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1.¥YBOJ

[MpBO, CBEOOYXBATHO, UCTPaXKMBaHbe rpaheBnHCKor
doHpa Cpbuje, ca nNocebHUM OCBPTOM Ha acnekTe
eHepreTcke edrKacHOCTM, 0baB/beHO je y Mnepody
of 2011-2013. of CTpaHe WCTPakKMBAYKor TMMa cCa
ApxuTekTOHCKOr dakynteta y beorpagy y3 nomoh
M3-a (GIZ - Deutsche Gesellschaft fir Internation-
ale Zusammenarbeit (GIZ) GmbH). . LUub npojekTa
610 je ycnocTaB/bakbe jacHOr METOLOMOWKOr OKBMPa
Knacudukauvje Hajseher cermeHTta rpaheBMHCKOT
doHfa, NpBeHCTBEHO Y3nMajyhn y 0031p maTepujanHe
M BONYMETPUjCKE  KapKaTepucTMke — 3rpafa, Y3
carnefaBarbe eHepreTckux nepdopmaHcy noctojeher
CTarba , Kao M BapWjaHTHMX MOTYRAHOCTM 3a HMXOBO
yHanpebherbe Kpo3 npouec eHepreTcke caHaluje.
PasynTtaTti npojexTta cy NyOAnMKoBaHW y OKBMPY OOUMHe
cTyavje nop Hasueom HauwoHanHa Tunonoruja
cTambeHx 3rpaga Cpbuje.

CnpoBefieHO  WUCTpaxkmBarbe je  GOKyCHMpaHo
UCK/bYUMBO Ha CTambeHe 3rpafe umme je obyxsaheH
CamMo jeAaH, fofyLle BeOMa 3HauajaH, ieo rpaheBrHCKor
doHIa ann ce Ha OCHOBY Hera He Mory m3Byhu 6uno
KakBW 3aK/bydly O nepdopmaHcama Apyrvx TVNoga
3rpafja. 3Hayaj OCTBapeHVx pesynTata ce orneaa
Kako y dopmynaumju TMnoaoruje Tako u y pasBojy
MeTOAONOWKOr  NPUHUMNA  aHanwse rpaheBuHCKor
doHIa Koju ce MOry MPUMEHWUTU 1 Ha Apyre Tumnose
3rpaga.

3a [pxasy Cpbujy op w3y3eTHOr 3Hauyaja
npeacTaB/ba CermMeHT 3rpada jaBHe HameHe ycnefn
HEOMXOAHOCTU bopmynmcama oprosapajyhux
cTpaTervja a Mnpema  YCBOjEHVMM  eBPOMCKMM
avpektvBama. O jaBHMM 3rpadama, Ha »KanocT, He
nocTtoje ofrosapajyhv nogauu, a pacnonoXmBmM HUCY
[OBOSbHO MPeLUm3HUA HUTU CTPYKTYMPaHU Ha HauvH
[a Ce Ha OCHOBY HbMX MOry M3pahmeaTh CTpaTelKm
[OKYMEHTU.

DopMrpaHV METOAONOLWKM NPUCTYN, Y3 yBaxKkaBake
ofnpeheHnx cneundUUHOCTH, NPUMEHEH je, Y OKBUPY
Ja’ber UcTpaxkmarba obasrbeHor y nepuogy 2016-
2018. 1 Ha aeo doHAa jaBHWX 3rpaja MPBEHCTBEHO
WKOMCKNX WM MNPEeALWKONCKMX YCTaHOBA. Y3 NOAPLWKY

1. INTRODUCTION

The first comprehensive study of the building
stock in Serbia, with a special focus on the energy
efficiency aspects, was undertaken in the period
2011- 2013 by the research team from the Faculty of
Architecture in Belgrade, with the assistance of GIZ
(Deutsche Gesellschaft fur Internationale Zusamme-
narbeit (GIZ) GmbH) . The purpose of the project was
to establish a clear methodological framework for
the classification of a major segment of the build-
ing stock, primarily by taking into account material
and volumetric characteristics of buildings, and by
understanding energy performance of the current
situation, same as potential alternatives for their im-
provement via the process of energy retrofitting. The
results of the project were published in scope of a
comprehensive study entitled National Typology of
Residential Buildings in Serbia.

The conducted research was focused exclusively
on residential buildings, thus covering only one, but
rather important, part of the building stock, howev-
er this did not allow coming to any conclusions on
the performance of other types of buildings. The rel-
evance of the achieved results is reflected both in
the formulation of typology and in the development
of a methodological approach for the analysis of the
building stock applicable to other types of buildings.

Extremely important for the Republic of Serbia is
the segment of public buildings due to the require-
ment implying formulation of corresponding strate-
gies in line with the transposed European directives.
Unfortunately, there is no adequate data on public
buildings, with the data available being insufficiently
accurate or structured so as to be taken as a starting
point for the development of strategic documents.

The formed methodological approach, taking
into consideration certain specificities, was applied
within a further research conducted in the period
2016- 2018, covering also a part of the public buildings
stock, primarily schools and kindergartens. Support-
ed by the researchers from the Faculty of Mechani-
cal Engineering and School of Electrical Engineering,



UCTpaXkmBada ca MalmnHcKor un EnekTpoTexHuukor
dakynTteta npoyuyaBatbe je AeTa/bHO 0OyxBaTMNO
Kako rpaheBMHCKe, TaKO W TEXHUUYKO-TEXHOSMOLIKE
KapakTepucTvke  3rpaja 4uMme je  OCTBapeH
cBeoOyxBaTaH MNpUCTyn  aHanvse nepdopMaHCu.
Kopwctehn meTogonorvjy aedvHUcaHy npuankom
UCTpaXkMBarba CTambeHux 3rpaga W Ha objeKTMMa
WKOMCKMX ¥ MPeALIKONCKMX YCTaHOBa M3BpLUEHa je
aHanM3a v NpopadyH eHepreTckux nepdopmaHch y3
AedVHMCabe MOJANUTETa HUXOBOr YyHanpeherba Y
npouecy pexabunutauuje.

Pa3Boj TMMonorvje LWKOACKMUX W NPeALKONCKMX
3rpaja je, Kao v NPUAMKOM NPETXOAHVIX UCTPaXKMBarb3,
noapxao M3 a pesyntati cy,360r 0bMMHOr MaTepujana
1 Pa3HONMKOCTN NOjeAMHNX acrneKaTa, CTRYKTYpUpaHm
y BUAY TPY MOHOrpaduje:

Kroura 1 3epade WKoACKUX U NPeOWKOACKUX
ycmaHosa - MemoOOsIOWKU OK8Up opmupara
munornoeauje u nobosewarea eHepzemcke
eukacHocmu, npencTaB/ba TeOPETCKy MOAMory
paja M OCHOBHE MPUHLMMNE UCTPaKMBaHba KOjUM Cy
nocebHo obyxBaheHn: UCTOPWjCKM Nperfer Pa3soja
3rpafa WKOMCKMX 1 NPeALKONCKUX yCTaHOBa, pa3Boj
perynatvge ose 061acTV, MeTOJOMOrMMja BpLIEHA
nonvca n Gopmmparsa TMNONOrvje 3rpaga, NPUHUMAK
yHanpebherba W MNpopadyH noTeHUMjanHe ywTeae
EHepruje Kao v CMarbera emuncuje yribeH-gMokcunaa
Kpo3 npoLiece eHepreTcke 0OHOBe 3rpafa Ha HMBOY

Penybnuke Cpbuje,
Kibnra 2 Tunosoeuja WKOJICKUX 32padd,
NpeAcTaB/ba OCHOBHE  KapaKTepUCTMKe — Kopnyca

wkonckux 3rpaga Cpbuje cymapHo Ha Husoy Cpbuje
Kao 1 Mo YCBOjeHOj NepUOAM3aLmjt OJHOCHO feTarbHO
npvikasaHe MHAMBMAYanHe TMNOBE WKOMNCKUX 3rpafa
Ca CBVM MaTepujanHO TEXHUYKIM KapaKTepmnCT1kama,
HMBOOM eHepreTcke edUKacHOCTU y3 AeduHMCarbe
mMoganuTeTa yHanpehewa W noTeHuWjana ywTeae
eHeprvje  O[HOCHO CMarberha  emucuje  yribeH
Anokcmaa.

Kreura 3 Tunonoeuja 32pada npedwKoICKux
ycmaHoed, NpefcTaB/ba OCHOBHE KapaKTepucTuke
Kopryca npefwKkonckmx 3rpaga Cpbuje cymapHoO Ha
HvBoy Cpbuje Kao M MO YCBOjEHO] Mepuoam3aumjm
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the study included in-depth civil, but also techni-
cal and technological characteristics of buildings,
thereby achieving a comprehensive approach to the
analysis of their performance. Applying the method-
ology defined in the study of residential buildings
and on the school and kindergarten buildings, the
analysis and calculation of energy performance were
performed, along with defining modalities for their
improvement in the rehabilitation process.

The development of the typology of school and
kindergarten buildings was, same as in the previous
studies, supported by GIZ, and the results were, due
to the extensive material and diversity of individual
aspects, structured in three monographs:

Book 1 School and Kindergarten Buildings-
a methodological framework for the formation of
typology and the improvement of energy efficiency,
represents a theoretical basis of our work and basic
research principles, especially covering the follow-
ing: historical overview of the school and kindergar-
ten buildings development, development of legisla-
tion in this area, methodology for taking inventory
and forming the typology of buildings, improvement
principles and calculation of potential energy sav-
ings and CO2 emission reduction via the processes
of energy rehabilitation of buildings in the Republic
of Serbia.

Book 2 National Typology of School Build-
ings in Serbia, presents basic characteristics of
school buildings stock in Serbia cumulatively at the
level of Serbia, and by the adopted periodization, i.e.
in-dept presentation of individual types of school
buildings with all material and technical characteris-
tics, energy efficiency level, with defined modalities
for their improvement and potential for energy sav-
ings/ CO2 emission reduction.

Book 3 National Typology of Kindergarten
Buildings in Serbia, presents basic characteristics of
kindergarten buildings stock in Serbia cumulatively
at the level of Serbia, and by the adopted periodiza-
tion, i.e. in-dept presentation of individual types of
kindergarten buildings with all material and techni-
cal characteristics, energy efficiency level, with de-
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OOHOCHO  [eTa/bHO  MpuvKasaHe  WHAWBMAyaNHe
TUNOBE MPEeLUKONCKMX 3rpafa ca CBMM mMaTtepujaiHo
TEXHNUKMM KapaKTepuCTMKama, HMBOOM eHepreTcke
edukacHoCTH y3  geduHucame mMopannTerta
yHanpeberba ¥ noTeHuwjana ywTtede eHepruje
OOHOCHO CMarberba eMUCHje YITbeH ANOKCHaa.

HacTtaBak UcTpakmMBatba 061acTu jaBHWX 3rpaaa je,
MO 3aBPLIEHOM MHULIMjATHOM paay, U farbe GOoKyCcMpaH
Ha LWKOMCKe W MnpefwKkonicke objekTe MPBEHCTBEHO
360r H1xoBor BenmKor 6poja (MpoueHTyanHor yuelha
Y KOPMyCy jaBHWUX 3rpaAa) Kao 1 peasnHor noTeHumjana
ylwiTefje eHepruje y npouecy pekoHCTPYKLUMjE a Koju je
o[, nocebHOr 3Havaja He CaMo 3a NojeAmHauHe 3rpage
Hero ¥ 3a foKanHe camoynpase, Koje cy Hajuewhe
dvHaHcnjepn  ycTaHoBa. [loTpebHo je Harnmacutu
M Beoma OWTaH NEeAarowKK acnekT TpeTMaHa OBOr
CerMeHTa jaBHMX 3rpafa rge ce, Kpo3 oarosapajyhe
MHTEPBEHLMjE 1N NOCTUrHYTE pesynTaTe, Ha AVpeKaH
HauMH HOBWMM reHepauvjama NpUbAMKaBa TemaTnKa
eHepreTcke eduKacHOCTM U JomahMHCKOr OAHOCa
npema noctojehem rpaheBMHCKOM QOHAY.

Jaren pa3eoj npojekTa, ce CTora, OcCnarba Ha
MCKYCTBa NPETXOAHMX NCTPaXKMBarba, C L/bem Aarber
npolwmperba  0byxBaTa  UCTpakuBarba  OAHOCHO
yHanpeherba casHara 113 oBe 0bnacTu.

Y NPeTXofHOM pafdy je HarfaweH AWHaMUYHK
Pa3BOj LIKONCKMX W MNPefLKONCKMX — YCTaHOBa,
HapounTo y Apyroj nonosuHKM 20.8eka. YHanpehetrbe
cnmcteMa 0bpasoBakba M Pa3BoOj HOBMX MedaroLKKX
MOJefa AOBEO je A0 3HaYajHUX NPOMeEHa Y CTPYKTYypH
W BEMWYMHM WKONCKMX objekaTa. OHM Cy MPOCTOPHO
M NPOrPaMCKM  YCIIOXKHEHW Y BULLEHaMEHCKe
Komnnekce, nocebHo y sehum cpeavHama, Te 1Majy
3HauajHy YKYMHY NOBPLWWHY, CIIOXKEHY KOHUrypauujy,
nocebHe pexrme GyHKUMOHWCaHa LiefinHe 1 AenoB.a,
cneumnjanv3oBaHMx Mo CBOjUM HameHama. Takohe,
0BW 0BjeKTU 1 KOMMIEKCH MO3UUMOHMPAHW CY, YecTo,
Ha napuenama BEeNMKMX MPOCTOPHMX KamnauuTeTa,
WTO AOMPUHOCK pa3maTparby MOAannTeTa HMXoBe
eHepreTcke CaHauuje W noTeHuwjana yHanpehersa
M3BaH CTPUKTHO rpaheBnHCKKx mepa. OBe unrbeHuLe
yTuLane cy Ha OANyKy fa ce OBMM 3rpafama npucTynn
KPO3 LWMpe nocmaTpare HUXOBOr  eHepreTckor

fined modalities for their improvement and potential
for energy savings/ CO2 emission reduction.

The follow-up to the study of public buildings is,
after finalising the initial work, still focused on school
and kindergarten buildings, primarily due to their
large number (percentage share in the public build-
ings stock), and realistic potential for energy savings
in the rehabilitation process, that are particularly rel-
evant not only for individual buildings, but for the
local governments as well, that are most often the
financiers of these institutions. A very important
pedagogical aspect of treatment of this segment of
public buildings needs to be particularly stressed,
given that through appropriate interventions and
achieved results, new generations are being directly
introduced to the topic of energy efficiency and due
care of the existing building stock.

Further development of the project therefore re-
lies on the experiences gained in the previous stud-
ies, aiming to further extend the scope of the study
and improve the knowledge in this area.

The previous work outlined the dynamic devel-
opment of school and kindergarten buildings, es-
pecially in the second half of the 20th century. The
improvement of education system and the develop-
ment of new teaching models brought about sig-
nificant changes in the structure and size of school
buildings. They are spatially and curriculum-wise
made more complex as multi-purpose complexes,
especially in larger cities, implying significant total
area, complex configuration, special functioning re-
gimes of the whole and its parts, specialised by their
designated use.In addition, these buildings and com-
plexes are often positioned on lots of large spatial
capacities, which contributes to considering the mo-
dalities of their energy rehabilitation and improve-
ment potential outside strictly construction-based
measures. These facts have affected the decision to
approach these buildings through broader obser-
vation of their energy efficiency improvement, tran-
scending interventions on those buildings only. The
study was extended in two directions:

a) aiming to identify buildings or parts of build-



yHanpeherba, a Koje MpeBaswnasu MHTepBeHUMje Ha
CcaMmnM 3rpafiama. VIcTpaxnearbe je NnpolmpeHo y ABa
npasua:

a) ca uwbeMm da ce UAEHTUOUKYjy objekTn nnu
Aenosw objekata 3HauajHVX NPOCTOPHUX KanaumTeTa,
Koju nmajy cneundunyHe rpaheBUHCKe KapakTepucTmke
1 pexunme Kopuwherba, ¥ MPUTOM 3HaYajHO YUeCTBYjy
Y YKYMHOj MNOBPLUMHN WKOCKOT 0bjekTa/koMnnexca —
NPBEHCTBEHO LieNMHe GUCKYNTYPHWX Cana;

6) ca unbemjaceyTBpae NoTeHUMjany eHepreTckor
yHanpeherba LENOKYMHUX KOMMIEKCA KaKO LKOMACKIMX
Tako M 3rpafa NpPedwKosnCcKMX YCTaHoBa ynoTpebom
OOHOB/BMBMX M3BOPa eHepruje, ucnutyjyhn moryha
BapWjaHTHa peLletba.

PasynTaTv OBMX WCTpaxMBarba, NO OOyxBaTy W
METOAONOWKOM MPUHLMMAY BEOMa PasinvuuUTUX Cy
nyON1MKOBaHM y iBe MOHOrpadwje, Koje ca NPETXOAHVIM
YMHE jeAVHCTBEHY LIeNNHY:

Krbumra 4

Tunonoruja GUCKYNTYPHUX Cana LUKOACKKX 3rpada

Cpbuje
Krbumra 5

MpumeHa OOHOB/BUBMX K3BOPA €Hepruje Ha
3rpafjama NpeaLwKoNCKMX W WKOMNCKMX yCTaHOBa Ca
drckynTypHUM canama Cpbuje

Mpolwwvpnearbe 0bOMMa WCTPaxXMBarba Kpempa
OCHOB 3a dopmuparbe CBeobyxBaTHWje CTpaTervje
yHanpebhetba rpaheBuHCKOr  QoHAa Yy  jaBHOM
BnacHuwT By y Penybnuum Cpbuju. YHanpehetroe
MeTOAONOWKOr MpUCTyna OOHOBE UCTPaKMBaHEM
MoryhHOCTM NprmMeHe 0OHOBIBUBYIX M3BOPA eHeprije
BOAW, Takohe, Ka LeNoBUTWjOj CTpaTervjy cmarberba
NOTPOLWHE eHepruje 1 cMmarbera emncnje CO2. Kako
je Cpbuja, notnucyjyhu ogrosapajyhe mehyHapoaHe
akTe, npeysena obaBesy [a eHepreTcku yHanpehyje
rpaheBnHCKM GOHA Yy jaBHOM BNACHUWTBY, OBa
UCTpaXkMBarba [OMPUHOCE jacHWjeM carnefaBarby
Moryhnx mofanuteTa eHepreTcke caHalmje 1 FUXOBIUX
edekaTa, 33 nojeanHauyHe objeKTe ann 1 Ha LWMPeM
nnany.

Tunonoruja GUCKYNTYPHUX Cana LUKOACKKX 3rpada
CpbvijeynoTnyrsyje NpUcTyneHepreTckor yHanpehera
WKOMCKMX 3rpafia pa3Bojem MOCebHMX cTpaTeruja 3a
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ings of significant spatial capacity, with specific con-
struction features and operating regimes, that have a
significant share in the total area of the school build-
ing/ complex- and these are primarily gyms;

b) aiming to determine the potentials for energy
efficiency improvement of the entire complexes, of
both school and kindergarten buildings, for the use
of renewable energy sources, by examining poten-
tial alternative solutions.

The results of these studies, quite different in
terms of the scope and methodological approach,
are published in two monographs, comprising one
whole together with the previously mentioned:

Book 4

Typology of School Gyms in the Republic of Ser-

bia
Book 5

The Use of Renewable Energy Sources in School,
Kindergarten and Gym Buildings in Serbia

The extension of the study scope creates a basis
for the formation of a more comprehensive strategy
for the improvement of the building stock owned by
the Republic of Serbia. The improvement of meth-
odological approach to rehabilitation by exploring
possibilities for the use of renewable energy sources
also leads to a more comprehensive strategy for the
reduction of energy consumption and CO2 emission.
Given that by signing appropriate international doc-
uments, Serbia has assumed the obligation to im-
prove the energy efficiency in the public buildings
stock, these studies contribute to a clearer view of
the possible modalities of energy efficiency retro-
fitting and their effects, for individual buildings, but
also on a broader scale.

Typology of School Gyms in Serbia complements
the approach of energy efficiency improvement of
school buildings by developing separate strategies
for their integral parts- gyms. The specific architec-
tural characteristics of gyms expressed via the size-
volume ratio, facade envelopes, type and materiali-
sation of roofs, operating regimes, same as the fact
that they most often represent separated sections in
view of the curriculum, but still integral parts of the
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FoVXOBE WHTErpanHe LUenvHe - GUCKYNTypHe cane.
CneunduruHe apXWTEKTOHCKE KapaKTepuCTUKe cana
MCKazaHe Kpo3 - OAHOC MOBPLWMHE M1 3anpemuiHe,
bacapHe  omoTadye, TMN M MaTepwjanvsauujy
KPOBHVX MOBPWMWHA, 3aTUM  pexmmn Kopuwhersa,
Kao ¥ uMmeHuUa f[a, Hajuewhe, npeacTasrbajy
NpOrpamck1 M3ABOjeHe, a OMeT WHTerpanHe aenose
MHOPACTPYKTYPHOT CrCTeMa 06jeKTa, UMHe OBe LenvHe
BpefHe aHanv3e y CBEYKYMHOM CUCTEMY LUKONCKMX
3rpaga.

