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MNPEAOrOBOP

OBa  nybnukauvja  nNpeacTae/ba  QUHANHY
nyonnKauwjy HacTany Ha OCHOBY BULIErOANLIFEr paja
Ha M3yuaBarby KapakTepucTuka GoHAa jaBHMX 3rpana
penybnuke Cpbuje pagn carnefjaBarba MoryhHOCTM
33 yHanpehetrbe rberose eHepreTcke edUKaCcHOCTL.
DoKkyC NpeTxofHWUX WCTPaXkMBarba, NMyOANMKOBaHMX
Kpajem 2018. roguHe y Tpu nybnvkauuje' 6une

Cy WKOACKe 3rpafle W 3rpafle  NpefwKoncKux
yCTaHoBa, [AOK je [fa/bUM pagoM  fAeduHucaHa
METOAOMOMMja  UCTPaXKMBatba CNpoBeAeHa U Ha

3rpagama  OUCKYNTYPHUX Cana  LIKOCKMX  3rpaja.
HakoH carnenaBara MoryhHoctv obHoBe oBe
3HauajHe rpyne 3rpafla Kpo3 yHanpehere HUXOBUX
MaTepUjanHO-apXUTEKTOHCKNX KapaKTePUCTIKA, Kao
M KapaKTePUCTMKA 3aCTYT/bEHUX TEPMO-TEXHUYKIMX
W eNeKTPO-eHEPreTCKUX CUCTEMa, MPUCTYNUIO ce
aHanuM3nm  MoryRHOCTW — MHTerpaumje  pasaunumnTux
OOHOB/BUBMX 3BOPA EHEPTUMjE Y OKBUPY LWKOCKMX
NPeaWKONCKMX YCTaHOBA U KOMMEKCa.

MpvmeHa  OBHOB/BLMBMX — M3BOPaA  eHepruje
Ha 3rpajama WKoma, OUCKYNTYPHWX cana u
NPeaWKONCKMUX YCTaHOBa NpeacTassba CTyAUjY Y Kojoj

' Joarosuh Monosuh M., Wrkatosuh ., Pajunh A, Hykanosuh
Jb.,, Heguh M., Crankoswh b., hykosuh Wrkatosuh H., MKunskosuh
b., Cpeterosuh A, Hypuwmnh X, Kotyp . (2018) 3rpage WKONCKmx
Y NPEeAWKONCKMX YCTaHOBa — METOAOMOWKM OKBUP dopmMparsa
TMnonorvje n nobossluarba eHepreTcke edukacHocTr / School and
Kindergarten Buildings - A methodological framework for the for-
mulation of typology and the improvement of energy efficiency,
beorpap: GlZ-Deutsche Gesellschaft fur Internationale Zusamme-
narbeit GIZ GmbH, (gBoje3nuHo n3garse)

JosaHoswh [onosuh M., Wrrbatouh [, Pajumh A, HhykaHouh
Jb.,, Hegvh M., Crankoswh b., hykosuh Wrkatosuh H., MKunskosuh
b, CpeteHosuh A, Bypuwwh XK, Kotyp [. (2018) HaumoHanHa
Tunonoruja LWkonckux 3rpaga Cpbuje/National Typology of School
Buildings in Serbia, beorpaa: GIZ-Deutsche Gesellschaft fur Interna-
tionale Zusammenarbeit GIZ GmbH-Deutsche Gesellschaft fur Inter-
nationale Zusammenarbeit GIZ GmbH, (aBoje3nuHo n3narbe)
JosaHoswh [onosuh M., Wrrbatouh [, Pajumh A, HykaHouh
Jb.,, Hegvh M., Crankoswh b., hykosuh Wrkatosuh H., MKunskosuh
b, CpeteHosuh A, Bypuwwh XK, Kotyp [. (2018) HaumoHanHa
Tunonoruja 3rpafa Npefwkonckmx yctaHosa Cpbuje/National Typol-
ogy of Kindergartens in Serbia, beorpaa: GIZ (nBoje3vuHo nzaarbe)

FOREWORD

This publication represents a final publication
resulting from the multi-annual work on studying
characteristics of the public buildings stock in the
Republic of Serbia aimed at understanding oppor-
tunities for its energy efficiency improvement. The
focus of previous studies, published at the end of
2018 in three publications' was on school and kin-
dergarten buildings, whereas in scope of our further
work, the defined research methodology was ap-
plied to school gym buildings as well. After having
realised opportunities for rehabilitation of this im-
portant group of buildings through improvement of
their material- architectural characteristics, same as
features of identified HVAC and electrical power sys-
tems, we have engaged in an analysis of possibilities
to integrate different renewable energy sources in
school and kindergarten buildings and complexes.

Application of renewable energy sources in
school, gym and kindergarten buildings is a study
where a multidisciplinary team of experts tried to
define modalities and scopes of application of differ-
ent available types of renewable energy sources in
Serbia, taking into account the limitations imposed

' Jovanovi¢, Popovi¢ M, Ignjatovi¢ D, Rajci¢ A, Bukanovi¢ Lj, Nedi¢ M,
Stankovi¢ B, Bukovi¢ Ignjatovi¢ N, Zivkovi¢ B, Sretenovi¢ A, Burisi¢ Z,
Kotur D. (2018) Zgrade skolskih i predskolskih ustanova- metodoloski
okvir formiranja tipologije i poboljsanja energetske efikasnosti /
School and Kindergarten Buildings - A methodological framework for
the formulation of typology and the improvement of energy efficien-
cy, Belgrade: GIZ-Deutsche Gesellschaft fur Internationale Zusamme-
narbeit GIZ GmbH, (bilingual edition)

Jovanovi¢ Popovi¢ M, Ignjatovi¢ D, Rajci¢ A, Bukanovi¢ Lj, Nedi¢ M,
Stankovi¢ B, Bukovi¢ Ignjatovi¢ N, Zivkovi¢ B, Sretenovi¢ A, Burisi¢ Z,
Kotur D. (2018) Nacionalna tipologija skolskih zgrada Srbije /National
Typology of School Buildings in Serbia, Belgrade: GIZ-Deutsche Ge-
sellschaft fur Internationale Zusammenarbeit GIZ GmbH-Deutsche
Gesellschaft fur Internationale Zusammenarbeit GIZ GmbH, (bilingual
edition)

Jovanovi¢ Popovi¢ M, Ignjatovi¢ D, Rajci¢ A, Bukanovi¢ Lj, Nedi¢ M,
Stankovi¢ B, Bukovi¢ Ignjatovi¢ N, Zivkovi¢ B, Sretenovi¢ A, Burisi¢ Z,
Kotur D. (2018) Nacionalna tipologijapred $kolskih ustanova Srbije /
National Typology of Kindergartens in Serbia, Belgrade: GIZ (bilingual
edition)
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je MyNTUAUCUMMIVHAPHM TUM ayTopa MOKYLao [a
AedVHVLLIE MOAANUTETE U AOMETE NPUMEHE Pa3NNUUTIX
PaCMoNoXmBIMX BMAOBA OOHOBIBLUBIX M3BOPA EHEPrUje
y Cpbujn, y3 orpaHunyerba Koja Hamehy 6pojHY 3aTeueHm
YCIOBW, Npe CBera Jiokauuje. Y yBOAHOM fiefly OnmcaH
je 3Hauaj NprMeHe 06HOBBUBIIX M3BOPA Y MO6ANHUM
M NOKaNHUM TeHAeHUMjama O4PKMBOI Pa3Boja, Kao U
rMaBHN MehyHapoaHW 1 AomMahu nerncnaTueHK aKTu.
HakoH Tora je geduHmcaHa MeTOLOMOMM]a NpopaYyHa
NOTPEOHUX KamaumteTa W eHepreTckmMx [JobuTaka
33 CBaKy Of aHanv3vpaHUx TexHonornja npumeHe
OOHOB/BMBMX M3BOPa eHepruje. AHanM3MpaHu cy
CUCTEMM  TOMIOTHUX MymnKn, MOryRHOCT npumeHe
eHepruje ©Omomace, Kao W MOryhHOCT npumeHe
cofnapHe eHepruje nytem TepmanHux COnapHuX
Konektopa 1 GOTOHAMOHCKNX CUCTEMA.

MoryhHocT npvimeHe aeduHKcaHe meTogonoruje
y TEOPETCKOM [eNy WyCTPOBaHa je KPO3 KOHKPEeTHe
ClyyajeBe LUKONCKMX W MPeALKONCKUX 3rpaga, Kao
M 3rpafa LWKONCKMX GUCKYNTYPHUX Cana, y cknady ca
NPETXOAHO AePUHMCAHMM TUMOOrMjama 1 yCnoBMMa

KOHKPETHWX fIoKauuja.

by the numerous conditions, primarily locations. The
introductory part describes the importance of re-
newable sources implementation in global and local
sustainable development tendencies, same as the
applicable international and domestic legislation.
This is followed by the defined calculation meth-
odology of required capacities and energy gains for
each of the analysed technologies underlying the
application of renewable energy sources. The anal-
ysis encompassed heat pump systems, possibility of
biomass energy implementation, and the possibility
for solar energy implementation via thermal solar
collectors and photovoltaic systems.

The possibility for implementation of the defined
methodology in theoretical part is illustrated by spe-
cific cases of school and kindergarten buildings, but
also school gym buildings, in line with the previously
defined typologies and conditions in specific loca-
tions.



I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHMX cana 1 NpeawKoncknx yctaHoBa

1.¥YBOJ

Mon nojMom OOHOB/BMBM  M3BOPWU  eHepruje
noapasymMeBajy Ce V3BOpW eHepruje Koju ce Hanase
y npupoav 1 obHaesbajy ce 6uno y uenoctu, uno
LOEeNVIMUYHO Y Carne/bMBOM BPEMEHCKOM Mepnoay
NOCMAaTPaHO Mpema JbyACKOM XMBOTHOM Beky?. [pema
Oupektven o npomoumjn Kopuwherba eHepruje w3
OOHOBSBYMBIX M3BOPA *, MO[ €HEPTjOM 113 OOHOB/BUBYIX
13BOPa CMaTpa Ce eHepruja fobujeHa n3 06HOBBUBMX,
He-QOCMAHMX M3BOPA, Kao LTO Cy eHepruja BeTpa,
coflapHa  eHepruja,  aepoTepMaliHa  eHepruja,
reotepMasniHa eHepruvja, xugpoTepmanHa 1 eHepruja
OKeaHa, xmapoeHepruja, bromaca, rac AobujeH u3
JernoHuja, rac nobujeH K3 MocTpojerba 3a TPEeTMaH
oTnagHux Bofa W 6uorac. [acvmeHO Kopuwhere
CcofnapHe eHeprvjey 3rpafjlama kao v eHepreTcke ylrese
HacTane MpUMEHOM Mepa eHepreTcke ePUKaCcHOCTY,
NO OBOj AVPEKTUBYW, CE€ He CMaTpajy OOHOB/BLUBUM
“3BOpVIMA eHepruje, bynyhn aa fONPUHOCE CMatbetby
notpebHe eHepruje 3a GyHKUMOHMCAHE 3rpaja, anu
He 1 HEeHOj NPOV3BOAHU.

O6HOB/BUBM  M3BOPY  €HEprije, Yy  KOHTEKCTY
aKTyenHUx femorpadckmx TpeHAoBa Kao U Hay4Ho-
TEXHOMOWKON HMBOA APYLITBa, NPeacTas/bajy, npema
CaBPEMEHNM TEOPWjaMa, KIbyYHM pecypc 3a NOCTU3akbe
OLPXMBOr pasBoja YoBeuaHCTBa. EHepruja nobvjeHa
113 OOHOBIBUBLX M3BOPA, HAPOUMTO BOfE, BETPA, CYHLA
1 Bromace noceayje 1 COLMONOWKN 3HaYaj jep Moxe
ONaKWaTn MpUCTYyN 4ncToj U Oe3bedHOj eHeprujun
MUIMOHWMA SbyAV, LUTO TDEHYTHO HKje cnyudaj. YnoTpeba
OOHOB/BMBMX M3BOPA EHEPruje MOXKe AaTi MOoACTULA)
33 OPYWTBEHW WM EKOHOMCKM pa3Boj, fonpuHocehun
OYyBarby XMBOTHE CPeAVHE, N CaMUM TUME Ce MOXeE
CMaTpatv ofroeapajyhnM OAroBOpOM Ka CMarberby

2 YonuwTe y3eBWW CBU EHEPreHTW Cy OOHOB/BMBK Te U GOCUNHM
anwv je Nepunog rbUxoBe 0BHOBE BPEMEHCKM 13Y3eTHO Ayr (YecTo y
MWIMOHUMA rOAMHA) U 3HauyajHO MpeBasunasy TPeHyTHU CTerneH
ekcnnoarauuje.

* EC, Directive 2009/28/EC of the European parliament and of the
Council of 23 April 2009 on the Promotion of the use of energy from
renewable sources and amending and subsequently repealing Di-
rective 2001/77/EC and 2003/77/EC, Official Journal of the European
Union 5.06.2009, L 140/16.

1. INTRODUCTION

The very concept of renewable energy sources
implies sources of energy that can be found in na-
ture and are renewed either in whole or partially, in
a reasonable period of time observed in relation to
human life expectancy?. According to the Directive
on the Promotion of the Use of Energy from Renew-
able Energy Sources’, the energy from renewable
energy sources means the energy obtained from re-
newable, non-fossil fuels, like the wind energy, solar
energy, aerothermal energy, geothermal energy, hy-
drothermal energy and ocean energy, hydro energy,
biomass, landfill gas, waste water treatment plant
gas and biogas. Passive use of solar energy in build-
ings, and energy savings resulting from the imple-
mentation of energy efficiency measures, in line with
the aforementioned Directive, are not considered re-
newable energy sources, given that they contribute
to reduction in energy demand for functioning of
such buildings, but not to its generation.

The renewable energy sources, in the context of
current demographic trends and scientific and tech-
nological level of the society, according to the mod-
ern theories, represent a key resource for the sustain-
able development of the mankind. Energy obtained
from renewable sources, and especially from water,
wind, sun and biomass, also holds a sociological
relevance since it can facilitate access to clean and
safe energy for millions of people, which is currently
not the case. The use of renewable energy sources
may stimulate social and economic development, by
contributing to environmental protection, and thus
may be regarded an adequate response for reversing
the current climate change trend.

2 Generally speaking, all energy carriers are renewable, including fos-
sil fuels, however the time span for their renewal is extremely long
(often in millions of years) and considerably transcends the current
exploitation level.

> EC, Directive 2009/28/EC of the European Parliament and of the
Council of 23 April 2009 on the Promotion of the use of energy from
renewable sources and amending and subsequently repealing Di-
rective 2001/77/EC and 2003/77/EC, Official Journal of the European
Union 5.06.2009, L 140/16.
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TPEeHA0BA aKTYEHMX KIMMATCKMX NMPOMEHa.

Obe3behnBarbe OAPXKMBUX M3BOPA eHepruje 3a
cBe je oa dyHOAMEHTANHOr 3Hayaja 3a OCTBapMBaHE
MuneHVjyMCKIX pa3BOjHUX LnibeBa Kojiu, y OCHOBMW,
nofApasymeBajy  OAPKMBOCT — OKpyxema’, a of
K/byUHE BaXXHOCTW Cy 3@ YCMex 3HauyajHO ObVMHWjer
CTpaTellKor JOKyMeHTa - rnnaHa passoja nocne 2015.
roavHe, aedUHUCaHOr of CTpaHe YjeanreHrx Hauuja.
TpaHcdopmalmja Haler ceeTa - AreHaa 2030 ° mehy
CBOjUX 17 OOPAMBIMX PA3BOjHVIX LNIbEBA, MOA CTAaBKOM
7, CBpCTaBa W ynoTpeby OOHOB/BMBMX, AOCTYMHMX,
noy3gaHux W  MOLEPHMX W3BOpa eHeprvje, Kao
nnatpopme 3a obe3behrBarbe AOBOSBHE KOMMYMHE
eHepruvje 3a YOBeYaHCTBO. JeAHO Of NnonasunwTa OBOr
JOKyMeHTa ce 6a3upa Ha ctaBy Aa he y3 ogroeapajyhy
NOAPLLKY, ONWTW MNPUCTYN  OLPKMBUM  M3BOPUMA
eHeprvje NPyxmTu NOLCTULAj 38 MHKNY3MBHM Pa3Boj U
€KOHOMCKM pacT YOBEYAHCTBa.

3Hauaj cekTopa OOHOB/BMBMX M3BOPA eHepruje
MCKa3aH je 1 Kpo3 MHULWjaTUBY [eHepanHor cekpeTapa
Yjeanrerux Haumrja nog Hasnesom OapmBa eHepriuja
3a cBe (SE4ALL)S, Koja je nokpeHyTa 2011 Kao HacTaBak
aKTMBHOCTM Ka MOCTM3aky OAPXKMBOr pPasBoja W
CMakberby yTrnuaja Ha robanHy Knumy, Harnawasajyhu
Of1 PaHuje No3HaTK CTaB O K/byYHOM 3Hauajy eHepruje
3a pa3Boj ApywTtBa. MHuumjaTMBa noOCTaB/ba Tpw
6a3nuHa Umba koje Tpeba octeapuTy Ao 2030. roanHe:
06e36enT ONWTN NPUCTYN MOAEPHUM eHEePreTCK/M
yCnyrama; yaBOCTRYUNTI rnobanHy cTony nobosbliakba
eHepreTcke  eQUKACHOCTY;  YABOCTPYUUTU  YAEOo
eHepruje 13 0BHOB/BUBIIX M3BOPA Y OKBUPY rNobanHor
eHepreTckor mukca. Of kaga je nokpeHyta SE4ALL,
BULE Of OCaMAeCeT 3emarba y Pa3Bojy 3BaHWYHO je
NPUCTYNNIO OBOj MHNLNjaTUBMK.

3 HaBefeHWx CTpaTelknx AOKymeHaTa Buan ce
Ja Cy nuTarba OOHOB/BLUBKMX M3BOPa eHepruje (OWIE)

4 Buwe umHdopmaumja AocTynHo Ha: https//www.who.int/topics/
millennium_development_goals/about/en/

° Transforming our world: the 2030 Agenda for Sustainable Devel-
opment, United Nations, 2015, focTynHo Ha: http://www.un.org/en/
development/desa/population/migration/generalassembly/docs/
globalcompact/A_RES_70_1_E.pdf

° Buwe nHpopmaLmja focTynHoO Ha: https://www.seforall.org/

Ensuring sustainable energy sources for all is of
fundamental importance for the achievement of
Millennium Development Goals, basically implying
sustainability of the environment?, and are crucial
for the success of the significantly broader strategic
document- Post-2015 Development Agenda, defined
by the United Nations. Transforming Our World - the
2030 Agenda ° has listed among its 17 sustainable
development goals, under Goal 7, the use of renewa-
ble, affordable, reliable, and modern energy for all, as
a platform to ensure sufficient energy quantities for
the mankind. One of the basic premises in this docu-
ment is based on the position that with appropriate
support, a general approach to sustainable energy
sources will provide incentive for inclusive develop-
ment and economic growth for all.

The importance of the renewable energy sources
sector is also expressed in the initiative of the Unit-
ed Nations Secretary General entitled Sustainable
Energy for All (SE4ALL)S, launched in 2011 as a fol-
low-up on the activities aimed towards achieving
sustainable development and mitigating global cli-
mate impact, emphasising the previously defined
position on the key importance of energy for the
development of the society. The initiative sets forth
three fundamental goals to be achieved by 2030:
ensure access to modern energy services; double
global energy efficiency improvement rate; double
the share of energy from renewable sources in the
global energy mix. Since the SE4ALL was launched,
more than eighty developing countries have joined
this initiative.

The listed strategic documents show that the is-
sues pertaining to renewable energy sources (RES)

* More information available at: https://www.who.int/topics/millen-
nium_development_goals/about/en/

5 Transforming our world: the 2030 Agenda for Sustainable Devel-
opment, United Nations, 2015, available at: http://www.un.org/en/
development/desa/population/migration/generalassembly/docs/
globalcompact/A_RES_70_1_E.pdf

® More information available at: https://www.seforall.org/



OCHOBHa Y NnaHvipakby 6yayher pa3soja YoBeUaHCTBa.
Ynotpeba 0OBWX eHepreHaTa je pa3HoBpCHa Te ce, Y
OCHOBHMM LIPTama, MOXKe MNOAENUTH Ha:

1.

Kopuwhere OWE 3a npounsBoarsy enekTpuuHe
eHepruje:

OMPEKTHUM MpeTBapakbeM (ConapHa eHepruja,
eHepruja Boae, NIMMe 1 OCeKe, eHepruja BeTpa..),
nnn

nocpenHo, caropesarbem  (bmomaca, 6uorac,
AeNOHMjCKI rac.), Koja ce NoTom ancTprbympa 3a
CTambeHe, KomepLmjanHe 1 MHAyCTpujcke NoTpebde;
Kopuwherse OWE 3a npour3BoOAtby TOMAOTHE
eHepruje 3a rpejarbe, OUNO fa ce OHa NPOU3BOAM
LeHTPanmn3oBaHo (3a BuwWe objekata, Aenose unn
LEeNoKynHa Hacerba) wiv AeueHTpanu3osaHo (y
NojeAVHaYHMM 3rpagama);

OMPEKTHO 3a 3arpeBarbe 3rpafa, Ha npumep:
BOa 3arpejaHa COMapHOM EHEePrmjom Kog Marbix
objekarta, Unu 3arpeBarbem CekyHaapHor daymaa y
rPejHOM CUCTEMY,

MHOVPEKTHUM KopuhereM HMp. y cucTemMnma
6a3vpaHVM Ha MPUMEHN TOMAOTHUX MyMNK, KOO
KOjux ce nmpey3vma TOMNOTHa eHepruja noa3emHe
BOLE, Ba3fyxa, WM 3em/be W y CucTeMy ca
M3MerbnBadYemM (MCnapuBayYem 1 KOHAEH3aTOPOM)
y3 nomoh Kommpecopa Yy TepMOAMHAMUUYKOM
npouecy npeteapa y TOMNOTHY  eHeprujy
3a rpejarbe, Ca  MUHUMANHUM  yTuLajeM  Ha
KMBOTHY CpefvMHy HacTanvMm Kao nocnegmnua
Kopuwherba enekTpuyHe eHeprije HeonxoaHe 3a
GYHKUMOHMCaHe TONNOTHE Nymre.

[ocpenHo, caropeBarbemM y KoTnapHMUama.
Kopuwhere OWVE 3a npowussogry ropuea
33 TpaHCMopT: ropvBa 3a MOTOPHa BO3MSa
y TpPWBaTHOM BJIACHULWTBY, jaBHM MpPeBO3 W
WHOYCTPUCKY W KOMepuwujanHy ynotpeby, Ha
npUMep 3a TepeTHe BO30Be, OpPOJOBE 1 aBMOHE.
OBaj BMA kopuwherba OOHOB/BMBMX  M3BOPA
nokpehe NuTake CBPCUCXOAHOCTU MCKopuwherba
3emM/bMLUTa, M NOCTaje jeAHO Of OCHOBHWX Y TEOpMjU

INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

are fundamental in planning future development of
the mankind. The use of these fuels is diverse, and
can basically be divided into the following:

1.

RES use for electricity generation:

by direct conversion (solar energy, water energy,
low and high tide, wind energy, etc.), or
indirectly, by incineration (biomass, biogas, land-
fill gas, etc.), then after being distributed for resi-
dential, commercial, and industrial needs;

The use of RES for heat generation for the pur-
pose of heating, whether it is being generated in
a centralised (for more buildings, parts of or entire
settlements) or in a decentralised manner (in in-
dividual buildings);

directly for heating buildings, for example: water
heated by solar energy in smaller buildings, or by
heating secondary fluid in the heating system;
indirect use, for instance in systems based on
the use of heat pumps taking over the heat from
ground water, air or ground, and in the exchanger
system (vaporiser or condenser) using the com-
pressor, converting heat into heating energy in
the thermodynamic process, with a minimum
effect on the environment incurred as a conse-
qguence of the use of electricity necessary for the
heat pump operation.

Indirectly, by incineration in boiler rooms.

The use of RES for production of transport fuel:
fuels for privately-owned motor vehicles, public
transportation and industrial and commercial use,
for example for cargo trains, ships and aircrafts.
This type of renewable sources use raises the is-
sue of efficiency of land use, and becomes one of
the basic issues in sustainability theory: food-fab-
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onpxueocTu: food-fabric-fuel” (xpaHa, matepwjan,
rOpWBO) Vi MPeACTaBsba jefHy Off OCHOBHMX Annema
CaBpemMeHor ApyLTBa jep Cy 3axTeBW 33 FOPUBOM
(eHepreHTMMa) CBE M3paxkeHWju WTO [OBOAV [0

HEraTvBHMX penepkyCcnja Ha ApPYrm nosbrima.

