerynaTMBom 0bnacTvi TepMmUKe 3aliTuTe.

EHepreTckm paspep objeKkTa — MPOJEKTOBAHO CTarbe

[ - 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 ncnon
HerpejaHor NpocTopa
Floor structure to
unheated area

U (W/m?K)

3 5 MebhycnpaTHa

é E KOHCTpYyKUMja

3 % n3Hag

> 5 HerpejaHor
nogpyma

mantep 2 cm, Wwyrnsba oneka 25 cm, ME
bonwja, Tepmomsonaymja 20 cm, Wwynsoa
oneka 12 cm, mantep 2 cm

to unheated
plaster 2 cm, hollow brick 25 cm, PE foil,

thermal insulation 20 cm, hollow brick basement
12cm, plaster 2 cm
0.15
U (W/m?K)
[} B = [}
je bel
= é MNoa Ha Ty
a o
3 S —
- 5 Ground floor

ManTep 2 cm, Wyrnsba oneka 12 cm,
Tepmomsonaumja 10 cm, mantep 3 cm

plaster 2 cm, hollow brick 12 cm, thermal
insulation 10 cm, plaster 3 cm

0.30

Cnorba Outside

U (W/m?K)
YHyTpa Inside Mpo3opu
naponponycHa BOAOHeNponycHa donuja, _
Tepmousonauwja 18 cm, 6etoH 20 cm, .
Mantep 2 cm Windows
vapour control layer, thermal insulation
18cm, concrete 20 cm, plaster 2 cm
0.20

U (W/m?K)

Floor structure

YHyTpa Inside

Cnosa Outside

BMHUA Mnode 0.2 cm, uemeHTHa Kowysbrua 5 cm, MBL
donwja, Tepmonizonaumja 10 cm, 6eToHcKa nnoua 20
cm, Tepmomsonaumja 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

nHoneym 0.2 cm, LiemMeHTHa KoLy buua 5 cm,
Tepmousonauwja 10 cm, 6eToHcKa nnova 15 cm,
XuapomrsonaumnoHa membpaHa, betoHcka nnova 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

Cnosba Outside
YHyTpa Inside

ANYMUHW]YMCKI NPO30pP Ca NOOOSbLIAHAM TEPMUYKAM
NPEeKNAOM 3aCTaKIbeH TPOCIOJHUM HUCKOEMUCHIOHIM
CTaKSOM MyHEHVM KPUMTOHOM

Aluminium (HI profile), triple glazed low-E glass unit,
inert Krypton gas filling

1.10




[ - nepuviog nocne 1991. D - period after 1991

TepMOTEXHNYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting - existing

CucTem rpejara 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

Cuctem LeHTPanHor rpejarba ca
paavjatopvma Kao rpejHum tennma. Wkona
je nosesaHa Ha cycTeM JasbUHCKOT rpejarba,
ay TOMnaHy Ce Kao OCHOBHO rOP1BO
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
TOoM/e 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
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

[LIkoncke 3rpape rpaheHe HakoH 1990. ronuHe ofiuv-
Kyjy Ce BenMKOM Pa3HOBPCHOWNRY  apXMTEKTOHCKMX
pellerba. 3a pasnvky of MPeTXOAHWX nepvofa, Hema
jeArHCTBEHOT WabMoHa HY Y OpraHM3aumnjn HATL y maTe-
pujanusaumjy. Youasajy ce pasnuunte dacagHe obpa-
[e, PaBHW ¥ KOCW KpPOBOBW, WHAMBMAYaNHM OTBOPW U
Npo30pcke Tpake, Ma Yak ¥ 3uja 3aBece Ha NojefuHVM
[enosnma.

CBW 0bjeKkT OBOr TWMA MPOjeKTOBaHW Cy Y CKna-
Ay Ca HaUMOHANHMM Mponucima 13 obnactn Tepmmy-
Ke 3aLlT1Te KOoju Cy TOKOM nocnere aeleHuje 20. Bexa
y BENVKOj Mepu ycarnaweHn ca TafallHbom eBPONCKOM
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

YHanpeherse 1 Huje nnaHmparo.
- E)t specified.
Improvement 1

YHanpeherse 2 Huje nnaHmparo.
N N70t specified.