Mpouec WCTpakMBarba CermMeHTa QUCKYNTYPHMX
cana pesyntmpao je dopmuparem oaroapajyhe
TVnonoruje, Npw Yemy Cy aHanusmpaHe MoryRHocTu
yHanpebherba  eHepreTckvx — nepdopmaHcu  He
camo rpaheBMHCKMX enemMeHaTta W cknonosa, Beh
TEPMOTEXHUYKUX U eNEeKTPOEHEePreTCKNX CcucTema.
YTBPhHEHN TUNOBM 1 pe3ynTaT NPopadyHa eHEPreTCKIMX
nepdopmaHcu m  MoryhHoctn  yHanpehersa
MHOVKATVBHM Cy 33 AOHOLLEHE 3aK/bydaka O Moryhnm
cTpaTtervjama U NpucTynuma obHOBM Y NojeanHauHmm
cnydyajeBrma. Tunonoruja GUKCYNTYpHUX Cana Moxe
ce, y oapeheHunm cyyajeBrma, JOBeCTH y penauujy ca
noctojehom HauWMoHaNHOM TUMOMOTMjOM LUKONA, YnMe
Ce 3aK/by4liyt CNPOBEAEHVX aHanM3a Mory KOpUCTUTH
Kao eneMeHTV jeAMHCTBEHe cTpaTernje eHepreTcke
CaHauuje 1 obHOBE LIeNOKYMHOT CerMeHTa WKOMCKMX
3rpaga.

Y OAHOCY Ha OBaj reHepasnHy MeTOAONOWKN OKBUIP,
a ycneqn HenocTojakba ofroapajyhe 6ase nogataka o
OUCKYNTYpPHUM Ccanama, n3BpLUeHa je naeHTnomnkaumja
pedepeHTHOr H6poja cana Ha Teputopwuju Penybnuvke
Cpbvje, Kao cacTaBHWX AENOBa LUKONCKMX — 3rpaja
O[IHOCHO WWKKOJICKMX KOMMeKca.

MNocnearwVx roavHa BWA/BMBA je TeHAeHUMja
npowuperba KanauuTeTa LKOMCKUX objekaTa Koja
ce kpehe y fBa cMepa: a) npownperse noctojehmx
KanauuTeta 36or nosehaHor 6poja fgeue y Behum
rpagcknum  cpeavHama, anv OCTBapVBatby
NPOCTOPHMX KamauuTeTa 3a OfABWjatbe HacTase Yy
JeAHO] CMeHW, y Mo4YeTHOj da3v 3a HMxKe paspens;
6) nporpamcko yCnoxhasakbe KanaumTeTa 360r
cBeoOyxBaTHMje peanu3aumje LWKOACKOr MNpOorpama,
Koju nopgpasymeBa cCneuujanmn3oBaHe nNpocTope 3a

building system, these sections are worth the analy-
sis in the overall system of school buildings.

The study process of segments of gyms resulted
in the formation of the appropriate typology, includ-
ing the analysis of possibilities for improvement of
energy performance of not only construction ele-
ments and assemblies, but also of HVAC and electri-
cal power systems. The identified types and results of
the calculation of energy performance and potential
for improvement are indicative for coming to con-
clusions on the possible strategies and approached
to rehabilitation in individual cases. The typology of
gyms may, in certain cases, be brought into correla-
tion with the existing national typology of schools,
thus allowing for the conclusions of implemented
analyses to be used as elements of a uniform strat-
egy of energy retrofitting and rehabilitation of the
entire segment of school buildings.

In relation to this general methodological frame-
work and due to the lack of an appropriate database
on gyms, the identification of a reference number of
gyms in the territory of the Republic of Serbia was
performed, as integral parts of school buildings/
school complexes.

A visible tendency in the past years implies ex-
tension of school building capacities, going in two
directions: a) extension of existing capacities due to
the increased number of children in larger urban en-
vironments, but also due to larger spatial capacities
for delivery of classes in one shift, in the initial stage
for lower grades only; b) curriculum- based com-
plexity of the capacities due to the more compre-
hensive implementation of the curriculum, requiring
specialised space for nutrition of pupils, delivery of
physical education classes, within and after the basic
school programme, delivery of whole-day and ex-
tended stay of pupils. Owing to such development
trends, the growing tendency implies construction
of new wings, annexes and detached gym buildings,
especially in environments where primary and sec-
ondary education takes place in complex, mother
institutions in urban areas (this tendency was not
identified for remote classes and schools in small en-



UCXPaHy Y4YeHWKa, OABWjarbe HacTaBe QU3MUKOr
BacMuTarba, y OKBMPY M HAaKOH OCHOBHOI LUKOCKOT
nporpama, OfBuWjarbe HacTaBe LeNoLHEBHOr U
npofykeHor 6opaska yueHurKa. 360r oBKx TpeHAoBa
Pa3BOja, M3paxeHa je TeHAeHumja M3rpagrbe HOBUX
Kpuna, aHeKkca 1 13aBOjeHnxX objekata GUCKYNTYPHMX
cana, nocebHo y cpefnHama rae je OCHOBHOLLKOICKO
M CpefrellKoNcKo obpa3oBake peann3oBaHo Yy
KOMMAEKCHUM, MAaTUYHUM, MHCTUTYUMjaMa Y ypbaHM
cpeavHama (M3ABOjeHa Ofe/berba M WKOMe Yy Manvm
cpeavHamMa Hemajy M3paxeHy OBy TeHAeHUWjy).
33aKOHOM O OCHOBHOM 00pa3oBakby M BacMuUTamy',
KOju je Ha cHasu of wkoncke 2013/2014. roguHe
Kao ¥ AOMyHama W M3MeHama OBOT 3akOHa KOjU Cy
Cneaunv HapefHvx rogvHa, nocebaH 3Hauaj Adaje
ce u lporpammma WKONCKOr CrnopTta W CNOPTCKUX
AKTMBHOCTH, KOjW Ce OfBMjajy Kao JOMyHa HacTaBHOr
npoueca.

! Cnyx6eHw rnacHuk Penybnuke Cpbuje 6p. 55/2013

Typology of school gyms in the Republic of Serbia

vironments). The Law on Primary Education and Up-
bringing', which has been in force since the school
year 2013/2014, same as the amendments and sup-
plements thereto that followed in the coming years,
give special importance on the School Sports and
Sporting Activities Curriculum, delivered as an addi-
tion to the teaching process.

! Official Gazette of RS, no. 55/2013
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2. ONCKYNTYPHW BJIOK

OuckynTypHU ONOK HaMerbeH je MPBEHCTBEHO
obaBsbarby HacTaBe 13 GU3MYKOT BaCMUTarba W CacToju
Ceopfcane, CBNauvoH1La, PEKBM3NTapHNLA, KabnHeTa a
KOA NOjefiMHMX KOMMIeKCa 1 MPOCTopa APYrnx HameHa
Yak 1 navBaukmx 6aseHa. Y ykynHom GoHAy LWKOMCKMX
3rpaja v fasbe NoCToju 3HavajaH bpoj objekata Koju y
CBOM CacTaBy Hemajy GUCKyNTypHY cany.

Kog wkKona koje cagpxe OuUCKynTypHM 610K
Pa3NnKyjy ce HeKONMKO OCHOBHMX MOjaBHMX 0bMKa Y
33BMCHOCTU Of tberose QyHKLUMOHANHO BONYMETPUjCKe
Be3e Ca oCTaTKoM Komnnekca: (Vinyctpaumja 1.):

- LUkone kog kojux ce GUCKYNTYpHW ONOK Hanasu
y OKBMPY CK/loMa came LWKoncke 3rpage. Osakas
HauMH yHKUMOHANHOr pellera je 61O Beoma
4ecT 3a nepwog npe [lpyror CBeTCKor pata u
KapakTepmncTMYaH je 3a UCKSbyumBo Behe LKoncke
3rpafe (MMMHaswvje, CTpyduHe wkone) rpahexe y
rPafCKMM CpefiiHama LOK UX Y pypPanHOM noapyyjy
Hema.

«+  LUkone koa Kojux cy ucKynTypHe cane mnsrpahere
HakHagHO YKOIMKO Cy MocTojanu oarosapajyhu
NPOCTOPHM  yCnoBW. HasefeHn npuHUmMn  ce
NPVIMErbNBAO0 Y BENMKOj MEPY TOKOM LUe3fieceTnx
roAvMHa, Kaja je 3HauajaH Opoj CTapux LWKOMCKMX
KOMM/eKca, NpBOOUTHO rpaheHnx 6e3 wkoncke
cane, fobuo Hoee OUCKYNTypHe cane Koje cy
noBesMBaHe TOMIOM Be3oM ca nocTojehnm
objekTvma.

- UWkone kop kojux cy drckynTypHe cane
KOHLMMMPAHe Kao He3aBWCHe LefIHE LWKOMCKOr
KOMMIeKCa, MoBe3aHe TOMJIOM BE30M Ca LUKOICKOM
3rpafom, a rpaheHe cy y UCTO Bpeme Kag U ocTane
3rpaje LWKONCKOr KOMMeKca.

+  WHTepecaHTHO je pa ¢y w HaxkoH [pyror
CBETCKOTr paTa rpaheHe Wwkone ca MHTerpucaHum
dUCKYNTYHM Canama, anu ce jassbajy MHoro pehe
HEero HezaBWCHe LienvHe QUCKYNTYPHOT 6roka.

2.GYM BLOCK

The gym block is primarily intended for physical
education classes delivery and comprises a gym,
dressing room, props room, classrooms, and in cer-
tain complexes or space with other uses, even swim-
ming pools. The total school buildings stock still in-
cludes a significant number of buildings not having
a gym in their composition.

The schools having a gym block differ in several
basic manifestation forms depending on its func-
tional and volumetric links with the rest of the com-
plex. (Illustration 1.):

+ Schools having a gym block within the school build-
ing. Such a functional solution is quite common for
the period before the World War Il and is typical
for exclusively larger school buildings (grammar
schools, vocational schools) built in urban areas,
while they can not be found in rural areas.

+ Schools where gyms were constructed subsequent-
ly if the appropriate spatial layout would allow for
it. The said principle was applied to a large extent
in the 1960s, when the significant number of old
school complexes initially built without a gym, got
new gyms linked to the existing buildings by a
warm passageway.

+ Schools where gyms were designed as independent
sections of the school complex, linked by a warm
passageway with the school building, built at the
same time as the remaining buildings in the school
complex.

« What is interesting is that after the World War |l
schools were built with integrated gyms, however
they are much more rarely found than the inde-
pendent gym block sections.
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nd)

Wnyctpauvja 1. MpuHUMn n3rpagre objekata  WKOMCKKX

Cana: WKONCKa Cana WHTerpucaHa Ca WKONCKOM 3rpajoMm:

a) npegpatHa 3rpaga (Hnp. MeTa Georpancka rvmHasmja) 6)
3rpafa rpahera 80vx roguHa (Hnp. OLL Byk Kapauuh, beorpag-
CypuvH);aHeKc Ha nocTojehi objekar WKoncKe 3rpaze: ) 4oAaT
BoNymeH cane crapujoj 3rpagv (Hnp. Ol Majka Jyroswha,
beorpan- 3emyH), r) 13rpagma y CKIomny AOrpafrbe WKOMCKIMX
KOMMeKca HOBIM AeNOBMMA, Kao He3aBMCHa LienHa (Hnp. OLL
Kocta Abpawesuh, beorpan-PecHnk, npsu objekat varpaheH
1961, 1973 porpaheHo HOBO LUKOMCKO KPWUMO 1 GUCKYNTYpHa
cana); 4) U3rpadka NCTOBPEMEHO Y CKOMY U3rpaarbe WKone,
Kao He3aBWCHa LennHa (Hnp. OLL Patko Mutposuh, beorpas-
Hosw beorpan)

lllustration 1. The principle underlying the construction of
school gyms: gym integrated with the school building: a)
a building constructed before the WWII (e.g. (Fifth Belgrade
Grammar School) b) a building constructed in the 1980s (e.g.
PS Vuk KaradZi¢, Belgrade-Surcin);annex to the existing school
building: ¢) a gym volume is added to the older building
(e.g. PS Majka Jugovica, Belgrade- Zemun), d) construction in
scope of extension of school complexes by new parts, as an
independent section (e.g. PS Kosta Abrasevi¢, Belgrade-Resnik,
initial building constructed in 1961, in 1973 a new school wing
and gym added); e) construction in parallel to school con-
struction, as an independent section (e.g. PS Ratko Mitrovi¢,
Belgrade-New Belgrade)
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Mo CBOjOj HameHW, LennHe QUCKYNTYPHMX Cana,
y Hajsehem 6pojy, cy bune nocseheHe WCKIbYUMBO
OfPXKMBatby HacTaBe K3 U3MUKOr BaCMUTakba WNu
OpraHu3auUmju LUKOACKNX TaKMnUerba. YKONNKO cy bune
npensuheHe 1 3a OfpXaBatbe APYrUX TaKMUUersa,
NpOojeKToBaHe Cy Ca refanuLITVMa MakblX KanauuTteTa
My TOM CIyyajy, nope[ Be3e Ca LWKOMCKOM 3rpafiom,
¥Majy 1 nocebHe ynasHe napTuje. Y AaHalhe Bpeme,
OBV NPOCTOPU Ce, Y BpemMe Kafla Hema LWKOJMCKe
HacTaBe, KOPUCTE 1 33 pekpeaLnjy OAPacNX Kao 1 3a
ApYyre akTUBHOCTMW.

DuckynTypHe cane, Cy AMMEH3MOHMCaHe Tako Aa
Mory fa obe3befie OfiBMjarbe CBUX CMOPTOBA KOjU CY
NNaHWPaHK Y HacTaBW GY3NUKOT BaCMWTakba: KOWapKa,
onbojka, pykomeT, Manu ¢dynban, a onpemrbeHe cy u
Pas3IMUMTM CrpaBama 3a aTIeTUKY W TMMHACTUKY.
[vmeH3nje cy, yrnaBHOM, MUHUManHe Tako fa BehurHa
NpPOCTOpa He WCMyHaBa MPOMNMCce 3a TaKMUUaPCKO
(NpodecnoHanHo) kopuwhemse.

Y cknony QUCKYNTypHe cane Uan HemoCpeaHo y3 by,
Kao HE3aBMCaH aHeKC, v Kao Ao TorMne Be3e, Hanase
ce 00aBE3HO CBMAYMOHMLIE MPEKO KOjUX Ce NMpUCTyna
y cam npoctop cane. CBRauvoHule cy Hajuewhe
NPOjeKToBaHe Tako fAa UCMyHe (yHKUMjy CaHUTapHOr
TamnoHa n3mehy npsbasor (WKona, CNofbHU NPOCTOP)
v yucTor nofda (cana). Ocm CBNAUMOHMLE, 3aBUCHOCTY
0fl BENWUMHE 1 KOMMIEKCHOCTY NMporpama Hanase ce
¥ Apyre NpocTopuje: KabmHeTw, NpoCcTopwje 3a crpase
(MHBeHTap), ambynaHTa, Marbe cane v ap.

2.1 OuckynTtypHe cane y 6pojeBrma

MpviKyn/barbe nofaTtaka o GUCKYNTYPHUM Canama
ce nobpyM [eNom oCarba Ha UCKYCTBa NPeTXoaHa ABa
npojekTta. OBfe ce NPBEHCTBEHO MUCIW Ha yTBpHeH!
METOOMOLWKM OKBUP GOPMUPatba TUMONOTKja, KOjVM
Cy nOedMHWCaHV HEeOMXOAHV Mojaun Y3 KoHuenT
cneumjanmsoBaHor codpTeepa-6ase, Kao 1 Ha GakTUyKke
W UCKYCTBEHE UMHbEeHULIE aHANM3MPUPAHE MPUIMKOM
peduHCarba y30pka 3a  dopmuparbe Tvnonoruje
objekaTa OCHOBHMX WKona. Kao wro je Beh HaBeaeHo
y eCcKMMKaumju OCHOBa 3a Gopmumparbe y30pKa 3a

According to their intended use, gym blocks were
mainly dedicated exclusively to delivery of physical
education classes or organisation of school compe-
titions. If they were envisaged for other competitions
as well, they were designed with auditorium stands
of a smaller capacity, and in such a case, in addition
to the link with the school building, they also have
separate entrances. Nowadays, these spaces are be-
ing used for recreation of adults and for other activi-
ties, outside the school hours.

The gyms are sized so as to ensure practising of
all sports planned in scope of the physical education
classes: basketball, volleyball, handball, futsball, and
are equipped with different athletics and gymnastic
apparatuses. The dimensions are mostly minimal, so
the majority of spaces do not meet the requirements
for competitive (professional) use.

Within the gym structure or immediately next
to it, as an independent annex or as a part of the
warm passageway, there are dressing rooms leading
straight to the gym space. The dressing rooms are
most frequently designed so as to serve as a sanitary
tampon between the dirty (school, external area)
and clean floor (gym). In addition to the dressing
rooms and depending on the size and complexity of
the curriculum, there are also other premises: class-
rooms, inventory rooms, ambulance, smaller rooms,
etc.

2.1 Gyms in figures

Data collection on gyms to a large extent re-
lies on the experiences gained in the previous two
projects. Here we primarily refer to the determined
methodological framework for the typology forma-
tion, defining necessary data along with the concept
of a specialised software- database, same as to fac-
tual and experiential facts analysed when defining
the sample for the formation of the school buildings
typology. As already mentioned in explaining the



LIKOMCKe 00jeKTe?, He NOCToje jedUHCTBEHM MofaLm
0 rpaheBMHCKOM GOHAY LIKONCKKMX 3rpaja, a nocebHo
He O CTeneHy HWXOBE MPOTrPaMCKe CIOXEHOCTU.
Camum TM, NoAauM O NOCTOjakby Crneumnjanv3oBaHmx
NpOCTOpPa 3a CMNOPTCKE akTUBHOCTW TOTOBO [a HUCY
LOCTYMHMN.

HeonxoHr nopaun 3a uv3pagy Tunonoruvje
OUCKYNTYpPHUX Cana Cy NpUKyn/baHy TOKOM nepuoaa
jyH-asryct 2018. roguHe n npefcTas/bajy npowvperse
perucTpa-6asejaBHux objekaTa, GopmmpaHe y paHvjem
ncTpaxmearby. opmynaumja ose 6ase, Ha KanocT Huje
6a3npaHa Ha WCTOBEHO] METOAONOMUjU MPUMEHEHO]
NPUVKOM  aHanmM3e  3rpaja  MPEeAWwKoNCKMX U
LWKONCKMX YCTaHOBa Te Huje 61no moryhe dopmmpaTy
JeAVHCTBEHY, XOMOTreHy, 6a3y.

Ycnen  HemocTojarba  nofaTtaka,  6asa o
duckynTypHUM canama dopmurpaHa je camo Ha
OCHOBY jaBHO [OCTYMHMX MOfaTaka Ha VHTEPHETY.
Kao nmonasuwTe je MOCayXMO Cnmcak CBWX LKona®
y Cpbuvju. OBa n1CTa je jaBHO AOCTYMHa W Caapu
aApece 1 OCHOBHe MOAaTKe O LWKOMamMa y NprBaTHOM
M APXKaBHOM BnacHMLWTBY. Kako y OKBMPY nofataka
JOCTYMHWX Ha CajTy Huje 6uno moryhe aHanmaunpatu
CTPYKTYPY WKONICKMX 3rpagda 1 YTBPAMTA KOoja WKoa Yy
CBOM CK/OMNY CaapKvt GUCKYNTYPHY Cany, NpUCTynmuno
ce [a/bOj aHanmM3n  Apyrux  K3Bopa: KartacTpa
HEMOKPETHOCTY, U APYriX CajToBa Ca Kojux je moryhe

M3BPWWTY  BW3YeNIHO Mpeno3HaBake  CTPYKType
Kao U HUXOBUX  OOMMKOBHWUX  (MaTepujanHumx)
KapakTepmncTmika.

Havime, BU3yenHUM YBMOOM Y LIKOSICKE KOMIMIEKCE,
MOFIO Ce KOHCTAaTOBAaTM [a /M Y HWXOBOM CacTaBy
NOCTOjU GUCKYNTYPHa Cana unn He, Gyayhu aa ce oHe,
Hajuewhe, UCTUYY MO CBOJUM BOMYMETPUJCKMM 1 YECTO
MaTepujanHmM Kapaktepuctrkama. GUckynTypHe cane
Koje Cy'y CKomMy WKOCKMX 3rpafia, OBYM METOAOM, HUCY
MOEHTUOVKOBaHE, Ma CamUM TUME HM MOMWUCKBaHE,
WTO W He NpeAcTaB/ba HeaoCTaTak METOAONOMMjE jep
Cy KapaKTepUCTUKE HUXOBMX OMOTaua Kao 1 moryha

2 JoaHosuh Monoswh M. 1 ap: HaumroHanHa TMnonoruja WKoACKmMx
3rpapa Cpbuje, cTp. 9-11, Deutsche Gesellschaft fur Internationale
Zusammenarbeit (GIZ) GmbH, 2018.

* edukacija@rs
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sample formation for school buildings?, there is no
uniform data on the school buildings stock, and in
particular on the level of their curriculum complexi-
ty. Therefore, the data on the existence of specialised
spaces for sporting activities is almost unavailable.

The data necessary for the development of the
typology of gyms was collected in the period July-
August 2018, and it represents an extension to the
register, database of public buildings, established in
scope of the previous study. Formulation of this da-
tabase is, unfortunately, not based on the identical
methodology applied in the analysis of school and
kindergarten buildings, therefore it was not possible
to establish a single, homogeneous database.

Due to the lack of data, the gym database was
formed only based on the publicly available data
on the Internet. The starting point was the list of all
schools® in the Republic of Serbia. This list is publicly
available and contains addresses and basic data on
the private and state-owned schools. Since the data
available on the website did not allow the analysis of
the school buildings structure and thus determining
which school contained a gym in its composition,
we had to engage in the analysis of other sources.
real property cadastre and other websites enabling
visual recognition of the structure and their material
characteristics.