Ynotpeba OVE w3 pasnuuntix m3sopa y Cpbujn
MMa BENWKM noTeHuWjan v noTpebHO je pa3suTy
ofroeapajyhe HauuoHanHe cTpaTtervje 3a noeehare
FOMXOBOT yaena y CTRYKTYPK MOTPOLWHbE eHepreHaTa.
[Npema ncTpakmBarbMa Koja Cy mocny»Kmna kao 6asa 3a
n3pagy HaumoHanHor akuMoHor nnaHa 3a kopuwherse
OOHOBIBMBMX M3BOpa eHepruje Penybnnke Cpobujed,
OWE ca npouereHnM TexHUUYKM  UCKOPUCTUBMM
noTeHUMjanoMm of oko 56 Mtoe rognwme (Cnvka
1) Mory 3HauajHO [LOMPUHETV MarbeM Kopuwhery
docnnHMX ropmBa ¥ OCTBapuBatky AePUHMUCAHMX
unbeBa O yaeny OOHOB/BUBMX M3BOPA Y YKYMHO)
dVHaNHOj NoTpoWHW eHepruje, Kao U yHanpehery
XWBOTHe cpeavHe. NoTeHuUwWjan B1Momace M3HOCK OKO
3,4 Mtoe roauuirbe (2,3 Mtoe je HenckopuwheHo, a 1,1
Mtoe ce Beh kKopuctw), 1,7 Mtoe y xuaponoTeHuujany
(0,8 Mtoe roanwmbe je HemckopuwheHu, a 0,9 Mtoe
rogurbe je uckopuwhenu xuaponoTeHuwjan), 0,2
Mtoe roguwme y reotepmanHoj eHepruju, 0,1Mtoe
roguwre y eHepruju Betpa, 0,2 Mtoe roguwre
y conapHoj eHeprmjn mn 0,04 Mtoe rognwme y
6riopa3rpaarBomM aeny otnaga.

Mpema oBom u3Bopy, Penybnuka Cpbuja of
YKYMHO PacnofioxKmMBOr TexHMUKor noteHuunjana OUE
Beh kopuctn 35% (0,9 Mtoe umckopuwheHor xnapo
noteHumjana u 1,06Mtoe nckopuwheHor noTeHLMjana
bromace 1 reoTepmanHe eHepruje).

7 3a Buwe vHPOpPMaLmja O OBOj Temu nornenatu: The global need
for food, fibre and fuel: Land use perspectives on constraints and
opportunities in meeting future demand, Report from two seminars
at the Royal Swedish Academy of Agriculture and Forestry, 27 Sep-
tember and 22 November 2011, Ake Barklund, General Secretary and
Managing Director, KSLA, 2012/05, ISBN 978-91-86573-25-6

8 HoctynHo Ha: http//www.mre.gov.rs/doc/efikasnost-izvori/NA-
POIE%20KONACNO%2028_jun_2013.pdf?uri=CELEX:32009L0028
cTp. 7

ric-fuel” (food, material, fuel) and represents one
of the basic dilemmas of the modern society giv-
en that the demand for fuel (energy carriers) is
getting increasingly pronounced, thus leading to
adverse repercussions in other areas.

The use of RES from different sources in Serbia
holds great potential and requires development of
corresponding national strategies to increase their
share in the fuel consumption structure. According
to the studies which served as a basis for the devel-
opment of the National Renewable Energy Sources
Action Plan of the Republic of Serbia® with an esti-
mated technically viable potential of cca. 5.6 Mtoe
annually (Figure 1) RES may significantly contribute
to reduced use of fossil fuels in the total final en-
ergy consumption, and improved environmental
protection. Biomass potential accounts for cca. 3.4
Mtoe p.a. (2.3 Mtoe is unused, with 1.1 Mtoe already
being used), 1.7 Mtoe in hydro potential (0.8 Mtoe
is unused, and 0.9 Mtoe per annum is used hydro
potential), 0.2 Mtoe annually in geothermal energy,
0.1 Mtoe p.a. in wind energy, 0.2 Mtoe p.a. in solar
energy, and 0.04 Mtoe p.a. in biodegradable waste
stream.

According to this source, out of the already avail-
able technical potential of RES, Republic of Serbia is
already using 35% (0.9 Mtoe of used hydro potential
and 1.06 Mtoe of used biomass and geothermal en-
ergy potential).

7 For more information on this subject, see: The global need for food,
fibre and fuel: Land use perspectives on constraints and opportunities
in meeting future demand, Report from two seminars at the Royal
Swedish Academy of Agriculture and Forestry, 27 September and 22
November 2011, Ake Barklund, General Secretary and Managing Direc-
tor, KSLA, 2012/05, ISBN 978-91-86573-25-6

8 Available at:  http//www.mre.gov.rs/doc/efikasnost-izvori/NA-
POIE%20KONACNO%2028_jun_2013.pdf?uri=CELEX:32009L0028 , p. 7
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41
61oMmaca - Pacnonoxus noteHUjan
biomass - available potential

61opasrpaausm feo otnaga
biodegradable waste stream

XMAPONoTeHUMja - NOTeHUMjan Koju ce KopucTu
hydro potential- used

XMAPOMOTEHLM]aN - PAaCMONOXB NOTEHLMjan
hydro potential- available

Cnmnka 1. CTpyKTypa OOHOB/bMBMX W3BOPa eHepruje vy
Peny6nuum Cpbujn®

MocebaH dpokyc npumerHe ONE npeacTarsbajy jaBHM
00jeKT! NPBEHCTBEHO 360 HWXOBOT APYLWTBEHO!
3Hayaja. Kopnyc jaBHMX objekaTa Huje jeaHO3HAUYHO
AedurHvcaH Beh ce y nuTepaTypu, a U 3aKOHOAABCTRY,
MOry CpecTn pasnuumte aeduHuUMje WTO OTeXKaBa
bopmmparbe jeAVHCTBEHOT MPUCTYNa 1 TpeTMaHa OBor
cermeHTa rpahesmnHckor poHza.

Mpema MpaBUIHWKY O eHepreTckoj edrKacHOCTM
3rpaga'®, cee 3rpage cy nogesbeHe y ykynHo 10
KaTeropwja: 2 ctambeHe 1 ocam HecTambeHmx. CekTop
HecTamOeHVX  3rpafa, MnpemMa OBOM  [OKYMEHTY,
CaunrbaBajy: ynpasHe W MOCNOBHe 3rpafe, 3rpage
HamerbeHe 06pas3oBatby 1 KyNTypw, 3rpaje HamerbeHe
30PaBCTBY M COLMjanHOj 3alWTUTK, 3rpage HaMerbeHe

9 lbid, cTp. 7

0 MpaBunHUK O eHepreTckoj edukacHoCTw 3rpaga, CyKoeHn
rnacHvk Penybnvike Cpbuje 6p. 61/2011

611omaca - NoTeHLMjan Koju ce KOprcTn
biomass- used potential

corapHa eHepruja
solar energy

eHepruja setpa
wind energy

reotepmasnHa eHepritja
geothermal energy

Figure 1. Structure of renewable energy sources in the Repub-
lic of Serbia®

A special focus of RES application is placed on
public buildings primarily due to their societal im-
portance. The stock of public buildings is not uni-
formly defined, therefore in literature, same as in
legislation, different definitions may be found, which
makes the establishment of uniform approach and
treatment of this building stock segment much
more difficult.

Pursuant to the Rulebook on Energy Efficiency in
Buildings™, all buildings are divided into 10 catego-
ries in total: 2 residential and eight non-residential.
The residential building sector, according to this
document, includes: administrative and office build-
ings, educational and cultural buildings, health care

° Ibid, p.7

' Rulebook on Energy Efficiency in Buildings, Official Gazette of the
Republic of Serbia, no.61/201
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TYPU3MY 1 YTOCTUTESBCTBY, 3rPaje HaMereHe CnopTy 1
pekpeaumjn, 3rpade HamereHe TPTOBUHMN U YCITYXXHUM
[enaTHoCTMMa, 3rpaje MewWwoBUTe HameHe, 3rpaje 3a
Apyre HameHe Koje KopucTe eHeprijy. OBakBa oncexHa
nofena Mma 3a Uwb yCrnocTaB/barbe Knacudukauuje
KOja je y Kopenauuju ca dupektnsom EBponcke yHuje
n3 2010", y3 pa3nuky Koja ce orfieda y MocCTojakby
3rpaja MeLwoBUTe HaMeHe Y Hallem 3aKOHOLABCTBY.

[MpaBUNHMKOM O eHepreTckoj edUKacHOCTU Kao
1 TIPaBUNHMKOM O YCNOBMMA, CaOPXUHU U HaumHy
M3haBarba CepTUdMKATa O eHepreTCKMM CBOjCTBMMA
3rpaga'? ce peduHWWeE MEeTOAOMNOrMja NpopadvyHa
eHepreTcke edUKACHOCTN, OAHOCHO HAYMHW 13[aBarba
ceptndukata O eHepreTCKMM CBOJCTBMMA 3rpaga —
EHepreTCKor nacouwa, anv ce TeMaTnka OBHOBIBLUBIX
n3BOpa eHepruje He obpahyje aeTarmbHMje.

Dokyc OBOr WCTpakMBarba MpPeAcTaB/ba YNpaBo
moryhHocT npumeHe OWE Ha jaBHWM 3rpagama w
TO Ha jefHOM CermeHTy UenokymnHor ¢oHda Koju je
Of M3Y3eTHOr 3Hayaja 3a [fasbW Pas3Boj W efykaunjy.
MctoBpemeHo, moryhHoctn npumeHe OWE  Ha
00jeKTVMa WKOMNCKMX 3rpafia W 3rpada NpefwKonckmx
yCTaHOBa Cy 13y3eTHe.

NcTpaxmsarbe ce  CnpoBogM KPO3  Mpojekat
CPMNCKO-HEMauKke pasBojHe capadmwe EHeprertcka
edUKaCHOCT Y jaBHMM 3rpafiamMa Nof PYKOBOACTBOM
M3a. [lpeTxogHuM  akTMBHOCTMMAa Yy  OKBUPY
NpojeKkTa MOCTaB/beHe Cy METOAONOWKe OCHOBE
TpeTMaHa ¢oHaa jaBHMX objekaTa M AedUHUCAHN
HauWHW yTBPHMBarba Mepa HMUXOBOr yHanpehersa,
C acnekTa eHepreTcke edukacHocTn. Qokyc papa
je, ycnen wu3y3eTHO pasHOBPCHOr GOHAAa jaBHMX
3rpafa, Kako MO HameHW Tako u MO CTPYKTypw,
MaTepujaiHO  TEXHUUKMM  KapakTepucTukama W
pexmmy kopwiwhersa, ycMepeH Ha ABa Tuna 3rpafa:
WKONCKe 3rpage W 3rpaje NpemLwKoncKkmx yCTaHoBa

" EC, Directive 2010/31/EC of the European Parliament and of the
Council of 19 May 2010 on the Energy Performance of Buildings (re-
cast), Official Journal of the European Union 18.06.2010, L 153, 13-35.
2 MpaBUnHUK O  YCNOBMMA, CAAPKUHM U HauuMHy W30asarba

cepTndrKaTa O eHepreTCKmMM CBOjCTBMMA 3rpada, Cn. racHuk PC, 6p.
69/2012

and social welfare buildings, tourism and hospitality
buildings, sports and recreation buildings, commer-
cial and service buildings, mixed purpose buildings,
buildings for other purposes consuming energy.
Such a comprehensive division is aimed at establish-
ing classification correlating with the 2010 European
Union Directive™, including a difference reflected in
the existence of mixed purpose buildings in Serbian
legislation.

The Rulebook on Energy Efficiency, same as the
Rulebook on the conditions, manner and content of
issuing building energy performance certificates”
define the methodology for energy efficiency cal-
culation, namely the manner of issuing energy per-
formance certificates- energy passports, however
without diving deeper into the issue of renewable
energy sources.

The focus of this study is the possibility of RES ap-
plication in public buildings, in a particular segment
of the entire stock which is extremely important for
further development and education. At the same
time, possibilities for the RES application in school
and kindergarten buildings are exquisite.

The study is carried out under the Serbian-Ger-
man Development Cooperation project Energy Ef-
ficiency in Public Buildings, managed by GIZ. Previ-
ous activities delivered within the project have laid
down methodological foundations for the treatment
of public building stock and defined the manners for
identifying measures for their improvement, from
the aspect of energy efficiency. The focus of our
work, due to the extremely diverse stock of public
buildings, both in terms of their use and structure,
material and technical characteristics and operating
regime, is limited to two types of buildings: school

11 EC, Directive 2010/31/EC of the European Parliament and of the
Council of 19 May 2010 on the Energy Performance of Buildings (re-
cast), Official Journal of the European Union 18.06.2010, L 153, 13-35.
12 Rulebook on the conditions, content and manner of issuing

building energy performance certificates, Official Gazette of RS, no.
69/2012



INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

(BpTWha)2. MpeameT paga je ogabpaH ycnen 13y3eTHoO
BEIMKOT CTemneHa 3acTyM/beHOCTM OBMX TWMOBA
3rpafa y oksupy GoHaa jaBHMx objekata, a HapounTo
OHVX KOjUMa Ce ynpaBfba W3 ApxaBHOr Oylleta
Penybnuke Cpbuje nnu bylieta NoKanH1X camoynpasa.
VIHMUWjanHO NCTpaxKmBarbe je 00yxBaTUNO UCKIbYUMBO
WKOMCKe W 3rpafe NpeflKoNCKMX YCTaHOBa a Kao
cnepeha  dasza, WCTpakvBarbe je NPOWMPEeHO Ha
objekTe GUCKYNTYPHUX Cana WKONCKMx 3rpaga. OHe
NpeAcTaB/bajy CacTaBHM AE0 LWKOSICKMX KOMMEKCa,
anu cy TpeTMpaHe Kao crneunduyHe MNpOCTOPHO-
nporpamcke UenuHe. AHanv3om ¢GoHAa LUKONCKMX
3rpafa youeHo je fa GuCKynTypHe cane He noctoje y
CBMM LIKOMaMa Te je NpeTnocTaBKa Aa he ou cermeHTH
WKONCKMX ObjekaTa OWTWM npeaMeT Aorpagre Y
HapeAHOM Meprody Y Uuby yHanpehera HacTaBHOr
npoueca Te je HKXOB afeKBaTaH TpeTMaH Ca acnekTa
npumeHe OVE o BenmKor 3Havaja.

TokoM  WCTpakMBarba  WKOACKMX  Objekata,
NPeAWKONCKNX  YCTaHoBa U QUCKYNTYPHUX cana,
NPUAMKOM  npoueca  Gopmupara  Tvnonoruje
npema AedUHMCAHOM  METOAOMOWKOM  OKBUpY'™
yTBpHEHN Cy WMPK apXUTEKTOHCKO YpPOaHWUCTUYKM
NPUHUMNM  KapakTepu3aumnje objekata. 3ak/byyeHo
je ;a cy 3rpaje M KOMMeKCM MNO3MUMOHMPaHK, Y
BeIMKOM Opojy CnydajeBa, Ha Mapuenama BenvKmx
NPOCTOPHMX KanauuTeTa, WTO MHWUMPA pa3maTparbe
FoMXOBE eHepreTcke CaHauuje 1 yHanpehersa m3BaH
CTPUKTHO rpaheBmMHCKMX Mepa, Kpo3 MoTeHuMjanHo
nckopuwhere pecypca OKpyKetba a MpUMEHOM
ofroeapajynmnx TeEXHUYKO-TEXHOMOWKUX pellersa.

Mo3nLmMoHMparbe objekaTta WKona v NPeaKonCKyx
YCTaHOBa, Koju umHe Hajgehu feo rpaheBMHCKOr
doHAa jaBHMX 3rpajda, a Koju cy rpaherun y nepuoay
HakoH [lpyror cBeTckor paTa, pednektyje Tada

3Y TekcTy he ce paBHOMPABHO KOPWCTUTU TepMUHW BPTWA 1
NPeAWKONCKa yCTaHOBa

"4 3rpaje LWKONCKMX M NPEAWKONCKNX YCTaHOBA — METOAONOLIKM
OKBUP dopmMMparba TUnonorvje 1 nobosbluarka eHepreTcke
edurkacHocTn (2018), pocTynHo Ha: http://eeplatforma.arh.bg.acrs/
publikacije/zgrade-%C5%A1kolskih-i-pred%C5%A 1kolskih-ustano-
va-%E2%80%93-metodolo%C5%A1ki-okvir-formiranja-tipologi-
je-i-pobolj%C5%A1anja-energetske-efikasnosti

buildings and kindergarten buildings®™. The subject
of our work was selected due to the exceptional-
ly high frequency of these buildings in the public
building stock, and especially those managed from
the state budget of the Republic of Serbia or from
the budget of local governments. The initial research
encompassed exclusively school and kindergarten
buildings, and in the next phase, the study was ex-
tended so as to include school gym buildings. They
represent an integral part of school complexes, how-
ever they were treated as specific spatial and pro-
gramme sections. The analysis of the school build-
ings stock identified that gyms may not be found in
all schools, therefore the assumption is that these
segments of school buildings will become the sub-
ject of extension in the forthcoming period for the
purpose of teaching and learning process improve-
ment, so their adequate treatment from the perspec-
tive of RES application is of immense importance.

During the study of school, kindergarten and
gym buildings, in the process of establishing typol-
ogy based on the defined methodological frame-
work™ broader architectural and urban planning
principles of building categorisation were deter-
mined. It was concluded that in the large number
of cases, buildings and complexes were positioned
on lots of large spatial capacity, which initiated con-
sideration of their energy efficient rehabilitation and
improvement outside strictly construction measures,
via potential use of resources in their surroundings,
through application of appropriate technical and
technological solutions.

Positioning of school and kindergarten buildings,
accounting for the major part of the public build-
ings stock, constructed in the period after the World

13 The terms kindergarten and preschool institution will be used to
mean the same in this text.

14 School and Kindergarten Buildings- A methodological frame-
work for the formation of typology and the improvement of ener-
gy efficiency (2018) available at: http://eeplatforma.arh.bg.ac.rs/
publikacije/zgrade-%C5%A1kolskih-i-pred%C5%A1kolskih-ustano-
va-%E2%80%93-metodolo%C5%A1ki-okvir-formiranja-tipologi-
je-i-pobolj%C5%ATanja-energetske-efikasnosti
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aKTyenHe NpucTyne ypbaHnamy v apxmutekTypu. [aeroa
je 10 6uno moryhe rpahenn cy cnobopHocTtojehu
00jeKTV Ha penaTvBHO MPOCTpaHWM napuenamMa, a
nocebHa Nakkba je nocseheHa yT1UajuMa nHCconauumje
M OCBET/bEHA YHYTpPalWhMWX npocTopa. Pesyntat
OBaKBOI MPUCTyNa, MPefcTaB/ba uUMFbeHMUA Aa ce
BehMHa 3rpafla KapakTepuile penaTueBHO BEMMKOM
NOBPLWWHOM KPOBOB3, jep Ce paau O KOMMIeKCMMa
Behux kanaumteta. OBe KPOBHE PaBHY Cy peanun3osaHe
6WN0 Kao PaBHK MW KOCK KPOBOBM (Hajyelwhe Manmx
Harmba), WTO NpeAcTaB/ba M3y3eTaH MoTeHUMjan
3a npumeHy cuctema OVIE. TMpumeTHO je aa je kog
3HauajHor 6poja 3rpafja M3BpLWEHa adanTaLnja PaBHUX
KpOBOBa, Kao Mocneavla A0TPajanocTy, U3rpagHom
KOCKX KPOBOBa Takohe Manmx Harmba, umme ce He
CMakbyje noTeHumjan Kopuwhetrsa.

AHann3a TepMO-TEXHUUKMX CUCTEMA je MoKasana
NPUMETHY AOTPajanocT, WTO M3UCKYje HEeOomXoaHy
caHauujy, Te ce npumeHa OWIE jaBrba Kao noactmuaj 3a
KOpeHWTWjy NpomeHy noctojehirx pellersa 1 npenasak
Ha caBpemeHuje, edunKacHuje cnctTeme.

3aKOHCKM OCHOB 3a npumeHy OME y Penybnuum
Cpbuju UnHe CeT 3akoHa, PerynaTopHMx JOKYMEHaTa,
npaBunHKKa 1 cTpaTtervja. Tako, CTpatervjom passoja
eHepreTuke Penybnuke Cpbuje 3a nepwog ao 2025.
roavHe ca npojekumjom o 2030. roauHe' npensuhajy
ce KOHKpeTHe Mepe ynoTpebe OWE y ogHocy Ha
noctojehe ctare. Y nomeHy OVE og nocebHor 3Havaja
33 UCTpaxnBare Cy nNpeasvheHe Mepe Koje ce Tudy
rpaheBuHCcKor oHaa:

« 3ameHa kopuwherba docunHMX ropuea (yriba,

Ma3yTa, 1O y/ba 1 NPUPOAHOT raca) 3a rpejarbe,

« 3ameHa kopwiwherba enekTpuuHe eHepruje 3a

NPOM3BOAHY CaHWTapHe Tomnne Bofe,

- Ysohetrbe OVIE y cekTOp 3rpagapcTsa (MpymapHo y
jaBHOM cekTopy).'®

Unpun oKBMpP NMocMaTparba CTpaTerje eHepreTike
Cpbuije, a nocebHo y cekTopy objekaTa jaBHe HameHe,

1> gocTynHo Ha: http://www.parlament.gov.rs/upload/archive/files/
lat/pdf/akta_procedura/2014/113-14Lat.pdf

¢ YcTo, cTp. 38

War ll, reflects the approaches to urban planning and
architecture of that time. Wherever possible, stand
alone buildings were constructed on relatively large
parcels, with the special attention being paid to the
effects of insolation and lighting of indoor space. The
result of such an approach is reflected in the fact
that majority of buildings is characterised by a rela-
tively large roof area, given that these are complexes
of larger capacity. These roof planes are realised ei-
ther as pitched or flat roofs (most frequently of mi-
nor slope), which represents an extraordinary poten-
tial for the RES system application. What is notable is
that in the significant number of buildings retrofit-
ting of flat roofs was undertaken, as a consequence
of obsoleteness, by installation of pitched roofs with
slight tilt, which is not reducing the potential for use.

The analysis of HVAC systems has shown notable
obsoleteness, which requires necessary rehabilita-
tion, therefore the application of RES is perceived as
an incentive for a more thorough change of existing
solutions and switch to more modern and more ef-
ficient systems.

Legislative framework for the application of RES
in the Republic of Serbia includes the set of laws,
regulatory documents, bylaws and strategies. So the
Energy Sector Development Strategy in the Republic
of Serbia for the period up to 2025, with projections
up to 2030" envisages specific measures for the use
of RES against the current state of affairs. In the RES
domain, particularly important for our study are the
plarmed measures concerning the building stock:

Switch from fossil fuels (coal, heavy fuel oil, fuel oil

and natural gas) for heating,

Switch from the use of electricity for domestic hot

water production,

Introducing RES in the building sector (primarily in

public sector).®

The broader framework for consideration of Ser-

" Available at: http://www.parlament.gov.rs/upload/archive/files/lat/

pdf/akta_procedura/2014/113-14Lat.pdf
' The same, p. 38
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Koju cy Takohe W penpeseHTaTMBHM 33 Pa3Boj
Modena M3rpagre W yrnpas/barba, NpPefcTaB/ba
OCHOB CMpOBefeHor npoyyasarba npumerHe OWE Ha
NpeaMETHVM TUMOBKMA 3rpaja WKOMa, NPeaLLKONCKMX
YCTaHOBa W GUCKYNTYPHUX Cana.

OcHoBHM npucTyn npumeHe OVIE je 6a3upaH Ha
UCTPaXkMBatby MoTeHUMjana cammx 3rpaga a MnoTom
M HMXOBMX MNapuena Kpo3 BapujaHTHe npucTyne
(N0 NuTakby 0bMMa M TEXHOMOLLKMX KapaKTepPUCTUKa
pellera) y3 oaroBapajyhe eHepreTcke v eKOHOMCKe
cnmynaumje. Micnutyjyhm camo OHa pellerba Koja
Cy NpUMerWBa Yy HalWOj CpeauHy, y3 npemucy Aa
je Hajpehn 6poj objekata obpaheHMx TWMNOBa, MO
KapakTepMcTUkama  ClnMuYaH  apyrum  objekTima
jaBHe HameHe, moryhe je [OHETU U LUMpe 3aKSbyuke
O yTuuajy OBakBMx Mepa. Pa3BumjeHa metoponoruvja
je NpvMeH/bMBa Ha MojeAMHadHMM objekTma (6e3
063Mpa Ha HameHy), Ha oapeheHOM NPOCTOPHOM
HVMBOY (OMWTWMHA, OKPYr, PernoH) amm u Ha
HaLMOHaNHOM HMBOY. Ha OBaj HauuWH Ce, y3 afeKkBaTHy
MASHTUOWKALM)Y M KapakTepu3auujy jaBHWUX 3rpada,
MOTY MCMUTATW He CaMO KapakTepucTmke yHanpehera
eHepreTcke edumkacHocT Beh u npumeHe OWE, wu
CMarberba emmcuje CO2.

20

bian energy sector strategy, and especially in the
sector of public buildings which are also represent-
ative for the development of the construction and
management model, represents the basis for the im-
plemented study on the RES use in the respective
types of school, kindergarten and gym buildings.

The fundamental approach to RES use is based
on the study of the potential of those very buildings,
and then of their lots via alternative approaches (in
terms of scope and technological characteristics of
solutions) with corresponding energy and economic
simulations. By examining only the solutions appli-
cable in our environment, with the premise that the
largest number of buildings of studied types is by
their characteristics similar to other public buildings,
it was possible to come up with broader conclusions
about the impact of such measures. The methodol-
ogy developed is applicable to individual buildings
(irrespective of their designated use), to specific
spatial level (municipality, district, region), but also
nationally. In this way, assuming adequate identifi-
cation and characterisation of public buildings, not
only the features of energy efficiency improvement
and RES use may be examined, but also CO2 emis-
sion reduction.
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2. PETYNNATUBA EY

Y unrby afekeaTHWjer carnefasarba MoryhHocTu
npumeHe OWE y 3rpagapCTBy  HEOMXOLHO  je
aHanu3vpat 1 oarosapajyi 3aKOHCKM OKBMP Kako
Ha HVBOY EBpOMe Tako W y NOKATIHUM, HALMOHANTHUM,
yCoBMMa.