Improvement 2

YHanpehetbe 3 V3onosarbe dacafHMX 31[0Ba KOHTAKTHOM TepMOM30MaUMoHOM dacafom. M3onosarbe mebycnpaTHe KOHCTPYKUMje MCMOA HerpejaHor
npocTopa. Yrpagrba HOBKX MPO30Pa M Ya3HKX BpaTa Of KOMMO3UTHYX Mpoduna ca TPOCIOjHVM M30/1aLMOHNM HACKOEMUCUOHIM CTaK/1o-
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
KOHCTpYyKUWja ncnog
HerpejaHor npoctopa

Floor structure to
unheated area

U (W/mK)

254

YHanpehetbe 1 Improvement 1

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.30

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.20

YHanpebherbe 2 Improvement 2

v - o v
° | 'S o
%) D %)
k= ) g
© > o
g8 [ -
= (> £
I ==y [e]
> Nl B [

O

YHanpebherbe 3 Improvement 3

YHyTpa Inside
'SAANIAAN,
Cnosba Outside

HEMA M3MEHA ManTtep 2 cm, Wynsba oneka 25 cm, ME donuja,

— Tepmovsonauuja 20 cm, wyryba oneka 12 cm,

NO CHANGES ManTep 2 cm, Tepmomsonaumja 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; he; he; he;

£ E = 2

8 < 8 o

> g > g

= 2 = 2

@] @]

HEMA M3MEHA HEMA M3MEHA

NO CHANGES NO CHANGES

0.30 0.30

Cnosba Outside

AAAMN

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.20

Cnosba Outside

YHyTpa Inside

naponpornycHa 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 YHanpebherbe 3 Improvement 3

Me’r')ycrlpaTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

KOHCTPYyKUWja 13Haa
HerpejaHor noapyma

AL

Floor structure to

heated b ¢ Cnosba Outside Cnorba 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 = 2 2
@] © O © (e} ©
. a o o
Windows 3 L = 3 . £ 3 =
& 8 § 8 § 8
HEMA M3MEHA HEMA M3MEHA KoMMno3uTHW Npodun ca TpoCiojHIM
— — HUCKOEMUCVOHYIM CTaKIO NaKeTOM NCMYHEHM
NO CHANGES NO CHANGES VHEPTHVM 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

EdwukacHocT cnctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Torne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapxaH je noctojehn crctem rpejarba
NpOCTOpa: AarbUHCKO rpejarbe C KOTIIOM Ha
NPUPOAHN rac.

The existing heating system is retained: district

heating with natural gas fired boiler.

EneKkTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3appaH je noctojehn cuctem rpejarba
NPOCTOpPa: IA/bUHCKO rpejarbe C KOTNIOM Ha
NPYPOAHY rac.

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

0.92

EneKkTpuuHmM akyMyraLmoH 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafirba KOMMPECOpCKe TOMJIOTHE Mymre
Ba3/yx/BO/a Ca XVAPOMOAYSIOM.

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 cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

Hema n3veHa

No changes

Hema n3mveHa

No changes

0% 50% 100%

YHanpeherse 2 Improvement 2

!

Hema n3meHa

No changes

Hema n3meHa

No changes

| | |
0% 50% 100%

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

YHanpehetrbe 3 Improvement 3

S}

Hema n3meHa

No changes

Hema n3meHa

No changes

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

TonnoTHN ryouLm

Heat losses
0,
[%] 530% 53%
10%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn 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 12 3 4 5 6

1- cnosbalutbk 31g, 2- NPo30pw, 3- BpaTa, 4- MehycnpaTHa KOHCTPYKUWMja MCMOZ HerpejaHor NpocTopa, 5- MehycnpaTHa KOHCTPYKLWMja 13Hag
HerpejaHor noapyma, 6- Nof Ha Ty

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

CneuydunuHa roauiitba

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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[ - nepuviog nocne 1991. D - period after 1991

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

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

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

[kg/al

Emmncmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

305640

v

0 e 50 100%
74936
24.5%

405981

o

[
A
187339
46.1%

o —

50 A 100%
99290
81.2%
9

14243
|
| | |

o

v MOMa3Ho CTakbe
starting condition

Y

50 100%

yHanpeherse 1

|
Hajuewhe vHTEPBEHUWMjE
A improvement 1

| |
yHanpehetoe 2 yHanpehetbe 3
usual interventions A improvement 2 A improvement 3
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