Namely, by visual insight into the school com-
plexes it could have been concluded whether the
schools include a gym in their composition or not,
given that are they most often recognisable by their
volumetric and material characteristics. The gyms
within the school buildings were not identified us-
ing this method, therefore they were not registered,
which is actually not a shortcoming of the method-
ology, given that characteristics of their envelopes
and potential improvements are included in calcu-
lations done for the school buildings within the pre-

2 Jovanovic Popovic M. et al, National Typology of School Buildings in
Serbia, p. 9-11, Deutsche Gesellschaft fir Internationale Zusammenar-
beit (GIZ) GmbH, 2018

3 edukacija@rs
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yHanpehetba, yKkibyueHe y npopadvyHe paheHe 3a came
LWKOSICKE 3rpaje y OKBMPY MPETXOLHOT NCTPaXKMBakba.

Ca orpaHuuyeHnM pecypcrma Koju Cy CTajain Ha
pacrnonararby MCTpakmBauMma, MOMMCaHo je, CBera,
49 uennHa ouckynTypHux cana. lNpunpemmbeHa je
dOoTOAOKYMEHTaLUM]a NOMMUCAHKX 3rpaja U Ha OCHOBY
toe je oMoryheHa aHanm3a OCHOBHYX KapaKTepUCTHKa,
Kao LUTO Cy: eKCnepTCKa NpoLeHa Nepnoaa U3rpagme,
CNpaTHOCT W BOMyMEeH, KapakTepucTuke dacagHor
3UAa, KapakTepucTMke MpO30PCKMX — OTBOpa W
caMmx npo3opa, TN Kpoea WTA. [eduHucame
OCHOBHVX KapakTepucTuKa omoryheHo je mpe cgera,
jeaHocTaBHowny rabapwTa  3rpaga  GUCKYNTYpHUX
Cana, NoLWTO Cy OHe roTOBO YBEK jeiHOCTaBHe KyOuuHe
dopme cTaHAapAHWX AVMEH3M]a.

HakoH cnpoBefeHor Nonmca, yHoLera nogaTaka y
6a3y 1 Banuaauvje NpUKy/beHNx nogaTaka Gopmmpan
je pedepeHTHM y30paK o 49 GUCKYNTYPHUX cana.

[NpoceyHa NoBPLWWHa Cana koje cy ywrey 6a3y, a Ha
OCHOBY MPOLiEHe HETO NOBPLMHE CBMX MOjeANHAYHMNX
objekaTa, W3Hocum 4398 m?, WTO WX CBpPCTaBa Y
KaTeropujy Benunkux cana (oko 450 m?. Ha ocHosy
MCTpakmBarba  CTakba Yy 0OpPasOBHO-BACIUTHMM
ycTaHoBama y Cpbuju y Be3u ca LWKOACKMM ClopTOm™,
Koje je cnposeno MYHNCTapCTBO OMIaAMHe 1 CnopTa
Ha Y30pKy of 1533 OCHOBHWX U Cpefrux LKona
yTBpheHo je aa 36,5% wkona y Penybnuum Cpbujn
Hema Benuky cany. VICTv n3Bop ykasyje aa Of BENMKIMX
cana, 764% 1ma NOBPWWHY Marby of 450 m? Aok
cBera 26,6% uma cany sehy og 450 m2. Y y30pKy Koju
je aHanu3upaH 3a noTpebe OBOr MpojekTa, OAHOC
cana npemMa MoBPLVHK je CIMYaH, Te je aHanv3oMm
obyxsaheHo 69% cana HeTo NoBPLNHE Make of 450
m?2,

2.2 KapaKTepucTrKe Npema nepuogy nsrpagke
AHann3a npuKynsbeHNx nopataka o GUCKYNTYPHUM
Canama yKasyje fa TpeHa nrpaame objekata oarosapa

eKCcrnaHsnju rpagntesbCcke npakce y nepunody 70-mx
n 80-ux rognHa 20. BeKa, WTO je y Cknagy ca Apyrum

* https://www.mos.gov.rs/dokumenta/sport/istrazivanja?lang=lat

vious study.

With limited resources available to researchers, in
total 49 gyms were recorded. Photo-documentation
was prepared, which enables the analysis of basic
features such as: expert estimation of the period of
construction, number of floors and volume, facade
wall characteristics, characteristics of window open-
ings and windows, roof type, etc. Definition of basic
characteristics was primarily enabled by the sim-
plicity of the gym building dimensions, since they
are almost always simple cubic forms of standard
dimensions.

Following the inventory, entering data in the da-
tabase and validation of the collected data, a refer-
ence sample of 49 gyms was created.

The average area of gyms entered into the data-
base, based on the estimated net area of individual
buildings, amounts to 439.8 m?, which puts them in
the category of large gyms (cca. 450 m?). According
to the “Situational analysis in educational institu-
tions in the Republic of Serbia in relation to school
sports”, implemented by the Ministry of Youth and
Sports on a sample of 1533 primary and secondary
schools, it was determined that 36.5% of schools
in the Republic of Serbia do not have a large gym.
The same source shows that out of the large gyms,
76.4% have an area under 450 m?, while only 26.6%
have a gym above 450 m’.In the sample analysed for
the needs of this project, the ratio of gyms based on
their area is similar, so the analysis included 69% of
the gyms with net area under 450 m?.

2.2 Characteristics by the period of construction

The analysis of gathered data on the gyms has
shown that the trend in the construction of buildings
corresponds to the expansion of building practice in
the period of 1970s and 1980s of the 20th century,

* https://www.mos.gov.rs/dokumenta/sport/istrazivanja?lang=lat



nojauMMa MPUKYM/bEHVM MPUIMKOM UCTPaXMBarba
CTaMOeHMX  3rpaja, WKONCKMX W NPefWwKOIKCKX
objekaTta, a Koju Takohe y oBomM nepuomy Oenexe
Hajgehy npoaykuujy. [lpoueHTyanHa pacnogena
objekata  OUCKYNTYpHUX Cana npema rogvHama
n3rpadme gata je Ha Mpadukony 1.

. 10 1945, . 1981-1990
. 1945-1960 . 1991-2012
. 1961-1970 . HakoH 2012.
. 1971-1980

MpadunKoH 1.3acTyn/beHOCT 3rpafa WKOMCKNX GUCKYNTYPHIX
cana npema nepuoay M3rpajree y aHanmanpaHom y3opKy [%]

3a feo 3rpaga GUCKYNTYPHUX cana, Koje YnHe Aeo
y30pKa, He MoCToje MPeumsHn nogaum O nepuopy
M3rpagrbe, anu je eBUOEHTHO ja He OAroBapajy nepuogy
M3rpadmbe WKONCKNX 3rpada (Koje cy Hajuelhe ctapuje),
Te [a, N0 ONWTVMM KapakTEPUCTUKAMA, TEXHOOMMjM
n3rpagre 1 matepujannsaumjn ofLrosapajy nepuogy
n3mehy 1960. 1 1980. rognHe, 1 aa cy rpaheHe kao
aHeKcn nocTojeRnx WKONCKMX 3rpaja.

PacnogenaapxmteKToHCKe NpoayKumjenpeaMeTHor
TUNa OAroBapa reHepanHnMM TeHgeHUmjama y pa3Bojy
WKOMCKMX 0bjeKaTa 1CKazaHWUM Kpo3 cneuumjanmsauujy
33TBOPEHMX MPOCTOPA 3a CNOPTCKE aKTUBHOCTH, KOjU je
MHTEH3MBMPAH HakoH [lpyror ceeTckor paTta. [NocebHo
yCcMepaBarbe Mporpamckor 1 MPOCTOPHOT KOHLEeNTa
M3rpagrbe WKona y OBOM Mepuomy dana je Befvka

Typology of school gyms in the Republic of Serbia -

which is in line with other data collected in scope
of the study of residential, school and kindergarten
buildings, registering largest production in this pe-
riod as well. Distribution of gym buildings based on
the year of construction is given in percentages in
Chart 1.

Chart 1. Distribution of school gym buildings based on the pe-
riod of construction in the analysed sample [%]

For the part of the gym buildings comprising a
part of the sample, there is no accurate data on the
period of construction, however it is evident that
they do not correspond to the period of construc-
tion of school buildings (which are often older), and
that based on their general characteristics, construc-
tion technology and materialisation, correspond to
the period between 1960 and 1980, when they were
constructed in the form of annexes to the existing
school buildings.

Distribution of architectural production of the
said type corresponds to general tendencies in
school buildings development, expressed through
specialisation of closed spaces for sporting activ-
ities, which was intensified after the World War II.
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pedopma LIKOMCTBA®, KOja je CTynuna Ha cHary 1958.
roAvHe, a NocTana OCHOB Pa3Boja WKONCKMX ObjekaTa
y HapeaHom nepwuogy. OBom pedopmom yTepheHo je
00aBe3HO OCMOTroANLLIFE 06Pa30Barbe CTAHOBHWILLTBA,
YMME je OTBOPEH MyT Ka MaCOBHOJ M3rPafrbh WKOCKMX
3rpaja WwupoM 3emsbe. 360r Tora, WHWUMjanHe
BPEMEHCKE KNace, Koje OfroBapajy WCTOPUjCKMM
nepMoaMmMa OKO CBETCKMX paTtoBa, W [ekajama
HaKOH KX, CBefleHe Cy Ha TPW BPEMEHCKa nepunopa
(MpadukoH 2.) Koja oapaasajy reHepanHa KpeTarba no
NUTarby KoHLienTa objekata 1 rpagmntesbcke npakce, y
nornegy marepuvjanusaumje n npymerbeHnx CKNonoBa
Kagacy LUKoncKke GUCKyNTypHe cane y nutamby.

. 110 1960.
. 1961-1970
. HakoH 2000.

[padukoH 2. YcBojeHa nepumoamsaumja 3a dopmuparse
TUNONOTWje M 3aCTyM/bEHOCT Y30pKa [%]

> [oHowerbem 3akoHa O obpasoBarby, 1958.roavHe, yTtBpheH
je mopen wkonosarba: 0baBe3HO OCMoroAuwie 0bpasosarbe
Y UeTBOPOrofMbe CTPYYHO WaW onwTe (rMMHasnjcko). OBvM
3aKOHOM 1 npatehnm akTvMa fedrHCaHW Cy 1 HaCTaBHW NNaHoBMK,
KOjW Cy AedUHMCany CBe aKTMBHOCTY Y OKBMPY LWKOSe.
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This special orientation of the curriculum and spatial
concept in the construction of schools was initiated
by the education reform? launched in 1958, that lat-
er became the basis for the development of school
buildings in the forthcoming period. This reform
determined the mandatory eight-year education of
population, thus paving the road for the mass con-
struction of school buildings across the country. This
is the reason why the initial time classes, correspond-
ing to historical periods around the world wars and
coming decades, are brought down to three time
periods (Chart 2) reflecting general trends in terms
of the building concept and construction practice,
and also in regard to materialisation and applied
structures when gyms are concerned.

Chart 2. Adopted periodization for the formation of typology
and sample distribution [%]

> Passing of the Law on Education in 1958 defined the education
model: compulsory eight-year education and four-year vocational or
general (grammar schools) education. This law and supporting bylaws
defined the curricula, which in turn defined all activities within the
school.



2.3. ApXUTEKTOHCKE KapaKTepucTrke

MoBpwwnHa rucKynTypHmx cana (6pyTo pa3sujeHa
rpaheBMHCKa NOBpPLUMNHA)

Kao wro je Beh wuctakHyto, Hajehn peo
aHanM3MpanHvx GUCKYNTYpHUX cana npunaga rpynu
BEMKMX cana, rae je moryha peanvsaumja rpynHmx
CMOPTCKMX aKTMBHOCTW. Y OfHOCY Ha Hopmatus
LWKONICKOT MPOCTOPa, ONpeme 1 HaCTaBHWX CpefCcTaBa
Yy OCHOBHOM BacnuTaky W 0Opa3oBamy®, pagn ce
O MpoCTopMMa KOjU  33[0BOJbaBajy MWHMMANHe
nponucaHe nospluvHe of 288 m?, ogHocHO 390 m?, y
CNy4ajy WKona ca suwe of 16 openersa.

MpoceuHa ©6pyTo MNOBPWWHA  aHANM3UPAHMX
npumMepa n3HocK 548,17 m?.

KomnakTHOCT 1 CnpaTHOCT Cl)VICKyﬂTypHI/IX cana

C 0031poM Ha QyHKLMOHaNHe 3axTeBe, 0bjeKTM
OUCKYNTYpHUX  Cana Cy [OOMWHAHTHO KOMMAKTHM
objektn, n 10 y 80% cnyuajesa. PasyheHocT oBuMX
objekaTa YC/IOB/bEeHa je MOJoXajeM CBAaYMoHMLa,
CnpaBapHMla W KabvHeTa HacTaBHMKa, Koju ce,
yrnaBHom Gopmupajy, ¥ BMAY aHeKca, y3 OCHOBHM
BOJIYMEH CMOPTCKOT UrpanuLiTa.

OCHOBHM  QyHKUMOHaNHM  cagpkaj — objekTa
pacnopeheH je npeosnahyjyhe Ha jeqHoj (Mpr3eMHo))
eTaxu, y3 Behe cnpaTHe BUCKHE, a Npema 3axTeBrMa
CNOPTCKMX capaja Koju ce mory opaswujatu. MowTo
cy 00jeKTn CNOpTCKMX cana Hajyewhe dopmupanm
Kao v3fBOjeHe CTPYKType, NoBe3aHe “Toriom” Be3omM
Ca rNaBHWM OOjeKTOM Yy NPU3eM/by, W3Yy3eTHO Cy
PETKN CIyYajeBu y KOjUMa Ce WCMOA, UKW U3HAA HbMX
dopmMpa KOPUCHM MNPOCTOP Ha NOCEOHO] eTaxMu.
Takohe, yKonMKko MocToje YyCNoBWM Ha mapuenn, cane
Cy MOBEe3aHe Ca OTBOPEHUM CMOPTCKMM TEPEHUMA, U
FoMXOBa MPOrpaMcKa MHPPACTPYKTYPa - CBAAUMOHNLE,
TOaneTy, CrpaBapHMLIA - KOpUCTe Ce 3a 0ba peXxrma
CMOPTCKMX aKTUBHOCTM, Ha OTBOPEHOM 1 3aTBOPEHOM.

5 Cnyx0eHun racHuk Penybnuke Cpbuje - [pocBeTHW racHuK 6p.
4/90
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2.3. Architectural characteristics
The area of gyms (gross construction area)

As already pointed out, a major part of analysed
gyms belong to a group of large buildings, allowing
the delivery of group sports activities. In relation
to the Normative of school space, equipment and
teaching tools in primary education and upbring-
ing®, these are the spaces meeting minimum re-
quired areas of 288 m?, or 390 m?, in case of school
with more than 16 classes.

Average gross area
amounts to 548.1 m?.

of analysed examples

Compactness and floor number of gyms

Bearing in mind functional requirements, gym
buildings are predominantly compact buildings, in
80% of the cases. Complexity of these buildings is
conditioned by the position of dressing rooms, in-
ventory rooms and teacher rooms, mainly formed in
a form of an annex, to the basic volume of the sports
court.

Basic functional content of the buildings is pre-
dominantly located on one (ground) floor, with more
floors, and based on the requirements of the sport-
ing content to be practiced. Since the gym buildings
are most frequently formed as detached structures,
linked via a warm passageway to the main build-
ing in the ground floor, extremely rare are the cases
where below or above them useful space is formed
on a separate floor. Likewise, if the conditions on the
lot allow it, the gyms are linked to open courts, and
their programme infrastructure- dressing rooms, toi-
lets, inventory room- are used for both regimes of
sports activities- outdoor and indoor.

© Official Gazette of RS- Education Gazette no.4/90
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Tun KpoBa u Kopuwhere NOTKPOBHE eTaxe

Mpeosnahyjynn obnnk KpoBa Ha aHanM3MpaHnm
objeKTMa je KOC KpOB, KOjU Ce nojaBrbyje Ha 76%
objekata (MpadukoH 3.). OBaj 061K KPOBa je Koa Makber
6poja objekata OPUrMHANHO NPOJEKTOBAHN 1 N3BEAEeHN
KpoB. [llowTto ce pagn o npeosnahbyjyhem 6pojy
objekata 13 nepwoga 1960-2000.rogmHe, 3HauajaH
Aeo objekaTa NPBOOWTHO je 1M3BefleH Ca HEMPOXOAHUM
PaBHMM KPOBOM, KOjU je KacHuje, Yy npouecy
caHauuje, CaHMpaH MIUTKUM KOCUM KPOBOM. 1OLWTO
je GyHKUMOHaNHa Be3a ca MoTeHUMjaNHUM TaBaHCKMM
NPOCTOPOM M3HaA objekaTa TewKo 1M3BOA/bUBA, jep ce
pagn O V3ABOjeHUM O0OjeKTMMa 3HauajHUX CrpPaTHKX
BMCMHA, KOCKM KpOB ca dopMMUparbeM TaBaHCKOM
NpoCTOpa Ce PEeTKO MOjaBsbyje, YraBHOM Y CKomy
LeNIOKYMHe  PEKOHCTPYKLMje  LIKONCKMX 3rpaga U
[0OAaBaka NOTKPOBHe eTaxe (MnycTpauuja 2.)

. pasaH
. KoC

. KOMOUMHOBAH

lpaduKoH 3. 3acTynsbeHOCT 3rpaga WKOMCKMX QUCKYNTYPHIX
cana npema tuny Kposa [%]
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76

Roof types and attic use

The prevailing roof shape in the analysed build-
ings is pitched roof, found in 76% of the buildings
(Chart 3). In smaller number of buildings, this shape
of roof represents the originally designed and con-
structed roof. Given that this concerns the prevailing
number of buildings from the period 1960- 2000, a
significant number of buildings was originally con-
structed with a flat impassable roof, which was later
on rehabilitated by a low pitch roof. Since a function-
al link to the potential attic space above the building
is hardly feasible since these are detached buildings
of significant floor height, pitched roof with attic is
rarely seen, mainly in scope of the entire reconstruc-
tion of school buildings with added attic (Illustration
2.).

Chart 3. Distribution of school gym buildings according to the
roof type [%]
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Mnyctpaumja 2. Mictv Tvn 3rpage QUCKynTypHe cane ca
OPUrMHANHMM paBHUM KpoBoM (rope neso, O ®wuavn
Buwrmh, beorpaa-MupujeBo), CaHMPaAHMM  KPOBOM  —
MJIUTKM KOC KPOB MoKpwBeH n1umom (rope agecHo, OLL dyuwiko
Paposuh,beorpag-Hosu beorpas ) U HakHaHO AOAaTOM
MOTKPOBHOM €TaX0M Ca KOCM KpoBoMm (aone neso, Ol Baca
Menaruh, beorpaa-Kotex)

lllustration 2. The same gym building type with original flat
roof (upper left corner, PS Filip Visnji¢, Belgrade-Mirijevo), re-
habilitated roof- low pitch roof covered by sheet metal (upper
right corner- PS Dusko Radovi¢, Belgrade-New Belgrade) and
with additionally built attic floor with pitched roof (lower left
corner, PS Vasa Pelagi¢, Belgrade-Kotez)

Mnyctpaumja 3. KOMBMHOBaH KpOB — KOC KPOB V3Haf BuLEer
BOyMeHa GUCKyNTypHe cane, paBaH KpOoB 13Hag NOMONHKMX
N BE3HWX [1eN0Ba (XOAHWK, CBRaunoHule 1ta..) (Hnp. Ol
bopucnas Meknh, beorpaa -Hoswn beorpaa) 1 caBpemeHa
dbepoliemeHTHa KOHCTPyKUMja cane (Hnp. OUW Tlpabosal,
Ob6peHoBaLl)

lllustration 3. Combined roof- pitched roof above the higher
gym volume, flat roof above supporting and connecting parts
(hallway, dressing rooms, etc) (for example PS Borislav Peki¢,
Belgrade-New Belgrade) and modern ferrocement gym struc-
ture (for example: PS Grabovac, Obrenovac).
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Y OAHOCY Ha BPCTY KPOBHE KOHCTPYKLIMjE, YOUeHM
Cy Hajuewhn CUCTEMM KPOBHMX MOKPMBAYa, 1 TO JIMM
Ha MANTKMM KOCMM KPOBOBMMA, U LMbyHaK Kao 3allTiTa
BUTYMEHCKVIX NPemMasa 1 TPaka, Ko KPOBHMX Tepaca.

Bpoj 1 BennurHa Npo3opcKux OTBOpa U TN
npo3opa Ha dacagu

OcHOBHM  yHKUMOHANMHN  Cagpxaj MNpocTopa
yTMuao je u Ha dopmuparse dacagHvx OTBOPa
NOUMPAHNX Yy TOPHOj 30HW dacafHor 3waa, Mcnog
KPOBHOT BeHLI3, yrnaBHOM y OBIMKY MPO30PCKMX TpaKa.
OgakaB npucTyn omoryhaBa MakcvmanHu OCBET/baj
YHYTPaLIKOCTU NPOCTOPa, Y3 HEeCMETaHO OfABWjake
CMOPTCKMX aKTUBHOCTN. [eHepanHo, Moxe ce pehu aa
je Behn oeo nogyxHMx dacagHMxX 31A0Ba 3aCTak/beH,
O[JHOCHO [1a je yAeo NpO30PCKMX Tpaka Ha dacagama
Behu on 50%, y aHanm3vpaHux 88% objekata, WTO
roBOPY O [0CTa YHUPOPMHOM NPUCTYNY KOHLUENUMjK
dacane ko 3rpaga duckynTypHux cana (MpadukoH 4.).