JemaH of nmpBKX akUMOHMX nnaHosa Esponcke
KOMMCMje 33 NpOMOBMCarbe Tema OOHOB/bMBE
eHepruje objaBrbeH je 7. aeuembpa 2005. roanHe Kao
AKLMOHM NnaH 3a bromacy'. MnaH je naeHTMdrKoBao
KIbyUHe aKkTMBHOCTM 3a jauarbe TpXUWTa eHepruje
npou3seneHe 13 Bromace y3 KoHCTaTaumjy Aa ce Beh
oKo 50% obHoB/bMBE eHepruje y EY nobuja Ha oBaj
HauWH.

Hepyro notom, y jaHyapy 2007. rognHe objaeibeHa
je Mana nyta 3a o0bGHOB/BMBY eHeprujy'® Koja
npeactas/ba  GOpMyMCaHy AyropouHy cTpaTerujy
Kommncuje 3a obHoB/BUBY eHeprujy Esponcke yHuje.
L ose ctpatervje je pa omoryhu EY ga umcnyru
[BOCTPYKE UWbeBE KOjU Ce CmaTpajy OCHOBHMM
KaKko 3a CUTypaH M HeOMEeTaHW Pa3Boj APYyLWTBa Tako
M 33 CMarberbe yTuUaja Ha OKpyxerbe: noseharba
CUrypHOCTW CHabaeBarba €EHEeprujoM 1 CMarberba
emucrje racoea CTakfleHe 6awrTe. [lpoueHa yaena
OOHOBSBYBE eHepruje y YKyNHOj NMPOou3BOArbY Kao 1
npakca y npeTxofHux 10 roamnHa ykasane cy Ha To Aa
noctoju moryhHocT Beher kopuwhera 0OHOBBUBKX
n3BOpa eHepruje.

Y okeupy Mane nyTa, Komncuja je npegnoxmna
nocTaB/bakbe obasesyjyher ummba Koju nogpasymesa
yyewhe oa 20% eHepruje 13 06HOBBLMBMX M3BOPaY EY
Ao 2020. roanHe y3, Takohe, obasesyjyher MuHUManHor
umsrba of 10% yuelha 6roropuea. OBMM JOKYMEHTOM
je npepnoxeHo 1 CTBaparbe HOBOM 3aKOHOAABHOM
OKBWpa 3a yHanpehere npomoBncartba 1 kopuwhersa

17 Commission Communication of 7 December 2005: “Biomass ac-
tion plan’, goctynHo Ha: https//eur-lex.europa.eu/legal-content/
EN/ALL/?uri=CELEX%3A52005DC0628

'8 Commission Communication of 10 January 2007: “Renewable En-
ergy Road Map. Renewable energies in the 21st century: building
a more sustainable future’, gocTynHo Ha: https://eur-lex.europa.eu/
legal-content/EN/TXT/PDF/?uri=CELEX:52006DC0848&from=EN

2. EU LEGISLATION

In order to better understand the opportunities
for RES use in buildings, it is necessary to analyse the
appropriate legislative framework at the EU level, but
also in local, national conditions.

One of the first action plans of the European
Commission promoting the subject of renewable
energy was published on 7 December 2005, as the
Biomass Action Plan". The plan identified key activ-
ities to strengthen the biomass energy market, with
the conclusion that cca. 50% of renewable energy in
the EU was being generated in this way.

Not long after, in January 2007, the Renewable
Energy Road Map®™ was published, which represent-
ed a formulated long-term strategy of the Com-
mission for renewable energy in the European Un-
ion. The goal of this strategy was to ensure the EU
to meet two-sided goals considered fundamental
both for the safe and smooth development of the
society and mitigation of environmental impact: to
increase the energy supply security and reduce the
greenhouse gas emission. The estimated share of re-
newable energy in the total production, same as the
practice in the past 10 years, have shown that there
are opportunities for increased use of renewable en-
ergy sources.

Within the Road Map, the Commission proposed
setting a binding target implying the 20% share of
energy from renewable energy sources in the EU by
2020, with the also binding target of minimum 10%
share of biofuel. This document proposed creation of
a new legislative framework to enhance the promo-
tion and use of renewable energy.

Further incentive for RES use is represented in
the regulatory package adopted in September 2008

7" Commission Communication of 7 December 2005: “Biomass ac-
tion plan; available at: https://eur-lex.europa.eu/legal-content/EN/
ALL/?uri=CELEX%3A52005DC0628

'8 Commission Communication of 10 January 2007:“Renewable Ener-
gy Road Map.Renewable energies in the 21st century:building a more
sustainable future; available at: https://eur-lex.europa.eu/legal-con-
tent/EN/TXT/PDF/?uri=CELEX:52006DC0848&from=EN
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OOHOBSLYBE eHepruje.

Jamn noactvuaj ynotpebu OWE npeacTaesmba
nakeT nponuca ycBojeH centembpa 2008. roawvHe,
of CTpaHe EBponckor napnameHTta nocseheH
KNMMaTCKM npomeHama'® (no3Hatujm kao 20/20/20).
Linb oBMX [OKyMeHaTa je obe3behuBarbe CMarbehba
emMmncrje racoBa ca edekTom CTakneHe GawTe 3a 20
%, nobosbliakbe eHepreTcke epukacHoCTV 3a 20%
yyewhe obHOBBMBE eHeprije, y YKYNHOj MOTPOWHM
eHepruje y EY, op 20 % no 2020. rogmHe, NOCMaTpaHo y
oaHocy Ha 1990. roguHy.

by the European Parliament dedicated to climate
change' (known as 20/20/20). The purpose of these
documents was to ensure reduced greenhouse gases
emission by 20%, energy efficiency improvement by
20% and share of renewable energy in the total energy
consumption in the EU of 20% by 2020, compared to
1990.

BYAYRHOCT EHEPTETCKE NOJINTUKE EY 20-20-20 go 2020

THE FUTURE OF THE EU ENERGY POLICY 20-20-20 by 2020

A

B

C

E

F

G
MOTPOLUHA EHEPTUJE
ENERGY CONSUMPTION

CMAHEHE EMUCNIA
EMISSION REDUCTION

KOPULLREHKE
OBHOBJbUBUX U3BOPA
USE OF RENEWABLES

IupekTtrBa EBponckor napnameHTa o KNMMaTCKMM NMPOMEHaMa 1 eHepruju Koja nma 3a Lub fa 06e36eau cmarberbe
emMucuja racoBa ca eheKToM CTakneHe balTe HajMarbe 20%, yHanpehetbe eHepreTcke epukacHocTn of 20% v yuewwhe

OE op 20% y ykynHoj noTpolwmu eHepruje y EY go 2020.

Directive of the European Parliament on climate change and energy aimed to ensure reduction of greenhouse gases emission
by minimum 20%, energy efficiency improvement of 20%, and share of RES of 20% in the total energy consumption in the EU

by 2020.
Cnuka 2. Tpaduykm Npukas ummbesa anpektree “202020”

CxBaTajyhw 3Hayaj perynvcarba oBe obnactu
EBporncka komucuhja Helyro MOTOM [JOHOCW U HOBY,

1972020 climate & energy package’, pocTynHo Ha https://ec.europa.
eu/clima/policies/strategies/2020_en

Figure 2. Graphic overview of “202020" Directive targets

Realising the importance for regulation of this
area, not long after that, European Commission

172020 climate & energy package] available at https://ec.europa.eu/

clima/policies/strategies/2020_en
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Oupektvey o npomouunjy kopuwherba eHeprvje u3
OOHOBIBMBIMX M3BOPaY® Koja MocCTaB/ba 0ObaBesyjyhe
HaLMOHaHe UWbeBe Koje unaHuue EBponcke yHuje
Tpeba Aa [OCTUMHY KpPO3 NpOMOUM)y OOHOBIbMBE
eHeprvje y CeKkToprMa MPOMU3BOAHE eNeKTPUYHE
eHepruje, rpejara ¥ xnaherba Kao M y cekTopy
TpaHcnopta. OCHOBHM Uwb  OBe [upekTuse je
obe3behuBarbe yyelha obHoBbMBE eHeprije oa 20%
y YKynHoj notpouwrun go  2020. Ha HuBOY EBponcke
yHuje. QupekTnBa Takohe nocTas/ba Uwb y Be3M ca
Kopuwherbem OOHOB/bLYBE eHepruje y TPaHCMOPTY
(bnoropviBa, enekTpuuHa eHepruja M  BOAOHMK
npou3sBeneH 13 OOHOBILMBIX M3BOPA) Koju NpeaBuha
yyewhe o Hajmarbe 10% yKynHe NOTPOLH-e roprBa y
EBponckoj yHnju, no 2020. roantHe.

[pema 0BOj [OMPEKTMBK, [LpPKaBe unaHuue
EY cy wumane obaBe3sy fa w3page HauWoHanHe
akuvoHe nnaHoBe 3a Kopuwhere OBHOBLUBIX
n3gopa eHeprvje o 30. jyHa 2010. roamHe, Kao 1 da
AedVHMLY HaLMOHaNHe Ln/bese 3a YAeo eHepruje 3
OOHOBBMBMX M3BOPA Y OPYTO GMHANHO] NOTPOWHM
eHeprvje y 2020. rogvHW. YCBOjeHM UWbBEBKM Ce
Pa3nuKyjy of 3emrbe 4o 3embe byayhn aa ce yaumajy
y 003Up YKYMHW MOTeHUMjanu CBake 3emfbe Kao U
pasfinyuTe nonasHe OCHOBE, Tako Aa 3a Manty nsHoce
10% a 3a WBencky yak 49%,2" OAHOCHO Ha HUBOY
EBpone, npoceuHo y3umajyhu y ob3vp cee 3emibe
unaHuue, oo ydelwhe 6 Tpebano aa nsHock 20%. Y
OKBMPY HaLMOHANHMX aKUMOHKMX MNaHOBa ApXKase Cy
y obaBe3u fja HaBefly CTpaTervje Kojum nnaHnpajy aa
UCNyHe 33faTe UWbeBE Kao U Aa AeQUHMLY ONWTy
NOANTUKY Npema OOHOB/LUBMM M3BOPUMA eHepruje.
OupektvBa npegsuha Aa ce BpWKM  HENpPeKWaHM
MOHWTOPWHT NpoLeca Te a ce NOCTUMHY TN Hanpeaak
0b6jaB/byje cBake ABe rognHe y Gopmm 13BeLlTaja.

2 EC, Directive 2009/28/EC of the European parliament and of the
Council of 23 April 2009 on the Promotion of the use of energy from
renewable sources and amending and subsequently repealing Di-
rective 2001/77/EC and 2003/77/EC, Official Journal of the European
Union 5.06.2009, L 140/16.

21 guwe nHbOopMaUMja OCTYNHO Ha: https://www.emissions-euets.
com/internal-electricity-market-glossary/331-directive-on-the-pro-
motion-of-the-use-of-energy-from-renewable-sources

passed a new Directive on the Promotion of the Use
of Energy from Renewable Sources® setting forth
binding national targets to be achieved by the Eu-
ropean Union Member States through promotion
of renewable energy in power generation, heating
and cooling sectors, same as in transport. The basic
goal of this Directive is to ensure the 20% share of
renewable energy in the total consumption by 2020
in the European Union. The Directive also defines the
goal related to the use of renewables in transport
(biofuels, electricity and hydrogen produced from
renewable sources) envisaging the minimum share
of 10% in the total fuel consumption in the European
Union by 2020.

According to this Directive, the EU Member
States were obliged to develop national action plans
for the use of renewable energy sources by 30 June
2010, and to define national targets for the energy
share from renewable sources in the gross final en-
ergy consumption in 2020. The adopted targets dif-
fer by countries given that total potentials of each
country are being taken into account, same as dif-
ferent baselines, so for Malta they amount to 10%,
and for Sweden even 49%,” therefore at the level of
Europe, taking into account all Member States, this
share is to amount to 20% on average. In their na-
tional action plans, the states are bound to specify
strategies by which they plan to meet the set targets,
and to define general policy towards renewable en-
ergy sources. The Directive envisages an ongoing
monitoring process, and publishing of the achieved
progress every two years in form of a report.

The problems faced by the European Commis-
sion in the implementation of adopted directives

2 EC, Directive 2009/28/EC of the European parliament and of the
Council of 23 April 2009 on the Promotion of the use of energy from
renewable sources and amending and subsequently repealing Di-
rective 2001/77/EC and 2003/77/EC, Official Journal of the European
Union 5.06.2009, L 140/16.

2 More information available at: https://www.emissions-euets.com/
internal-electricity-market-glossary/331-directive-on-the-promo-
tion-of-the-use-of-energy-from-renewable-sources
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Mpobnemn ca kojuma ce EBponcka Komucuja
cycpena  MNpUIVKOM  UMMAeMeHTaumje  JOHeCeHWX
OMPpeKTMBa [oBenu cy A0 u3page Hose mane nyTa,
ycojeHe 2011. roguHe. Haswe je peduHMcaH Kao
Mana nyTa 3a 0bHOB/BMBY eHeprujy Ao 2050. roavHe
a JyropOYHM LWSb je MOCTaB/beH Yy CMUCIY CMarberba
emMuUcuje racoBa ca epeKkTom CTakneHe bawwTe 3a 80-
95%, no 2050, y nopebery ca Huomma m3 1990.
roguHe. KoHCTaToBaHa Cy 4YeTMpu OCHOBHA MyTa 3a
OCTBapere OBAKBOM LMba: eHepreTcka ePUKacHOCT,
OOHOB/bMBA  €HEpPrvja, HykneapHa eHeprija u
,XBaTarbe” 1 CKNaguLLITeHE YITbeHMKa.

2050 CTPYKTYPA EHEPTEHATA
2050 STRUCTURE OF ENERGY CARRIERS

¢ Koju je yaeo p: BUAOBa 06 eHepruje
HaKoH je Ha 100% o6 n3Bope 1 no6 preTcke
edpurKacHOCTY, y fleceT 3emarba EY ca Hajamb1umosHujum nnaHoBuma.
Scenarios illustrating a share of different types of renewable energy sources
following the transition to 100% of renewable sources and energy efficiency
improvement, in ten EU countries with the most ambitious plans.

CONaPHM TepMANHY KoNeKTOpH
(RoMahVHCTBa, KOMEpLUjanHY 1 jaBHY OBjeKTH)
solar thermal colectors

(households, commercial and public buildings)

conapHe eneKTpare
solar power plants.

KOMHeHe BeTpoeneKTpaHe:
ground wind power plants

. npuo6anke BeTpoeneKTpare
coastal wind power plants

Apyrv Bugosy OVIE (eHeprvija Tanaca, reotepmantia,
XVIPORNEKTPaHE 1 eneKTpaHe Ha NAVMY U OceKy)
other types of RES (wave energy, geothermal,

hydro power plants and high and low tide energy)

367

HOBOCTBOPEHW NOC/IOBW BE3aHW 3a OfpKaBabe,

v3rpaptby NoCTpOjerba, y Xubagama

new jobs related to maintenance,
construction of plants, in thousands

pa3mepa Npukasa
scale

Cnuka 3. Mpojekumja NponssoaHe 06HOBbMBE eHepruje y
EY 2050 rognHe®

2 Buwe  uHOopmauMja  JOCTynHO  Ha:  https://grboell.org/

en/2018/05/10/energy-atlas-nutshell
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Benruja
Belgium

DpaHuycKa
France
Wnanuja
Spain

have led to development of a New Road Map, adopt-
edin 2011.The title was defined as the Renewable En-
ergy Road Map by 2050, with the long-term target of
greenhouse gases emission reduction by 80-95% by
2050 compared to the 1990 levels. Four basic roads
to achieve this target were defined: energy efficien-
cy, renewable energy, nuclear energy and carbon
capture and storage.

Yewka

A Czech Republic
AycTpuja
Austria

WUtannja
Italy

Figure 3.Projection of renewable energy production in the EU
by 20502

2 More information available at: https://grboell.org/en/2018/05/10/
energy-atlas-nutshell
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foonHe 2016. NpefnoXeHW Cy NakeTn 3akoHa
NoA 3ajedHVYKMM Ha3MBOM YncCTa eHeprmja 3a cee
EBponrbaHe?. YcBajatbe OBMX aKaTa Huje Tekno
jeAHoCTaBHO HUTK 6p30, Beh Cy ce TOKOM [Be roanHe
ycarfnalaBanmM HaupTV OBMX 3aKOH3, a BMWE HbMX
je ycsojeHo Tokom 2018. rogmHe. OCHOBHWU UWb je
NOCTaB/beH Tako fa ce Ha HuBoy EY po 2030. roguHe
yyewhe eHepruje 13 0OHOBBUBIMX M3BOPa Noeeha Ha
32%. Takohe, rognwre noseharbe yuelwha eHepruje
13 OOHOB/BMBMX M3BOPA Y rpejarby W xnahery Ou
Tpebano aa 6yae 1,3%, nnu 1,1 % ako ce He y3mve y
003Mp oTnagHa TonnoTa.* lMpouerseHo je Aa, Kada
6y ce oBako AedUHMCaHE MOAUTWKE Y MOTMYyHOCTU
CnpoBene, pesynTat Moxe OUTK 1 3HaYajHK]je CMarbeHe
emMucunje racoea CTakfeHe 6awTe, Ha HWBOy EY of
OYeKMBaHoOr, OAHOCHO OKO 45% fo 2030. umajyhu y
Bnay 1990. rognHy kao nonasumiute, WTO je 3a 5% suLwe
Of NOCTaB/bEHOT LinIba.

CeKkTop 3rpafapctea je nocebHO TpeTvpaH
AMPEKTMBAMA O eHepreTckoj eduKkacHOCTW 3rpafa,
no3HaTnjum kao EPBD (Energy Performance of Build-
iNgs) AMpPeKTVBE, Of KOjUX je MpBa [OHeceHa joul
2002. rogmHe®. Beh npema EPBD 2 gupektnsu w3
2010. roanHe®, cBe HOBe 3rpade Mopajy Ou1TK 3rpage
roToBo Hynte eHepruje (nearly zero energy build-
ings) no 31. neuembpa 2020. roanHe (jaBHe 3rpage
po 31. geuembpa 2018. rognHe). OBM yCNOBK HUCY
MeHbaHN HU OANPEKTMBOM O EHEPreTCKO] edrKkacHOCTH

2 "Clean energy for all Europeans’, Buwe vHdopmaLmja 4OCTYNHO
Ha: https://ec.europa.eu/energy/en/topics/energy-strategy-and-en-
ergy-union/clean-energy-all-europeans

2 "Renewable energy: Council confirms deal reached with the Eu-
ropean Parliament’, Buwwe nHdopmaLmja OCTYNHO Ha: https://www.
consilium.europa.eu/en/press/press-releases/2018/06/27/renewa-
ble-energy-council-confirms-deal-reached-with-the-european-par-
liament/#

» EC, Directive 2002/91/EC of the European Parliament and of the
Council of 16 December 2002 on the Energy Performance of Build-
ings. Official Journal of European Communities 04.01.2003, L1/65-
71.

% EC, Directive 2010/31/EU of the European Parliament and of the
Council of 19 May 2010 on the Energy Performance of Buildings (re-
cast), Official Journal of the European Union 18.06.2010, L 153, 13-35.

In 2016, legislative packages jointly entitled Clean
Energy for All Europeans were proposed®. The adop-
tion of these acts was neither simple not fast, it took
two years to harmonise the draft versions of these
laws, with majority of them being adopted in 2018.
The basic goal was set so as to by 2030 increase the
share of energy from renewable sources to 32% at
the EU level. Moreover, the annual share of energy
from renewables in heating and cooling was sup-
posed to reach 1.3% or 1.1% if waste heat was not
to be taken into account.”* It was estimated that, in
case such policies were to be implemented in full,
the result may be even more significant reduction
in greenhouse gases emission at the EU level than
expected, namely cca. 45% by 2030 bearing in mind
1990 as a baseline, which was by 5% more than the
set target.

Building sector was particularly addressed in the
Energy Performance of Buildings Directives (EPBD),
first of which was passed in 2002%. In the 2010 EPBD
2 Directive?, all new buildings have to be nearly
zero energy buildings by 31 December 2020 (public
buildings by 31 December 2018). These requirements
were not changed in the 2012 Energy Efficiency Di-
rective”, particularly focusing on the retrofitting of
buildings, especially public ones, where in addition

% "Clean energy for all Europeans’, more information available at:
https://ec.europa.eu/energy/en/topics/energy-strategy-and-ener-
gy-union/clean-energy-all-europeans

* "Renewable energy: Council confirms deal reached with the Euro-
pean Parliament’, more information available at: https://www.consil-
jum.europa.eu/en/press/press-releases/2018/06/27/renewable-ener-
gy-council-confirms-deal-reached-with-the-european-parliament/#

» EC, Directive 2002/91/EC of the European Parliament and of the
Council of 16 December 2002 on the Energy Performance of Buildings.
Official Journal of European Communities 04.01.2003, L1/65-71.

% EC, Directive 2010/31/EU of the European Parliament and of the
Council of 19 May 2010 on the Energy Performance of Buildings (re-
cast), Official Journal of the European Union 18.06.2010, L 153, 13-35.

2 EC, Directive 2012/27/EU of the European parliament and of the
Council of 25 October 2012 on energy efficiency,amending Directives
2009/125/EC and 2010/30/EU and repealing Directives 2004/8/EC and
2006/32/EC, Official Journal of the European Union 14.11.2012, L 315/1.
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(EED) m3 2012. rogmHe?, kojom je nocebaH 3Hauaj
JaT nuTarby obHOBE 3rpaja, HapoUUTO jaBHKX, rae ce
nopen obasese n3pane 6ase jaBHWX 3rpaga yBoau v
obaBe3a AoHOLWeHa AYropouyHe CTpaTervje HMxoBe
obHoge. [loHolwereM HajHoBWje M3meHe [upekTuse
O eHepreTckoj edumkacHocTV 3rpaga — EPBD 3, koja
je cTynuna Ha cHary 9. jyna 2018. roanHe® 3emmbe EY
he MopaTu da ycnocTage jaye [yropoyHe cTpatervje
obHoBe, ca uUwbem Aa Ao 2050. roguHe doHA
CTambeHux 3rpaga Mma Hynty emmcujy CO2 y3 pa3soj
dVHaHCHMjCKMX  MexaHM3ama koju he omoryhutn
OCTBapere 0Bako ambuumosHor ummba.  OBom
PEBM3MOM NPETXOAHO 06jaB/bEHMX ANPEKTUBA YBOAE
ce n3meHe n gonyHe Bakehe [npekTtvee C ummbem
ybp3arba eKOHOMCKM onpasaaHe obHose nocTtojehux
3rpaga, C BM3Mjom AekapboHM30BaHOr rpaheBMHCKOr
doHaa no 2050. roanHe. PeBum3mja Takohe noapxasa
NoCTaB/baktbe  WHOPACTPyKType 33  MpWMeHy
ENeKTPUYHIX ayTOMOOMNa KPo3 06aBe3He NPUKIbyUKe
Ha MapKMH3MMa W y rapaxama 3rpafa v yBoam Hose
ofpenbe 3a nobosbliarbe ,MamMeTHUX” TeXHOMoruja
M TEXHUUYKMX TPaNeBUMHCKUX cuUcTema, YKibydyjyhu
ayTomaTmzauujy.

JenHa op obnactu Kojy HoBa AMpeKTMBa obpahyje
je 1 perynucare MeTOAONOWKOr OKBMPa Kao U
yBOherbe 3ajefHNUKe €eBpOncke MeTodonoruje 3a
oueHy “nameTHmx” 3rpaja.  TemMaTmka ,MaMeTHMX
TeXHoMornja” Cce WHTEH3MBHO MPOMOBULLIE  KPO3
3axTeBe 3a WMHCTanMparbe ayToMaTM30BaHWX CUCTEMa
y 3rpagaMa M cucTeMa Yyrpasbarba a HapOUWUTO
ypehaja koju omoryhasajy perynauvjy Temnepatype
Ha HMBOY cobe. HoBa Tema je n E-mobunHocT, koja he
VT nNoapxaHa yBoherbem MUHUMANHKX 3axTeBa 3a
obe3beherbe MpurK/byyaka Ha MNapkKvpanuwIMMa wu

2 EC, Directive 2012/27/EU of the European parliament and of
the Council of 25 October 2012 on energy efficiency, amending
Directives 2009/125/EC and 2010/30/EU and repealing Directives
2004/8/EC and 2006/32/EC, Official Journal of the European Union
14.11.2012, L 315/1.

2 EC, Directive (EU) 2018/844 of the European Parliament and of the
Council of 30 May 2018 amending Directive 2010/31/EU on the en-
ergy performance of buildings and Directive 2012/27/EU on energy
efficiency (Text with EEA relevance), Official Journal of the European
Union 19.06.2018, L 156, 75.

to compulsory development of the public buildings
database, an obligation was introduced to pass a
long-term strategy for their rehabilitation. By passing
of the latest recast of the Energy Efficiency Directive-
EPBD 3, which became effective on 9 July 2018% EU
Member States will have to establish stronger long-
term rehabilitation strategies, aiming at the residen-
tial building stock to have zero CO2 emissions by
2050, along with development of financial mecha-
nisms enabling meeting of such an ambitious goal.
This review of previously published directives intro-
duced amendments and supplements to the appli-
cable Directive so as to speed up economically justi-
fied rehabilitation of the existing buildings, with the
vision of decarbonised building stock by 2050. The
review also supports establishment of infrastructure
for the use of electric cars with compulsory connec-
tions at parking lots and in the building garages,
and introduces new provisions for improvement of
“smart”technologies and technical construction sys-
tems, including automation.

One of the areas covered by the new directive
pertains to regulation of methodological framework
and introduction of common European methodol-
ogy for evaluation of “smart” buildings. The subject
of “smart technologies”is being intensively promot-
ed via the requirements for installation of automat-
ed systems in buildings and management systems,
and especially in devices enabling temperature
regulation at the room level. A new topic is E-mo-
bility, to be supported by introduction of minimum
requirements to ensure connections in parking lots
and building garages. The EU Member States will
be obliged to present national requirements in the
form which enables mutual comparison. In addition
to other, mainly technical requirements, health and

2 EC, Directive (EU) 2018/844 of the European Parliament and of the
Council of 30 May 2018 amending Directive 2010/31/EU on the en-
ergy performance of buildings and Directive 2012/27/EU on energy
efficiency (Text with EEA relevance), Official Journal of the European
Union 19.06.2018, L 156, 75.
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y rapaxama 3rpaga. 3emme EY he butn y obasesm fa
MCKaxy HaLMOHanHe 3axtere y 061Ky Koju omoryhaea
mehycobHo nopeherse. lopea ocTanux, yrnasHom
TEXHNUKO TEXHOMOWKMX 3axTeBa, MPOMOBMLIE Ce
30paB/be U Bnaroctarbe KOPWCHMKA 3rpaja, Ha
Npvmep Kpo3 obpaharba BMLLIE NaXkHbe Ha Pa3maTpatbe
KBanvTeTa Badyxa 1 BeHTUnauuje.

29 Buwe nHdopmaLmja JOCTYNHO Ha: https://ec.europa.eu/energy/
en/topics/energy-efficiency/buildings

wellbeing of building tenants are being promoted,

by, for example, paying more attention to the qualit
of air and ventilation.”

» More information available at: https://ec.europa.eu/energy/en/top-
ics/energy-efficiency/buildings

y
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3. PEFTYNNIATUBA CPBUJE

UnaHctBO y EHepreTckoj 3ajeaHuum obaesyje
Penybnuky Cpbujy Ha npumeHy perynatuee EBponcke
YHMjE MAKO HUMje HbeH MyHOMPaBHM YnaH, AOHOWeeM
3aKkoHa O paTMduKaumju yroBopa O OCHUBAHY
eHepreTcke 3ajegHue, n3 2006. roanHe®. EHepreTcka
3ajefHMUa npey3uma y Hajsehoj mepw LEenoKymHy
Baxehy perynatusy EY ca marbum n3veHama koje ce
TUYY TEXHUYKMX acreKTa NpUMeHe, MPBEHCTBEHO KPO3
Pa3IMYNTOCT MOCTaB/bEHMX POKOBa Kao M MPOMEHY
obnma 1 OkBMpa nojeanHMx obasesa. Ha npumep,
Cpbuvjn je Kpo3 npouec nperoBopa, ysaxasajyhu
CneunduUUHOCT  Apxase, AedUHMCAH  KpuUTepujym
obaBe3HOCTM 06HOBe 1% YKynHe MOBPLWWHE 3rpada
Koje Mpunagajy v Koje KopucTe Ap»KaBHW OpraHu, Aok je
3a ynaHwvue EY Taj Kputepnjym yCnoctas/beH Ha HUBOY
3% npema ANPEKTUBK O eHepreTCKoj epuKaCcHOCTU 13
2012. roguHe (EED).

CxoaHo YroBopy O npwucTynawsy, Peny6nunka
Cpbuvja je npeysena obaBesy pfda UMNAemMeHTMPa
OvpeKkTBy O MNpPOMOBMCakY YynoTpebe eHepruje
npowvsBefeHe 13 OOHOB/BLMBKX M3BOpa eHepruje’
a omnykom MwuHnctapckor caseTa  EHepretcke
3ajeaHnue of 18. okTobpa 2012. rognHe Penybnuka
Cpbvija je npeysena obasesy aa ca 21,2% noeeha Ha
27% yuewhe OBHOB/BUBMX M3BOPA EHEPTUjE Y HEHO]
6pyTO PMHANHOj NOTPOWHYW eHepruje 1 HajMarbe 10%
noTpoLWbe ropmsay TpaHcnoptyy 2020. roauHn. ictom
oanykom ytepheHa je obasesa 3a Penybnuky Cpbujy
aa umnnemeHtupa Aunpektney 13 2009. roguHe Koja

0 3aKoH O paTudMKaumjM YroBopa O OCHMBawy EHepretcke
3ajenHnue n3mehy EBponcke 3ajegHuue n Penybnuke Anbanuje,
Penybnuke byrapcke, bocHe 1 XeplierosviHe, Penybnunke XpBaTcke,
buswe JyrocnoseHcke Penybnuke MakenoHwje, Penybnuike
LlpHe Tope, PymyHuje, Penybnuvke Cpbuje n MpuspemeHe Mucuje
YjeaurbeHnx Hauuja Ha KocoBy y cknagy ca Pesonyumjom 1244
CaBeTa 6e30eHOCTM YjeanrbeHux Hauwja, “Cnyx6eHn rnacHuk PC',
6p0j 62 on 19. jyna 2006.

31 EC, Directive 2001/77/EC of the European Parliament and of the
Council of 27 September 2001 on the promotion of electricity pro-
duced from renewable energy sources in the internal electricity
market, Official Journal of the European Union 27.10.2001, L 283, p.
33-40.

3. SERBIAN LEGISLATION

The membership in the Energy Community
bounds Republic of Serbia to apply European Un-
ion legislation, despite not being its full-fledged
member, by passing the Law on the Ratification of
the Treaty Establishing the Energy Community, from
2006*. The Energy Community mostly took over the
entire applicable EU legislation with minor amend-
ments concerning technical aspects of implementa-
tion, primarily in the form of different set deadlines
and the change in scope and frameworks of individ-
ual obligations. For example, in the negotiation pro-
cess and taking into account specificities of the state,
the criterion was defined for Serbia to rehabilitate 1%
of the total surface of buildings owned and used by
state authorities, whereas for the EU Member States
this criterion was established at 3% in conformity
with the 2012 Energy Efficiency Directive (EED).

In conformity with the Accession Agreement, Re-
public of Serbia has assumed the obligation to im-
plement the Directive on the Promotion of Use of
Energy Produced from the Renewable Energy Sourc-
es¥, and by the Decision of the Council of Ministers
of the Energy Community of 18 October 2012, Repub-
lic of Serbia has assumed the obligation to increase
the share of renewable energy sources from 21.2% to
27% in its gross final energy consumption and min-
imum 10% of fuel consumption in transport in 2020.
The same decision sets forth the obligation of the
Republic of Serbia to implement the 2009 Directive
relating to the promotion of the renewable energy

% Law on ratification of the Treaty establishing the Energy Commu-
nity among the European Community and the Republic of Albania,
Republic of Bulgaria, Bosnia and Herzegovina, Republic of Croatia, For-
mer Yugoslav Republic of Macedonia, Republic of Montenegro, Roma-
nia, Republic of Serbia and Temporary Mission of the United Nations
in Kosovo in line with 1244 Resolution of the United Nations Security
Council,"Official Gazette of RS} no. 62 of 19 July 2006.

' EC, Directive 2001/77/EC of the European Parliament and of the
Council of 27 September 2001 on the promotion of electricity pro-
duced from renewable energy sources in the internal electricity mar-
ket, Official Journal of the European Union 2710.2001, L 283, p. 33-40.
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Ce 0flHOCK Ha npomounjy kopuwhersba OBHOBIBLUBIX
M3BOpa eHepruje®? kao v apyre [upektnee 13 oge
obnactu.

MocebHa naxrba obnact OWE je nmocseheHa 1
TOKOM M3pafe AKUMOHMX MfaHoBa 3a eHepreTcky
edvkacHocT Penybnuke Cpbuje. lo caga cy ypaheHa
TpW nnaHa v T0: pBK AKUMOHM MNaH 3a Nepuog of
2010. go 2012. roguHe, opyrn 3a nepwod og 2013 go
2015. n Tpehn 3a nepnog 2016. 0o 2018. rogmHe™,

MocebaH LOKYMEHT, KOjW je MCKIbyumBO nocsehen
OBOj TemaTmuu, je HaumoHanHW akuuMoHM nnaH 3a
Kopuwher-e 0OHOBBLUBKX M3BOPa eHeprije Penybnvke
Cpbuije (HAMNOWE)*, kojum ce NoaCTUYE MHBECTMPAHE
y 06nacT 0bHOB/BUBYIX U3BOPA EHEPTUjE, @ Y KoMe Cy
yTBPHEHN UnbeBM kopuiherba O6HOB/BUBIMX M3BOPA
eHeprnje 0o 2020. M HauMH HWXOBOT OCTBapeEHba.
HAMOWE je HacTao n3 mehyHapoaHe obasese Kojy je
Penybnuka Cpbuja npeyzena 2006. flogmHe 3aKOHOM
O paTvdurKaumju yroeopa O OCHWBary EHepreTcke
3ajegHuue namehy EBponcke 3ajegHuue 1 Penybnnke
Cpbuije.

Mpema Crpateruvjn Pa3goja EHepreTike Penybnvke
Cpbuije 3a nepmoa fo 2025. rofmHe ca NpojekLmnjom Ao
2030.roanHe® cTpaTeLLKm Pa3Boj eHepreTvke 3aCHOBaH
je Ha ycnocTassbarsy 6anaHca mamehy npourssofre
eHepruje 13 AOCTYMHUX U3BOPa, MOTPOLUHE eHeprije
Ca TPXKULHMM W COUM]ANHO OAPKMBUM KapaKTEPOM, U
eduKacHvje NnponssoaHEe 1 Kopuwhera WTo,uncrtmje”
eHepruje 3 00OHOBBLMBMX M3BOpa (OME). [pyrnm
peunmMa, edrkacHMjOM NPOW3BOAHOM eHepruje 13
JOCTYMHUX 1 OBHOB/BUBKX M3BOPA, Ca MIAHUPAHKM
M UCNNATVBMM MnacMaHoMm, Moryhe je ycnocTasuTu
oopXKMBM  eHepreTckn cuctem. C gpyre cCTpaHe,
CTpaTelWkn MPUCTYN eHepreTmum je myT CMakberba

2 Buwe uHdopmauurja AocTynHo Ha: http:/bifrs/2013/06/regula-
torni-okvir-za-koriscenje-obnovljivih-izvora-energije-u-srbiji-sve-ni-
janse-zelenog/

¥ gocTynHo Ha: http://www.mre.gov.rs/doc/efikasnost-izvori/efikas-
nost/Treci_akcioni_plan_za_energetsku_efikasnost_Republike_Sr-
bije_za_period_do_2018_godine.pdf

¥ 0p28.06.2013.

¥ pocTynHo Ha: http://www.parlament.gov.rs/upload/archive/files/
lat/pdf/akta_procedura/2014/113-14Lat.pdf

sources use®, same as other directives in this are.

Special attention to the RES area was paid in the
development of Energy Efficiency Action Plans of
the Republic of Serbia. So far, three action plans were
developed as follows: First Action Plan for the period
2010-2012, Second Action Plan for the period 2013-
2015, and Third Action Plan for the period 2016-2018%.

A separate document, exclusively dedicated to
this subject matter, is the National Renewable En-
ergy Sources Action Plan of the Republic of Serbia
(NRESAP)*, stimulating investments in the area of re-
newable energy sources, and at the same time deter-
mining targets for the renewable energy sources use
by 2020 and the manner of their achievement. The
NRESAP emerged from the international obligation
assumed by the Republic of Serbia in 2006 under the
Law on the Ratification of the Treaty Establishing the
Energy Community between the European Commu-
nity and the Republic of Serbia.

Pursuant to the Energy Sector Development
Strategy in the Republic of Serbia for the period up
to 2025, with projections by 2030% strategic develop-
ment of energy sector is based on striking a balance
between the energy generation from familiar sourc-
es, energy consumption with market and socially
sustainable character, and more efficient production
and use of ever “cleaner” energy from renewable
sources (RES). In other words, via more efficient ener-
gy generation from available and renewable sourc-
es, with planned and cost-effective investments, it is
possible to establish a sustainable energy system.On
the other hand, strategic approach to energy sector
is the road of reduced environmental threats and
economic costs. In line with this strategy, the follow-

3 more information available at: http://bif.rs/2013/06/regulatorni-ok-
vir-za-koriscenje-obnovljivih-izvora-energije-u-srbiji-sve-nijanse-zele-
nog/

* Available at:  http://www.mre.gov.rs/doc/efikasnost-izvori/efikas-
nost/Treci_akcioni_plan_za_energetsku_efikasnost_Republike_Srbi-
je_za_period_do_2018_godine.pdf

# of 28.06.2013.

% Available at: http://www.parlament.gov.rs/upload/archive/files/lat/
pdf/akta_procedura/2014/113-14Lat.pdf
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EKOJMOLKMX NPETHMN 1 eKOHOMCKMX TPOLIKOBA. [pema

OBOj CTpaTervjy Nnanvpanu cy cnegehu npuoputetu:

1. obesbehnsarbe eHepreTcke 6e36eqHOCTY,
CMakb1BareMYBO3He 3aBMCHOCTH, 00e36ehBarbem
EHepreTCKUX pesepBM HapTe U NpUpoZHOr
raca v W3rpagrbOM HOBWX eNeKTPOeHEepPreTCKMX
Kanaymrerta;

2. pa3Boj TPXKMWTa eHeprujey okB1py EY eHepreTckor
TpXMWTa Y Koje je Penybnuka Cpbuja nHTerpmncaHa
NoTNUCKBarbeM YroBOpa O OCHMBakby eHepreTcke
3ajefHuLe, WTO AONPUHOCK EKOHOMCKOM Pa3Bojy U
CTAabUAHOCTM 3eMibe 1 M3rpadHbi MoAepHM3aumje
eNeKTpOoeHepreTCKe U racoBOAHe MHPPACTPYKType.

3. yCnocCTaB/batbe  OfPXKMBE — EHepretnke, Kpo3
NpUMeHYy — Mepa  eHepreTcke  edUKacHOCTY,
Kopuwherbe OOHOB/BMBUX M3BOPA €Hepruje 1
NPVYMEHY HOPMW 3a 3aLUTUTY XKMBOTHE CpefuHe u
CMatberbe WTETHNX yT1Laja Ha KIvmy.

Y KOPWUCT OUyBak-a KMBOTHE CpeanHe, TeHAeHLMja
pa3Boja eHepreTMKe Ha robanHoOM HIBOY je Aa ce CBe
BYMLLE OCNakba Ha OOHOBSLMBE M3BOPE, @ CBE Makbe Ha
ncupnuee pecypce. Ha oCcHOBY CTaTUCTUMKe ,3eneHor”
eHepreTckor cnctema Cpbuje, 0OHOBIBMBI EHEPreTCKI
NOTeHLMjann Cy HajuiLle KopUWheHWy XMaPOTOKOBMMA
JOK Cy NpeocTany 06HOBILMBY M3BOPHM jOLL yBEK Y da3n
pa3Boja. YBohersem NpuHUMna,YncTnje” n Wwieasbusuje
NPOM3BOAHE EeHepreHaTa, pasBuja Ce ¥ KOpUCTU
cBe eduMKacHMja onpema WM TeXHOMOorMja v NOACTUYY
Ce MpojeKTV WMPOKOr CNekTpa NpUMeHe, of Manux
AOMaNVHCTaBa Koju ce MPUKIbYYYjy Ha AUCTPUOYTUBHY
MpeXy [0 KanauuTeTa WHOYCTPUCKMX  pa3mMepa.
CTpaTellky HaUMOHaNHM Ln/beBW Cce MOCTaBsbajy Tako
[ia Ce pacnofox1BM OOHOBIBUBY PECYPCH KopuUcTe y
NPOM3BOAKM eNEKTPUUHE eHepruje, y TonnaHama U
dUHaNHOj NOTPOLWHMK, Kao 1y caobpahajy.

OBa cTpaTerja noTeHUMpa Aa Ce OAPXMBa
eHepreTnka, 13mehy ocTanor, NMocTuKe CTBapaHem
E€KOHOMCKMX, MPUBPEOHNX 1 GUHAHCU]CKMX YCNOBa 3a
noseharbe yaena eHepruje 13 0OHOB/LUBMX M3BOPA

eHepryje.

ing priorities are planned:

1. to ensure energy security, by reducing import de-
pendence, ensuring energy reserves of oil and nat-
ural gas, and constructing new electrical power ca-
pacities;

2. energy market development within the EU energy
market, in which Republic of Serbia was integrated
by signing the Treaty Establishing the Energy Com-
munity, which contributes to economic develop-
ment and stability of the country and construction
and modernisation of electrical power and gas infra-
structure.

3. establishing sustainable energy sector, through im-
plementation of energy efficiency measures, use of
renewable energy sources and implementation of
environmental norms and reduced adverse effects
on the climate.

To strengthen environmental protection, the ten-
dency of the energy sector development at global
level is to start increasingly relying on renewables,
and less on non-renewable resources. Based on the
statistics of the “green” energy system of Serbia, re-
newable energy potentials are mostly used in the
hydro area, whereas the remaining renewable sourc-
es are still in the development phase. By introduc-
ing the principle of “cleaner”and more cost-effective
production of fuels, more efficient equipment and
technology are being developed, thus stimulating
projects of broad range of application, from small
households connected to distribution network to the
industrial scale capacities. Strategic national targets
are set so as for the available renewable resources to
be used for electricity generation, in district heating
plants and final consumption, and in transport.

This strategy fosters sustainable energy sector,
inter alia, by creating economic, commercial and
financial conditions for increased share of energy
from renewable sources.
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3.1 3aKOHCKM aKTn

BaxkHW LUn/beBn eHepreTcke nonutuke Penybnvke
Cpbuje cy: obe3behrBarbe ycnosa 3a yHanpeherbe
eHepreTcke epuKacHOCTY y 0baBfbarby EHEPreTCKMX
JeNaTHOCTM WU NOTPOLUHYK  eHepruje, CTBapake
EKOHOMCKMX, MPUBPEOHNX W QUHAHCKJCKUX YCNOBa
3a npowsBofany eHeprije 13 OME 1 KOMOMHOBaHY
NPOM3BOAKY eNekTPUUYHE U TOMMNOTHE eHepruje,
yHanpebherbe 3aWTuTe KMBOTHE CpefuHe y CBUM
0bnacTma eHepreTCKx AenaTHoCTH.

[o capa, obnact OOHOB/BLMBMX M3BOPA eHepruje
obpaheHa je Kpo3 BULLIE 3aKOHa ¥ TO:

+ 3aKkoHOM O eHepreTULK®,

+ 3aKOHOM O 3aWTUTU KMBOTHE CpeanHe?,

+ 3aKOHOM O M1aHVpPaksy 1 U3rpaaren, n

+ 3akoHOM 0 epuKacHOM Kopulhersy eHeprije®.

3mMeHama W gonyHama 3akoHa O eHepreTvum
yTBpheHn cy, n3mehy ocTanor, UWmbeBM eHepreTcke
NONUTVKE, YCNOBM KBanMTETHE WCMOPYKe eHeprije u
eHepreHata 1 curypHor cHabaeBarba Kyrnawa, Kao W yCoBu
3a M3rpafdrby HOBWX eHepreTckux objekata 1 0baBsbarba
EHepreTckvX  OenatHoCTY,  3aTuM  QyHKUMOHMCarbe
TOXRNLLTA, 3aWTWTa Kynala, NOACTVLAjM 33 MPOW3BOAHY
eHeprje 13 OOHOB/BMBKMX M3BOPA W KOMOVHOBaHe
NPON3BOAHE ENEKTPUYHE U TOMNOTHE eHepruje, Kao U
N1Takba Of YTMLAja Ha Ae0 eHepreTcKor BunaHca y Besu
ca Mpou3BOAFOM, AUCTPUOYLIMIOM W CHabaEeBarbem
TOMNOTHOM EHEPTOM.

JefaH of UmrbeBa 3akoHa O eHepreTuum Penybnvike
Cpbuje, koju ce oaHock Ha OME je mmnnemeHTaumja
OvipektviBe o npomoumjn kopuwherba eHeprvje 13

% objasrbeH y “Cnyxbenn rnacHuk PC', 6p. 145/2014 op 29.12.2014.
rofuHe, CTynmo Ha cHary 30.12.2014, ocum ofpenaba unaHa 98. cTas
1.7au. 1) an 3), ynaHa 99. n unaHa 225. ctas 1. 1au. 1) An 3) 1 YnaHa
225. cTaB 4. OBOr 3aKOHa Koje ce npumersyjy oA 1.jyHa 2016. roanHe
7 objasrbeH y “Cnyxbenn rnacHuk PC’, 6p. 135/2004-29, 36/2009-
144, 36/2009-115 (ap. 3aKkoH), 72/2009-164 (ap. 3aKoH), 43/2011-88
(¥Q), 14/2016-3, 76/2018-3, 95/2018-267 (ap. 3aKoH)

% objasrbeH y “CnyxbeHn rmacHmk PC"6p.72/2009, 81/2009.- ncnp.,
64/2010 - ognyka YC, 24/2011, 121/2012, 42/2013 -oanyka YC,
98/2013 - opnyka YC, 132/2014, 145/2014 n 83/2018

%% objasrbeH y,CnyxbeHn rnacHuk PC” 6p. 25/13

3.1 Legislation

Important objectives of the energy policy of the
Republic of Serbia are: to ensure conditions for en-
ergy efficiency improvement in performance of en-
ergy-related activities and energy consumption, to
create economic, commercial and financial condi-
tions for energy generation from RES and co-gener-
ation of power and heat, to enhance environmental
protection in all areas of energy-related activities.

To date, the area of renewable energy sources
was covered in multiple laws, as follows:

- the Energy Law?®,

« Law on Environmental Protection?,

+ Law on Planning and Construction®, and
+ Law on the Efficient Use of Energy®.

The amendments and supplements to the Ener-
gy Law, inter alia, define the energy policy objectives,
conditions for quality supply of energy and fuel and
secure supply of consumers, same as the conditions
for construction of new energy facilities and perfor-
mance of energy activities, then market operation,
consumer protection, incentives for production of
energy from renewable energy sources, co-genera-
tion of power and heat, same as issues affecting the
energy balance in relation to heat generation, distri-
bution and supply.

One of the objectives of the Energy Law of the
Republic of Serbia relating to RES is the implemen-
tation of the Directive on the Promotion of the Use
of Energy from Renewable Energy Sources (2009/28).

% published in “Official Gazette of RS”, no. 145/2014 of 29 December
2014, entered into force on 30 December 2014, except for provisions
of Article 98, paragraph 1,item 1) indent 3), Article 99 and Article 225,
paragraph 1,item 1) indent 3) and Article 225, paragraph 4 of this Law
applicable as of 1 June 2016.

¥ published in "Official Gazette of RS”, no. 135/2004-29, 36/2009-144,
36/2009-115 (other law), 72/2009-164 (other law), 43/2011-88 (CQ),
14/2016-3, 76/2018-3, 95/2018-267 (other law)

*® published in “Official Gazette of RS", no. 72/2009, 81/2009-- corr,
64/2010 - Decision of CC, 24/2011, 121/2012, 42/2013 -Decision of CC,
98/2013 - Decision of CC, 132/2014, 145/2014 and 83/2018

* published in "Official Gazette of RS”, no. 25/13
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OOHOB/BIMBKX M3BOPa eHeprije (2009/28). To Takohe
noapasymeBa MOACTULAHe Kopuwhersa OOHOB/LUBIX
13BOPa eHeprije, kao 1 nosehaHy eHepreTcKy ePrKacHOCT.

MpeMa 3akoHy O 3alTUTM KMBOTHE CpeanHe
0bHOB/BMBE MPUPOAHE pecypce Tpeba KOpUCTUTL NOA
yCnoBMMa Koju obe3behyjy HuxoBy TpajHy U edukacHy
0bHOBY M CTanHO yHanpehusarbe KeanuteTa. OBMM
3aKOHOM je 33 MpaBHa 1 GM3MYKa MLA KOja MpUMetbyjy
TexHonorvje 1 koju kopucre OME, mory ce ytBpaumm
nopecke, Lapu1HcKe 1 apyre onakwumue unn ocnobaharsa
of obasese nnaharba, NoA YCI0BMMa U Ha HauuH yTepheH
NOCEOHM 3aKOHOM.

33KOH O nMnaHvpaky W m3rpadrey  AeduHuwe
yHanpehetbe eHepreTcke ePUKacHOCTU Kao CMarerbe
NOTPOLWH-e CBMX BPCTa eHepruje, ylWwTeaa eHepruje u
obesbeherbe ofpXMBE TPafrbe MPUMEHOM TEXHWUUKMX
Mepa, CTaHdapAa W YCIoBa Mianuparba, NPOjeKTOBaHs3,
urpagree M ynotpebe ofjekata. Y OBOM  3aKOHY
eHepreTcka CBOjCTBa ObjeKTa Cy OnMcaHa Kao CTBAPHO
NOTPOWEHa WM OLEeHeHa KOMWUMHA eHeprije Koja
33[0BO/baABA pa3nnumMTe notpede koje Cy y Be3u ca
nponucaHnm  kopuherbem  objekta  (WTO  yKIbyuyje
rpejarbe, Nprnpemy Tomne Bofe, xnahetrse, BeHTunauwmjy 1
OCBeT/berE). [pema OBOM 3aKOHY, rpaheBMHCKY [03BONY
3a v3rpadrby objekata M3haje MUHUCTAPCTBO HaANEXHO
33 nocnoBe rpaheBMHapCTBa, ako OBMM 3aKOHOM Huje
Apyrauvje oapeheHo. MHmcTapcTeo m3gaje rpaheBrHCKy
[03BOAY 3a M3rpadby objekara 3a Npov3BOary eHepruje
13 OOHOBSBVIBYIX 113BOPA eHepruje cHare 10 MW v BuLe.