Mano

[10CTa OTBOPA - NOjeAVHAYHM OTBOPU
(Brwwe of 50% dacane)

0CTa 0TBOPA - NPO30PCKE Tpake
(Buwe op 50% dacape)

lpadukoH 4. Yaeo nposopckux oTBopa Ha ¢acapama
duckynTypHInx cana [%]

22

88

In relation to the type of roof structure, the most
frequent roof cover systems have been observed, as
follows: sheet metal on low pitch roofs and gravel as
protection of bituminous coating and strips, on roof
terraces.

The number and size of windows and facade win-
dow-to-wall ratio

The basic functional content of the space affect-
ed the formation of facade openings located in the
upper zone of the facade wall, under the cornice,
mainly in the form of window strips. Such an ap-
proach enables maximum illumination of the inte-
rior, allowing for the smooth realisation of sporting
activities. In general, it may be said that the major
part of the longitudinal facade walls is glazed, name-
ly, that the share of window strips on the facades is
greater than 50% in analysed 88% of the buildings,
speaking a lot about the uniform approach to the
facade concept in gym buildings (Chart 4.).

Chart 4. Facade window-to-wall ratio in gym buildings [%]



C ob3vpom fda je Hajgehu 6poj GUCKYNTYpHUX
cana MnpojeKToBaH W rpaheH y nepvomy HakoH
[pyror ceeTckor pata, NPO30pPN BEAVKMX AMMEH3M]a
paheHn Ccy MpeTexHO Kao QUKCHa 3acTakibeha, Y
ANYMUHWYMCKAM WAV YeNUUYHUM  OKBMpUMa, 6e3
TEPMO MpPEeKnAa, W3Yy3eTHO CKPOMHUX TePMUYKIMX
KapakTepucTvka. HeonxofHa KoAMuMHa — cBexer
Ba3ayxa ce obe3behyje oTBaparbemM NojeArHIX AeoBa
NPO30PCKMX TpaKa.

TpeHyTHO CTatbe, rae je koA sue of 90% objekaTta
yrpaheH npozop ca [BU wan  anymMUHMjyMCKMm
npodunumva (MpadukoH 5.), ykasyje Aa je Ha Behem
bpojy objekaTa WM3BpLIEHa 3aMeHa OPUIMHANHUX
npo3opa Ca MeTanHUM  (QIYMUHWYMCKUM UK
YenmyHMM) pamoBmMMa. Ha MHOrMM of OBUMX ObjekaTta
M3MeHa je paheHa npe poHowerba [MpaBwWiHWKa O
eHepreTckoj edrKacHOCTY 3rpafa, 2012. roanHe, umme
je u3BpleHo yHanpehetrbe y cMUCY O0BIX TEPMUUKIIX
KapakTepucTvka W 3anTvBarba, Mako BEPOBATHO
camn npodwnn ¥ 3acTak/berse (CTaknonaketu) He
3al0BOSbaBajy CTaHAapae oBor 1paBunHmKa.

| U
. MeTanHu

. ANYMUHW]YMCKI

lpadukoH 5. 3acTynsbeHocT BpcCTa
matepujany nNpo3opckor okevpa [%]

nposopa npema
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Since the largest number of gyms was designed
and constructed in the period after the World War
Il, windows of large dimensions were predominant-
ly installed as fixed glazings, in aluminum or steel
frames, without thermal breaking, of extremely mod-
est thermal characteristics. The necessary quantity of
fresh air is secured by opening certain parts of win-
dow strips.

Current situation, where in more than 90% of
buildings windows with PVC or aluminum sections
have been installed (Chart 5.), shows that in the ma-
jority of buildings original windows were replaced
by those with metal (aluminum or steel) frames. In
many of these buildings replacement was done pri-
or to passing of the Rulebook on Energy Efficiency
of Buildings in 2012, thus improving thermal charac-
teristics and tightness, although probably these sec-
tions as such and glazing (glass units) do not meet
the requirements laid down in this Rulebook.

Chart 5. Distribution of window types based on the window
frame material [%]
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[poueHaT MeTanHMX npo3opa Ce OAHOCK Ha
opurMHanHy 6pasapujy, roe ce jarbajy U npumepwu
3acTak/berba NpoduANT CTaknMMa, Koja Hajuewhe
HUCY MerbaHa Yy CKJIIOMy HOBWjUX PEKOHCTPYKLMja
(MnycTpauvja 4.).

3acTak/berbe  npodunmt
CTaknnmMa: rope, ekctepjep u entepujep OW Aumutpuje
Tonoposuh Kannap, Krbaxesaly; gone neso OLL/CUI Mapko
3petbaHnH, Cybotnua; fone aecHo O Vicupopa Cekynwh,
MaHueBo

Nnyctpaumja 4. OpurnHanHo

3acTak/beHW aenosu Gacafe 3rpafa GUCKyTYpHUX
Cana jaBsbajy Ce rotoBo Mo Mnpasy 6e3 GUN0 KaKBUX
BMOBA 3aCTOpA.

MaTtepujanuzaumja dacagHor 3uga
MowTto ce pagu o objekTma Behvx pacroHa

of yobuuajeHux, W  3axTeBHWje  KOHCTPyKUWje,
KOHCTPYKTMBHW CKNOM je peanun3osaH, Hajuewhe, kao

24

The percentage of metal windows refers to orig-
inal joinery, with the examples of glazing using the
profilit glass which have most often not been replac-
es within later reconstructions (Illustration 4.).

lllustration 4. Original profilit glass glazing: upper corner, exte-
rior and interior PS Dimitrije Todorovi¢ Kaplar, Knjazevac; bot-
tom left corner PS/VS Zarko Zrenjanin, Subotica; bottom right
PS Isidora Sekuli¢, Pancevo

The glazed parts of the gym buildings facade, al-
most as a rule, come without any types of blinds.

Facade wall materialisation

Since these are buildings of greater span than
the usual ones and of the more demanding struc-
ture, the structural assembly was most frequently
realised as reinforced concrete skeleton system, with
brick or hollow clay block filling. Although in sports



APMUPAHOOETOHCKN CKeNeTHW CUCTeM, Ca WCMYHOM
ofl oneke unu ruTep 6oKa. Mako je Kop CMopTCKuMX
objekata BPMO YecTa MPUMEHa W [APYrux cucTema
rpagkee (MyHa Unu peleTkacTa YenmyHa KOHCTpyKUKja
Ca CeHaBWY JMMOM  UMAW  CAWMYHO), UM3rpagrsa
WKONCKMX CMOPTCKUX cana Bulle je 6GasmpaHa Ha
TpaguUMOHaNHWjUM  MOAenumMa  m3rpagre.  36or
TOra, Haj3acTyrm/beHuju HauvH obpage dacage je
ManTepucarbe MacMBHOT 31ja of oneke uiv 61oKa, 1
TO je cnyyaj kKop 61% objekata. [ipyrn npeosnahyjyhu
mMaTepujan 3aBpliHe obpage je dacagHa oneka, Koja
ce jaB/ba y 37% cnyuajeBa (fpadukoH 6.). MowTo je
AOMVHaHTHO yuelwhe objekaTta 13 nepuopaa npe 1980.
roguHe’, y doHay GUCKYNTYPHMX Cana, OBa fiBa CUCTeMa
maTepvjanu3aumnje cy yobuuajeHa Yy rpaauTerbCckoj
NpakcK Nepunofa, ¥ NPeTNocTaBKa je fa cy paheHn 6e3
TePMOM30/1aLMOHOT CI10ja.

. mantep

. (bacagHa oneka

. Apyro

MpaduKkoH 6. 3acTynsbeHOCT NPUMEHEHUX MaTepujana
dacagHor 3maa [%]

” Mponucn  Koju ypehyjy obnact TepMmmyke 3awTwTe 3rpafa
objasmeHu cy 1980.roamne, JUS.U.J5.600
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facilities quite often the application of other con-
struction systems (solid or lettice steel structure with
sandwich sheet or similar) may be found, construc-
tion of school gyms is more based on the tradition-
al construction models. This is why the most often
found manner of facade finishing is plastering of the
rick or block massive wall, which is the case in 61% of
buildings. The second prevailing finishing material is
facade brick, which can be found in 37% of the cases
(Chart 6.). Given that the share of buildings dated be-
fore 1980’dominates the gym stock, these two mate-
rialisation systems are customary in the construction
practice of the period, and the assumption is that
they were done without the thermal insulation layer.

Chart 6. Distribution of the applied facade wall materials [%)]

7 Regulations governing the area of thermal protection of buildings
were published in 1980, JUS.U.J5.600
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Crame ncnpaBHOCTW 3rpape

C ob3upom Aa ce pagnm o objekTuma Koju cy
rpabeHn maxom Yy nepuogy 1960-2000. roawvHe,
FoMXOBO rpaheBMHCKO CTarbe, y Mornegy uHTerputeTa
KOHCTpyKUMje, je nobpo. Kao wto je Beh McTakHyTO,
ofpKaBarbe ObjekaTa TOKOM eKmnoaTalMoHOr Beka
yK/byumsano je oapeheHe mMepe caHauuje Kojuma cy
BpLIEHe VHTEPBEHLMjE Ha OMOTady 00jeKTa, Y Lnby
obHoBe tberoBe OyHKUMjE W UHTerputeta. Y Tom
CMUCITY, YECTI CY CITyYajeBn NHTEPBEHLM]E Ha PaBHMM
KPOBOBMMa M3rPafHOM  TUINTKUX  KOCUX  KPOBHMX
KOHCTPYKLMja NOKPUBEHYIX JIMMOM. 3a NPETNOCTaBUTU
je Ja je y OBMM WHTepBEHUMjama W3BPLIEHO W
nobosblarbe TePMOM30NALUMOHMX  KapaKTepUCTUKa
cknona. Takohe, Beh cy aHanW3vpaHu Cnyyajesu
3aMeHe MPO30PCKMX CKIIOMOBa W NopTana of MeTana
HoBMM cucTemvma ca [BL npodunuma. Y Hekum
CIly4ajeBrMa, OBY 3aMeHy je nNpaTtuno v yHanpehene
bacapHor omoTaua, [ofaBarbeM TEPMOUU30NaLMOHOT
CN0Oja, Ha MYHUM [eN0BMMa 3140Ba.

MpenMMmrHapHa oleHa CTarba objekata
OUCKYNTYpHUX Cana ykasyje Aa Cy OHe ouysane
CBOjy npumapHy &yHKUuWjy. [MocebaH acmekT cBuMX
MHTEPBEHLMja Ha OBMM OOjeKTUMA jecTe pa3maTparbe
UCMyHEHA CaBPEMEHMX HOPMaTMBa 3a OBe 0bjekTe,
y nornegy AUMeH3Kja, AOAATHMX Cadpaja, FHUXOBUX
MUHUMANHWX — OUMEH3Mja U OMNPEeM/beHOCTV  3a
OfBUWjarbe LUKOMCKUX W BaHLLIKONCKMX CMOPTCKMX
akTMBHoCTME OBaj acmeKT MPOCTOPHO-MPOrPaMCKIIX
HopMaTVBa 3a OBaj TWM objekaTa HuWje NpeamMeT oBe
cTygnje.

8 Y pe3yntatuma VcTpakmBarba CTarba y 0OPa3OBHO-BACMUTHUM
ycTaHoBama y Cpbuju y Be3n ca LIKOMNCKMM CMOPTOM HaBoau ce
[la je ONpem/beHOCT aHanM3MpaHnx cana 3a LWKOMCKM CnopT: 67%
cana marbux of 450M2 Huje onpemsbeHa no HOPMaTUBY, OOHOCHO
46% cana sehux og 450m2. Y ykynHom 6pojy cana, camo 38% cana
3afjoBOsbaBa 3axTeBe Hopmatuga. https//www.mos.gov.rs/doku-
menta/sport/istrazivanja?lang=lat
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Condition assessment of the building

Having in mind that these are the buildings
mainly constructed in the period 1960-2000, their
condition in terms of the structure integrity, is good.
As already pointed out, maintenance of buildings
during their exploitation life span included certain
rehabilitation measures entailing interventions on
the building envelope aimed to retrofit their func-
tion and integrity. In that sense, frequent cases of
intervention on flat roofs imply construction of low
pitch roof structures covered by metal sheet. It is to
be assumed that these interventions also included
improvement of thermal insulation properties of the
assembly. Moreover, we have already analysed the
cases of the metal window assemblies and portal
replacement by newer PVC profile systems. In some
cases, this replacement included the improvement
of the facade envelope, by adding a thermal insula-
tion layer in solid parts of the building.

The preliminary assessment of the gym build-
ings shows that they have preserved their primary
function. A special aspect of all interventions on
these buildings is the consideration of meeting
the modern norms for these buildings in terms of
dimensions, additional content, their minimum size
and equipment for delivery of school and extracur-
ricular sporting activities®. This aspect of spatial and
programmatic norms for this type of buildings is not
a subject of this study.

8 The results of the Situational analysis in the educational institutions
in Serbia in relation to school sports show that the equipment of the
analysed gyms for school sports is as follows: 67% of gyms smaller
than 450m2 and 46% of gyms larger than 450m2 are not meeting
the norm. In the total number of gyms, only 38% meet the norma-
tive requirements.  https://www.mos.gov.rs/dokumenta/sport/is-
trazivanja?lang=lat



Pexxum kopuwhersa 3rpaga

Pexxvm kopuwhera objekata GUKCYNTYPHMX Cana
YrNaBHOM MpaTh PeXNM OfiBMjatba LUIKOMCKe HacTaBe,
TOKOM rofguHe. [MowTo ¥ BaHHACTaBHE aKTWMBHOCTM
- CMOpTCKe ceKkuyje YrnaBHOM BOAE HaCTaBHWLUM
W npodecopu LWIKOMNE, OHAA W Te aKTUBHOCTY,
npeosnahyjyhe, npate  KaneHgap  LUKONCKMX
aKTMBHOCTU. VI3y3eun ce jaBrbajy Koa objekata Koje
WKoMe M3HajMbyjy CMOPTCKUM  KnyboBMMA  vu
rpahbaHvma, anv v Tafa je NpeTnocTaBka fa ce oBe
aKTMBHOCTM He OfBWjajy TOKOM UWMTaBOr nepuoaa
Tpajaba 3VIMCKOT U NeTH-er pacnycTa.

Y nornefy HeaerbHOr pexuma Kopuwherba, 0K
00jeKTV ce HajBulWe KOpWUCTe NeT AaHa HederbHo,
WTO YrNaBHOM OAroBapa WM PeXMMy BaHHACTaBHMUX U
KNYNCKMX aKTUBHOCTW. VI3y3eTHO, MocToje Cry4yajeBu
rAe ce NPOCTOPV U3HAjMIbYjY 1Y JaHVMa BUKEHA].

[HeBHV pexunm pafla 0BMX ObjekaTa Moxe OuTY
npofyKeH y oaHocy Ha objekat wkone. C 063vpom
[a HacTaBHE U LWKOJICKE CMOPTCKe aKTUBHOCTU TPajy
[0 21h, TepmnHu kopuwhetrba cane 3a rpahaHcTBo 1
KnyboBe, YKOMMKO 1X M3, peann3yjy ce Tek HakoH Tor
BPEMEHa....

2.4. TepmoTexHMYKe HCTanaunje
[pejarbe, BeHTUNALMjA, KNMMaTU3aLMja

O63MpoM  Ha  KAIMMATCKe  KapaKTepucTuke
Cpbvije, y WKONCKMM QUCKYNTYPHMM Canama nocToje
WHCTanaunje rpejarba, BEHTUNAUMje 1 Knnumartmsaumje,
Koje Cy KOHUMMMpaHe W un3rpaheHe Ha HauMH Kao
M Yy UeHTpanHMM 3rpajiama LWKoMa Kojuma Te cane
npvnagajy. lNpema Tome, TepMOTEXHUYKE UHCTanauumje
WKOMNCKNX QUCKYNTYPHWX cana Cy WHTerpanHu fgeo
cucTeMa Tpejarba, BeHTMNauMje w  KnuMatmsauuvje
WwKone.

Koo wKonckmx cana, wu3rpabeHux y CBUM
nepuoavMma, 1y CpefmHama rge He noctoju CUcTem
[a/bVHCKOT  Tpejakba MM TexHuuke MoryRHocTu
NpUKIbyYerba, LOMUHWUPAjy CUCTEMU  LieHTPanHor
rpejarba ca pagmjatopmma Kao rpejH1m Tenrma 1 ca

Typology of school gyms in the Republic of Serbia

The building use regime

The regime of using the school gyms mostly fol-
lows the classes regime throughout the year. Since
extracurricular activities- sport clubs, are mainly de-
livered by school teachers, then these activities as
well predominantly follow the calendar of school
activities. Exceptions may be found in the facilities
leased by the schools to clubs or citizens, but in that
case as well the assumption is that these activities
do not take place during the entire period of the
winter and summer school leave duration.

In regard to the weekly use regime, these build-
ings are mostly used five days a week, which main-
ly corresponds to the regime of extracurricular and
club activities. Exceptionally, there are cases then
these facilities are being also leased on the week-
ends.

Daily operation regime of these facilities may be
extended compared to the school building. Since
school and extracurricular sporting activities last un-
til 9 p.m., the terms allocated for the use by citizens
and clubs, if any, are delivered only after this time...

2.4. HVAC systems
Heating, ventilation, air-conditioning

Bearing in mind the climate characteristics of
Serbia, school gyms do include heating, ventilation
and air-conditioning installations, designed and
constructed in the same way as in the central school
buildings these gyms belong to. Therefore, HVAC
systems in school gyms make an integral part of the
school heating, ventilation and air-conditioning sys-
tems.

School gyms constructed in these periods in
environments without a district heating system or
technical possibilities for connection, are dominated
by the radiator central heating as heating bodies and
own local boiler room using all types of fuel. These
are boilerrooms intended to supply the entire school
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COMCTBEHOMJTIOKASTHOM KOTNaPHULIOMY3 3aCTyM/beHOCT
CBMX BpCTa ropvBa. Y nMuTary Cy KOTMapHuue
HamerbeHe CHabeBaky YMTABOT LLKONCKOT KOMMeKca
yKbydyjyhu 1 duckyntypHe cane. Y cpegnHama rae
NOCTOJW CUCTEM AAJbUHCKOT rpejarba U KoL LUKONCKIMX
objekaTa 1 cana Behux KOPUCHUX (FpejHMUX) NOBPLLIVHA,
3aCTYIM/bEeH je CMCTEM LLeHTPaNHOT rpejarba NPUKIbyYeH
Ha CMCTeM Ja/bUMHCKOT rpejarba a ca pagujatopnmMa kao
rpejHUM Tenrma. Y Toj ONuMjK, WKONCKa cana 3ajeHo
ca objeKToM LKoNe noceayje jeanHCTBEHY TOMIOTHY
noacCTaHuUy. Y TomnaHama ce Hajuewhe KopucTu
NPVPOLHN rac Kao OCHOBHO rOPMBO WM €BEHTYANTHO
TEUHO rOpPVBO Y paHWjUM NePUOAVMA.

Marbr 6pOj LIKONCKMX ObjekaTa M cana, Marbyix
KOpPUCHMX noBplivHa (o 500 m?), usrpaheHux vy
paHnjum nepuogmma (nocne 1946. rog.) y M3BOPHOM
CTarby je NoCej0Ba0 NOKaNHM M3BOP rpejaba, Hajuelwhe
nehr Ha YBPCTO rOPUBO (OrPEBHO APBO WAN Yrasb).
MehyTnm, roToBo CBM 0BM 0bjeKaTy Cy TOKOM rofmnHa
PEKOHCTPYMNCaHW, PEBUTANMN30BaHN U MOAEPHM30BaHM
1 cafia noceflyjy CaBpemeHuje KOT/I0BE Marbe CHare Ha
TEYHO ropWBO WAV NPUPOAHK rac. Takohe, jeaaH geo
WKOMCKMX ObjekaTa 1 cana 13 nomeHyTe KaTeropuje,
HanycTuo je KOHLENT JIOKanHOr M3Bopa M 0bjeKTu
CY PEKOHCTPYMCaHM 3a LEHTPanHW CUCTEM rpejarba
Ca pajmjatopyma Kao TpejHVM Tennma, a Wwkoma
WKOMCKA Cana Cy MoBe3aHe Ha CUCTeM [LarbWHCKOT
rpejarba.

Op ApyrMx HauvHa cHabaeBarba 3acTyr/beHn cy
ENeKTPUYHN KOTIOBW 1 TOMJIOTHE nymne. EnekTpuuHm
KOTNOBM  QYHKUMOHMLLY MO CUCTeMY LEHTPanHOr
rpejarba Ca pagvjatopyiMa Kao rpejHuMm Tenvma, OOk
TOMNOTHE NyMne page No CUCTeMy BasAyLWHOr 1N
TOMMIOBOLHOT rpejarba.

CreneH  KOPUCHOCTM  cMCTeMa  NMPOW3BOAMbE,
anctpubyumje 1 Kopuwherba TOMMOTHE eHepruje
y cucTemmMa rpejarba Bapvpa of 75% (UeHTpanHo
rpejarbe Ca JIOKaNHMM KOTMapHMUamMa Ha 4YBPCTO
ropwveo) Ao npeko 90% kof cMcTeMa Ca CaBPeEMEHUjUM
raCHMUM KOT/IOBMMa WM MOAEPHUM MoAcCTaHMUama y
CUCTEMY AaSbUHCKOT rpejarba. CTeneHn KOpUCHOCTH Yy
noacucTeMma AnCTprnbdyLmje n Kopuihera TonnoTHe
eHepruje Bapupajy og 90 o 98%.

complexincluding gyms.In environments with a dis-
trict heating system in school buildings and gyms
of larger heated areas, a central heating system con-
nected to the district heating system can be found,
with radiators as heating bodies. In this option, the
school gym together with the school building has
a single heating substation. District heating plants
most often use natural gas as basic fuel or potential-
ly liquid fuel in earlier periods.

Smaller number of school buildings and gyms
of smaller useful area (up to 500 m?), constructed
in previous period (after 1946) originally had a local
heating source, mostly solid fuel furnaces (fire wood
or coal). However, almost all of these buildings were
reconstructed over the years, revitalised and mod-
ernised and now possess modern boilers of smaller
capacity using liquid fuel or natural gas. In addition,
one part of school buildings and gyms from the said
category, have abandoned the concept of a local
source and buildings were reconstructed for the ra-
diator central heating system, and school and school
gym are connected to the district heating system.

When it comes to other heat supply systems,
electrical boilers and heat pumps may be found.
Electrical boilers operate based on the radiator cen-
tral heating system, whereas heat pumps operated
following the principle of air or hot water heating.

The efficiency level of the heat production, dis-
tribution and use systems in the heating systems
varies from 75% (central systems with local solid
fuel boiler rooms) to over 90% in systems with the
more modern gas boilers or modern substations in
the district heating system The efficiency level in the
subsystems of heat distribution and use vary from
90 to 98%.



Koa wkonckux cana 13 nepuopa nocne 1946.
roovHe na W KacHuje, BeHTUauuja je 3acTyr/beHa
anu y HajjeaHocTaBHMjeM OOAMKY Ca MPO30PCKMM
BEHTUNATOPMMA UMW CIIMYHUM PeLUerHUMa, Koja HUCY
GYHKUMOHMCana y cknagy ca notpebama 3a CBEXMM
Ba3dyxoM WM Yy CarnacHOCTM Ca CTaHAapAnma
Koju perynuwy notpebe BeHTUnaumje®. OBakaw
BEHTMNALMOHM cucTeMm cy kKopuwheHn Hajuewhe Ha
6a3v npoueHe vnu ocehaja fbyan Koju Kopucte cany.
TOKOM rofiMHa, KOA jeaHor aena objekaTa LWKOMCKMX
cana, BEHTUNaLMOHM CUCTEMU CY PEKOHCTPYUCAHW U
MOAEPHM30BaHN 1 cafia nocenyjy edbukacHuje cucteme,
y cmucy Behe KonmunHe CeeXker Basdyxa 1 ca 60sbum
MoryhHoCTMa perynaumje npoToka.

MHcTanaumje knvmatmMsauvje noctoje y Masom
6pojy v Koa objekaTa y nocnefHem NepUoay rpagroe.
Kog octanux objekaTa 3acTynfbeHe Cy CamoO Marbe
floKanHe jeguHuue (138 ,CNAWT’ cUCTeMM) Koju ce
KopucTe Hajuewhe camo y MojeAvHUM AenoBMMa
0bjeKTa LWKOCKe cane, HAp. y NPOCTopy KabvHeTa nnu
NpOCTOpMMA Apyre HameHe.

CrapocT cuctema rpejama

LLkoncke cane rpaheHe y paHvjum neproanma, 1
nopen HakHafHWX MHTepBeHLMja pa3nuumTor obuma,
YrNaBHOM Cy OMpem/beHe MHCTanauvjama ca sehvm
EKCMIoaTaLMOHNM MEPUOLOM W1 KOoje pafe C HUXKMM
CTEMEHOM  KOPWUCHOCTM CUCTeMa MPOV3BOAHE U
AVCTprbyLmje TONNOTHe eHeprije. Vinak, 36or gobpor
pYKOBahba W ofpaBarba ypehaja, apMaType, passoaa
W OpYyrvx AenoBa CUCTeMa, OHU Cy GYHKLUMOHMCANW U
OYHKUMOHULY KOPeKTHO 1 6e3 3HauajHujer yTuuaja
Ha KBanuTeT cHabaeBarba. EQUMKACHOCT cncTema Koja
onaja ca roanHama 1ma Mareu QUHaHCKjCKK edekar.

Bpcte ropusa

YspCTa ropmBea Kao WTO Cy OrPeBHO APBO AW yrab
HajBMLLIE Ce KOPUCTE KOf WKOMCKMX Cana narpaheHunx

o Bugetn Hnp. ANSI/ASHRAE Addendum p to ANSI/ASHRAE Stand-
ard 62.1-2013, Tabena 6.2.2.1

Typology of school gyms in the Republic of Serbia

In school gyms from the period after 1946 and
even later, ventilation is present but in the simplest
possible form with window fans or similar solutions,
not operating in line with the needs for fresh air or
standards regulating ventilation demand?. Such ven-
tilation system were most often used based on the
assessment or feeling of the people using the gym.
Throughout the years, in one part of the school gym
buildings, ventilation systems were rehabilitated and
modernised and now possess more efficient systems
in terms of greater fresh air quantity and better flow
regulation possibilities.

Air-conditioning installations are present in a
small number and in buildings of the latest con-
struction period. In other buildings only smaller lo-
cal units (the so called “split systems”) may be found,
most often used only in certain parts of the school
gym, for example in the specialised classroom or
other purpose spaces.

The heating system age

School gyms constructed in earlier periods, be-
sides the subsequent interventions of different
scope, are mainly equipped by installations with
greater exploitation period operating at lower effi-
ciency level for production and distribution of heat.
Still, due to proper handling and maintenance of de-
vices, reinforcement, distribution and other parts of
the system, they have operated and are still operat-
ing properly without a more significant effect on the
quality of supply. The system efficiency declines over
years, with smaller financial effect.

Types of fuel

Solid fuels such as fire wood or coal are mostly
being used in school gyms constructed in the peri-
od after 1946, while in buildings constructed around
1970/80s liquid fuel may be found, same as in the

? See for example, ANSI/ASHRAE Addendum p to ANSI/ASHRAE
Standard 62.1-2013, Table 6.2.2.1
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y nepvogy nocne 1946. rognHe ok ce Kog objekaTta
rpabeHnx oko 1970/80-TMx roguHa MojaBbyje
TEUHO rOPMBO M y Cly4ajy nocefoBarba COMCTBEHE
fIOKanHe KoTnapHuUe W y ciydyajy cHabaesarba of
CTpaHe c1cTeMa Aa’bUHCKOr rpejarba. [NpupoaHn rac
nocTaje JOMWHaHTaH M3BOP Yy MOCNEeAreM Mepuomy
rpajrbe, Kako y NOKanHMM KOTNapHMUaMa Tako Uy
TOMNAHCKMM CUCTEMMMA Ha KOje Cy LUKONCKM 0bjeKkTu
M cane NPUK/byYeHW. Y Marboj Mepu 3acTyrybeHa je
N enekTpuYHa eHepruja, rae enekTpuYHM KOTIOBM
GYHKLUMOHMLLIY MO CUCTEMY LEHTPANHOT rpejamba.

KBanuteT rpejarba

KBanuTeT rpejatba Hajuellhe ce 1OBOAM Yy Be3dy Ca
nepuenumjom KoMpopa of CTPaHe KOPUCHMKa. Y ToM
KOHTEKCTY, Behr Opoj KOpWCHMKA rpejatbe oLeryje
Kao nobpo wnv 3agoBosbaajyhe. [ae To Huje cnyuaj
MHULMPaHA je PekoHCTPyKUMja unv modepHusaunja,
Kako OV Cce nNPBEHCTBEHO YHanpeaunu YCaoBM
Kompopa. Y TUM LUKONama OfHOCHO  LIKOICKMM
cafama gowno je u ao nosehara edukacHocTH y
CBMM CErMeHTMMa Of MPOW3BOAHE A0 AMCTpUbyUVje
n Kopuwhera TonnoTHe eHepruje. CUCTeM rpejarba
je y MM cnydajeBMma nosehao cBOjy enacTuuHoCT
M 130anaHCMpPaHOCT WTO je MMano 3a nocneguuy
nocTu3are OMTUMaHKX YCIoBa y MNpOCTOpMMA
60paBKa yueHKa 1 TO Y CBUM AeNoBMUMa ObjeKTa anw 1
6orbe npunarohasarbe AVHaMULIM Pafia LWKOMCKNX Cana
(M WKone y LenuH1) Kao 1 BPEMEHCKMM MPUMKama
TOKOM 3UMCKOT MeproAa 1 Ce30He rpejarba.

Y CnydyajeBsMa MO3WTMBHE OueHe KBanuTeTa
rpejatba Of CTPaHe KOPWCHWMKa Kao eHepreHt ce
KOPUCTWO MPUPOLHW Tac, KOjW je nmepuunupaH kao
€KOJOLKM HajnpyxBaT/by1BHMje ropmBo.

CaHuTa PHa TONNa BOAA

LleHTpanHa npwnpema CaHWTapHe Tomne BoAe
YIMaBHOM HMje 3acTyr/beHa Yy WKOACKAM Canama,
W Hajuewhe ce NpuMekbyjy NOKANHO WMHCTaNMCaHw
eneKkTPUYHKU akymynaumoHn 6ojnepu. MNpeTnoctaBka
je Aa je Benvkn 6poj WKoNckmnx objekata (ykibyuyjyhu
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case of own local boiler room or in the case of heat
supply from the district heating system. Natural gas
becomes a dominant source in the latest period of
construction, both in local boiler rooms and in the
district heating systems school buildings and gyms
are connected to. Electrical energy is present to a
smaller extent, where electrical boilers operate as
central heating systems.

Quality of heating

Quality of heating is most often connected with
the perception of comfort by the users. In that con-
text, largest number of users estimate heating as
good or satisfactory. Where this is not the case, re-
construction or modernisation have been initiated,
primarily to improve comfort conditions. In these
schools/ school gyms, the increased efficiency was
recorded in all segments, from production to dis-
tribution and consumption of heat energy. Heating
system has, in those cases, improved its elasticity
and balance which resulted in achieving optimum
conditions in the premises where the students stay
in all parts of the building, but also a better adjust-
ment to the dynamic of the school gym operation
(and school as a whole) and weather conditions dur-
ing the winter and heating season.

In cases of a positive assessment of the heating
quality by its users, natural gas was used as fuel,
which has been perceived as the environmentally
most unfriendly fuel.

Domestic hot water

Centralised domestic hot water preparation is
mainly not included in the school gyms, and most
often locally installed electrical accumulation boilers
are being used. The assumption is that in the major
part of school buildings (including gyms), especial-
ly from earlier construction periods, electrical water
heaters were subsequently installed, that were not
originally there. Centralised domestic hot water
preparation is only present to a smaller extent in



W cane), HapouuTO M3 paHujer nepuogda w3rpagrbe,
HaKHagHO yrpaavo  enekTpuuHe Gojnepe  Koju
HUCY  MNPBOGUTHO  HM  nocTojann.  LleHTpanHa
npvnpemMa CaHuTapHe Tonfe BOfE je TeK Y Marbem
0bVMy 3acCTyrybeHa Yy LWKONCKUM canama u TO
oHMM um3rpaheHuM y nocnefrbem pasgobrby. Y Tvm
CNyYajeBrMa CUCTEM LIEHTPANHE NPUNPEME CaHUTapHE
TONNe BOAE CHabAeBa Ce 13 NoKasHe KOTNapHuUe vnn
je NPUKbYYEH CUCTEMY [arbUHCKOT rpejatba.

Op enekTpuuHux 6ojnepa 3acTyrybeHn cy U
NPOTOYHM W akKyMynaumoHu. AKymynaLmoHu 6ojnepu
MHCTanMCaHW Cy Ca MarbOM CHAroM Of MPOTOUHMUX.
MpoTouHn 6Gojnepvi rpejy Boay Kaga Cce OHa u
KOPWCTW, Tako fa Cy TOMNOTHW rybuuUmM MakbW, anu
ce enekTpoeHepretcku cuctem ontepehyje sehom
CHarom WTO Cy JOAATHW rybuUmM enekTpuyHe eHepruje

y MHCTanaumjama 1 Mpexw.
2.5. EneKTpoeHepreTcke MHCTanauuje

MoTpowma enekTpnyHe eHepruje

[oovWba  MOTPOWHa  eNekTpuYHe  eHepruje,
n3paxeHay kWh no jeavHu1LmM noBpLIMHE GUCKYNTYpHE
cane, NpeAcTaB/ba OCHOBHW MOAATak O TOAMWHMM
notpebama OUCKYNTYpHE cane 3a enekTpUYHOM
eHEeprujom Koja ce Hajuyelwhe KOPUCTM 33 OCBET/bEHE.
AHanu3oM MpUKyN/beHWX MofaTaka 3a 49 objekarta,
OHOCHO 49 OUCKYNTPYHUX Cana Ha Teputopuju
Cpbvije, Buan ce fa yKynHa rogvha NoTPOLUHa
enekTPUYHe eHepruje 3a OCBET/bEHE Bapypa y oncery
of 5 MWh/god po 15 MWh/god, y 3aBmcHocTV of
YKyMHe HeTO MOBPLWWHE GUCKYNTypHe cane. YKymnHa
npYMapHa eHepruja 3a nocMatpaHe QUCKYNTypHe
cane Ha Teputopujn Cpbuje Bapwupa y oncery og 17
MWh/god no 50 MWh/god.

Ynotpeba knuma-ypehaja

Nako  je cucTem Knumatmsauuje [eo
TEPMOEHEePreTCKUX cucTema, y wWkonama y Cpbujn

ce KaMMaTM3auvja MOXe MocMaTpaTm U Kao Aeo
eneKTpoeHepreTckux MHCTanauvja, byayhn ga wkone

Typology of school gyms in the Republic of Serbia

school gyms, especially those constructed in the last
period. In such cases, centralised domestic hot water
system is supplied from the local boiler room or it is
connected to the district heating system.

The most commonly found electrical water heat-
ers are the tankless and conventional water heaters.
The installed capacity of conventional water heaters
is lower than the capacity of the tankless ones. Tank-
less water heaters heat water when it's being used,
therefore heat losses are lesser, but the electrical sys-
tem is burdened by higher power resulting in addi-
tional electricity losses in installations and grid.

2.5. Electrical installations
Electricity consumption

The annual electricity consumption, expressed in
kWh per gym surface unit, represents a basic piece
of data on annual gym demand for electrical power
most often used for lighting. The analysis of collect-
ed data for 49 buildings, or 49 gyms in the territo-
ry of Serbia, shows that the total annual electricity
consumption for lighting varies in the range of 5
MWh/p.a. to 15 MWh/p.a., depending on the total
net gym area. The total primary energy for the gyms
concerned in the territory of Serbia varies in the
range from 17 MWh/p.a. to 50 MWh/p.a.

The use of air-conditioners

Although the air-conditioning system is part
of the HVAC systems, in Serbian schools air-condi-
tioning may be regarded as part of electrical power
installations, given that schools are not covered by
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HWUCY NOKpWBEHE UEHTPanHOM Knumatusaumjom seh
Ce KopWCTe yrnaBHOM Knuma-ypehaju, Hajuelwhe cnnut
cnctem. Kopuwhere knvma-ypehaja y GUcKynTypHm

Calama Huje pacnpoCTParbeHo.
EnekTpuyHO ocBeT/beHE

EnekTpuuHO OCBeT/berbe MPeAcTaB/ba 3HauajHy
KaTeropujy — MOTPOLIKE — eNeKTpUUHE  eHepruje,
HAaPOUMTO Y LWKOMama Yy KojuMa ce GUCKyNTapHe cane
KOpWCTe 1y BeUepH MM caTma. M3 Tor pasnora ce nog
yHanpeherbem eHepreTcke eprKacHOCTU Y MOTPOLIHM
enekTpnyHe eHepruje noapasymesa noseharbe
edrKacHOCT cucTemMa ocBeT/berba. OCHOBHM TUMOBK
OCBeT/berba 00YXBaTajy: MHKaAECUEHTHO OCBET/berbe
(cvjanuue ca  yxapeHom HUTW)  GnyopecuUeHTHO
ocBeT/betbe, WTembmee cujanvue  (CFL) wn LED
ocBeTberbe. Y QUCKYITYPHUM Canama je Hajuewhe
3aCTynbeHo GIyopeclieHTHO OCBET/bEHE W MeTasl-
XanoreHo OCBETIbEHbE.

AyTOMaTCKa KOHTPOMa OCBET/bEHA FOTOBO HWUrAe
HWje 3aCTymN/beHa, OLHOCHO BPJIO je peTKa Y WKonama v
dUCkynTypHUM canama y Cpbuju. Y npoceuHoj wkonwu,
OfHOCHO GUCKYNTYPHOj canun y Cpbuju ocBeT/berbe Ce
KOPWCTW OKO WeCT caT AHEBHO MNa Cy 13 TOr pas3nora
OBV O0jeKTV 3HauajaHW MNOTPOLWAUM enekTpUUHe

eHepruje.
Ynotpeba $pOTOHANOHCKMX cucTeMa

(DOTOHAMOHCKM CUCTEMM CITYXKe 33 MPOW3BOAMY
enekTpnYHe eHepruje NMomony KoHBep3wje eHepruje
CyHueBor 3payetba. Hhrxoso kopuwherse je 3HauajHoO
3 BUWe pa3nora. [opef cmarberba emucuje yribeH-
AVIOKCMAR, KopuwherseH GOTOHAMOHCKNX CUCTEMA Ha
KPOBHMM MOBPLIMHAMa NOCTUKE Ce 1 edeKaT NoKanHe
NPOV3BOAHE eNEKTPUUHE eHepruje v CMarbyje HeTo
npey3eta enekTpuyHa eHepruja 13 AUCTPUOYTUBHOT
CnCTEMa, @ CaMUM TUM Ce 1 CMakbyjy rybuum y
AVUCTPUOYTUBHO] M MpeHocHo] Mpexn (Babi¢ et al,
2015)

Ha ocHoBY NpuKynsbeHWx NoAaTaka, 3aHemMapsbrBO
Manu 6poj wkona y Cpbujn noceayje GOTOHaNOHCKM

centralised air-conditioning but mainly use split-sys-
tem air-conditioners. The use of air-conditioners in
gyms is not a common thing.

Electrical lighting

Electrical lighting is an important category of
power consumption, especially in schools where
gyms are being used in evening hours. This is the
reason why energy efficiency improvement in elec-
tricity consumption implies improved efficiency of
the lighting system. Basic types of the lighting sys-
tem include: incandescent lighting (glowing light
bulbs), fluorescent lighting, compact fluorescent
lamps (CFL) and LED lighting. Most frequently found
in the gyms is the fluorescent lighting and metal hal-
ide lamps.

Automatic lighting control can be found almost
nowhere, actually it is very rare in schools and gyms
in Serbia. In an average school/ gym in Serbia light-
ing is used cca. six hours a day, which is why these
buildings are considered to be important power
consumers.

The use of photovoltaic systems

Photovoltaic systems generate electricity by
converting the solar radiation energy. Their use is
important due to several reasons. Besides reducing
carbon dioxide emissions, the use of photovoltaic
systems on roof surfaces achieves the effect of local
electricity generation and reduces the net electricity
taken over from distribution system, and thus reduc-
es losses in distribution and transmission grid (Babi¢,
Purisi¢, Zarkovi¢, 2015).

Based on the collected data, the number of
schools in Serbia with the installed photovoltaic
systems on the building roof is negligible. Moreover,
based on the gathered and processed data on gyms



CUCTEM VWHCTanMpaH Ha Kposy objekTa. Takohe, Ha
OCHOBY MPWKYM/bEHNX 1 0bpaheHnx nopaTtaka Kaga
cy y nutamwy duckyntypHe cane y Cpbuju MOKemo
CMIMYHO 3aK/byYMTVM da He mMoCToje  WHCTanMcaHu
$OTOHANOHCKN M3BOPU eHepruje, HUTU OUNO KakBK
APy 13Bopu enekTpuuHe eHepruje. C 0631Mpom fAa
ofnpeheHn 6poj GUCKYNTYPHUX Cana MMa KOCK KPOB,
BEOMa 4YecTo jyxHe opwujeHTauuje, 70 omoryhasa
eduKkacHo kopuherse GOTOHANOHCKMX cucTema. '

1% MpumeHa 06HOBBLMBKX M3BOPA eHeprije obpaheHa je y nocebHoj
MoHorpadwju: [NprveHa 06HOBIBIBYIX M3BOPA EHeprije Ha 3rpajama
NPEALWKONCKMX M WKOMCKUX YCTaHOBa Ca GUCKYNTYpPHMM Canama
Cpbuje, nctrx aytopa

Typology of school gyms in the Republic of Serbia

in Serbia, it can be similarly concluded that there are
no installed photovoltaic energy sources, nor any
other sources of electricity. There is a certain number
of gyms with flat roof, often facing South, which en-
ables efficient use of photovoltaic systems. ©

1 Application of renewable energy sources is covered in a separate
monograph: Application of renewable energy sources in school, kin-
dergarten and school gym buildings in Serbia, same authors
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3. AEOUHUNCAHE TUMONIOTNJE OUCKYNTYPHUX
CANIA

Kako je Beh peueHo, 6a3a noaaTtaka ca nogaumma
O WKONCKUM OUCKYNTYPHUM Canama caapu nonuc
cBera 49 objekata. OBako mManu y3opak oHemoryhasa
NPVIMEHY KnacTep aHanm3e Kao 1 [pYrmx CTaTUCTUYKMX
MeTOfa, Ma je 3aK/byuuBarbe O KapaKTepucCTuKama
M3BPLEHO eKCNEPTCKM, Ha OCHOBY UCKYCTaBa 1 PaHuje
CTEYEHMX 3Harba pPagHe rpyne O pas3Bojy LWKOMNCKMX
3rpafda, passojy npuHUMna martepujanusaunie w
TEXHOMOWKMX CMCTEMA.