Y cknagy caunaHom4. 3akoHa o MnaHmparsy MM3rpaaHm
JoHeT je [lpaBWIHWK O eHepreTckoj edukacHoCTM
3rpaga. OBMM MpPaBUIHWKOM Onvke Ce  Mponucyjy
EHepreTcka CBOJCTBA M HAUWH M3padyHaBarba TOMIOTHYX
CBOjCTaBa ObjeKaTa, Kao ¥ eHepreTCKi 3axTeBM 3a HOBE U
noctojehe objekTe. Mpema MpaBunHNKy O eHepreTckoj
edUKacHOCTM 3rpada, eHepreTcka eduKacHOCT jedHe
3rpafe je ocTBapeHa ako Cy UCyHeHn cnegehu ycnosu:
0be36eheHn MUHUManHK ycnoBu komdopa (NponvcaHn
Y UnaHy 5. 1 Npunory 5 oBor MpaBuiHKKa), MOTPOWHa
eHeprvje 3a rpejarbe, xnaherbe, Npunpemy Tomnse
CaHWTapHe BOfAe, BEHTUMALM)y 1 OCBETIbEHE 3rpaje He
npenasu [O3BO/beHe MaKCMManHe BpeaHOCTM Mo m?2
(nate y npunory 6 0BOr NPaBMUNHKA).

This also implies incentives for the use of renewable
energy sources, and increased energy efficiency.

Pursuant to the Environmental Protection Law,
renewable natural resources are to be used under
conditions ensuring their permanent and efficient
renewal and ongoing quality improvement. This law
also defined tax, customs and other reliefs or tax
exemptions for legal entities and natural persons
applying technologies and using RAS, under condi-
tions and in the manner laid down in a separate law.

The Law on Planning and Construction defines
energy efficiency improvement as reduced con-
sumption of all types of energy, energy savings and
ensuring sustainable building applying technical
measures, standards and conditions for planning,
design, construction and use of facilities. This law
describes the energy performance of buildings as
actually consumed or estimated quantity of energy
meeting different needs in relation to prescribed use
of such facilities (including heating, domestic hot
water, cooling, ventilation and lighting). In accord-
ance with this law, construction permit for construc-
tion of buildings is issued by the ministry in charge
of construction, unless stipulated differently under
this law. The Ministry issues construction permit for
construction of facilities for energy generation from
renewable energy sources of capacity 10 MW and
more.

Pursuant to Article 4 of the Law on Planning and
Construction, the Rulebook on Energy Efficiency in
Buildings was passed. This rulebook defines in more
detail energy performance and the manner of cal-
culation of thermal properties of buildings, same as
energy requirements for new and existing buildings.
According to the Rulebook on Energy Efficiency in
Buildings, energy efficiency of a building is achieved
if the following requirements are met: ensured min-
imum comfort conditions (set forth in Article 5 and
annex 5 to this rulebook), consumption of energy
for building heating, cooling, domestic hot water,
ventilation and lighting does not exceed permissi-
ble maximum values per m2 (provided in Annex 6 to
this Rulebook).
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3akoHOM O eduKacHOM Kopulihersy —eHeprvje
ce ypehyjy ycnosm m HauvH edukacHor kopuiherba
eHepruje v eHepreHaTa y CekTopy Npov3BoAHe, MPeHoCa,
AUCTPUOYLIMjE 1 MOTPOLHe eHepruje, 3aTUM MONWUTYIKa
edpuKacHor kopuwherba eHeprije, CUCTEM EHEPreTCKor
MeHalIMeHTa, ~ O3HaJyaBarbe  HWBOA  eHepreTcke
ePnKacHOCTM MpOM3BOAA KoM YTUUY Ha MOTPOLWHY
eHepruje, MUHUMANHK 3axTeBU eHepreTcke eprKacHOCT
y MPOW3BOAFM, NPEHOCY U AUCTPUOYLMN enekTpUUHe
M TONNOTHE eHeprvje W MCMopyuM MPUPOAHOT raca,
dUHaHCVIpatbe, TOACTULAJHE VI ApYTe Mepe y OBOj 06nacTy,
Kao W Apyra NuTarba Of 3Hadaja 3a npaea W obaBese
GUBMYKMX M MPaBHUX NMUA @ Y B3V ca edrKacHUM
KopuWwherbem eHepruje.

MHTerpaumja OOHOB/BMBMX  M3BOpA Yy KPOBOBE
WKONCKMX U NPEOWKONCKX objekaTta  MpeacTaBsba
V3rpadrby W3BOpa ENeKTpUYHE eHepruje Ha CTpaHu
noTpolladya 1 mMopa OuTM ycarnaweHa ca cnegehum
3aKOHCKIMM aKTVMa, ypeabama 1 NpormcrMa:

+ 3aKoHOM O 0BNIALIMOHNM OAHOCMA™,

+ 3aKoHOM O jaBHMM Npeay3ehnma?,

-+ Ypenbom o ncnopyuy enekTpudHe eHeprije®,

- [NpaBunrmMa pada AUCTPUOYTUBHOT CrcTeMa®,

- [lpomncvMa KojuMa ce Mpeuwsupajy YCIoBM 3a

CTVUakbe CTaTyca nosnawheror npowrseohaya®,

+ [1paBWUAHNKOM O eHepPreTCKoj A03BOMN™ 1
+ Ypegbom O Mepama MNOACTML@jA 3@ MPOM3BOLAMGY
eneKkTpUYHe eHepruje KopuwhereM OOHOBIBUBIX

V3BOpa eHeprije M KOMOMHOBAHOM MPOM3BOAHOM

eneKTPUYHE 1 TOMNOTHE eHeprije’.

“ objaBrbeH y “CnyxbeHn nuct COPJ6p. 29/78, 39/85, 45/89 -
oanyka YCJ v 57/89, "Cnyxx6ern nuct CPJ,6p. 31/93 n “CnyxbeHu
nmct CUI™ 6p. 1/2003 - YcTaBHa nosesrba

41 objaBrbeH y “Cnyxbenn racHuk PC’ 6p. 15/2016

42 objaBrbeHa y "Cnyx6eHu rnacHuk PC’, 6p. 63/2013 1 98/2018

* objaBrbeHa y “Cnyxx6eHu rnacHvik PC’, 6p. 71/2017

“ objaBrbenn y “CnyxbeHn rnacHuk PC’ 6p.145/2014 v unaHa 17.
cTaB 1. v unaHa 42. cTas 1. 3akoHa o Bnagwn (“CnyK6eHn rnacHuK
PC", 6p. 55/2005, 71/2005 - ucnpaska, 101/2007, 65/2008, 16/2011,
68/2012 -YC,72/2012, 7/2014-YC 1 44/2014

* objaBrbeH y "CnyxbeHu rmacHuk PC’ 6p. 15/2015 1 44/2018

“ objaBrbeHa y “CnyxbeHun racHuk PC', 6p. 56/2016). Baxerse ose
ypenbe je npogyxeHo 1o 31.12.2019. rognHe.

The Law on Efficient Use of Energy regulates con-
ditions and manner of efficient use of energy and fu-
els in the sector of energy generation, transmission,
distribution and consumption, then the efficient en-
ergy use policy, energy management system, labe-
ling the level of energy efficiency of products affect-
ing energy consumption, minimum requirements
for energy efficiency in generation, transmission and
distribution of electricity and heat and natural gas
supply, financing, incentives and other measures in
this areas, and other issues relevant for the rights and
obligations of natural persons and legal entities in
relation to efficient use of energy.

Integration of renewable sources in roofs of
school and kindergarten buildings represents con-
struction of electricity sources on the side of con-
sumers and it must be harmonised with the follow-
ing laws, decrees and regulations:

+  Law on Contracts and Torts*,

+ Law on Public Enterprises®,

+ Decree on the Supply of Electricity*’,

+ Rules on the distribution system operation®,

+ Regulations specifying conditions for obtaining the
status of a privileged power producer*,

+ Rulebook on Energy Permit*, and

+  Decree on the incentive measures for power gener-
ation using renewable energy sources and heat and
power co-generation,

According to the above mentioned decrees and

“ published in the “Official Journal of SFRY] no. 29/78, 39/85, 45/89
- Decision of CCY and 57/89, “Official Journal of SRY’ no. 31/93 and
“Official Journal of SM?no. 1/2003 - Constitutional Charter

4 published in “Official Gazette of RS”, no. 15/2016
2 published in “Official Gazette of RS, no. 63/2013 and 98/2018
# published in “Official Gazette of RS, no. 71/2017

# published in “Official Gazette of RS; no. 145/2014 and Article 17,
paragraph 1 and Article 42, paragraph 1 of the Law on Government,
("Official Gazette of RS, No. 55/2005, 71/2005 - corr, 101/2007, 65/2008,
16/2011,68/2012 - CC,72/2012, 7/2014 - CC and 44/2014

“ published in “Official Gazette of RS", no. 15/2015 and 44/2018

# published in “Official Gazette of RS”, no. 56/2016). Validity of this De-
cree was extended by 31 December 2019.
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MNpema HaegeHVM ypegbama M NponNMCKMA
NpViBPeMEHN CTaTyC, OAHOCHO CTaTyC nosnawheHor
npou3eohada enekTpuyHe eHeprmje aedrHMCaH je 3a cee
npou3sohade enekTpuuHe eHeprije 13 OVE. Pok Baxkerba
npviBpemeHor  cTaTyca nosnawheHor npowseohaya
ENeKTPUYHE eHepruje cafa M3HOCK TP TOAMHE, OCKUM
33 CONapHe eneKkTpaHe Kof KOjWX Taj POK M3HOCK jedHy
FOAMHY 1 MOXe Ce NPOLYXKITV 33 jOLU jefiHy FOAVHY.

OBMM MponMcMMa WM MNpaBWIHMUMMA Takohe cy
nocebHo [AeduHMCaHW YCNOBM 33 CTMUarbe CTaTyca
nosnawheHor npowv3sohadva enekTpuuHe eHeprije 3a
eneKTpaHe Koje MPOM3BOLE eNeKTPUUHY eHeprujy w
efeKTpaHe Koje MpOoW3BO4E €NEKTPUYHY U TOMIOTHY
eHeprujy, Kao ¥ MPBEHCTBO Mpom3soNaua enekTpuyHe
eHeprije 13 OVIE npun npey3rMarsy YKynHO Npov3seseHe
eneKkTpUYHE eHeprije y MPeHOCHW U AUCTPUOYTVBHM
CUCTEM, OCUM Y CITyYajy Kaja je yrpokeHa CUrypHOCT paga
TVX CUCTEMA.

Heke o HOBWMHa 3aKOHa 1 Mponuca Cy Aa je baHKapcka
rapaHumja y BUCUHWM Of 2% Of YKyNHe npefpadyHcke
BPeOHOCTM MHBECTULWjE MOTPebHa CaMo 3a MOCTPOjeHba
MHCTanmcaHe cHare 100 KW v BuLwe, y NOCTYNKy CTULarba
npviBpemeHor  cTaTyca nosnawheHor npowseohaya
eneKkTpnUHe eHepruje. Takohe, YKUHYT je npeayroBop
n3mehy jaBHor cHabaeBaua 1 NprepemMeHor nosnawheHor
npow3gohada.

[NpaBUMHMKOM O eHepreTckoj A03BoAM Onvke ce
NPONUCYjy YCNOBK 3a M3[aBarbe eHepreTcke A03BOSIE,
CafpKaj 3axTeBa 3a WM3[aBarbe eHeprercke A03BoJe Y
3aBMCHOCTW Off BPCTE W HaMeHe eHepreTckor objeKTa,
HaUMH 13aaBarba eHepreTCKe 4O3BONE 1 CALPXaj PerncTpa
M3[aTVX EHEPreTCKMX [O3BOSa U PETUCTPa eHEPreTCkmnx
[03BOJIa KOje Cy MpecTane fja Baxe.

Ypenbom O Mepama MOACTMLAja 3a MPOW3BOAHY
eneKkTpUYHe eHeprvje Onwke Cce MPOMNUCYjy Mepe
NOACTMLUAja 33 MNPOW3BOAHY ENekTpUuHe  eHepruje
kopuLherbem 0OHOBBMBIX 1M3BOPA EHEPTIje U 33 OTKYN
Te eHepruje - Feed-in tariff, 6anaHcMparbe 1 ounTaBarbe,
pebuHMy  eHepreTckM  00jekTM  Koju  Mpow3Boae
eneKTPUUHY eHeprutjy 13 OOHOB/BLMBMX M3BOP3, ypehyje
CafpKMHa yroBopa O OTKYyMy eneKkTpUYHe eHepruje no
Mepama NOACTMLAJa, Kao M HaKkHaZa TPOLLKOBA KyrLy Tako
npov3BeseHe eHepruje.

regulations temporary status, namely the status of
a privileged power producer, was envisaged for all
power producers generating power from RES. The
validity of a temporary privileged power producer
status is now three years, save for solar power plants
where this deadline amounts to one year, with the
possibility of extension by one more year.

These decrees and regulations also separately
define the conditions for obtaining the privileged
power producer status for power plants generating
electricity and heat and power co-generation plants,
same as the priority of RES power producers in take
over of the total generated power into the transmis-
sion or distribution system, except in the case when
the security of operation of such systems is under
threat.

Some of the novelties in laws and regulations
entail a required bank guarantee amounting to 2%
of the total estimated investment value only for the
plants of installed capacity of 100 kW and above, in
the procedure of obtaining the temporary status of
a privileged power producer. In addition, the prelim-
inary contract between the public supplier and tem-
porary privileged power producer is abolished.

The Rulebook on Energy Permit stipulates in
more detail the conditions for the energy permit is-
suance, content of the request for the energy permit
issuance depending on the type and use of energy
facility, the manner of energy permit issuance and
the content of the register of issued energy permits
and the register of terminated energy permits.

The Decree on the incentive measures for pow-
er generation defines in more detail the incentive
measures for power generation using renewable
energy sources and feed-in tariffs, balancing and
reading, energy facilities producing power from re-
newables, content of the power purchase contract
based on the incentive measures, same as the reim-
bursement of costs to the buyer of energy produced
in such a way.
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4.METOAONOLWKN MPUCTYM

MeTogonorvja npumeHe OOHOB/BUBKMX M3BOPA
eHepruje y 3rpagapcTBy HWje AMPEKTHO Be3aHa 3a
KOHKpeTHe TUNoBe OAHOCHO HameHy objekaTa Beh ce
MOXe MPUMeHKTI 3a buno Koju TN objekTa. Opatne,
Yy METOLOMOWKOM MpUCTYNy, MPBO Cy AedUHMCAHN
onwTv NpUHUMIK kopuwhera ONE 1 HauMHK HxoBe
NpYMeHe Na Cy Tek NOTOM anAnUMPaHW Ha 3rpaje Koje
Cy NpeaMeT OBOT UCTPaxMBarba. 3aTo Te ce pesynTatu
UCTPaXKMBarba MOTY CMAaTPaTVl  YHWUBEP3aNHUM U
NPUMEHSBUBMM Ha LienokynaH rpaheBnHCKK GoHA.

Kao wro je Beh peueHo, ocobeHOCTM 06pa3oBHMX
MHCTUTYUMja Ce orneaajy y PenatuBHO BEMUKUM
KPOBHVM MOBpLWWHaMa 1 npunagajyhnum napuenama,
Te Cy oBfe W NOTeHUMjanu W3PaKeHUjU HEero Ko
3rpafa Apyre HameHe. Takohe, B OBM 0bjeKkTn
nocefyjy ogrosapajyhe TexHnuke cnyxbe (nmua) Koju
ce mMory eduKkacHoO OByunTV y aleKBaTHO] MPUMEHN U
OfpXKaBakby CMCTEMa, YMME Ce rapaHTyje JyroBeyHoCT
1 06e36ehyje CBPCUCXOAHOCT cucTeMa.

AHanu3MpaHe  3rpaje  WKOMa,  WKOMCKMX
OUCKYNTYpHUX  cana ¥ MNPEefWwKoACKMX YCTaHOBa
(Cnuke 4-6) cy wncnuTMBaHe Ca acnekata npumeHe
OWE npBeHCTBEHO KpO3 aKTWBaLMWjy PaCnoONOKMBIX
KPOBHVX NOBPLUMHA Y CMUCITY MOCTaB/bakba KoneKTopa
33 MNpunNpemy CaHUTapHe Tomne BOAE OAHOCHO
NPOV3BOAKY eneKkTpuUHe eHepruje GOTOHANOHCKNM
canctemmma.  MictoBpemeHo  cy  UCMUTUBaHE U
MoryhHocTn  Kopuwhera reoTepmanHe eHepruje
y3 ynoTpeby TOMAOTHMX NYyMAW Ha PacMONOXMBKM
noBpWWHaMa Ha napuenu, Kao W noTeHumjanu
KopuLhetrba briomace.

4. METHODOLOGICAL APPROACH

Methodology of application of renewable ener-
gy sources in building sector is not directly linked
with the specific types, or use of a building, but can
be applied to any type of a building. Therefore, the
methodological approach initially defined general
principles of RES use and the manners of such use,
and only then they have been applied to buildings
subject to this study. This is why the results of this re-
search may be considered universal and applicable
to the entire building stock.

As already mentioned, the features of education-
al institutions are reflected in the relatively large
roof surfaces and related lots, thus the potentials
are more pronounced here than in buildings used
for other purposes. Likewise, these buildings do have
corresponding technical services (persons) that can
be efficiently trained in adequate use and mainte-
nance of the system, which in turn guarantees long-
term and proper use of the entire system.

The analysed school, gym and kindergarten
buildings (Figures 4-6) are examined from the RES
application perspective, primarily through activation
of available roof surfaces in a sense of installation of
domestic hot water collectors, namely power gen-
eration by photovoltaic systems. At the same time,
we also examined the opportunities for the use of
geothermal energy using heat pumps in available lot
areas, same as the potentials for the biomass use.
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Mane wkone (go 500m2) LWkone cpeatbe BennumHe (500 - 2000m2) Benuke wkone (sehe og 2000m2) Mepuop
Small schools (smaller than 500m2) Medium sized schools (500-2000m2) Large schools (larger than 2000m2) Period

70 1945,
before 1945

1946-1970.
1946-1970

1971-1990.
1971-1990

nocne 1991.
after 1991

Cnvika 4. MaTpuiua Tunonorvje Wkonckux srpafa (HauoHanHa  Figure 4. School buildings typology matrix (National typology
TMNONOrMWja WKONCKMX 3rpafa Cpbuje, cTp.42) of school buildings in Serbia, p. 42)
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Twn 3rpage WKoNCKe 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

Cnuka 5. Matpuua Tunonoruje 3rpaga UCKynTypHux cana  Figure 5.Gym buildings typology matrix
LIKOMCKMX 3rpaja
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Mane (go 500m2) Cpentbe (500 - 2000m2) Benvike (sehe og 2000m2) Mepuop
Small (smaller than 500m?2) Medium (500-2000m2) Large (larger than 2000m2) Period

70 1945,
before 1945

1946-1970.
1946-1970

1971-1990.
1971-1990

nocne 1991.
after 1991

Cnvka 6. Matpvua Tunonorvje 3rpafia npeawkoncknx — Figure 6. Kindergarten buildings typology matrix (National ty-
yctaHoBa (HauoranHa tunonorvja 3rpaga npefwkonckux — pology of kindergarten buildings in Serbia, p. 42)
ycTaHoBa Cpbuje, c1p.40)
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Y HapegnHom fieny 6uhe objalwrbeHa TexHoNoMvja
NPYMEHE aHanM3MpaHMX cucTeMa 3a uckopuiherbe
OOHOB/BMBMX M3BOPA EHEPTVjE, Kao 1 METOAOSON)ja
npopadyHa MOTPEOHMX KanauwTeTa W eHepreTckux
AobuTaKa 3a aHanM3MpaHe WKOMCKe 1 NPeawKoncKe
3rpage, Kao v 3rpafe WKONCKUX GUCKYITYPHMX Cana,
332 CBaKy Off aHanu3upaHwx TexHosnoruja. Takohe,
OCTBapeHe ylTefe Ha HUBOY MOojeaMHauHuX 3rpaaa,
obpauyHaTe cy Ha HuBoy Cpbuje, y Cknafy ca nogaumma
0 3aCTyN/beHOCTV aHalM3MpPaHWX TUMNOBa 3rpaja,
NYyONVIKOBaHMM Y CKIOMY NPETXOAHMX NCTPaXKmBarba.

# HaumoHanHa Tunonoruja Wkonckux 3rpaga Cpbuje 1 HaunoHanHa
Tunonorvja 3rpaga NpPeaWwkKonckux ycrtaHoBa Cpbuje, objaBrbere
2018.roanHe, gocTynHo Ha: http://eeplatforma.arh.bg.ac.rs/publik-
acije/nacionalna-tipologija-zgrada-pred%C5%A1kolskih-ustano-
va-srbije v http://eeplatforma.arh.bg.ac.rs/publikacije/nacional-
na-tipologija-%C5%A1kolskih-zgrada-srbije

The following section will address the technolo-
gy of implementation of the analysed systems for the
renewable energy sources use, and methodology for
calculation of required capacities and energy gains
for the analysed school, gym and kindergarten build-
ings, for each of the analysed technologies. Moreo-
ver, the generated savings at the level of individual
buildings were calculated at the level of Serbia, in
line with the data on distribution of the analysed
building types published in the previous research.’

# National Typology of School Buildings in Serbia and National Typol-
ogy of Kindergartens in Serbia, published in 2018, available at: http://
eeplatforma.arh.bg.ac.rs/publikacije/nacionalna-tipologija-zgra-
da-pred%C59%ATkolskih-ustanova-srbije 1 http://eeplatforma.arh.
bg.ac.rs/publikacije/nacionalna-tipologija-%C5%A1kolskih-zgrada-sr-
bije
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5. TOMJIOTHE NYMIE
5.1 MNpumeHa y ceKTopy 3rpagapcTsa

3a notpebe rpejatbe M Npunpeme CaHWTapHe
TONne Bofe Yy CeKTopy 3rpadapctsa, pacnogena
HauMHa  CcHabaeBatba  TOMIOTHOM  €HEPTHjoM
(TexHonoruvja n pecypca), NpykasaHa je Ha MpadurkoHy
1, ca Npojekunjom 3a HapeaHy aekaay®. MpumeTHO je
Aa NoCTojW pacT yaena 06HOBLUBIX M3BOPA eHepruje,
rne OOMVHMPajy O1oropwea, anu v bnaru pacT ynena
TOMAOTHUX MYyMMK.

100% I

75%

50%

25%

MNpojekuuja
Projection

2020

0%

2010 2015

lpadukoH 1. Pacnogena HaumHa CHabaeBarba TOMIOTHOM
eHeprmjoM y cekTopy 3rpafapcTea

TonnotHe nymne ce  Mory  aeduHucaTy,
npema [upektusn 2010/31/EU o0 eHepreTckum
nepdopmaHcama  3rpaga  (EPBD  1I*¥),  kao

BMCOKOEDUKACHM CUCTEMU CHabfeBarba EHeprijom,
KOjV TOMNOTY Mpey3eTy W3 OKOAMHE (BazdyX, 3emiba,

“* |nternational Energy Agency, 31-35 rue de la Fédération, 75739
Paris Cedex 15, France

4 Directive 2010/31/EU of the European Parliament and of the
Council of 19 May 2010 on the Energy Performance of Buildings (Re-
cast).

2025

5. HEAT PUMPS
5.1 Implementation in the building sector

For the needs of heating and domestic hot water
preparation in the building sector, distribution of the
heat supply methods (technology and resources), is
presented in Chart 1, with the projection for the next
decade®. Notably there is an increase in the share
of renewable energy sources, dominated by biofuels,
and a slight increase in the share of heat pumps.

OGHOBIbIBM N3BOPY EHeprije
Renewable energy sources

[larbuHCKN crcTemn rpejarba v xnaherba
District heating and cooling systems

TonnotHe nymne
Heat pumps

KoHBeHLMOHanHY ekeTpuuHm ypehaju
Conventional electrical appliances

®ocunHa ropusa
Fossil fuels

2030

Chart 1. Distribution of the heat supply methods in the build-
ing sector

Heat pumps may be defined, in line with the Di-
rective 2010/31/EU on Energy Performance of Build-
ings (EPBD 11*), as highly efficient energy supply
systems, transmitting the heat taken over from the
environment (air, ground, water) at lower tempera-
ture, using the power-driven compressor (in com-

* International Energy Agency, 31-35 rue de la Fédération, 75739 Paris
Cedex 15, France

# Directive 2010/31/EU of the European Parliament and of the Council
of 19 May 2010 on the Energy Performance of Buildings (Recast).
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BOAa) Ha HWKO] TemnepaTtypw, Nomohy Komnpecopa
NOroH-eHor €NeKTPUYHOM eHeprujom (kon
KOMNPEeCOPCKMX TOMAOTHMX NyMMK), Npeaajy Ha BULLO)
TemnepaTypu CUCTEMY rpejara, OAHOCHO CUCTEMY
33 npunpemy caHwTapHe Tonne Boge. O63Mpom
Ja ce TonnoTa ofy3vMa M3 OkonuHe, [upekTvBa o
obHoB/MBMBMM  M3BOPUMA  2009/28/EZ*°  cBpcTaBa
TOMIOTHE Mymne Yy OOHOB/bMBE M3BOPE eHepruje
npema ce3oHcKkom dakTopy nepdopmaHcy (eHrn. SPF
- Seasonal Performance Factor), koju npenctae/ba
O[HOC CTBapHe MPOV3BEAEHE TOMNOTHE eHepruje
TOM/IOTHOM MYMMNOM TOKOM FOfAVIHE 1 YKYMHE rOAMLLHE
eNeKTpUYHe eHepruje yTpoLWeHe 3a MOroH TOMNOTHE
nymne (Komnpecopw, mymne, BEHTUNATOPW, CUCTEM
oanehvBarba uWcnapueaya, wuta). Hdeo TonnotHe
eHepruje Koju ce fobuja of TONNOTHE NyMMe 1 Koju ce
npema cnomeHyToj JUpeKT1BM cmaTpa OOHOB/BUBUIM,
payyHa ce npema cneaehoj jeaHaunHu:

1
Eove = Quomcro * (1 ﬁ)

 fheje Q, opueno — KOPWCHA TOMNOTHA eHepruja Kojy
je TonNOTHa NyMNa Ha KOHAEH3aTopy Npedana cuctemy
rpejarba W CUCTEMy 3a NPUNPEMY CaHWTapHe Tonne
BOAe.