Y Tabenu 1 gata je MaTpuua TUMOMOTMje WKONCKNX
3rpaga ay Tabenu 2 matpuua TMnonoruje GUCKYNTYpHYIX
cana wkona. lNopeherem neprogmnsaumje fate y osrm
Tabenama BMAM Ce fa ce nmepuoan Knacudukauuje
y MmaTpuuama He noknanajy. OBakBo pa3mumta
nepuvoaMsauvja npomsalna je u3 Hanpep gartor
objallrberba Aa Ce WKOJMCKe cane BeoMa YecTo HUCY
rpagnne WCTOBPEMEHO Kafla M LWKOJCKe 3rpaje,
HapOUMTO He Yy MepuoaY MacOBHE M3rpafe WKona,
Beh cy Beoma uecTo, TaMo rae ja 3a To 6Uno ycnosa,
HakHagHo AorpahuBaHe.

3. DEFINING THETYPOLOGY OF SCHOOL GYMS

As already mentioned, database containing the
data on school gyms contains the inventory of only
49 buildings. Such a small sample disables the appli-
cation of cluster analysis and other statistical meth-
ods, therefore conclusions on their characteristics
were made by experts, based on their experiences
and acquired knowledge of the working group on
the development of school buildings, materialisation
principles and technological systems.

Table 1 provides the matrix of school build-
ings typology, whereas Table 2 shows the matrix of
school gyms. Comparison of periodization presented
in these tables shows that classification periods in
the matrices do not match. This difference in periodi-
zation stems from the explanation provided upfront
that school gyms were often not built at the same
time as school buildings, especially not in the peri-
od of mass school construction, but they were, quite
often when the conditions allowed so, subsequently
added.
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Mane wkone (ao 500m?) LLkone cpearbe BenmumHe (500 - 2000m?) Benuke wkone (sehe og 2000m?) MNepvioa
Small schools (smaller than 500m?) Medium sized schools (500-2000m?) Large schools (larger than 2000m?) Period

e o

70 1945,
before 1945

I -

1946-1970.
1946-1970

1971-1990.
1971-1990

nocne 1991.
after 1991

Tabena 1.MaTpuua trnonoruje wrkoncknx srpaga (Hauornanta  Table 1. School buildings typology matrix (National typology
TMNONOTWja WKONCKUX 3rpaga Cpbuje, cTp.42) of school buildings in Serbia, p. 42)
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Twn 3rpage WKoONCKe GUCKYNTypHe cane [Nepvioa n3rpaarbe
Building type school gyms Construction period

M3rpahere fo 1960.
Constructed before 1960

M3rpaheHe y neprogy 1960-2000.
Constructed in the period 1960-2000

M3rpaheHe HakoH 2000.
Constructed after 2000

Tabena 2. MaTpuua Tvnonoruje 3rpapa UCKyNTypHIx cana  Table 2. Gym buildings typology matrix
LUKOMNCKMX 3rpafa
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4.MNOBOJbWAHE EHEPTETCKE EOMKACHOCTU
N CMAHERE EMUCWMIE CO, YHANPERHEHEM
3rPAA OUCKYNTYPHUX CANA

Y Cpbuju je jow yBek Ha CHa3w perynatmea w3
0bnacTn eHepreTcke edUKACHOCTM KOja je CTynmna Ha
CHary 2012. roguHe. lNpema oBUM [paBuaHKULMM],"
NPUANKOM PEeKOHCTPYKUMje 3rpaaa, notpebHo je aa
Ce 3rpaja yHanpeawm 3a jeflaH eHepretcku paspeg,
ykonuko Beh Huje y pespeay A nnu A+. Ceptudukaumja
ce, Npy TOM, BPLWM Camo Ha OCHOBY NMoTpebHe eHpruje
3a rpejarbe, Maja je fjata v MeToAoNOrMja 3a NpopadyHe
emucunje yribeH-grokcuaa. EHeprmja notpebHa 3a
KIMmaTu3aunjy, BeHTUNauuvjy, npunpemy caHuTapHe
TONNe BoAe M pacBeTy Huje obyxBaheHa npouecom
ceptudukaumje. Mpema MeToAoNOrMjM KopuwheHoj
KOA LWKONCKMX 3rpaga W 3rpafa NpeaLKoncKmx
yCTaHoBa'? nonasvwTe 3a aHaamMly Ouno je
NPOjeKTOBaHO CTarbe 3rpafa, He y3umajyhv y 0b3mp
HakHaZHe pPafoBe KOju Cy BPLUEHN Ha KOHKPETHMM
CIy4YajeBrMa, Koju cy Hajuellhe obyxsaTtanu 3ameHy
bacapHe ctonapuje M caHauujy OJHOCHO MPOMEHY
TVNa KpOBa W KPOBHOI MokpwBaya. JdedunHucaHn cy
Pa3NNUUTL HMBOW yHanpehera 1 To 3a enemeHTe:

+  Tepmunykn omoTay
+ TepMOTEXHWUYKM CUCTEMN 1
- EnektpoeHepretcku cuctemm.

Mopen NpopadyHa NoTpebHe eHepruje 3a rpejarbe
3rpage, NPUNpemMy CaHWTapHe TOom/e Bofe M paceeTy
M3padyHata je u GUHanHa U NpUMapHa eHepruja 3a ose
noTpebe Kao 1 em1cmja yribeH avokcuaa 3a noctojehe
CTatbe M TpU HWBOa yHanpeherba, geduHvcaHa y
parcem TekcTy. Tpeba uctahu aa je cmarberse emncuje
YITbeH AMOKCKAa, 6e3 063vpa WTO TPEHYTHO KOA Hac

" TpaBUNHUK O €eHepreTckoj eduKacHOCTV 3rpada U [MpaBuiHK
O YCIOBMMA, CAfIPXKMHM W HAuMHy W3naBarba cepTidukata o
eHepreTckuM CBojcTBMMa 3rpagda (“Cn. rnacHuk PC’,6p.61/2011)

12 JosaHoswh Monoswh M. 1 ap:3rpage WKONCKNX 1 NPEALIKONCKMX
yCTaHOBa- METOAOSOWKM  OKBMP  dopmuparba  Tvnonoruje  u
nobusbluarba eHepretcke edukacHocT, Deusche Gesellschaft fur
Internationale Zusammenarbeit (GIZ) GmbH, 2018

Typology of school gyms in the Republic of Serbia

4. ENERGY EFFICIENCY IMPROVEMENT AND CO,
EMISSION REDUCTION BY IMPROVING SCHOOL
GYM BUILDINGS

Regulations in the area of energy efficiency
which entered into force in 2012 are still effective in
Serbia. Pursuant to these Rulebooks," in reconstruc-
tion of buildings, a building has to be improved by
one energy class, unless it is already in classes A or
A+.In addition, certification is done only on the basis
of required heating energy, although methodology
for calculation of carbon-dioxide emission is also in-
cluded. The energy needed for air-conditioning, ven-
tilation, domestic hot water preparation and lighting
is not covered by the certification process. Accord-
ing to the methodology used for school and kinder-
garten buildings"” the basis for the analysis was the
designed condition of buildings, not taking into ac-
count subsequent works performed in specific cases,
which most often included replacement of facade
joinery and rehabilitation/replacement of roof type
and roof cover. Different improvement levels were
defined for the following elements:

+ Thermal envelope
+ HVAC systems and
+ Electrical power systems.

In addition to calculation of energy demand for
heating of the building, domestic hot water prepara-
tion and lighting, final and primary energy for these
needs has also been calculated, same as the car-
bon-dioxide emission for the current condition and
three improvements defined in the text to follow. It
ought to be stressed that carbon-dioxide emission
reduction, irrespective of the fact that currently in

" Rulebook on energy efficiency in buildings and Rulebook on the
conditions, content and manner of issuing building energy perfor-
mance certificates ("Official Gazette of RS, no. 61/2011)

2 Jovanovic Popovic M. et al: School and kindergarten buildings- a
methodological framework for the formation of typology and the
improvement of energy efficiency, Deusche Gesellschaft fur Interna-
tionale Zusammenarbeit (GIZ) GmbH, 2018
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ceptvduKkaumja Huje GasmpaHa Ha EeMUCUU YribeH
OMOKCMLA, M3Y3€THO BaXkaH MapameTap 3a KBanuteT
srpafa. Cmarberbe oBe emucvje je  aeduHMCaAHO
MehyHapoaHMM Cnopasymvma W OrpaHMYeHo  3a
CBaky 3em/by MOjefMHayHO Ca [aTuM POKOBMMA
NOCTaB/bEHMM 33 MOCTU3akbe OBUX LiMbeRa. "

Byayhu npa je meTogonorvja npukyn/barba
nojataka O canama 6wna Apyrauvja y OAHOCY Ha
wkone v BpTMhe v aa Huje 6uno moryhe yTBpPAUTY
yKynaH Ta4yaH 6poj cana y Cpbuju, To Hinje buno moryhe
ypaauT npopadyHe yliTefa Kpo3 obHOBYy 3rpafa
cana Ha HuBoy uene Cpbuje. MNpopauyHu cy ypaheHu
camo 3a ofjlabpaHe T1noBe cana. KombrHaLmjom oBuMxX
BPeAHOCTM Ca MpopadyHaTMM ywTeaama Ha HYBOY
WKOMe, MoXe Ce M3padvyHaTn edekaT obHOBe 3rpaja
33 CBaKy MOjeAMHauHy KOMOWMHauMWjy WwKone v cane y
3aBMCHOCTU Off KOHKPETHE CUTyaLuje Ha TepeHy.

4.1 YHanpehetbe apXUTEKTOHCKO-TpaheBUHCKNX
KapaKkTepucTmKa

AHanusnpaHe cy moryhHocTu  yHanpehersa
CaMO Ha HMBOY YHanpeherha TepMUUKOr OMOTaua,
NowTO Cy 3rpafe GUCKyNTypHUX cana rpaheHe kao
KOMMaKTHe, 1 MOryRHOCT NOOOsblUaHa reoMeTPUjCKIX
KapakTepucTika KOMMNEKCHMM meTodama
yHanpeherba 1 yBoherem NacnBHUX Mepa, ONmCaHmX
Y MPETXOAHMM UCTPaXMBaHMa, H1je pa3maTtpaHa (Ig-
njatovi¢ et al,2015; Cukovi¢ Ignjatovic et al, 2016).

MpBK HMBO yHanpehera ce cacToju of padosa
Koju obe3behyjy wmcnymeHocT 3axTeBa Baxehe
nofsakoHcke perynatnee ([1paBUAHUK O YCNOBUMA,
CAOpXKMHM U HauMHy M3faBarba cepTudukara o
EHepreTCKMM CBOjCTBMMA 3rpaaa, 2012) Tj. obase3n aa
Ce Npw eHepreTckoj caHauuju, noctojehn eHepreTcku
pa3peq yHanpean 3a MUHUMYM jefiaH H1BO. 3a pa3nnky
Of1 WKOMCKMX 3rpafa, 360r BeN1Kor BoymMeHa, OCHOBHa

13 Kjoto npoTokon je yceojeH y KjoTy, Janax 1997. ToanHe. MpoTokon
obaBesyje WMHAYCTPUWjanv3oBaHe 3emsbe [a CTabunusyjy emucujy
racoBa ca edpekTom CTakneHe alite Ha OCHOBY Hauena KoHeeHuuje.
Cpbuija je patdukosana MpoTokon y jaHyapy 2008. roguHe. http://
unfccc.int/kyoto_protocol/items/2830.php

Serbia certification is not based on the carbon-diox-
ide emission, is an extremely important parameter
for the quality of buildings. Reduction in this emis-
sion is defined by international treaties and is limit-
ed for each country individually, along with the set
deadlines for achieving these targets.®

Having in mind that the methodology for collec-
tion of data on gyms was different compared to the
one used for schools and kindergartens, it was not
possible to determine the total and accurate num-
ber of gyms in Serbia, therefore it was also not pos-
sible to calculate savings that would be achieved by
renovation of gym buildings at the level of Serbia.
Calculations were done only for the selected types
of gyms. By combining these values with the calcu-
lated savings at the school level, the effect of build-
ing renovation may be calculated for each individual
combination of school and gym depending on the
specific situation on the ground.

4.1 Improving architectural and construction char-
acteristics

Possibilities for improvement were analysed at
the level of thermal envelope improvement only,
since gym buildings were constructed as compact
buildings, while the possibility of improvement of
geometric properties by complex improvement
methods and introduction of passive measures, de-
scribed in the previous studies has not been consid-
ered (Ignjatovi¢ et al,2015; Cukovi¢ Ignjatovi¢ et al,
2016).

Improvement 1 includes the works ensuring
meeting of the requirements of the applicable by-
laws (Rulebook on the conditions, content and man-
ner of issuing certificates on energy performance of
buildings, 2012), namely, that energy efficient retrofit-

8 Kyoto Protocol was adopted in Kyoto, Japan in 1997 . The Pro-
tocol imposes a commitment on industrial countries to stabi-
lise the emission of greenhouse gases based on the Conven-
tion principles. Serbia has ratified the Protocol in January 2008
http://unfcccint/kyoto_protocol/items/2830.php



NpvmMerbeHa Mepa 3aMeHe dacaiHe CToNapuje HOBOM,
Koja mcnyraBa 3axtee perynatuse (PVC npodwnu,
[BOCJIOJHN HUCKOEMUCUOHM CTakno naketn U=14 W/
m2K, g=0.6), 1 noBOAM A0 NOOO/bLIaHa 3aNTUBEHOCTU
W CMakbeHba BEHTUNALMOHMNX TybrTaKa, H1je NOBOSbHA
33 CnyHbere 0BOr ycoBa Beh je Hy»KHO NpYMeHUTH
jow Heky Mepy eHepreTcke caHalvje (13onaumja Kposa
nnn dacage).

Opyrn HWBO yHanpeherba KOHUMMAMPaH je Tako
[a ce CBe Mno3nuvje TePMUYKOT OMOTaya LOBedy Y
CTahbe re HlxoBe BpeaHOCTV koeduLmjeHTa nponasa
TOMMOTe  OAroBapajy BpefHOCTMMA  MPOMUCaHMM
[MpaBWIHMKOM O eHepreTckoj edukacHocTn (2011).
JeovHa No3uuKja Koja 3310BO/baBa 3axTeBE TPEHYTHE
perynaTtvee je no3uumja noga Ha Ty, Npe ceera 360r
reoMeTpujCKMX KapaktepucTrka. CBe ocTane nosnuuje
— NPO30PCKKU cUCTeMM, dacadHM 31O0BK, KA U KOCK
M PaBHW KPOBOBW, MOPajy CE 3aMEHWUTU OLHOCHO
CaHMpaTV Y3 MOCTaB/barbe C/l0jeBa TepmMoum3onauuje
of 10-20 cm pebsbuHe, y 3aBMCHOCTM of nocTojehe
CTPYKTYpe OMOTaua

Tpehu HVMBO  yHanpeherba noapasymesa
abmuumMosHn obum obHoBe, Yy cmmcny yHanpehersa
CBMX NO3WUMja TEPMUYKOr OMOTada [0 HMBOA
TPEHYTHOI  TEXHO-EKOHOMCKOI  MakCumyma. 1o
nofpasymeBa 3ameHy GacafHe ctonapuje 1 bpasapuje
KOMMOHEeHTaMa cepTUOMKOBAHMM3ayrpafbyy naceHe
Kyhe, wro Hajuewhe nogpasymeBa KOMMO3UTHE
Npodwune, 3acTak/beHe TPOCTPYKMM HUCKOEMUCUOHUM
CTaKNO MAKETOM WCIYHEHUM MIEMEHUTUM FaCOM
(U=0.8 W/m2K, g=0.4) y3 nobosbliarbe 3anTMBEHOCTM
NPy NpopayyHy BEHTMAAUMOHWX rybuTaka Ha
nobap Hueo. Takohe, wm3onauvja CBMX No3MUMja
TEPMMYKOT OMOTaua, YK/bydyjyhn 1 caHaumjy nogosa
Ha Tny (WTo MpeTnocTaB/ba 3HayajHe rpaheBuHCKe
pajoBe), MoApasymMeBa AOAaBaH-E 3HAYajHUX CNojeBa
Tepmouzonauuje, y aebrbiHama og 20 cm Ha dacagHmm
31[oBKMMa, OAHOCHO 30 cm 'y CI0jeBMMa KPOBOBa.

Koo HajHoBWjer Tmna cana, rpaheHux HakoH
2000. roanHe, aHanmM3npaH je camo Tpehn npuHLMn

yHanpeherba, OGyayhn pa oBe cane yrnaBHOM
3a[l0BO/baBajy HMBO KOjU MPOMUCYje  TPEeHyTHa
perynaTvea.

Typology of school gyms in the Republic of Serbia

ting needs to improve the existing energy class by at
least one level. Unlike school buildings, due to large
volume, basic applied measure implying replace-
ment of facade joinery by new, meeting the regu-
latory requirements (PVC sections, double-glazed
low-emission glass units U=14 W/m2K, g=0.6), lead-
ing to improved tightness and reduced ventilation
losses, is not sufficient to meet this requirement, but
requires implementation of another energy efficien-
cy measures (roof or facade insulation).

Improvement 2 was designed so as to bring all
elements of thermal envelope to a condition where
their heat transmittance values correspond to val-
ues defined in the Rulebook on Energy Efficiency
(2011). The only position meeting the requirements
of applicable regulations in the position of floor on
the ground, primarily due to its geometric charac-
teristics. All other positions- window systems, facade
walls, pitched and flat roofs, have to be replaced or
rehabilitated, including installation of thermal insu-
lation layers 10-20 cm thick, depending on the exist-
ing structure of the envelope.

Improvement 3 implies an ambitions rehabilita-
tion scope, in terms of improvement of all thermal
envelope positions up to the level of the current
techno-economic maximum. This refers to replace-
ment of the facade joinery and ironmongery by
components certified for installation in passive
houses, which most often implies composite sec-
tions, triple-glazed low-emission glass units filled
with noble gas (U=0.8 W/m2K, g=0.4) with improve-
ment of tightness in calculating ventilation losses to
a proper level. Moreover, insulation of all thermal en-
velope positions, including rehabilitation of floors on
the ground (assuming comprehensive civil works),
entails adding considerable thermal insulation lay-
ers, from 20 cm thick on the facade walls, or 30 cm in
the roof layers.

In the latest type of gyms constructed after the
2000, only Improvement 3 was analysed, given that
these gyms mainly meet the requirements laid down
in the applicable regulations.
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4.2 YHanpehetbe TepMOTEXHUYKMX MHCTanauuja

Ha ocHoBy obpaheHux nogataka o GUCKyNTYpHUM
canama carneflaHe cy MoryhHocTu yHanpehersa
eHepreTcke edUKACHOCTM y CUCTeMUMA rpejarba U
npunpemMe CaHUTapHe TOMme BOAE Kao Uy CUCTEMMMA
BeHTMNauvje.  KoHkpeTHa  yHanpeherwa  npate
METOLONOMMjy KOja Ce MpuUMeryje Ha HauuoHamHy
TMnonornjy Wwkona. Takohe, NpwuavKoMm aHanwuse,
y3eTe cy y 003Mp peanHe TexHuuke U dUHaHCKjCKe
MoryhHocT, notpebe M AMHAMUKA Pafa LWKOMACKMX
Cana Kao 1 TUMWYHa pellersa 3a OBaj TMN objekarta.

Unm  yHanpehersa y cuctemuma rpejarba U
npunpemMe CaHWTapHe Tonne BOLE je CMarberbe
NpYMapHe NOTPOLLHbe eHepruje, noseharbe cTeneHa
KOPUCHOCTM  TpaHchopmauvje v aucTpubyuuje
eHepruje, yHanpeherwe KBanuTeTa rpejarba W
CHabaeBarba Kao U CMarberbe HEraTUMBHMX yTuLaja Ha
XMBOTHY cpeanHy. Linb yHanpeherwa y cuctemmnma
BEHTMNAUMje je WCMNyHere BUWECTPYKMX 3axTesa
Mehy Kojuma Cy KBanuTeT Ba3Ayxa, PaBHOMEPHa
pacnogena TemnepaTtype Yy NPOCTOPUjM U  HK3aK
HWBO CTpaTMdMKaLMje, KOHTPOMA Bnare, HUCKe
6p3viHe Basdyxa Yy MNPOCTOPUKM U Mann aKyCTUYHK
oTMcak cuctema. Takohe, UMb je M M3rpagrsa
CcMCTEMA BEHTWUMALUMje Koju Ce MOoXe Npunarogutut
NPOMEH/BUBMM  3axTeBMMA Y pady. [lpeanoxeHa
yHanpeherba noctojeher cuctema BeHTUnNaumje cy y
cKnafy ca HaMeHOM LUKOAICKMX cana, umajyhu y sugy
[a nojednHe cane noceayjy 1 TpubriHe 3a rnefaote 1
HamereHe Cy 33 OApaBarbe PasMUUTUX CMOPTCKMX
porahaja.

Mopen noctojeher craka, AeduHMcaHa cy Tpu
HMBOa yHanpeherba.

Moctojehe  cTambe: Y  W3BOPHOM  CTakby
duckynTypHe cane TMna 1 1 TMNa 3 nocegyjy cuctem
LUEHTPaNHOr rpejarba Ca pagmjatopumMa Kao rpejHUM
Tenvma.  VI3BOp  TOM/IOTHE  eHepruje je  cucrem
[a/bMHCKOT Ipejarba Ha Koju je LLKONa noBe3aHa, Aok ce
y TOMNaHaMa Kao OCHOBHO rOPUBO KOPUCTN MPUPOAHN
rac (eBeHTyanHO TeYHO ropweo). Y cann Tuna 2 y
M3BOPHOM CTakby, LIKOMa Ce NpBOOWTHO 3arpesarna

4.2 Improving HVAC systems

Based on the processed data on gyms, possibili-
ties for improvement of energy efficiency in heating,
domestic hot water preparation and ventilation sys-
tems were considered. Specific improvements follow
the methodology applied to the national typology
of schools. The analysis also took into account real-
istic technical and financial possibilities, the needs
and dynamics of school gyms operation, and typical
solutions for this type of buildings.

The purpose of improvements in the heating
and domestic hot water preparation systems is to
reduce primary energy consumption, increase the
transformation efficiency and energy distribution
level, improve the quality of heating and supply, and
to reduce adverse effects on the environment. The
purpose of improvements in ventilation systems is
to meet multiple requirements, inter alia, the quality
of air, balanced temperature allocation in the room
and low level of stratification, control of humidity,
low air speed in the room and low acoustic blueprint
of the system. Moreover, the aim is to construct a
ventilation system adaptable to changing operating
conditions. The proposed improvements of the ex-
isting ventilation condition are aligned with the use
of school gyms, bearing in mind that certain gyms
also have viewers stands and host different sporting
events.

Besides the current condition, three improve-
ment levels were defined.

Current condition: In their original condition,
gyms of type 1 and type 3 have a radiator centralised
heating system. The source of heat is district heat-
ing system the school is connected to, with district
heating plants using natural gas (liquid fuel poten-
tially) as fuel. In the original condition of gyms under
type 2, the school was initially heated by the central
heating system using the solid fuel (coal) fired boil-
er and radiators and heating bodies. This system is
used even nowadays, with the switch to natural gas
fired boiler.In these types of gyms, electrical conven-



CUCTEMOM LEHTPANHOT Tpejarba Ca KOT/IOM Ha YBPCTO
ropwBo (yrasb) 1 ca paanjatopuma Kao rpejHIUM Tenmnma.
Taj cuCTem ce KOPUCTM 1 faHac y3 Npenasak Ha KoTao
Ha NPUPOAHW rac. Y CBMM TUMOBMMA Cana 3a Npunpemy
CaHWTapHe Tonfe BOAE KOPUCTE Ce eNeKTPUYHM
aKkymynaumoHu 6ojnepu. Of BEHTUNALUMOHUX CUCTEMA
YIIaBHOM je 3aCTyn/beHa NpUpoAHa BEHTUNaLWja UK

jenHOCTaBHM 3UOHV BEHTUIATOPN.
MpBK HKXBO YHanpehera

Y cBa TpW TMNa OUCKYNTYPHUX Cana 3ajpaH
je noctojehm cuctem rpejatba  MNPOCTOPa  KOjM
noapasymMeBa [Aa/bUHCKO rpejarbe C  TOMIaHCKUM
KOT/IOBMMa Ha MPUPOAHM rac y canama tvna 1 u
3 ¥ UEHTpaNHO rpejarbe Ca NOKaNHUM KOT/IOM Ha
NpVPOAHN rac y cann tina 2. MNpunpemMa caHuTapHe
Tonne BoAe obaB/ba Ce MnyTem eNeKTPUYHMUX
aKymynaumoHux 6ojnepa. Kop objekaTta koju nocenyjy
Camo NPUPOAHY BEHTUNALM)Y UK jeAHOCTaBHe 31aHe
BeHTUNATOpe, Npeanaxe ce yrpafrba MexaHW4Kor
cMcTeMa  Ca  KaHanvma 33 ofsoherbe  Basayxa,
NOCTaB/beHUM Yy OnAM3vHKM nnadoHa cane. Takas
c1CTeM je MmorogaH 3a ycnoe cnabor uHTesmTeTa
Kopuwherba cane vy ycnoBMMa Kafia CTpora KOHTpona
Temnepatype Basgyxa Huje HeonxofHa. [lowTto ce
pafun O penaTMBHO BUCOKNM ObjekTMa (MpoceyHo 7-8
m), MEXaHWYKO yBOheHe HenpunpemsbeHor XnagHor
CMOJsbHOr Basfyxa MyTem KaHana ca nnadoHa JOBeNo
6w o ybp3aBarba Bazfyxa Ka Ty U Hekompopa Koj
KOPUCHMKA.

Opyrn H1BO yHanpehetba

Kao y npeTtxogHOM cnydajy, y CBa TpWu Tuna
OUCKYNTYpHUX Ccana 3agpkaH je noctojehn cuctem
rpejakba MpPoCTopa  Koju MOApasymMeBa [Aa/bUHCKO
rpejarbe C TOMIaHCKMM KOTNIOBMMA Ha MPUPOLHM rac y
canama mmna 1 n 3 n UeHTPanHo rpejarbe ca NoKanHumM
KOTJIOM Ha MpUpoAHM rac y canv 2. [lMpunpema
CaHWTapHe Tonne Bofe 06aBsba Ce MyTem enekTPUUHIX
akymynaumoHux 6ojnepa. Y cuctemy BeHTWnauuje
npegnaxe  ce  yrpagmwa  AeuUeHTpanmn3oBaHor
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tional water heaters are being used for domestic hot
water preparation. When it comes to ventilation sys-
tems, mostly found are natural ventilation or simple
wall-mounted fans.

Improvement 1

In all three types of gyms the existing heating
system was kept entailing district heating with DHP
natural gas boilers in gyms of types 1 and 3, and cen-
tralised heating with a local natural gas boiler in type
2 gyms. Domestic hot water preparation is under-
taken by electrical accumulation water heaters. For
buildings having only natural ventilation of simple
wall-mounted fans, it is proposed to install mechan-
ical system with air outlet channels, set close to the
gym ceiling. Such a system is suitable for the condi-
tions of low gym use intensity and in the conditions
when strict air temperature control is not necessary.
Since there are relatively high buildings (7 to 8 m on
average), mechanical inlet of untreated cold outdoor
air via channels under the ceiling would lead to ac-
celeration of air close to the ground and discomfort
of gym users.

Improvement 2

Same as in the previous case, in all three types of
gyms the existing heating system was kept entail-
ing district heating with DHP natural gas boilers in
gyms of types 1 and 3, and centralised heating with
a local natural gas boiler in type 2 gyms. Domestic
hot water preparation is undertaken by electrical
accumulation water heaters. In regard to ventilation
system, construction of decentralised ventilation
system is proposed with heat recuperation and flow
meeting the needs of the gym. Fans for extraction
of air would be placed on the gym roof or walls, and
together with the adequate system for supply of
outdoor air they can be used as an efficient inde-
pendent ventilation system.
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cucTemMa BeHTUIaUMje ca pekynepaTopom TOMoTe w
NPOTOKOM f1a 33[10BO/bI NoTpebe cane. BeHTunatopn
33 eKcTpakuujy Basayxa 6uam Oy MOCTaB/bEHW Ha
KPOBOBMMa WM 3UOOBUMa OUCKYNTYPHUX Cana, U
3ajeiHO Ca oaroBapajyhum cuctemom 3a Aonpemarbe
CNOJBHOT Ba3fyxa MOry Ce KOPUCTUTU Kao edurkacaH
HEe3aBMCaH BEHTUNALMOHN CUCTEM.

Tpehu HMBO yHanpehera

Y cBa TpU TvNa GUCKYNTYpHWUX cana MHOBMpPaH
je nocTojehn cucTem rpejarba MNpoOCTOpa  MNyTem
yrpagme KOMMpecopcke TOMIOTHE nymne Basdyx/
BOAa Ca XMOPOMOZYNOM, Koja 3amembyje noctojehe
cucTeme 3a rpejarbe 1 NPUNpeMy CaHuUTapHe Tonne
BOE Y LIenoCTu. Y cUcTeMy BeHTUaLMje npeaiaxe ce
nHTErpaumja cucTema rpejarba 1 BeHTunaumje. Cnctem
JoBoherba NpunpembeHor TONor Basdyxa nocedyje
fobap HWBO KOHTpOMe KBanuTeTa BasfdyXa TOKOM
rofViHe 1 OCTBapyje BUCOK HMBO edUKACHOCTU. HaumH
Ha KOjM Ce LLIKOJICKE Cane KOPUCTE YMHN KX MOTOLHUM
33 MOCTaB/bakbe CeH30pa 3ay3eToCTU WK AeTeKTopa
NPUCYTHOCTM Aa 6w Ce ayTOMaTCKM KOHTPOMMCao
Paj BEHTVNALMOHON CUCTEMA W rpejamba, a fa bu ce
n3berao npekomepaH yTpowak eHepruje. Mpeanaxy
Ce N eneMeHTM 3a YTULWABatbe BMCOKOPPEKBEHTHUX
3BYKOBA HaCTalMx BPTIOXKEHEM Ha [OBOAHUM W
OABOAHMM peLeTkama. OBM eNeMeHTN BEHTUNALMOHOT
cMcTeMa Y WKOACKMM Canama Tpeba [a 3340BOsbe
HM3aK HUBO Oyke KOjU He OU pemeTno GUCKYNTypHe
aKTMBHOCTHU Koje ce obaBarbajy y canu.

4.2.1 EpekTn yHanpehera

YcBojeHe npeTtnocTaske: [NpoceyaH 6poj caTh pada
cucTema rpejatba, BeHTUMaUMje 1 NpunpemMe CaH1TapHe
TOM/Ie BOAE Y CBMM aHaNM3MPaHUM  GUCKYNTYPHMM
canama y TOKy NMpoceyHor pagHor faHa je 8h. Ykynax
6poj pagHVX AaHa 3a CBe aHaM3MpaHe LIKOMCKe
cane je 180 paHa/roa. Y Tabenw 3. gaTe Cy BpeAHOCTU
noTpebHe eHeprvje 3a rpejakbe W NpUnpemy
CaHWTapHe TOoMnse BOAE Kao 1 BPeaHOCTA 33 GUHANHY 1
npumapHy eHeprinjy v emucujy CO, 3a UCTe HameHe 3a

Improvement 3

In all three types of gyms the existing heating
system was innovated by installation of a compres-
sor heat air/water heat pump with a hydromodule,
entirely replacing the existing heating and domestic
hot water preparation systems. Integration of heat-
ing and ventilation systems is proposed in the ven-
tilation system. The system for bringing in prepared
hot air has good level of air quality control through-
out the year and achieves high level of efficiency. The
manner in which gyms are used makes them suitable
for installation of occupancy sensors or detectors so
as to automatically control operation of ventilation
and heating systems and thus avoid excessive en-
ergy consumption. Also proposed are the elements
to calm down high-frequency sounds resulting from
swirling on inlet and outlet grids. These ventilation
system elements in school gyms ought to meet the
low noise level so as not to disturb sporting activities
taking place in the gym.

4.2.1 The effects of improvement

Adopted assumptions: Average number of work-
ing hours of heating, ventilation and domestic hot
water preparation systems in all analysed gyms
during an average working day is 8 hours. The total
number of working days for all analysed school gyms
is 180 days/p.a. Table 3 shows the energy demand
values for heating and domestic hot water prepara-
tion, and values for final and primary energy and CO,
emission for the same type of use of all three types



CBa TPM TMNa Cana y NPOjeKTOBaHOM CTatby. Y Tabenama
4, 5.1 6. pate Cy v3padyHaTe BpPeLHOCTM 3a NOTPebHY,
GuHanHy U npumapHy eHeprujy kao n emncujy CO, 3a
CBa TPW TMNa Caa HaKoH NpojeKToBaHor yHanpeherba
Y TPpY Pasnmunta HUBOA

Tabena 3. YkynHe roauiirbe eHepreTcke notpebe, drHanHa v
npumapHa eHepritja y3 emncrjy CO,, 3a noTpebe rpejarba
npwnpeme caHutapHe Torne soae (CTB)y WKONCKMM Canama
3a nocTojehe cTarbe
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of gyms in the designed condition. Tables 4, 5 and 6
present the calculated values for the needed, final
and primary energy and CO, emission for all three
types of gyms after the designed improvement in
three different levels.

Table 3.Total annual energy demand, final and primary ener-
gy with CO, emission for the needs of heating and domestic
hot water preparation (DHW) in school gyms in the original
condition:

Tun cane
Gym type

HeTo nospuwuHa cane
Net gym area

MoTpebHa eHeprvja 3a rpejatbe
nCTB
Heating and DHW energy demand

(DuHanHa eHepruja 3a rpejarbe
nCTB

Heating and DHW final energy
demand

MpumapHa eHepruja 3a rpejarse
nCTB

Heating and DHW primary energy
demand

YkynHa emucuja CO,
Total CO, emission

[m2] [MWh/ god.] IMWh/p/a.] [MWh/ god.] IMWh/p/a.] [MWh/ god]] IMWh/p/a] [tCO,/ god] [t CO/ p/al
1 330 104,7 1246 2269 766
2 864 3497 4524 5108 1099
3 707 779 92,0 1710 60,3

Tabena 4. YkynHe roguiuree eHepreTcke notpebe, GrHanHa u
npumapHa eHepruja y3 emncujy CO,, 3a noTpebe rpejarba v
npunpeme caHuTapHe Tonne soge (CTB)y WKOACKMM canama
HakoH nprmeHe mepa yHanpeherba 1

Table 4.Total annual energy demand, final and primary energy
with CO, emission for the needs of heating and domestic hot
water preparation (DHW) in school gyms after implementing
the Improvement T measures

Tun cane
Gym type

HeTo nospnHa cane
Net gym area

NoTpebHa eHepruja 3a rpejarbe
nCTB
Heating and DHW energy demand

OuHanHa eHepruja 3a rpejarbe
nCTB

Heating and DHW final energy
demand

[MprmapHa eHeprija 3a rpejarbe
nCTB

Heating and DHW primary energy
demand

YkynHa emucuja CO,
Total CO, emission

[m?]

[MWh/ god] IMWh/p/a]

MWh/ god] IMWh/p/a.]

[MWh/ god.] IMWh/p/a)]

[tCO,/ god] [t CO/ p/al

1 330 57,1 67,8 1246 429
2 864 146,3 188,1 2201 51,8
3 707 779 92,0 1710 60,3

Tabena 5. YKynHe rofuilre eHepreTcke notpebe, GrHanHa u
npvmapHa eHepruja y3 emncrjy CO,, 3a notpeGe rpejarba 1
npunpeme Tonne notpolHe soge (CTB) y WwKonckmum canama
HakKoH nprMeHe mepa yHanpeherba 2

Table 5.Total annual energy demand, final and primary energy
with CO, emission for the needs of heating and domestic hot
water preparation (DHW) in school gyms after implementing
the Improvement 2 measures

Tvn cane
Gym type

HeTo noBpluHa cane
Net gym area

[MoTpebHa eHepryja 3a rpejatbe
nCTB
Heating and DHW energy demand

OuHanHa eHepruja 3a rpejarbe
nCTB

Heating and DHW final energy
demand

MpumapHa eHepryija 3a rpejare
nCTB

Heating and DHW primary energy
demand

YkynHa emncuja CO,
Total CO, emission

[m?]

[MWh/ god] IMWh/p/a]

[MWh/ god.] [MWh/p/a.]

[IMWh/ god] IMWh/p/a]

[tCO,/ god] [t CO/ p/a]

1 330 46,6 55,2 1019 354
2 864 1446 1859 2177 513
3 707 779 92,0 1710 60,3
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Tabena 6. YKyrnHe rofultbe eHepreTcke notpebde, drHanHa 1
npvmapHa eHepruja y3 emncrjy CO,, 3a notpebe rpejarba 1
npunpeme caHnTapHeTonne soge (CTB) y Wkoncknum canama
HakoH nprmeHe mepa yHanpehetrba 3.

Table 6.Total annual energy demand, final and primary energy
with CO, emission for the needs of heating and domestic hot
water preparation (DHW) in school gyms after implementing
the Improvement 3 measures

Tun cane Heto nospluunHa cane MoTpebHa eHeprvja 3a rpejatbe DuHanHa eHepruja 3a rpejarbe MpumapHa eHeprija 3a rpejarse YkynHa emncuja CO,
Gym type Net gym area nCTB nCTB nCTB Total CO, emission
Heating and DHW energy demand | Heating and DHW final energy Heating and DHW primary energy
demand demand
[m?] [MWh/ god.] [MWh/p/a] [MWh/ god] [MWh/p/a] [MWh/ god] [MWh/p/a] [tCO,/ god] [t CO,/ p/a]

1 330 299 104 26,0 138

2 864 1034 359 89,8 47,6

3 707 70,1 243 60,9 32,2

4.3 YHanpehetbe eneTpuyHor ocBeT/betba

Ha ocHoBy ypaheHe 6a3e nopataka, kao 1 Ha OCHOBY
obpaheHnx nofaTaka o GUCKYNTYPHMM Canama carnefaHe
cy moryhHocT noborblakba eHepreTcke edrKacHOCTH
€NeKTPOEHEPrETCKNX  CUCTEMA Yy  OBUM  ObjeKTVMa.
AHanu3a je obyxBaTuna CBe peneBaHTHe MapameTpe y
BE3W Ca CTPYKTYPOM MOTPOLLUHE efleKTPUUHe eHepruje.
Kako enekTpuYHO OCBET/berbe MPEeACTaBba 3HauajHy
KaTeropujy nOTPOLWHE eNekTpUYHe eHepruje, mepe
yHanpehera eHepreTcke edrKacHOCTM Yy MOTPOLWHM
eneKkTpuyHe eHepruje Hajuelwhe obyxsatajy noeeharbe
edMKaCHOCTI C1MCTEMa OCBET/beHbA.

JedvHrcaHa cy Tpu HMBOa yHanpeheksa, Npatehn
METOAONOTUN)y KOja Ce MpuMersyje Ha  HauMoHamHy
TUNOMOTWjy eNeKTPOeHePreTCKMX MHCTanauuja y okBmpy
LwKona.

Moctojehe cTamwe: [lpetnoctasba ce Aa je vy
drCKynTypHOj cann Tvna 1 MHCTanMpaHo GbayopecUeHTo
OCBET/bEHE, AOK je 33 GUCKyNTypHe cane Tvna 2 1 3
NPeTNoCTaB/ibeHO Aa je WMHCTaNMPaHO MeTan-xanoreHo
OCBET/bEH-E.

YHanpeherwe 1: [lpetnoctasmba ce fa je vy
duckynTypHum  canama  noctojehe  oceeTrbetrbe
3amerbeHo ca JIE[l ocBeT/berbem Koje aaje NpubnmkHO
UCTV HWBO OCBET/LEHOCTM Kao 3a mnoctojehe cTarbe.
Pasnvka y WHCTanMcaHoj CHa3n OCBET/beHa Mpe U
nocse HTepBeHLUMje je MepodaBHa 3a NpoueHy ylwrege
eHepruje. OBa Mepa MNOApas3ymeBa 3aMeHy CBETU/bKU
6e3 VKakBvX AOHATHWX WHBECTVUMja Y enekTUpUYHe
NHCTanauyje.

4.3 Improving electrical lighting

Based on the performed data analysis, and based
on the processed data on school gyms, possibilities
were considered for energy efficiency improvement
of electrical power systems in these buildings. The
analysis included all relevant parameters relative to
the structure of electricity consumption. As electri-
cal lighting represents a significant category of elec-
tricity consumption, energy efficiency improvement
measures in electricity consumption most often en-
tail improving the lighting system efficiency.

Three improvement levels were defined, follow-
ing the methodology applied to national typology
of electrical installations in schools.

Current condition: It was assumed that fluores-
cent lighting is installed in type 1 gyms, whereas for
gyms of types 2 and 3 it was assumed that metal
halide lighting was installed.

Improvement 1: It is assumed that existing light-
ing in gyms was replaced by LED lighting providing
almost the same level of light as in the existing con-
dition. The difference in the installed capacity of
lighting before and after the intervention is relevant
for estimation of energy savings. This measure im-
plies replacement of lamps without any additional
investments into electrical installations.

Improvement 2: It was assumed that the exist-
ing lighting in gyms was replaced by LED lighting
and that additionally the system for manual bright-
ness level (dimming) was installed depending on the



YHanpeherwe 2: [lpeTnoctaeba Ce ga je vy
duckynTypHum  canama  noctojehe  oceeT/berbe
3amerbeHo ca JIE[]l ocseT/berbemM W 4OAaTHO MOCTaB/bEH
CUCTEM 33 MaHyenHO MoAellaBake (OMMOoBaH-e) H1MBOA
OCBET/bEHOCTM Y 33aBUCHOCTW Of aKTMBHOCTU Koje ce
06aB/bajy y PUCKYNTYPHO] Canu.

YHanpeherwe 3: [lpeTnoctaeba Cce ga je vy
dUCKynTYPHM canama noctojehe ocBeT/bere
3amerbeHo ca JIE[] ocBemberemM M Aa je AodaTHO
NOCTaB/bEH CUCTEM 3@ ayTOMATCKO MofellaBake HKBoa
OCBET/bEHOCTY, MAeHTUOUKAUM)Y NPUCYCTBa Jbyan Y
canu, Koju he cMarbWTV OpOj CaTu pafa OCBET/bEHA U
napasuTHe ryT1oKe ycnes HeCUKbyuMBaHa OCBET/beHa
y MojednH1M NPOCTOpMjaMa HakoH 3aBpLUETKa paHOr
BpemMeHa LWKoMe, Kao W Yy TOKy pafHOr BpemeHa
WKoNe Kafa y GUCKynTypHOj canu He 6opase hHaum u
HaCTaBHULM.

YcBojeHe npeTnocTaBke: [poceyaH 6poj catu paga
OCBET/bEHA Y CBMM aHanM3MpaHUM  GUCKYITYPHUM
canama y TOKy NpoceYHor paaHor AaHa je 6h. YkynaH 6poj
PaAHVIX AlaHa 3a CBe aHanvsMpare wkone je 180 aaHa/rop.