[Mpema u3BOpPY OAHOCHO MOHOPY TOM/OTE, 3a
NPUMeHyY y pa3MaTpaHnM LUKONCKMM 1 NPEALLKONCKIM
00jeKTMa, NPUMEPEHN Cy TUMOBM TOMNOTHUX MyMMK
KOjU Kao W3BOP/MOHOP TOMMOTE KOPWUCTE CMOSbHM
Ba3fyx OOHOCHO 3emsby a TpaHcdepuwy je y objekat
nyTem Bode (3a HMP. PaAmjaTopcko rpejarbe). 360r
TOra ce OBW TUMOBW TOMAOTHUX MYMMW KONOKBWjaNHO
HasvBajy TN TOM/IOTHe NMymne ,Ba3dyX — BOAA” v Tvn
,23eM/ba — BoJa"

%0 Directive 2009/28/EC of the European Parliament and of the
Council of 23 April 2009 on the Promotion of the Use of Energy from
Renewable Sources and Amending and Subsequently Repealing Di-
rectives 2001/77/EC and 2003/30/EC

pressor heat pumps) at higher temperature to the
heating system, or the domestic hot water system.
Given that the heat is being taken over from the
environment, the Directive on the Promotion of the
Use of Energy from Renewable Sources 2009/28/EZ°°
categorises heat pumps under renewable energy
sources based on the Seasonal Performance Factor
(SPF), which represents a ratio between the actual
produced heat by a heat pump in a year and total
annual electricity consumed to drive the heat pump
(compressors, pumps, fans, vaporiser defrosting sys-
tem, etc.). Part of the heat generated by the heat
pump, considered renewable source in line with the
mentioned Directive, is calculated applying the fol-
lowing equation:

1

s = “SPF

RES Q GENERATED © (

1 )

where Qgenerated — means useful heat transmitted
by the heat pump via condenser to the heating sys-
tem or to the domestic hot water preparation sys-
tem.

According to the heat source, for implemen-
tation in the considered school and kindergarten
buildings, appropriate are the types of heat pumps
using as a heat source outdoor air or ground, and
transferring it to the building via water (for example
for radiator- based heating). Due to this, these types
of heat pumps are colloquially called heat pumps of
“air-water” or “ground-water” type.

*0 Directive 2009/28/EC of the European Parliament and of the Coun-
cil of 23 April 2009 on the Promotion of the Use of Energy from Re-
newable Sources and Amending and Subsequently Repealing Direc-
tives 2001/77/EC and 2003/30/EC
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5.1.1 TonnoTtHe nymne Tuna,Ba3ayx - Boga”

MpBW pasmatpaH TWUM TOMIOTHMX MyMMn je Tun
,Baznyx — soga” (cnvka 7). OBaj TMN Nymnu Moxe outu
NOrofiHO pellietbe 3a rpejarbe objexara TMNa LKona v
BpTVNa, 1 TO Yy ABe KoHUenuuje, Kao NoMohHN cucTem
y OMBaneHTHOj KOHLEeNuujKu cucTeMa rpejarba (Kaga
napanenHo NocToju v QyHKUMOHWLILE ApYrn K3BOP
TOMOTE) AW Kao MMaBHW — jelHW M3BOP eHepruje 3a
rpejarbe.

5.1.1 Heat pumps “air-water”

The first discussed type of heat pumps is the
"air-water” type (Figure 7). This type of pumps may
be suitable for heating of school and kindergarten
buildings, in two concepts, as a supporting system
in the bivalent concept of the heating system (when
another heat source exists and functions in parallel)
or as a main- only source of heating energy.

(D o _ Tonna notpoliHa Boja
o © X

o, Domestic hot water
L]

lpejHa Tena, AvMeH3oHKCaHa

3a HICKO-TeMNepaTypCKo rpejarbe
Heating bodies, sized for

low- temperature heating

—

CnosbHK Basfyx Koju ce KOpHUCTu
Kao V3BOP WM NOHOP TOMmoTe

Outside air used as a heat source
or sink

<t

TonnotHa nymna
Heat pump

Pe3epBoap 3a cknaguiwTere
1 npunpemy Tonne
NOTPOLLUHE BOAe

Domestic hot water storage
tank

[MpeHoc TonnoTHe eHepruje 3a noTpebe rpejarba,
xnahetba v NpunpemMe Tome NOTPOLLHe Bofe

Heat transmission for heating, cooling and domestic
hot water preparation

Cnuka 7. TonnoTHa mymna Twna ,Basayx-BOAA", HaMereHa
rpejatrby U NPUNPemMM CaHUTapHe Torie BOAe

f

MOAHO HUCKO-TeMMNEePaTyPCKO rpejarbe
Floor low-temperature heating

Figure 7 Heat pump “air-water”type, for heating and domestic
hot water



Application of renewable energy sources in school, gym and kindergarten buildings

Osa gpyra koHuenuyuja je pasmaTpaHay npeaMeTHO]
aHanu3M 1 OHa je NorofdHa 3a TemnepaType CrosbHOr
Ba3fyxa O HEKOMMKO CTeMeHW UCMOA Hy/e Kao 1 3a
npenasHe Nepuoae TOKOM rofiHe, KOHKPETHO MeceLie
anpun-mMaj v centembap-okTobap, Kada LWKone u
BPTVNN MHAuUe MHTEH3MBHO paje.

CnorbHM  Ba3myx npefctas/ba  Hajgehu
HajnPUCTYNaYHWj1 M3BOP TOM/IOTE 3a TOMIOTHE Mymne
oBor Tvna. 3a Kopuwhere Basdyxa kao M3Bopa Mnn
NOHOPa TONOTe KOPUCTK Ce NocebaH TONAOTHW anapat
(cnosbHa jeavHMUA TOMIOTHE Mymne) Koja CIyXu 3a
pa3veHy eHeprvje w3mehy pagHor (pacxfiagHor)
bnyvpa v Basayxa. Pa3nunka TemnepaType CnosbHOr
Ba3fyxa, kao M3Bopa TOMnoTe W pagHor onymaa
n3Hocu of 5 o 10°C. Ko 13bopa oBor Trna TOonaoTHe
nymne noTpebHO je BOAUTM payvyHa O MNPOMEHM
TemnepaType CMosbHOr Basfyxa 3a AaTy sokauujy,
jep Bapvjauvja TemnepaType yTuuye Ha nepdopmaHce
TonnoTHe nymne. CMarBareM TemnepaType Basayxa
CMakbyje ce 1 TOMIOTHM KanauuTeT. Y 3aBUCHOCTU Of
TemnepaType CMOSbHOM BasdyXa, CTeneH KOPWUCHOCTM
y pexxumy rpejarba (COP®') moxe fa Bapvpa o 2,5 4o
35.

5.1.2 TonnoTtHa nymna Tuna,3emsba - Boga”

[pyr pasmatpaH Tvn TOMAOTHUX NyMNW Cy Nymne
TvNa ,3em/ba — BOfA" y M3BeAOM Ca XOPU3OHTAHMM
M Ca BepTMKaNHMM COHAAMa 3a [ABOPMWTA LIKOMA U
BpTnha. O63vpom fa Cy ABOPWWTa Beoma MorofHa
3a MoCTaB/bakbe COHAM ¥ 0O3MPOM fAa Cy OBW TUMOBK
TOMAOTHUX NyMNK Behrx KanauuTeTa, OBaKBU CUCTEMMN
MOry Yy MOTNYHOCTM 3ameHuTV nocTtojehe cucTeme
rpejarba (M xnahera) v GYHKUMOHMCATU CaMOCTanHO
Ha CBMM CMNO/BHUM TemnepaTypama TOKOM u4MTaBe
rognHe. Ha Cnnum 8, nprikasaHa je NpUHUMNMjenHa
Lema pa3Boja OBOT TWMa TOMIOTHE NymMne.

51 EHrn.,Coefficient of Performance” nnun koeduumjeHT yumHka

This other concept was the subject of the respec-
tive analysis and it is found suitable for outside air
temperature of several degrees below zero, same as
for transitional seasonal periods during the year, in
particular for the months of April-May and Septem-
ber- October, when schools and kindergartens are
intensively in operation.

The outside air represents the major and most
accessible source of heat for the heat pumps of
this type. To use the air as a source of heat, special
heat device (external heat pump unit) is being used,
which serves for the exchange of energy between
the operating (cooling) fluid and air. Variations in
the outside air temperatures, as a source of heat and
operating fluid, are between 5 and 10°C. When se-
lecting this type of a heat pump, one must take into
account the outside air temperature variations for
a given location, given that temperature variations
affect the heat pump performance. Reduced air tem-
perature reduces the thermal capacity. Depending
on the outdoor air temperature, the coefficient of
performance (COP®') may vary from 2.5 to 3.5.

5.1.2 Heat pumps “ground-water”

The second considered type of heat pumps are
the “ground-water” type pumps, installed with hori-
zontal and vertical probes for the school and kinder-
garten yards. Taking into account that yards are very
suitable for installation of probes and that pumps of
this type hold greater capacity, such systems may
fully substitute the existing heating (and cooling)
systems and operate independently at all outdoor
temperatures throughout the year. Figure 8 shows
the principal distribution scheme for this type of a
heat pump.

°" Engl.,Coefficient of Performance”
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"o‘ °

XOpW30OHTaNHe Unu BepTrKanHe
CoHAe NOCTaB/beHe Y 3eM/bl Koja je
M3BOP UM MOHOP TOM/10Te
Horizontal or vertical probes laid in

Tonna noTpoLHa Boaa
®,® Domestic hot water

[pejHa Tena, MMEH3MOHMCaHa
— 33 HUCKO-TeMNepaTypCKo rpejarbe
Heating bodies, sized for

low- temperature heating

the ground as a heat source or sink

TonnotHa nymna
Heat pump

tank

PesepBsoap 3a cknaguiiterbe
1 npunpemy Tonne
NOTpOLUHE BOAe

Domestic hot water storage

NOTPOLUHeE BoAe
Heat transmission for heating, cooling
and domestic hot water preparation

Cnvka 8. TonnoTHa nymna Tuna ,3em/ba-BoAa’, HamerbeHa
rpejarby 1 NPUNPeMn CaHUTapHe Tore BoAe

V3Benba TOMMOTHUX MyMIW Ca XOPWU3OHTAIHKUM
COHAaMa 3axTeBa HeLTO HUXe NOYETHE MHBECTULIMOHE
TPOLWKOBE, anu 3601 HefoCTaTka NoTpebHe cnoboaHe
NOBPLIMHE YeCcTo Huje npumMerbiBa. Koa  Wwkona
n BpTMha OBO HUWje Crydaj, JOCTYMHa MOBPWMHA
AsopuWTa Hajuewhe omoryhasa mpumeHy ToMnoTHe
nymne ca XOPW3OHTaNHWUM coHfgama. [loTpebHa
cnobofHa NospLUKHA je NPUGAMKHO ABOCTPYKO Beha
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lMpeHoc TonnoTHe eHepruje 3a noTpebe
rpejarba, xnaherba v Npunpeme Tonne

1

ofHO HUCKO-TeMNEePaTYPCKO rpejarbe
Floor low-temperature heating

Figure 8. Heat pump “air-water"type, for heating and domestic
hot water preparation

Installation of heat pumps with horizontal probes
requires somewhat lower initial investment costs,
however it is not often applicable due to the lacking
available area. This is not the case with schools and
kindergartens, since the available yard area most of-
ten allows the implementation of a heat pump with
horizontal probes. The required available area is ap-
proximately double in size than the heated build-
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ofi rpejHe nosplVHe objekTa. MNpUbANMKHO, Ha CBaKM
m2 rpejHor NpocTopa Tpeba y 3emrby noctasutn 1,5
[0 2 m uesw. Hajuewhe ce coHge nonaxy y 3emiby y
00NNKY CHOMa XOPW3OHTANHWUX LEBM Ha AyOvHW of
1,2 no 1,5 m, ¢ mehycobHnm pasmakom og 0,5 go 1
M, 3aBMCHO Of CacTaBa M BPCTe 3emsbulTa. [yxmHa
jeiHe cekuumje coHam nsHocm o 100 m. CneumduyHm
TOMMOTHU NYKC XOPW3OHTANHUX COHAW, 3aBUCKU Of
CBOjCTaBa 3em/bMlWTa W Kpehe ce y rpaHMuUama of
15 go 35 W/m2 3a Temnepatype nomohHor dnymaa
(paconuHe) oa -3 go 5°C (MpadumkoH 2).

ing area. Approximately, each m2 of heated area
requires laying of 1.5 to 2 m of pipes in the ground.
Most frequently, the probes are laid in the ground in
the shape of a bundle of horizontal pipes at depth
of 1.2 to 1.5 m, with space between them of 0.5 to
Tm, depending on the soil composition and type.
The length of one section of probes amounts to 100
m. A specific heat flux of horizontal probes depends
on the soil properties and varies between 15 to 35
W/m?2 for the auxiliary fluid temperature from -3 to
5°C (Chart 2).

300
p— Tun seMbuwTA: ‘
; E 2 et [1ECKOBIITO - CYBO ‘
cC— 9 250 Sandy=dr ‘
s g g = et [1@CKOBUITO - BNAXHO ‘
2 5 ax 200 ?a dy - moist | ‘
- o @ AAHOBUTO - CYBO.
I O ! =
E o< o Clay-dr ‘ L~
§_ V] 5 o ‘ [MUHOBUTO - BNaxHO ‘ //
© § 2 150 T Clay-molst 4" = //
cC 2w TMMHOBUTO - 3acuheHo BopoM | L1 //
S ERE Clay- water saturate | " L1 -
sESR 100 e ]
20 T
g acE 50 e -
" RE =
=
0 L
co O 9 9O O 9 O 9 O © O 9@ © © 9 O
S & © © © © O O O O 9O O 9O O 9o o o
- n © n O N O N O Nn O n O n O un O
- — N N MM ¥ BN © VKRN ©

3ay3eTa XOpW30HTaNHa NOBPLMHA fABopUwWTa [M?]
Occupied horizontal yard area (m?)

FpadleOH 2. 3aBUCHOCT TOMMOTHOI KanauuTeTa nymne o4
KBa/inTeTa 3eM/bULLTa N KOpl/lLLIF]EHe nospuwHe

BepTukanHe coHfe ce nmonaxy y TNo Ha AybuiHe
oa 60 fo 150 m, WTo je 4ecTo NPUXBAT/bMBO Y MyCTO
Hace/beHVM CpefMHama, MOroTOBO Ha MeCTVMa rae je
OKOMMHa ypeheHa 1 rge cy AO3BO/bEHE MUHUManNHe
NPOMeHa Crnosballtber nirnefa. KonmymHa TOnIoTHe
eHeprvje Koja ce Moxe Mpey3eTy Of 3eMsbe 3aBUCK
Of} CcacTaBa W BNAKHOCTW 3eM/bULLTA, ann 1 of MeCTa
nonarakba coHaW. [locapalirba WCTpaxmBarba, Kao
My NPaKCW WHCTanmMcaHn CUCTeEMM MOKasyjy da je
Temnepatypa 3embuiTa Ha oyouHn og 2 m, 7 no 10°C,
a Ha aybvHn go 100 m TemnepaTypa 3em/bullTa ce
Kpehe unavehy 12 1 15°C. ®abpuykn npunpemmbeHe

Chart 2. Dependence of the heat pump capacity on the soil
quality and used area

Vertical probes are laid in the ground at depth of 60
to 150 m, which is often acceptable in densely inhabited
environments, especially in places where the surround-
ing area is developed and allows minimum changes in
the external appearance. The quantity of heat that can
be taken over from the ground depends on the compo-
sition and humidity of soil, but also on the place where
the probes are to be laid. The research so far,and the sys-
tems installed in practice, have demonstrated that the
ground temperature at the depth of 2 m amounts to 7
to 10°C, whereas at 100 m, ground temperature varies
between 12 and 15°C. Prefabricated and installed pipes
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M MOHTMPaHe COHAE Ce MOJaXy Y 3em/buliTe y ABe
OCHOBHe M13Beabe, Kao [BOCTpyKa ,Y' LEeB M Kao
KOakCMjaHa LeB Mpu 4YeMy Kpo3 YHyTpalltby LeB
CTPYjN XNagHN MeANjyM, a CMOSbHY 3arpejaHut Mefujym.

5.2 MeTofonorvja npopayyHa TOMIOTHUX MymMnu

MeTogonoruja npopayyHa noapasymesa
YCTaHOB/bABaHE 3aBUCHOCTU K/byYHUX MPOMEHSBUBIX
BE/IMUMHA, HEOMXOAHMX 3a MPOLEHY edekaTa npumeHe
TOMAOTHUX NYMMU Ha NpeameTHe objekTe aedviHMCcaHe
HaLMOHANHOM TUMOMOTjOM.

5.2.1 TonnoTtHe nymne Tvna,Ba3gyx — Boga”

Oujarpamn Ha rpadwvikoHuMa 3 w4 npukasyjy
HOMWMHANHX  TOMIOTHW W ENeKTPUYHKM  Kanayutert
TOMMNIOTHE Nymne Tuna ,Basfyx-BoAa” y OfHOCY Ha
rpejHy nosplwuHy. [MprKasaHe 3aBMCHOCTM OOHOCE
Ce Ha HOMWHaNHe KanauuTeTe npu TemnepaTtypcKim
ycnosuma  7/45°C M Ha  ynpoceyeHe  TepMMyKe
KapakTepucTvike objekTa OAHOCHO  cneunduuHe
TonnoTHe notpebe objekta og 75 W/m2.

Pexxum paga: Basgyx +7°C / Boga 40/45°C
Operating regime:air+7C / water 40/45C

are laid in the ground in two basic implementation sce-
narios, as a double “U" pipe and as a coaxial pipe, where
cold medium runs through inner pipe, and heated me-
dium through outer pipe.

5.2 Heat pumps calculation methodology

Calculation methodology implies establishing
dependence of key variables, necessary to assess the
effects of heat pumps use in respective buildings de-
fined under the national typology.

5.2.1 Heat pumps “air-water”

Diagrams in Charts 3 and 4 show a nominal
heat and power capacity of the “ground-water” heat
pump against the heated area. The shown depend-
encies refer to nominal capacities at temperature
conditions of 7/45°C and average thermal proper-
ties of a building, namely specific heat demand of a
building of 75 W/m2.

CneumnduuHe TonnoTHe notpebe objekTa, 75 W/m?

Specific building heat demand, 75 W/m?
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MpadnKoH 3. 3aBWMCHOCT TOMAOTHOT KamauuTeTa nymne u
rpejHe NoBpLnHe

Chart 3. Dependence between the heat pump capacity and
heated area
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Pexxvm papa: Baspgyx +7°C / Bopa 40/45°C
Operating regime: air+7C / water 40/45C

CneunduuHe TonnoTHe NoTpebe objekTa, 75 W/m?

Specific building heat demand, 75 W/m?
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MpadunkoH 4. 3aBMCHOCT eNeKTPUYHOr KanauwTeTa nymne u
rpejHe NoBpLnHe

Y NpUMeHN 3a rpejarbe y 3rpagama, Npenopyka je
[a ce nymne OBOr TUMa MOry KOPUCTUTU €KOHOMCKMN
onpasfaHo pfo - 5°C  cnosbHe  Temnepatype
(MakcMmanHo), a ucnog - 5°C noxesbHo je nocefoBaTy
[OAaTHN 13BOP rpejarba. Xnaherem Bazdyxa 3a 6 4o
8°C nobujajy ce onTMManHm ogHoOCK 1amehy KonuuvHe
Basdyxa, BEeNMUMHE  BEHTMNaToOpa,  KanauuTeTa
TONNOTHMX anapata came nymne u COP.

Kako je Ha3HauyeHo, NpukasaHe Kp1Be BaXke CamMo
3a TemnepaTypckn pexmm sasgyx +7°C n sopa 45°C.
063npom Aa y 3MMCKOM Mepuroay TemnepaTtype 4ecTo
npy wcnog +7°C, a Bofa 3a pajmjaTOpCKo rpejarbe
Tpeba pa 6yne oko 55°C, m3BpllieHa je Kopekuuja
TOMMIOTHOT KanauuTeTa 3a OBe NMOMEHyTe Temnepatype.
Byayhu fa cy HajzacTyn/beHnje cnosbHe Temnepatype
of -5°C po +5°C, a notpebHa TemnepaTypa Bofe 3a
PaaWjaTOPCKO rpejarbe je 55°C, TO UnHM pexrm paga
OBOTl TWMa MyMM1 HEMOBOSBHUUM Of Pexuma npu
NpvikasaHUM  HOMWHANHUM  YCIoBMMa.  KopurosaH
KanaymTeT rpejarba 1 CnopyyeHa ToMIoTHa eHepruja
6uhe marba 0y HoMKHanHe (TpaduKoH 5).

Chart 4. Dependence of between the electrical pump capacity
and heated area

When implemented in buildings for the purpose
of heating, the recommendation is for the pumps of
this type to be used in an economically viable man-
ner up to - 5°C of outdoor temperature (maximum),
whereas below - 5°C it is desirable to have an addi-
tional heating source. By cooling the air by 6 to 8°C
optimum ratios are obtained between the air quan-
tity, fan size, heat devices capacity in the pump and
COP.

As indicated, the presented curves apply only for
the temperature regime of air +7°C and water 45°C.
Given that in winter period temperatures often drop
below +7°C, and that water for radiator-based heat-
ing needs to be at cca. 55°C, correction of the ther-
mal capacity was performed for these temperatures.
Bearing in mind that the most common outdoor
temperatures are those from -5°C to +5°C, and that
the needed water temperature for radiator heating
amounts to 55°C, this makes the operating regime
for this type of pumps more unfavourable than the
regime in the shown nominal conditions. The cor-
rected heating capacity and heat supplied will be
lower than the nominal ones (Chart 5).
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tBo,qez 55°C HoMWHanHM ToNNoOTHY Kanauutet
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MPaduKoH 5. 3aBMCHOCT TOMMOTHOTr Kanauuteta mymne v Chart 5. Dependence between the heat pump capacity and

CNoJbHE TeMneparype

outdoor temperature

majyhu y BUAly KOPUroBaH TemnepaTypCcKi peximnm Given the corrected temperature regime in rela-
npema CTBapHUM ycnosuma 1 notpebama, ytepheHa  tion to actual conditions and demand, the depend-
J& 3aBWCHOCT TOMMIOTHOr KanauuteTa nymne u rpejHe  ence between the pump thermal capacity and heat-
MOBPLUMHE KaKO je NprKazaHo Ha rpadurkoHy 6. ed area was determined as illustrated in Chart 6.
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5.2.2 TonnoTtHe nymne Tuna,3emba-soaa”
5.2.2.1 3Bepba ca XOpU3OHTaIHM COHAAMa

3a notpebe npopayyHa MCMopyyeHe TOMNOTHe
eHeprvje TOMNOTHE MNyMne Ca  XOPWU3OHTa/IHUM
coHaama, a 3a AeduHMCarbe nepdopmMaHcK MUCTUX

Kao 1 3a oppehuBare rpejHe NOBPLMHE LWKOMA U

BpT1ha, cnegehu dakTopw 1 Nogaum Cy pasmaTpaHm 1

YCBOjeHN:

1. CneundunyHn TONNOTHM GAYKC, KOjU Bapupa Yy
3aBWCHOCTW Off KBanuTeTa 3em/bULLTa Y ONCery of
15 po 35 W/m?2. 3a notpebe npopavyHa yCBojeH je
ynpoceyeH dnykc og 25 W/m2.

2. Pexum rpejama je gedvHMcaH ca Temnepatypama
npunaroheHM pagnjaTopckom rpejarby. 3a OBaj
TEeMNEePATYPCKN PexnMM paga TOMNOTHE Mymne
(Cpearbe  [0O  BWMCOKOTEMMEPATYPHO  rpejake),
ycBOjeHa je Temnepatypa of 55°C (Ha wu3nasy
KOHZeH3aTopa TOMI0THe nymne).

3. 3aogpehnsare NOTPeObHUX TONNOTHUX KanauuTeTa
NymMnu y pexumy rpejarba objekata wkona (ca
duckynTypHUM canama) v BpTuha, ycBojeHe cy
cneundunyHe TonnoTHe noTpebe objekata of
75W/m2, y3 npeTnoctaBky fAa je Ha objekTuma
M3BpPLLIEHO YHanpeherbe KBanMTeTa OMOTaua Npeor
HMBOa. VI3HOC je 6a3vpaH Ha nojauvMa uuTase
nonynauuje wkona v sptnha y Penybnuum Cpbujn
1 eBMAeHLUMje TONNOTHMX NOoTpeba anv yMarbeHmx
HakoH MpojeKkToBaHOr yHanpeherba OMOTaua
objekata, MPBOT HMBOA.

4. KopwcHa eHepruja wcnopydeHa objekTy 3a
notpebe rpejara, M3padyHata je y3umarbem
y 0031p eduKacHOCTM AUCTPUOYTVBHOM Aena
cncTeMa rpejarba WKona v BpTMha, WTo yKbydyje
edUKacHOCT  AWNCTPUOYTVBHE  Mpexe  YHyTap
objekTa M cucCTeMa 3a perynauvjy v KOHTPORY.
[Mpema npenopykama CTeneH KOPUCHOCTM U3HOCHK
oA 85% [0 93%, a ycBOjeH je npocek of 89%.

Pe3yntaTi NpopadyHa 3aBUCHOCTY KIbyUHMX
napameTapa, NpvKasaHu Cy Ha rpadvikoHMa 7 v 8.

5.2.2 Heat pumps “ground-water”
5.2.2.1 Implementation with horizontal probes

For the needs of calculation of the delivered heat
of the heat pump with horizontal probes, and to de-
fine their performance and heated area in schools
and kindergartens, the following factors and data
were considered and adopted:

1. Specific heat flux, varying depending on the quali-
ty of soil in the range from 15 to 35 W/m?2. For the
needs of calculation, the average flux of 25 W/m2
was adopted.

2. Heating regime was defined using temperatures
adapted to radiator heating. For this temperature
regime of the heat pump operation (medium to
high temperature heating), the temperature of 55°C
was adopted (at the outlet from the heat pump con-
denser).

3. To determine the required heating pump capacity
in the heating regime of school (including gyms)
and kindergarten buildings, the specific building
heat demand of 75W/m2 was adopted, with the
assumption that the first level envelope quality im-
provement was performed on the buildings. The val-
ue is based on the data for the entire population of
schools and kindergartens in the Republic of Serbia
and records on the heat demand, however reduced
after the designed improvement of the building en-
velope of first level.

4. The useful energy supplied to the building for the
needs of heating, was calculated taking into account
the efficiency of distribution part of the school and
kindergarten heating system, including the efficien-
cy of distribution network inside the buildings and
regulation and control systems. Based on the rec-
ommendations, the efficiency level varies from 85%
to 93%, with the adopted average of 89%.

The results of the key parameters dependency
calculation are shown in Charts 7 and 8.
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YnpoceueH TONAOTHN
bnykc congm = 25 W/m?
Average heat flux of probes = 25 W/m?

Temnepatypa npunaroheHa 3a
pagujatopcko rpejarbe (55 °C)
Temperature adjusted for radiator heating (55C)
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Chart 7 Pump heat capacity in the heating regime
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5.2.2.2 N3Bepb6a ca BepTMKaNHMM COHAaMa

3a notpebe npopayyHa MCNopyueHe TOMNOTHe
eHepruvje ToMIoTHe Nymne ca BEPTUKaNIHUM COHOaMa,

NeduHMcarba NnepdopmMaHCK CTUX Kao 1 ogpehrBatbe

rpejHe NoBpLWMHE WKone, cnefenn KibyuHr daktopu 1

nojaum Ccy pasmaTpaHu:

1. CneundunyHn  TOMNOTHM  GAyKC Bapupa Yy
3aBWCHOCTW Off KBanuTeTa 3em/bULLTa Y ONCery of
25 po 85 W/m. Koa nHcTanauymja ca pasmermeadvem
Yy BeEpTMKanHoj wu3Bedbu u  Koag HOPManHUX
XWOPOreoNoWKMX YCIOBa, Y3VMa Ce Aa je Cpearb
CneunduUHM TOMNOTHU QIIyKC pasmersrBada ca
ABOCTPyKOMm,Y" Lien = 50 W/m (npema VDI 4640%2).
3anoTpebe NpopadyHa ycBojeHa je Ta BpeaHoCT (50
W/m). Moy3aaHunjn 1 NpeunsHnju nojaum ce mory
[AOOWTY CaMO MeperbKMa CBOjCTaBa 3eM/byLWTa Ha
KOHKPETHO] TOKaLMjN.

2. Koa nocTaBmbarba CoHAM paaw  m3berasarba
mehycobHor yT1Uaja Npasn ce pasmak nmehy ase
CycefiHe COHJle V1 UCTU je yCBOjeH fa byae 7 m.

3. Pexum rpejarba je aeduHMCaH ca TemnepaTypama
npunaroheHVmM pagnjaTopckom rpejarby. 3a OBaj
TEeMNePaTYyPCKN PexnM paga TOMNOTHE Mymne
(cpearbe  [0O  BWMCOKOTEMMEPATYPHO  rpejare),
ycBOjeHa je Temnepatypa of 55°C (Ha wu3nasy
KOHZEeH3aTopa TOMI0THe nymne).

4. 3aoppehyrBarbe NOTPEOHNUX TONNOTHUX KanaumTeTa
NymMnu y pexumy rpejarba objekata wkona (ca
duckynTypHUM canama) v BpTuha, ycBOjeHe cy
cneundunyuHe TonnoTHe noTpebe objekata of
75 W/m2, y3 npeTnocTaBky Aa je Ha objekTma
M3BpPLLIEHO YHanpeherbe KBanMTeTa OMOTaua Npeor
HMBOa. VI3HOC je 6a3upaH Ha nojauMma uuTase
nonynauuje wkona v sptnha y Penybnuum Cpbujn
1 eBMAeHUMje TONNOTHMX NOTpeba anv yMarbeHmx
HakoH MpojeKkToBaHOr yHanpeherba OMOTaua
objekata, NMPBOT HMBOA.

5. KopwcHa eHepruja
noTpebe rpejarba,

ncnopydeHa
M3payyHaTa

objekTy 3a
je  y3umarbem

2VDI - The Association of German Engineers, VDI-Standard 4640,
Part 2: design and installation of heat pumps that use the ground as
a heat source, 2015.

5.2.2.2 Implementation with vertical probes

For the needs of calculation of the delivered heat
of the heat pump with vertical probes, and to define
their performance and heated area in schools and
kindergartens, the following factors and data were
considered and adopted:

1. Specific heat flux, varying depending on the quality
of soil in the range from 25 to 85 W/m2. In instal-
lations with the exchanger in vertical concept and
in normal hydro-geological conditions, the medium
specific heat flux of the exchanger is taken into ac-
count with a double "U" pipe = 50 W/m (according
to VDI 4640°%). For the needs of calculation, the aver-
age flux of 50 W/m2 was adopted. More reliable and
accurate data may be obtained only measuring soil
properties in a particular location.

2. When installing probes, to avoid the mutual effect,
the space is made between the two surrounding
probes, adopted at 7 m.

3. Heating regime was defined using temperatures
adapted to radiator heating. For this temperature
regime of the heat pump operation (medium to
high temperature heating), the temperature of 55°C
was adopted (at the outlet from the heat pump con-
denser).

4. To determine the required heating pump capacity
in the heating regime of school (including gyms)
and kindergarten buildings, the specific building
heat demand of 75 W/m2 was adopted, with the
assumption that the first level envelope quality im-
provement was performed on the buildings.The val-
ue is based on the data of the entire population of
schools and kindergartens in the Republic of Serbia
and records on the heat demand, however reduced
after the designed improvement of the building en-
velope of first level.

5. The useful energy supplied to the building for the
needs of heating, was calculated taking into account
the efficiency of distribution part of the school and

°2 VDI - The Association of German Engineers, VDI-Standard 4640, Part

2:design and installation of heat pumps that use the ground as a heat
source, 2015.



y 003vp eduKacHOCTM AUCTPUOYTMBHOT [ena
cucTema rpejarba WKkona 1 BpTuha, WTO YKIbyuyje
edUKACHOCT  AWUCTPUOYTMBHE — MpeXe  yHyTap
objekTa ¥ cucTemMa 3a perynauujy v KOHTPORY.
Mpema npenopykama CTeneH KOPUCHOCTY M3HOCH
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kindergarten heating system, including the efficien-
cy of distribution network inside the buildings and
regulation and control systems. Based on the rec-
ommendations, the efficiency level varies from 85%
to 93%, with the adopted average of 89%.

oA 85% [0 93%, a ycBOjeH je npocek of 89%.
The results of the key parameters dependency
Pe3ynTaTi NpopavyHa 3aBUCHOCTU KibyYHWX calculation are shown in Charts 9 and 10.

napameTapa, NpuKasaHu cy Ha rpadunkoHnma 9 1 10.

YnpoceyeH TonfoTHN
dnykc conaun = 50 W/m?
Average heat flux of probes = 50 W/m?

Temnepatypa npunaroheHa 3a
paanjatopcko rpejamse (55 °C)
Temperature adjusted for radiator heating (55C)
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Chart 9. Pump heating capacity depending on the horizontal
yard area
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5.3. MpvMeHa TONAOTHUX MYMMK Yy 06jeKTUMa LKona
n BpTuha

TonnoTHe nymne cy TexXHOMornja Koja je norofHa
33 NpuMeHy y objekTMMa TMna WKoMa (Ca LWKOMCKMUM
bUCKyNTypHUM canama) 1 BpTuha 1 To 3a noTpebe
n rpejarba 1 xnahewa. Y Penybnuum Cpbujn, rotoBo
3aHemapwe 6poj Wkona 1 BpTMha nocenyje TonnoTHe
nymMne Kao W3BOp TOM/IOTHe eHepruje 3a noTtpebe
rpejara.lpema Tome, MoXe ce KOHCTaToBaT f1a MOCTOjU
peanaH MoTeHUWjan 3a MpWMeHy OBe TexHomoruje y
objekTMa Wkona v BpTrha y Penybnuum Cpbujn.

Pa3vaTtpaHa cy ABa HVBOa yHanpehetba. [1pBu H1BO
yHanpeherba ce 0AHOCK Ha MPUMEHY TOMIOTHUX MyMMK
TVNa ,Basdyx-Boda” a Apyro yHanpehere Ha NpumeHy
TOMMOTHMX MyMNX TUNa ,3emiba- Bofa". PasmarpaHa
yHanpehera HWUCYy KOHUMMAMPaHa Mo  MpUHUMMY
HadorpadHe U NPoWnpeHsa, Beh Kao ABe He3aBncHe
onuuje, of KojUx CBaka NoHaocob ogrosapa notpebama
KOHKpeTHor objekta. Onumje cy pas3aBojeHe y ABa
HWBOA jep, M3mehy ocTanor, 3axTeBajy pasnuunT H1BO
MHBeCTVUMja 1 Npunpema, ogpeheHe KapakTepucTrike
objeKTa Y HenoCcpeaHOr OKpYy)Kerba Kao M TOMMOTHE
CHare 13Bopa.

5.3.1 MNpBo yHanpehetbe

MpBO yHanpehetbe nofgpasymeBa MHCTanauujy
TOMOTHWX MYMNK TWMNa,Ba3ayx-BoLa" 3a NOAMMPUBabE
KOMMNETHWX MoTpeba 3a rpejatem. To je pelerse
Koje je Marbe 3aXTeBHO MO MuTakby MpojekToBarba U
n3BONherba, MoyeTHa WMHBECTUUMja je Marba, HauuH
ynotpebe, perynaumje n ofpxasarba je jedHOCTaBHMjM
a cUCTeM je NMpumMerbrB 6e3 0031Mpa Ha PACTIONOXMBY
nospLwnHy asopuwTa. OBa TexHoMOMMja Moxe OunTtu
KopulwheHa Kao CamOCTaliHW MOHOBANIEHTHU W3BOP
TONNOTHE eHepruje koju obe3behyje Temnepatypy
BOLE 3a rpejHM — paavjatopcknm cuctem op 55°C
(WO je pasmaTpaH C1y4aj Npw aHanmsm mMoryhHoCTu
NpUMeHe y HacTaBky). EdukacHOCT paga TOMMOTHMX
Mymnun T1na,Basayx-8o4a" y OBOM PEXMMY je Marba anu
TO HEe YrpoXaBa eKOHOMCKY OMpaBAaHOCT MPUMEHe Y
objekTMa WKona v BpTrha.

5.3. Implementation of heat pumps in school and
kindergarten buildings

Heat pumps are a technology suitable for imple-
mentation in school (including gyms) and kindergar-
ten buildings for the needs of heating and cooling.
In the Republic of Serbia, there is an almost negligi-
ble number of schools and kindergartens with heat
pumps as a source of heat for the needs of heating.
Therefore, it may be concluded that there is an ac-
tual potential for the implementation of this tech-
nology in school and kindergarten buildings in the
Republic of Serbia.

Two improvement levels were considered. Im-
provement 1 refers to the implementation of heat
pumps of “air-water” type, whereas the Improve-
ment 2 implies implementation of heat pumps of
“ground-water” type. The considered improvements
were not designed based on the retrofitting or ex-
tension principle, but as two independent options,
each of which corresponds to the demand of a par-
ticular building. These options were separated in two
levels because, inter alia, they demand different level
of investment and preparation, specific features of
the building and direct environment, and thermal
capacity of the source.

5.3.1 Improvement 1

Improvement 1 implies installation of heat
pumps of “air-water” type to meet the entire heating
demand. This is a less demanding solution in terms
of design and construction, with lower initial invest-
ment, manner of use, regulation and maintenance is
simpler, and the system is applicable regardless of
the available yard area. This technology may be used
as an independent monovalent source of heat en-
suring temperature of water for the heating-radiator
system of 55°C (which is the case considered when
analysing possibilities for use in the follow-up). The
efficiency of the “air-water” heat pumps in this re-
gime is lower, however not jeaoprdising economic
viability of their implementation in school and kin-
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MpBO yHanpehetrbe ce npumerbyje Ha aeduHcaHe
TVNOBe M NOATUNOBE ObjeKaTa Wkona 1 BpT1ha a npema
HaLWoHanHoj Tmnonoruju oBmnx objekata y Penybnmum
Cpbuju. Y Tabenama 1A, 16 1 1L npukasaHn cy nogaum
O NOTPeOHOM TOMNOTHOM U eNeKTPUYHOM KanaumTteTy
TOM/IOTHUX MyMNW TUNa ,Basayx-8oda” n emmcnjn CO,,
3a Cyyaj a OHe CaMOCTanHO MOAMMUPYjY KOMMIeTHe
noTpebe objekTa 3a rpejarbem. Tabene ce ofHoce Ha
wKone, wkoncke OUCKYNTypHe cane W Ha objekTe
BpTvha. MoTpebHY KanaumuteT TONAOTHUX NyMAX T1Na
,Ba3fyx-BOAa" pauyHaT je 3a TemnepaTypcKku pexmm
Ba3ayx 0°C / Boga 50/55°C.

Tabena TA. KapakTepucTmnke TOMAOTHMX MyMNv TUMa ,Ba3ayx-
BOfa" 33 0OjeKTe WKoMa

dergarten buildings.

Improvement 1 is applied to the defined types
and subtypes of school and kindergarten buildings,
according to the national typology of these build-
ings in the Republic of Serbia. Tables 1A, 1B and
1C show the data on the required heat and power
capacity of heat pumps of “air-water” type and CO,
emission, in the case when they independently meet
the entire heat demand of the building. The Tables
refer to school, gym and kindergarten buildings.
The required “air-water” heat pumps' capacity is cal-
culated for the temperature regime air 0°C / water
50/55°C.

Table 1A. Characteristics of “air-water” heat pumps for school
buildings

O3Haka objekTa MospwwHa MotpebaH MotpebaH EnektpuuHa Emncrja Cmarberbe emncuje CO, [t/god.] y onHocy Ha
Building label objekTta [m?] TONNOTHN eNeKTPUYHM eHepritja [kWh/ CO, [t/god] CO, emission reduction [t/p/a.] against
Building area [m?] | kanauutet [kW] kanauwmTeT [kW] god] Emission of

Heat demand Electricity Electricity CO, [t/p/a) CAr>/yram Jlox yroe Mp. rac

Tkw] dernand [kW] [kWh/p/a) h DHS* / coal Light fuel oil Natural gas
Al 260 296 10,2 22053 11,7 22 0,1 -33
A2 675 76,9 26,5 57.253 303 57 03 -85
A2nt 1.055 1201 414 89.484 474 90 04 -13,2
A3 2115 2409 83,1 179393 95,1 18,0 09 -26,6
A3nT 2.305 262,5 90,5 195.509 1036 19,6 09 -289
b1 145 16,5 57 12.299 6,5 1.2 0,1 -1,8
b2 840 957 330 71.248 378 71 03 -105
b3 1.990 2266 781 168.791 89,5 169 08 -250
1 185 21,1 73 15.692 83 16 0,1 -23
L2 990 112,7 389 83.971 445 84 04 -124
L3 2765 3149 108,6 234526 1243 235 11 -34,7
L3nr 3.765 4288 1478 319345 1693 320 15 -473
a3 4.600 5238 180,6 390.169 206,8 391 19 -57,7

Tabena 1b. KapakTepucTyike TOMAOTHWX NYMAV TUMa ,Basayx-

Table 1B. Characteristics of “air-water” heat pumps for school

BO,EI,a” 3a o6jer<Te LLIKONCKNX CbMCKyJ'IT)/pHI/IX Cana gym buildmgs
O3Haka objekTa MospwwHa MotpebaH MotpebaH EnektpuuHa Emncrja Cmarberbe emncuje CO, [t/god.] y onHocy Ha
Building label objekTta [m?] TONNOTH eNeKTPUYHM eHeprija [kWh/ CO, [t/god] CO, emission reduction [t/p/a] against
Building area [m?] | kanauutet [kW] kanauwmTeT [kW] god] Emission of
Heat demand Electricity Electricity CO, [t/p/al CAr / yram Tox yre Mp. rac
Tkw] dernand [kW] [kWh/p/a) . DHS / coal Light fuel oil Natural gas
Canal 330 376 13,0 27.990 148 28 0,1 -4,1

53 CuCTeM AarbMHCKOT rpejarba, ckpaherno CAN
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Cana 2 864 98,4 339 73.284

388 73 04 -108

Cana 3 707 80,5 278 59.967

31,8 6,0 03 -89

Tabena 1U. KapaktepucTyike TOMAOTHUX MYMMK TUMA,Ba3ayx-
BOAa" 3a objekTe BpTMha

Table 1C. Characteristics of “air-water” heat pumps for kinder-
garten buildings

O3Haka objekTa MospwnHa NoTpebaH MNoTpebaH EnektpnuHa Emncrja Cmarserbe emncuje CO, [t/god] y opHocy Ha
Building label objekta [m?] TOMNOTHM eneKkTpUYHN eHepruja [kWh COz [t/god.] CO, emission reduction [t/p/a.] against
Building area [m?] | kanauutet [kW] kanaumtet [kW] /god] Emission of

Heat demand Electricity Electricity CO, [t/p/al CAr wm yram Jlox ymee Mp. rac

kW] demand (kW] [kWh/p/al : DHS or coal Light fuel oil Natural gas
Al 300 34,2 11,8 25446 135 26 0,1 -38
A2 380 433 149 32231 171 32 0,2 -4,8
b1 170 194 6,7 14419 76 14 0,1 221
b2a 575 65,5 226 48771 258 49 02 7.2
526 1.130 1287 444 95.846 50,8 96 05 -14,2
L 255 29,0 10,0 21629 11,5 22 0,1 -32
L2 1.530 174,2 60,1 129.774 68,38 13,0 06 -19,2
L3 1915 2181 752 162429 86,1 16,3 08 -24,0
a2 1450 165,1 56,9 122.988 65,2 12,3 06 18,2
a3 2.165 246,5 85,0 183.634 973 184 09 27,2

Emmncuja CO, 3a cyuaj npumeHe TOMNOTHYX NyMnv
je NoBOSbHWja Y OAHOCY Ha ApYre HaunHe CHabdeBaba
TOMNOTHOM €HePrnjoMm (MpeKko cucTema AarbUHCKOR
rpejarba (CAIN nnn KOTNOBa Ha NOX YIbe W yrasmb), anu
He ¥ 3a C/lyyaj KOTNIOBa Ha MPUPOAHM rac (3ato cy
BpeAHOCTW y Tabenu HeraTusHe).

5.3.2 ipyro yHanpehemne

[pyro yHanpehere nogpasymeBa WHCTanauujy
TONNOTHUX MNyMNX TWNa ,3em/ba-Boga’ M TO y [ABe
BapWjaHTe, Ca XOPV3OHTAHNM W BEPTUKANHWUM COHAMA.
Koja he BapujaHTa OMTU nNpuUMerbeHa 3aBUCK Of
PacMonoXnBe NOBPLUVHE ABOPULLTA W Off NOTPebHor
KanauuTeTa rpejakba, Kako je npukasaHo y Tabenama 2A
1 2b ogHocHo 3A 1 3B. OBo yHanpehetse jecTe 3axTeBHO
No MWTaksy MPOjeKTOBarba W M3BOhHeHa a MHBECTULV]a
Moxe 6UTK 3HaTHO Beha y oaHoCy Ha yHanpeherbe 1.
Takohe, HaunH ynoTpebe, perynauuje 1 ofpasarba Cy
CNOXKEHW]N. AN YKONMKO Ce MPUMEHM OBa TEXHOSOTa,
oHa he dyHKUMOHMCATM Kao cCamocCTanaH cucTem
rpejarba y3 NOBOSbHE TEXHOEKOHOMCKE MOKa3aTerbe.

CO, emission in the case of heat pumps implemen-
tation is more favourable compared to other heat
supply sources (via district heating system (DHS) or
fuel oil or coal fired boilers), but not in the case of
natural gas boilers (which is why the values present-
ed in the table are negative).

5.3.2 Improvement 2

Improvement 2 implies installation  of
“ground-water” heat pumps, in two options, with
horizontal and vertical probes. Which option will be
applied depends on the available yard area and re-
quired heating capacity, as shown in Tables 2A and
2B, and 3A and 3B. This improvement is demanding
in terms of design and construction, and investment
may be significantly higher compared to Improve-
ment 1. In addition, the manner of use, regulation
and maintenance are much more complex. But, in
case this technology is applied, it will function as an
independent heating system with favourable ther-
mal and economic indicators.
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5.3.2.1 TonnoTHe Nnymne ca XOpU3OHTaNHUM
coHpama

Y Tabenama 2A u 2B, npukasaHW cy nogaun o
NoOTPebHOj  TOMOTHOj  CHa3W  TOMOTHWX — MyMMu
TVNa ,3eM/ba- BOAA” Ca XOPW3OHTaNHWM COHAAM3,
NPUMEHEeHO Ha TWMOBMMAa WKona W BpTuha
AedUHUCAHUM Y HAUWOHANHOj Tunonoruju. Tabene
2A 1 2b (kao v rpadukoHn 11 1 12) cappxe nopaTke
O PacrnosoXmnBoj MOBPLUMHKM ABOPUWTA, Moryhem
rPejHOM KanaumnTeTy TOMIOTHE Mymre Kao U NoTPebHO)
ENeKTPUYHOj  eHeprnju  TOKOM  yHKLMOHMCarba
rpejarba.

Mmajyhu y Buay peanHe notpebe objekata Kao K
Pacrnonoxmnee NOBpLUIMHE ABOPULLT], YTBPHEHO je Aa
HUWje CBaKO ABOPULITE JOBO/LHO BEVIKE NOBPLIMHE 33
noKpvBare NoTpeba rpejarba ca TOMIOTHUM NMymMnama
Tvna,3eMsba — Bofa". Y Tabenama 2A v 2b gat je npuvikas
Y KOjJUM CIlyuajeBrma 0Baj TMM TOMMOTHMX MYMMN MOXKeE
33/J0BOSbUTY peanHe TONNOTHe NoTpebe a y KojumMa He.

Tabena 2A. TpyMeHa TOMAOTHE MymMne Ca XOPW3OHTANHNM
coHpama Ha objekTe Wkosa

5.3.2.1 Heat pumps with horizontal probes

Tables 2A and 2B show the data on the required
thermal capacity of “ground-water” heat pumps with
horizontal probes, applied to the types of schools
and kindergartens defined in the national typology.
Tables 2A and 2B (same as Charts 11 and 12) pres-
ent data on the available yard area, potential heat
pump thermal capacity and required electricity for
the heating operation.

Having in mind actual needs of the buildings and
available yard areas, it was determined that not all
yards have sufficiently large areas to cover the heat-
ing demand using the “ground-water” heat pumps.
Tables 2A and 2B show an overview of cases in which
this type of heat pumps may meet the actual heat
demand, and in which this would not be possible.

Table 2A. Implementation of heat pump with horizontal
probes in school buildings

O3Haka pejHa MotpebaH MospwyHa Moryhu rpejuun | Enektpuura Emmncrja Cwmarberbe emncuje CO, [t/god.] y opHocy Ha
objekTta noBpLMHa rpejHn [BopuwTa Kanaumtet eHeprvja CO, [t/god] CO, emission reduction [t/p/a] in relation to
Building label [m?] Kanauwtet [m?] nymne [kW] [kWh/god.] Emission of
Heated area nymne (kW] Yard area Potential pump | Electricity C0, [t/p/al CAT nm yramn ”}O* yee Mp. rac
m? Required [m2] thermal [KWh/p/a] DHS or coal Light fuel oil Natural gas
pump thermal capacity [kW]
capacity [kW]
Al 260 24,1 2.193 74,0 15311 8,1 58 37 03
A2 675 62,6 2938 99,1 39.750 21,1 15,0 96 038
A2nt 1055 97,8 2.267 76,5 HepoBosbHa nosplumHa ggopuwra Insufficient yard area
A3 2115 196,1 75 25 HepoBosbHa nosplumnHa ggopuwra Insufficient yard area
A3nt 2305 2137 553 18,6 HepososbHa nosplumnHa ggopuwra Insufficient yard area
B1 145 134 3.893 1314 8.539 45 32 2,1 0.2
b2 840 779 4.160 1404 49.467 26,2 18,7 19 10
b3 1990 184,5 936 316 HepnososbHa nosplumnHa agopuwra Insufficient yard area
L1 185 171 2.240 756 10.895 58 4,1 26 0,2
L2 990 91,8 8.044 2715 58301 30,9 22,0 14,0 12
u3 2765 256,3 6.269 2116 HepnosorbHa nospLuvHa asopuwTa Insufficient yard area
u3nt 3765 3490 6.445 2175 HepnosormbHa nospluvHa asopuwTa Insufficient yard area
N3 4600 4264 5.580 188,3 HepnosorbHa nospluvHa AsopuwTa Insufficient yard area
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lpadmkoH

3aBMCHOCT Baxu 3a cnegehe napamerpe:
a). Cnew,. TonnoTtHe notpebe objekta= 75 W/m

6). COP TonnotHe nymne = 3,4
). EdrkacHocT cuctema gnctpubyumje = 89%
Dependency applies to the following parameters:

a) Specific building heat demand= 75 W/m?

b) SOR of the heat pump= 34
¢) Distribution system efficiency= 89%
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11.