Tabena 7. YkynHa noTpebHa M npuMapHa eHepruja u
oproeapajyha emvcrja CO, 3a ocBeT/berbe Cana Yy LKONCKIM
objeTMma 3a nocTtojehe cTarbe
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activities taking place in the gym.

Improvement 3: It was assumed that the existing
lighting in gyms was replaced by LED lighting and
that additionally the system for automatic bright-
ness level (dimming) and identification of human
presence in the gym was installed, that was to re-
duce the number of operating hours of lighting and
parasite losses due to failure to turn the lights off
in certain premises after the school working hours,
same as during the school working hours when pu-
pils and teachers were not present in the gym.

Adopted assumptions: Average number of
working hours of lighting in all analysed gyms dur-
ing an average working day is 6 hours. The total
number of working days for all analysed schools is
180 days/p.a.

Table 7 Total needed and primary energy and corresponding
CO, emission for lighting in school gyms, for current condition

Tun cane HeTo nospuuHa cane YkynHa notpebHa eHepruja 3a YKynHa npumapHa YkynHa emncuja CO,
Gym type Net gym area OCBET/beHE eHepruje Total CO, emission
Total lighting energy demand Total primary energy
[m?) [MWh/god] [MWh/p/a] [MWh/god] [MWh/p/a] [t CO,/god] [t CO,/ p/a)
1 330 5346 17.642 5.800
2 864 18.662 61.585 20.248
3 707 15.271 50.394 16.569

Tabena 8. YkynHa noTpebHa M npumMapHa eHeprja wu
oprosapajyha emmcuja CO, 32 0CBET/bErbE CaNa Yy LKONCKNM
objeTrMa HakoH nprMeHe mepa yHanpeherba 1

Table 8.Total needed and primary energy and corresponding
CO, emission for lighting in school gyms, after implementing
the Improvement 1 measures

Tun cane HeTo nospluuHa cane YkynHa notpebHa eHepruja 3a YkynHa npumapHa YkynHa emucuja CO,
Gym type Net gym area OCBET/beHE eHepruje Total CO, emission
Total lighting energy demand Total primary energy
[m?] [MWh/god] IMWh/p/a] [MWh/god] [MWh/p/a] [t CO/god] [t CO/ p/a]
1 330 1.782 5.881 1934
2 864 5599 18476 6.075
3 707 4.581 15.119 4971
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Tabena 9. YkynHa noTpebHa M npuMapHa eHepruja u
oprosapajyha emucuja CO, 32 0CBET/bEHHE CaNa Yy WKOMCKNM
objeTMa HakoH NprMmeHe mepa yHanpeherba 2

Table 9. Total needed and primary energy and corresponding
CO, emission for lighting in school gyms, after implementing
the Improvement 2 measures

Tun cane HeTo nospuwHa cane YkynHa notpebHa eHepruja 3a YkynHa npumapHa YkynHa emncuja CO,
Gym type Net gym area OCBET/beHE eHepruje Total CO, emission
Total lighting energy demand Total primary energy
[m?] [MWh/god] [MWh/p/a.] [MWh/god] [MWh/p/a.] [t CO,/god] [t CO,/ p/al
1 330 1.693 5.587 1.837
2 864 5319 17.552 5771
3 707 4.352 14363 4.723

Tabena 10. YkynHa noTpebHa W npvmMapHa eHepruja wu
oprosapajyha emmcuja CO, 32 0CBET/bErbE CaNa Yy LKONCKNM
objeTnMa HakoH NprMeHe mepa yHanpeherba 3

Table 10.Total needed and primary energy and corresponding
CO, emission for lighting in school gyms, after implementing
the Improvement 3 measures

Tun cane YKynHa HeTo NoBpLWIHa cane | YKynHa roauiuksa NoTpoLutba YKynHa npumapHa YkynHa emucuja CO,
Gym type Total net gym area eneKTpuYHe eHepruje 3a eHepruje Total CO, emission
OCBET/betbe Total primary energy
Total annual electricity
consumption for lighting
[m?] [MWh/god] IMWh/p/a] [MWh/god] [MWh/p/a] [t CO,/god] [t CO,/ p/a]
1 330 1515 4.999 1.644
2 864 4.759 15.705 5.164
3 707 3.894 12.851 4225

4.4. YkynHu edekTr NobosblUatba eHepreTcke
edMKaCHOCTM 1 CMakbetba eMUCHje YITbeH AOoKCKAa
yHanpehetem 3rpaga GUCKyNTypHUX cana

Y HapefHvm Tabenama fatm Cy YKYMHU edekTu
CMatbeta noTpebHe eHepruje, drHanHe 1 NpUMapHe
EeHeprnje Kao 1 CMarberba eMncuje yribeH AnoKcKaa
33 TpY TMNa pedepeHTHMX WKOMCKMX Cafla Kpo3 Tpu
HMBOA FMXOBOT YHanpeherba feduHMCaAHOr paHuje.

Tabena 11. YkynHa notpebHa W npumMapHa eHepruja 3a
rpejarbe, npunpemy CTB un ocsemberbe [MWh/god] u
emucrja CO, [t /rop] 3a Tpu TMNa GUCKYNTYypHUX cana y
noctojehem (MpojekToBaHOM) CTakby

4.4, Total effects of energy efficiency improvement
and carbon-dioxide emission reduction by improv-
ing school gym buildings

The following Tables present the total effects of
the reduction in energy demand, final and primary
energy and carbon-dioxide emission reduction for
three types of reference school gyms in three levels
of their improvement defined earlier.

Table 11. Total demand and primary energy for heating, DHW
preparation and lighting [MWh/p/al and CO, emission [t/p/a.]
for three types of gyms in the existing (designed) condition

Tvn cane
Gym type

HeTo nospLunHa cane
Net gym area

MNoTpebHa eHepryja 3a rpejatbe,
CTB 1 oceeTbere
Heating, DHW and lighting energy

MpumapHa eHepruja 3a rpejarse,
CTB 1 oceeTberbe
Heating, DHW and lighting

Ykynta emmncuja CO,
Total CO, emission

demand primary energy demand
[m?] [MWh/god.] [IMWh/p/a] [MWh/god.] [MWh/p/al [tCO,/god] [t CO,/ p/al
1 330 110,16 244,54 82,40
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2 864 368,36 572,39

130,15

3 707 93,17 22139

76,87

Tabena 12. YkynHa notpebHa W npumMapHa eHepruja 3a
rpejarbe, npunpemy CTB un ocsetberse [MWh/god] u
emmncyja CO, [t /ron.] 3a Tpu TMNa GUCKYNTYPHUX Cana HakoH
NpBOr HMBOA yHanpeherba

Table 12.Total demand and primary energy for heating, DHW
preparation and lighting [MWh/p/a] and CO, emission [t/p/a.]
for three types of gyms after implementing Improvement 1

Tvn cane
Gym type

HeTo nosplunHa cane
Net gym area

MNoTpebHa eHepryja 3a rpejarbe,
CTB 1 oceeT/bere

Heating, DHW and lighting energy
demand

MpumapHa eHepruja 3a rpejarse,
CTB v oceTberbe

Heating, DHW and lighting
primary energy demand

YkynHa emmncuja CO,
Total CO, emission

[m?] [MWh/god.] [MWh/p/a] [MWh/god.] IMWh/p/al [tCO,/god] [t CO,/ p/al
1 330 58,88 130,48 44,83
2 864 151,90 238,58 57,88
3 707 8248 186,12 65,27

Tabena 13. YkynHa notpebHa U npuMapHa eHepruja 3a
rpejarbe, npunpemy CTB un ocsemberse [MWh/god] u
emmucuja CO, [t /rop.] 3a TpK TMNa GUCKYNTYPHIX Cana HakoH
ApYror H1Boa yHanpeherba

Table 13.Total demand and primary energy for heating, DHW
preparation and lighting [MWh/p/a] and CO, emission [t/p/a.]
for three types of gyms after implementing Improvement 2

Tun cane Heto nospwuHa cane MoTtpebHa eHepryja 3a rpejarve, MNpumapHa eqeprija 3a rpejare | YkynHa emncuja CO,
Gym type Net gym area CTB 1 ocseT/bere 1 CTB v ocseTberbe Total CO, emission
Heating, DHW and lighting energy Heating, DHW and lighting
demand primary energy demand
[m?] [MWh/god.] [MWh/p/a.] [MWh/god.] IMWh/p/a.] [tCO/god] [t CO,/ p/al
1 330 48,29 107,49 37,24
2 864 149,92 235,25 57,07
3 707 82,25 185,36 65,02

Tabena 14. YkynHa noTpebHa W npvMapHa eHepruja 3a
rpejare, npunpemy CTB 1 ocseTbere [MWhH/a] v emncnja
CO, [t /roa] 3a Tpy TNa GUCKYITYPHWX Cana HakoH Tpeher
HVBOa yHanpehera

Table 14.Total demand and primary energy for heating, DHW
preparation and lighting [MWh/p/a] and CO, emission [t/p/a.]
for three types of gyms after implementing Improvement 3

Tun cane HeTo nospluHa cane rpejarbe, CTB v oceTberbe [rpejarbe, CTB v ocseTrberbe YkynHa emucuja CO,
Gym type Net gym area Heating, DHW and lighting Heating, DHW and lighting Total CO, emission

[m?] [MWh/god.] [MWh/p/a.] [MWh/god] [MWh/p/a] [tCO,/god] [t CO,/ p/a]
1 330 3142 31,00 1544
2 864 108,16 105,51 52,76
3 707 73,99 73,75 3643
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Cmarberbe noTpebHe U npuMapHe eHepruje, Kao
M CMatberbe emucuje YribeH-AnoKCKAa Kao pesynTart
npojekToBaHa TPW HWMBOa yHanpebherba eHepreTcke
edrKaCHOCTM NpMKasaHW Cy Ha rpadukoHMmMa 7-9. 3a
cany Tvna 1, Ha rpadukoHmma 10-12. 3a cany Tvna 2
n rpadmkoHmMa 13-15. 3a cany Tmna 3. Kao ocHoB cy
Y3€eTW1 NnokasaTesbi eHepreTcke ePUKacHOCTM 3rpada y
noctojehem cTarby, Npe yHanpehema.

Canatmnal

yHanpebherse 3 improvement 3

yHanpebherse 2 improvement 2
yHanpebherse 1 improvement 1

noctojehe ctambe  existing condition

o

lpadukoH 7. Cana Tvna 1. cMarberbe MoTpebHe eHepruje
yHanpehemmMa y ofHOCYy Ha nocTojehe cTakbe (rpejarbe,
npunpema CTB v ocseT/betse) [%]

yHanpebhetse 3 improvement 3

yHanpebhetbe 2 improvement 2
yHanpeherbe 1 improvement 1

noctojehe ctarbe  existing condition

o

lpadukoH 8. Cana Tvna 1: CMarbetbe MpUMapHe eHepruje
yHanpehemmMa y ofHOCYy Ha nocTojehe cTarbe (rpejarbe,
npvnpema CTB v ocseT/bense) [%]
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The reduction in energy demand and primary
energy, same as the reduction in the carbon-dioxide
emission as a result of the designed three energy ef-
ficiency improvement levels are presented in Charts
7- 9 for type 1 gyms, in Charts 10-12 for type 2 gyms
and in Charts 13- 15 for type 3 gyms. The baseline
assumes the building energy efficiency indicators in
the existing condition, prior to improvement.

Gym type 1

80 100 120

Chart 7 Gym type 1: reduced energy demand in improve-
ments relative to existing condition (heating, DHW prepara-
tion and lighting) [%]

Chart 8.Gym type 1:reduced primary energy in improvements
relative to existing condition (heating, DHW preparation and
lighting) [%]



yHanpebetbe 3 improvement 3

yHanpebetbe 2 improvement 2

yHanpebetbe 1 improvement 1

noctojehe cTame  existing condition

lpadukoH 9. Cana TMna 1: CMarbere emucuje yribex-
AMOoKcMaa Kpo3s yHanpeherba y ogHOCY Ha nocTtojehe cTake
(rpejatbe, npunpema CTB 1 ocBeT/berbe) [%]

AHanM3oM [aTMx BpeaHOCTU Ha rpaduumma 7-9.
MOXe Ce 3aK/byuuTW Aa, Kad Cy y NuTaky NOoTpebHa,
NpVMapHa eHepruja kao 1 em1ucuja yribeH AMOoKCnaa,
Beh npBWM HWBO YyHanpeherba Koju je U Hajmarbe
E€KOHOMCKM 3axTeBaH, CBOLM eHeprvje 1 emucujy
CO, Ha oKko 50% y ofHOCY Ha MPBOOMTHO CTatbe.
[Harbw gonpuHocC yHanpebhera cane Tuna 2 je oKo
10% y oAHOCY Ha HajMarbe 3axTeBHO yHanpeherbe,
na 6u BEpPOBaTHO OAnyka O M3bopy m3mehy oBa /Ba
yHanpeherba Tpebano Aa ce aoHece Kpo3 nopeherbe
EKOHOMCKMX 3axTeBa. HajobuMHMje 1 Haj3axTeBHWje,
anu v Hajckynsbe yHanpeherse 3, Aaje 13y3eTHe edekTe
Kafa je npvmapHa eHepruja y nutarby. Ko oBor Tvna
0bHOBe, NPVIMapHa eHeprija ce CBOAM Ha caera 12,68%
npUMapHe eHepruje notpebHe y noctojehem cTamby.
13y3eTHO pobpK NOKasaTesby Cy 1 KO EMUCHjE YITbeH
AVIOKCMAR, Koju ce Tpehum TUnom oBHOBe CBOAM Ha
ncnog 19% op emucuje 3a 3rpagy cane y noctojehem
CTarby.

Typology of school gyms in the Republic of Serbia -

20 40 60 80 100 120

Chart 9. Gym type 1: reduced carbon-dioxide emission in
improvements relative to existing condition (heating, DHW
preparation and lighting) [%]

By analysing data given in Charts 7-9 it may be con-
cluded that, when it comes to energy demand, primary
energy and carbon-dioxide emission, the first improve-
ment level which the least economically demanding,
brings the energies and CO, emission to approximately
50% compared to the initial situation. Further contribu-
tion of the type 2 gym amounts to cca. 10 % compared
to the least demanding improvement, therefore the
decision on the selection between these two improve-
ments should be made by the comparison of economic
requirements. The most comprehensive and most de-
manding, but also most expensive it the Improvement
3, producing extraordinary effects in terms of primary
energy. In this type of rehabilitation, primary energy is
reduced to only 12.68% of primary energy demand in
the existing condition. The extremely good indicators
are present in carbon-dioxide emission, brought down
to under 19% in Improvement 3 for gym buildings in
current condition.
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CanaTtuna 2

yHanpebetbe 3 improvement 3

yHanpebetbe 2 improvement 2
yHanpebetse 1 improvement 1

noctojehe cTarbe  existing condition

lpadmkoH 10. Cana Tvna 2: cMakberbe NoTpebHe eHepruje
yHanpehemmMa y ofHOCYy Ha nocTojehe cTarbe (rpejarbe,

npunpema CTB v ocseT/betse) [%]

yHanpebetbe 3 improvement 3

yHanpebetbe 2 improvement 2
yHanpebhetbe 1 improvement 1

noctojehe ctare  existing condition

lpadmkoH 11. Cana Tvna 2: cMakberbe NPUMapHe eHepruje
yHanpehemmMa y ofHOCYy Ha nocTojehe cTakbe (rpejarbe,

npunpema CTB v ocseT/bese) [%]

yHanpebetbe 3 improvement 3

yHanpeDbetbe 2 improvement 2
yHanpebetbe 1 improvement 1

noctojehe crarbe  existing condition

MpadukoH 12. Cana TMnNa 2. CMmarberbe emucuje yribeH-
AMOKCMAa Kpo3 yHanpeherba y ogHOCY Ha nocTtojehe cTakbe

(rpejarbe, npunpema CTB 1 ocseTberbe) [%)]
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o

Gym type 2

20 40 60 80 100 120

Chart 10. Gym type 2: reduced energy demand in improve-
ments relative to existing condition (heating, DHW prepara-
tion and lighting) [%]

20 40 60 80 100 120

Chart 1. Type 2 gym: reduced primary energy in improve-
ments relative to existing condition (heating, DHW prepara-
tion and lighting) [%]

Chart 12. Gym type 2: reduced carbon-dioxide emission in
improvements relative to existing condition (heating, DHW
preparation and lighting) [%]



HewTto papyraumjy nokasatemu ce fobujajy 3a
cany tvna 2. Beh npeu HWMBO yHanpehera cBOAM
NoTPebHY eHeprujy, NpPUMapHy eHeprujy n emucujy
YITbeH OMOKCKMAa Ha HewTo BuLwe of 40% y OAHOCY Ha
noctojehe cTarbe. YHanpeherbe 2 faje 3y3eTHO Mana
Ja’ba nobosbliarba y OAHOCY Ha MPBO yHanpeherse.
Hewto ©6ome pesyntate pfaje yHanpeherbe TuMa
3. MNoTpebHa eHepruja ce cmarbyje Ha oko 29% a
npumapHa Ha cBera 18% wWTO je w3y3eTHO ngobap
pe3yntat. MehyTum, emucnja yribeH AMoKkcvaa He
npaTti 0Baj TpeHs, na je cMarverbe emmncrje CO, mana
HeWTO Marbe, OCTafio Ha Hmeoy 40% emucnje Kofn
noctojeher crarba. OBaKO Pa3IMUUTX MOKa3aTesby
nocneava Cy HapaBHO KOMOWHauuje npeasubeHmx
Mepa obHoge. CBaka oanyka o Moryhem yHanpeherby,
nopes eKOHOMCKMX NapameTapa, Tpeba Aa y3me y
0031p ¥ NPYMAaPHWN LUKSb OOHOBE: CMatbetbe NMoTpebHe
Vi pUMapHe eHepruje uin cMmarberbe emmncuje CO..

Canatnna 3

yHanpebhetse 3 improvement 3

yHanpebhetse 2 improvement 2

yHanpehetse 1 improvement 1

nocrojehe ctarbe  existing condition

lpadmkoH 13. Cana Tvna 3: cMarberbe NoTpebHe eHepruje
yHanpehemmMa y ofHOCYy Ha nocTojehe cTarbe (rpejarbe,
npvnpema CTB v oceeT/betse) [%]
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Somewhat different indicators were obtained for
type 2 gyms. Improvement 1 already brings down
the energy demand, primary energy and carbon-di-
oxide emission to somewhat above 40% compared
to the existing situation. Improvement 2 produces
slight further improvements compared to Improve-
ment 1. Improvement 3 produces slightly better re-
sults.The energy demand is reduced to cca. 29%, and
primary energy to only 18% which is an extremely
good result. However, carbon-dioxide emission does
not follow this trend, so the reduction in CO, emis-
sion, although a bit lower, remained at the level of
40% of the current condition emission. Such differ-
ent indicators of effects are naturally found in the
combinations of the envisaged rehabilitation meas-
ures. Any decision on the potential improvement, in
addition to economic parameters, ought to take into
account the primary goal of rehabilitation: reduction
in the energy demand and primary energy or reduc-
tion in the CO, emission

Gym type 3

20 40 60 80 100 120

Chart 13. Gym type 3: reduced energy demand in improve-
ments relative to existing condition (heating, DHW prepara-
tion and lighting) [%]
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yHanpebetse 3 improvement 3

yHanpebhetbe 2 improvement 2
yHanpehetbe 1 improvement 1

noctojehe ctarbe  existing condition

o

lpadukoH 14. Cana Tvna 3: cMarberbe NPUMapHe eHepruje
yHanpeheruma y ogHocy Ha noctojehe cTarbe (rpejarbe,
npunpema CTB v oceeT/bense) [%]

yHanpeberbe 3 improvement 3

yHanpeberbe 2 improvement 2
yHanpebetbe 1 improvement 1

noctojehe crarbe  existing condition

o

lpadukoH 15. Cana TMna 3: cmarberbe emucuje yribeH-
AVIOKCKa Kpo3 yHanpehethsa y ogHocy Ha nocTojehe cTarbe
(rpejarbe, npunpema CTB 1 ocBeT/berbe) [%]

Tpehn TN cane, Koja je peduHMCaHa Kao
pedepeHTHM objekaT 3a Mepuod Of [AOHOWEHa
NOMEHYTUX MPABUIHVKA O EHEPreTCKOj ePUKACHOCTY
je Beh npojekToBaH Tako Aa 33A0BOSbU MOCTaB/bEHE
3axTeBe MpoMMca, Ma npeanoxeHa YyHanpehersa
HeMajy Tako BefIVKe 1 3HauajHe edekTe y nopeherby ca
TvoBMMa cana 1 1 2. Minak, koa HajobumMHWje obHoBe
Tpeher H1BOa AoNa3K A0 3HaYajHOr CMak-eHba eHeprija
n emmncvje CO: NpumMapHa eHepruja ce CMarbyje Ha
33% a emncmja yribeH guokcuaa Ha 47% y ooHoCy Ha
noctojehe cTarbe 3rpage GUCKyNTypHe cane.
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Chart 14. Gym type 3: reduced primary energy in improve-
ments relative to existing condition (heating, DHW prepara-
tion and lighting) [%]

20 40 60 80 100 120

Chart 15. Gym type 3:reduced carbon-dioxide emission in
improvements relative to existing condition (heating, DHW
preparation and lighting) [%]

The third gym type defined as a reference build-
ing for the period from the passing of the said
Rulebook on Energy Efficiency has already been de-
signed so as to meet th set regulatory requirements,
therefore the proposed improvements do not pro-
duce so significant and large effects in comparison
with type 1 and 2 gyms. Still, the most comprehen-
sive Improvement 3 leads to the considerable ener-
gy and CO, reduction. Primary energy is reduced to
33%, and carbon-dioxide emission to 47% compared
to the current condition of the gym building.
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