200 400 600 800

lpejHa nospLunHa objekTa [m?]
Heated area (m?)

Edekti npumeHe TonnoTHe

XOPWU3OHTaNHMM COHJaMa Ha o6je|<Te LIKona

1000

nymne ca

Tabena 2b. MpviMeHa TONAOTHE Mymne Ca XOPU3OHTaNHUM
CcoHaamMa Ha objekTe BpTrha

Cmatberbe emucuje CO2 NPUSIMKOM CyncTUTyuuje GoCunHmx
ropusa eneKTpPMYHOM EHEPIrMjOM NYTEM TOMNOTHUX NYMMN
CO, emission reduction in substitution of fossil fuels
by electricity by heat pumps
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Cmarberbe emncuje CO:2 [t/god.]
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MpejHa noBpwmHa o6jekta [m’]
Heated area (m?)

Chart 11.The effects of implementation of the heat pump with
horizontal probes in school buildings

Table 2B. Implementation of the heat pump with horizontal
probes in kindergarten buildings

O3Haka pejHa MotpebaH MospwwHa Moryhu rpejun | Enektpuuna Emncuja Cwmarerbe emncuje CO, [t/god.] y opHocy Ha
objekTta noBpLvHa rpejHu [BopuwTa Kanauutet eHepruja CO, [t/god] CO, emission reduction [t/p/a] in relation to
Building label [m?%] Kanauwutet [m?] nymne [kW] [kWh/god] Emission of
Heated area nymne (kW] Yard area Potential pump | Electricity (0, [t/p/al] CAr v yram ﬂ}ox yee Mp. rac
[m? Required M7 thermal TKWh/p/a.] DHS or coal Light fuel oil Natural gas
pump thermal capacity [kW]
capacity [kw]
Al 300 278 6.645 2243 17.667 94 6,7 4,2 04
A2 380 352 0 00 HepnosorbHa nosplumrHa asopwwTa Insufficient yard area
b1 170 158 1317 444 10.011 53 38 24 02
b2a 575 533 2610 88,1 33.862 179 12,8 81 07
b26 1130 104,7 956 323 HepnosormHa nosplumnHa asopuwTa Insufficient yard area
L1 255 236 1.680 56,7 15.017 ‘ 80 ‘ 57 ‘ 36 ‘ 03
L2 1530 141,8 2012 67,9 HepnosorbHa nosplumnHa asopuwTa Insufficient yard area
L3 1915 177,5 172 58 HeposorbHa nosplunHa asopuwTa Insufficient yard area
2 1450 1344 9.782 3301 85.390 ‘ 453 ‘ 323 ‘ 20,5 ‘ 1.7
3 2165 200,7 633 214 HepnoBormbHa nosplunHa AsopuwTa Insufficient yard area
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3aBuCHOCT Baxu 3a cneaehe napamertpe:

a). Cneu. TonnoTHe notpe6e objekTa= 75 W/m?
6). COP TonnotHe nymne = 3,4

). EdvkacHocT cuctema guctpubyuuje = 89%

Dependency applies to the following parameters:
a) Specific building heat demand= 75 W/m?

b) SOR of the heat pump=34

¢) Distribution system efficiency= 89%
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MoTpebHa enekTpuyHa cHara TonnotHe nymne [kW]
Required electrical power of the heat pump (kW)

MpejHa NoBpwMHa objekta [m’]
Heated area (m?)

lpadukoH 12. EdekTn npumeHe TonnoTHe
XOPW3OHTANHMM COH/laMa Ha objekTe BpTMha

nymne ca

MpunnKom NpopadyHa ycBojeHo je cnepehe:

- [lloBpwnHa [BOpPMWTa Koja je YyCBOjeHa 3a
nocTaB/barbe COHAM je ymareHa 3a 15% of
MaKCUMarnHe, jep TeEXHWYKN Hnje moryhe KopucTuTH
CBY NMOBPLUVHY ABOPULUTA.

«  CneunduuHn TOMNOTHWM  GNyKC 3eM/bULLTa  je
ynpoceyeH Ha BpeaHoCT of 25 W/m?,

- CneundwnuHe TOMNOTHE noOTpebe 0bOjeKTa
ynpoceyeHe Ha BpeaHOCT of 75 W/m?,

- TemnepaTypa BoAe Ha 131a3y KOHLEeH3aTopa nymne
je 55°C, wro je npwnaroheHo paavjaTopckom
rpejarby Koje NocToju y NpeaMeTHIUM ObjeKTVMa.

cy

5.3.2.2 TonnoTHe nymne ca BepTUKaNHNUM COHAama

Kao v y npeTxoaHoj BapwjaHTH, y Tabenama 3A u
3b, npwvkaszaHu cy nogaum o MnoTpebHO] TOMNOTHO]
CHa3n TOMMNOTHMX MyMNW TWMa ,3eMba- BOHa" Ca
BEPTUKANHUM COHAaMa, MPUMEHEHO Ha TUMOBMMA
wkona u BpTMha AedUHMCAHUM Y  HAUMOHAHO]
Tunonoruju. Tabene 3A un 3b (Kao 1 rpadurkoHn 13 1
14) cappe nofaTke 0 NOBPLINHW ABOPULLTE, MOryhem
rPejHOM KanauuTeTy KOHKPETHe BapwjaHTe TOMIOTHe

Cmatberbe emucmje CO2 NpuamnKom cynctutyumje GpocnnHmx
ropviBa eneKTpPUYHOM eHeprjom nyTem TONAOTHUX MyMNU
CO, emission reduction in substitution of fossil fuels
by electricity by heat pumps
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Heated area (m?)

Chart 12.The effects of implementation of the heat pump with
horizontal probes in kindergarten buildings

The calculation took into account the following:

- Yard area adopted for installation of probes was re-
duced by 15% compared to the maximum, since the
entire yard area can not be used technically.

-+ Specific heat flux of the soil was taken as an average
at 25 W/m?,

-+ Specific building heat demand was taken as an aver-
age at 75 W/m?,

- Water temperature at the pump condenser outlet is
55°C, which is adjusted to radiator heating found in
the respective buildings.

5.3.2.2 Heat pumps with vertical probes

Same as in the previous option, Tables 3A and
3B show the data on the required thermal capacity
of “ground-water” heat pumps with vertical probes,
applied to the types of schools and kindergartens
defined in the national typology. Tables 3A and 3B
(same as Charts 13 and 14) present the data on the
available yard area, potential heat pump thermal ca-
pacity and required electricity for the heating oper-
ation.
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nymne Kao v NoTpebHOj enekTPUYHO] eHepritj TOKOM
GYHKUMOHMCarba rpejatba.

Mmajyhn y Buay peanHe notpebe objekaTa kao
M pacnonoxmee MNOBPLVHE ABOPWLLTA, HUWjE CBaKO
ABOpULWTE JOBOSBHO 33 NOKPMBarbe NoTpeba rpejarba
Ca TOM/OTHMM NyMMamMa ,3em/ba — Bofa" y BapujaHT
Ca BepTMKanHWM coHfama. Y Tabenama 3A u 3b pat
je MpurKas y KojUM CilyyajeBima OBaj TUM TOMIOTHUX
NyMMNK MOXe 33[J0BO/bUTN peasiHe TOoNnoTHe noTpebe

ay Kojuma He.

Tabena 3A. MpumeHa ToMNOTHE Mymne Ca BEPTUKANHUM
CoHfjama Ha objekTe WwKona

Having in mind actual needs of the buildings and
available yard areas, it was determined that not all
yards have sufficiently large areas to cover the heat-
ing demand using the “ground-water” heat pumps
with vertical probes. Tables 2A and 3B show an over-
view of cases in which this type of heat pumps may
meet the actual heat demand, and in which this
would not be possible.

Table 3A. Implementation of the heat pump with vertical
probes in school buildings

O3Haka pejHa MotpebaH MospwyHa Moryhu rpejuun | Enektpuura Emmncrja Cmarberse emncuje CO, [t/god.] y opHocy Ha
objekTta nospLMHa rpejHu [BopuiwTa Kanaumtet eHeprvja CO, [t/god] CO, emission reduction [t/p/a.] against
Building label [m?] Kanauwtet [m?] nymne [kW] [kWh/god.] Emission of
Heated nymne (kW] Yard area [m?] Potential pump | Electricity CO, [t/p/al CAT v yramn ”}O* yee Mp. rac
area Required thermal capaci- | [kWh/p/a] DHS or coal Light fuel oil Natural gas
[m?] pump thermal ty [kw]
capacity [kW]
Al 260 24,1 2.193 3584 15311 8,1 58 37 03
A2 675 62,6 2938 4739 39.750 21,1 15,0 96 038
A2nt 1055 97,8 2267 3706 62.129 329 235 149 13
A3 2115 196,1 75 304 HepoBosbHa nosplumHa ggopuwra Insufficient yard area
A3nt 2305 2137 553 1154 HepoBosbHa nosplumnHa agopuwra Insufficient yard area
b1 145 134 3.893 607,5 8539 45 32 21 02
b2 840 779 4.160 654,8 49467 26,2 18,7 119 1,0
b3 1990 184,5 936 1823 117.190 62,1 44,3 28,2 24
L1 185 171 2.240 364,5 10.895 58 4,1 26 0,2
L2 990 91,8 8.044 607,5 58301 30,9 220 14,0 12
L3 2765 256,3 6.269 607,5 162.830 86,3 61,5 391 33
L3nt 3765 349,0 6.445 607,5 221.719 17,5 838 533 45
a3 4600 4264 5.580 607,5 270.892 143,6 102,3 65,1 55
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3aBuCHOCT Baxu 3a cneaehe napamertpe:

a). Cneu. TonnoTHe notpe6e objekTta= 75 W/m?
6). COP TonnotHe nymne = 3,4

). EdvkacHocT cuctema gnctpubyuuje = 89%

Dependency applies to the following parameters:
a) Specific building heat demand= 75 W/m?

b) SOR of the heat pump=34

¢) Distribution system efficiency= 89%
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MoTpebHa enekTpuyHa cHara TonnotHe nymne [kW]

MpejHa NoBpwMHa objekta [m’]
Heated area (m?)

MpadukoH 13. EdekTn npumeHe TOMIOTHe nymne ca
BEPTVKANHUM COHAIaMa Ha OBjeKTe WKona

Tabena 3b. lNpvmeHa TOMMOTHe Mymne ca BEPTMKANHWUM
CcoHAaMa Ha objekTe BpTrha

Cmarberbe emmcmje CO2 npunmkom cyncTutyumje GoCcunHmx
ropviBa efnekTpMYHOM eHEPIjOM MyTEM TOMIOTHMX MyMMK
CO2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps
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Chart 13.The effects of implementation of the heat pump with
vertical probes in school buildings

Table 3B. Implementation of the heat pump with vertical
probes in kindergarten buildings

O3Haka pejHa MotpebaH MospwyHa Moryhu rpejuun | Enektpuura Emmncrja Cwmarberbe emncuje CO, [t/god.] y opHocy Ha
objekTta noBpLMHa rpejHn [BopuwTa Kanaumtet eHeprvja CO, [t/god] CO, emission reduction [t/p/a] against
Building label [m?] Kanauwtet [m?] nymne [kW] [kWh/god.] Emission of
Heated nymne (kW] Yard area [m?] Potential pump | Electricity C0, [t/p/al CAT nm yrarmn ”}O* yee Mp. rac
area Required thermal capaci- | [kWh/p/a] DHS or coal Light fuel oil Natural gas
[m?] pump thermal ty [kw]
capacity [kW]
Al 300 278 6.645 607,5 17.667 94 6,7 42 04
A2 380 352 0 00 HepoBosbHa nosplumHa ggopuwra Insufficient yard area
b1 170 158 1317 2309 10011 53 38 24 0.2
b2a 575 533 2610 3949 33.862 179 12,8 81 07
626 1130 104,7 956 1823 66.545 353 251 16,0 13
[y 255 236 1.680 2734 15.017 80 57 36 03
L2 1530 141,8 2012 3341 90.101 478 34,0 216 18
L3 1915 1775 172 48,6 HepososbHa nospluvHa asopuwTa Insufficient yard area
2 1450 1344 9.782 607,5 85.390 453 323 20,5 1.7
a3 2165 200,7 633 121,5 HepnosorbHa nospluvHa asopuwTa Insufficient yard area
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3aBuCHOCT Baxu 3a cnegehe napametpe:

a). Cneu. TonnoTHe notpebe objekta= 75 W/m?

6). COP TonnoTHe nymne = 3,4

). EdvkacHocT cuctema guctpnbyumje = 89%

Dependency applies to the following parameters:

a). Specific building heat demand= 75 W/m?

b). SOR of the heat pump = 34

0). Distribution system efficiency = 89%
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lpadukoH 14. Edektn npumeHe TOMIOTHE nymre ca
BEPTVKaNHWUM CoHaiama Ha objexTe BpTuha

MpUnnKom NpopadyHa ycBojeHo je cnepehe:

- [lloBpwnHa [BOpUWTa Koja je YyCBOjeHa 3a
nocTaB/barbe COHAM je ymarbeHa 3a 15% of
MaKCUMarnHe, jep TeEXHWYKN Huje moryhe KopucTuTH
CBY NOBPLVHY ABOPULUTA.

- [ybuHa nojeanHauHe BepTMKanHe coHae je 90 m,

«  CneunduuHn TOMNOTHWM  GNyKC 3eM/bUlLTa e
yCBOjeHa Ha BpeHOCT of 50 W/m?,

- Pasmak n3mehy age cycefHe coHge je 7 m,

«  CneundwryHe TonnoTHe objekTa Cy ynpoceyeHe Ha
BpenHoCT o 75 W/m?,

- TemnepaTypa BoOAe Ha 131a3y KOHL4EeH3aTopa nymne
je 55°C, wro je npwnaroheHo paaWjaTopcKom
rpejarby Koje MocToju y NpeaMeTHIUM ObjeKTVMa.

5.4 EKcTpanonaumja pesynTaTa Ha YKynaH GpoHg
3rpaga

MeToponorvja npopadyyHa npumMerbeHa je Ha
unTaB GOHA LWKONCKMX W NPefLKONCKNX objekaTta y
Penybnuum Cpbuju, Kako b1 ce NPOLEHMO eHepreTCKu
noTeHUMjaN Ha  HauWOHanHOM  HMBOy. [lpwcTyn
noapasymeBa NPEeTNOCTaBKy Aa Ce Ha CBaKOM ObjeKTy

Cmarberbe emmcmje CO2 npunmkom cynctutyumje GocunHmx
ropviBa efeKTPUYHOM EHEPTjOM MyTEM TOMIOTHMX MyMMK
CO2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps
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Chart 14.The effects of implementation of the heat pump with
vertical probes in kindergarten buildings

The calculation took into account the following:

Yard area adopted for installation of probes was re-
duced by 15% compared to the maximum, since the
entire yard area technically can not be used.

The depth of each individual vertical probe is 90 m.
Specific heat flux of the soil was taken as an average
at 50 W/m?,

Space between the two neigbouring probes is 7 m,
Specific building heat demand was taken as an aver-
age at 75 W/m?,

Water temperature at the pump condenser outlet is
55°C, which is adjusted to radiator heating found in
the respective buildings.

5.4 Extrapolation of results to the total building
stock

Calculation methodology was applied to the en-
tire school and kindergarten building stock in the
Republic of Serbia, so as to assess energy potential at
national level. This approach implies the assumption
that heat pump technology would be implemented
in each building, including those where principal-
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VMIJIEMEHTVPA  TeXHONOTWja  TOMNOTHWX — nymnw, |y yard area does not allow implementation of the
yK/byuyjyh 1 oHe objekTe rae HauyenHo nosplwwmHa  “ground-water” heat pumps with horizontal probes.
ABOPULWTA He JO3BOHABa NPUMEHY TOMNOTHXX Nymn  The calculation assumes that the idea of heat pumps
TMNa ,3eM/ba-BOAa" Ca XOPU3OHTaNHMM coHgama.  implementation may be realised for the needs of
MpopauyH nNpeTnocTas/ba fa Ce TEXHWUKM MOXe  heating.

peanu3oBaTh Maeja NpuMeHe TOMAOTHMX Mymnu 3a

noTpebe rpejatba.

5.4.1 TonnoTHe nymne T1na,Ba3gyx — Boaa”“ 5.4.1 Heat pumps “air-water”

Tabena 4A. TpumeHa TONNOTHe Nymne Tina,Basgyx-Boda“ Ha  Table 4A. Implementation of “air -water” heat pumps in school

objekTe LWKoNa buildings

© o E o Cmarberbe emvcuje CO, [t/god.] y ogHocy Ha
&2 £ - £_ _ © o _ _ - )
.% i<} s @ 5 % £ g i . % g § %g >E s g = 8, 5= CO, emission reduction [t/p/a] against

] s _ = > 3 Z © < <
e 9 m§B sgﬁg%\g é%?;%iﬁ é§§’§ g §§§%g§‘ %g‘é% CAMwmmyram | Nox ymwe Mp. rac
8= %%’57 gES3 8¢ §Es08sz g“{g 8¢ 3%;;@; %ONES« DHS or coal Light fuel oil Natural gas
SS85 |222E | £C2FCT2 |08l l5=2 2062302 |coP860|830508
Al 98.340 12 39 8341 209 4421 836 40 -1.235
A2 217.350 248 85 18.436 46,1 9.771 1.849 88 -2.729
A3 555.148 63,2 218 47.087 17,7 24.956 4722 225 -6.969
B1 67.728 77 2,7 5.745 144 3.045 576 27 -850
B2 390.630 445 153 33.133 828 17.560 3323 158 -4.904
B3 1.295.504 147,5 509 109.884 2747 58238 11.019 526 -16.264
al 64.367 73 25 5460 136 2.894 547 26 -808
C2 352912 40,2 139 29.934 74,8 15.865 3.002 143 -4431
c3 1.287.321 146,6 50,6 109.190 2730 57.871 10.950 522 -16.161
D3 405.790 46,2 159 34419 86,0 18.242 3452 165 -5.094
> 4.735.090 5392 185,9 401.628 1.004,1 212.863 40.275 1.921 -59.446

Tabena 4b. MpumMeHa TonnoTHe Nymne Tvna,Basgyx-8oaa’ Ha  Table 4B. Implementation of “air-water” heat pumps in kinder-

objekTe BpTUha garten buildings

E o NE o Cwmarberbe emncuje CO, [t/god.] y opHocy Ha
= =y = S = 1) — — i

% 5 = @ .= £s s .= g z .gb. =le =) - S CO, emission reduction [t/p/a] against
° 3 I L _2=|28=25 .3 2539023 588 RS
e 5| .57 s3effo| 3o | 8922 | g8 | 528 CAMwnmyram | Jlox ymwe Mp. rac
%gg ’%%ET SRS 5 S E 5 e gg SE=Z| 52 %gi 383 E o= go’“gg‘ DHS or coal Light fuel oil Natural gas
SS5 | SEBLTE | 2282020820052 |S6=230=|col862|80508
Al 38.704 44 15 3.283 82 1.740 329 16 -486
A2 55.000 63 22 4665 1,7 2472 468 22 -690
B1 49.680 57 2,0 4214 10,5 2233 423 20 -624
B2a 76.800 87 30 6.514 16,3 3452 653 31 -964
B2b 140.400 16,0 55 11.909 29,8 6312 1.194 57 -1.763
al 58.140 6,6 23 4931 123 2614 495 24 -730
c2 1.089.855 124 428 92441 231,1 48.994 9.270 442 -13.682
a3 684.435 779 269 58053 1451 30.768 5.822 278 -8593

62



Application of renewable energy sources in school, gym and kindergarten buildings

D2 187.000 213 73 15.861 39,7 8.406 1.591 76 -2.348
D3 253.000 288 99 21459 536 11373 2152 103 -3.176
> 2633014 2998 1034 223331 5583 118365 2239 1.068 -33.056

5.4.2 TonnoTHe nymne Tuna,3em/ba-soga”

Tabena 5A. MprimeHa TONNOTHe Nymne TUNa,3eM/ba-Bofa” Ha

objekTe LWKona

5.4.2 Heat pumps “ground-water”

Table 5A. Implementation of “ground-water” heat pumps in

school buildings

5 = @ Cmarvetbe emmcrje CO, [t/god.] y oaHocy Ha
g % % ] .= :; s s, g it fe) e 3 _ S5 = CO, emission reduction [t/p/a] against

8 3 5 esS_9=2 | TS _S 2o, 2% 20 3 gog

s 2 ggg §§;§§§ gsg8ze §§§E9§ §§g’§é;ﬂ -ggég CATnvyrams | Jlox ywe Mp. rac
28< 'a%é? T 2 g@ ge |2 gg gsz|2%zsgs g_?;g o= éo”'g ; DHS or coal Light fuel oil Natural gas
885 | 2RFE | 28282 | 5820052282302 |Cca3l850 3080

Al 98.340 91 2,7 5.791 14,5 3.069 2.188 1391 17

A2 217.350 20,1 59 12.800 320 6.784 4.836 3075 258
A3 555.148 51,5 151 32692 81,7 17327 12351 7.855 660

B1 67.728 6,3 18 3.988 10,0 2114 1.507 958 80

B2 390.630 36,2 10,7 23.004 575 12.192 8.691 5.527 464
B3 1.295.504 1201 353 76.292 190,7 40435 28823 18.329 1.540
a1 64.367 6,0 18 3791 9,5 2.009 1432 911 77

2 352912 32,7 96 20.783 52,0 11.015 7.852 4.993 419
a3 1.287.321 1193 35,1 75810 189,5 40.179 28.641 18.214 1.530
D3 405.790 376 M1 23.897 59,7 12.665 9.028 5741 482

> 4.735.090 4389 129,1 278.848 697,1 147.789 105.349 66.994 5628

Tabena 5b. MNprimeHa ToNNoTHe Nymne T1na,3emba-eoaa” Ha

objekTe BpTUha

Table 5B. Implementation of ‘ground-water” heat pumps in
kindergarten buildings

E o E o Cmarberbe emncuje CO, [t/god.] y opHocy Ha
% é = @ _ g % s s g g % -%E - 5 — =5 - CO, emission reduction [t/p/a] against

s 3| E5 BS_S5|2825.3 | 2587 228 . S1.8:¢

g = o 30 sSoe2ES ] 259 o aese s >x>8| =52 % CATI nnn yrams Jlox yroe Mp. rac
53 2L T ad T ZcERe| e 2o | 0oF5<a S 5L£ 3D | oEGE . i

T8E | T a3 T | Tc 3ot v C s £ § 5 = o 3¢ = 0= SoEC DHS or coal Light fuel oil Natural gas
S=%s | 22fE | 28283 |8¢¢2 52| <623 c3l2558 3080

Al 38.704 36 11 2279 57 1.208 861 548 46

A2 55.000 51 15 3.239 81 1717 1.224 778 65

B1 49.680 4,6 14 2926 73 1.551 1.105 703 59

B2a 76.800 71 2,1 4523 1.3 2.397 1.709 1.087 91

B2b 140.400 13,0 38 8268 20,7 4382 3124 1.986 167
al 58.140 54 16 3424 86 1815 1.294 823 69

C2 1.089.855 101,0 29,7 64.181 160,5 34016 24.248 15420 1.295
3 684.435 634 18,7 40.306 100,8 21.362 15.228 9.684 813
D2 187.000 173 51 11.012 27,5 5.837 4.160 2646 222

D3 253.000 235 69 14.899 372 7.897 5.629 3.580 301

> 2633014 244,1 718 155.057 3876 82.180 58581 37.253 3.129
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6. BMOMACA
6.1 MNprmeHa y ceKTopy 3rpagapcTsa

Y Penybnuunm Cpbuju, objektn wkona (ca
duCKynTypHUM canama) 1 BpTMha nocefyjy KoTtiose
Ha yrasb, MPUPOMAHW rac UNn Nako NoX y/be, NocToje
CNnyYajeBw rae Cy y NPUMEHN KOTIOBM Ha eNeKTPUUHY
eHeprujy nnv cy objeKTn NpUKIbyYeHr Ha AarbUHCKK
cnCTeM Tpejarba. Y CBMM  ChydajeBrMa npenasak
Ha kopuvwherbe OBHOB/BMBMX UK3BOPa eHepruje
(NpBeHCTBEHO BMOMace 1AM BUOropWBA), He JOHOCU
BUO/bMBE (TEXHWUUKE WNW  EKOHOMCKe) MNO3UTUBHE
edekTe. To HAPOUMTO BaxM 3a eKOHOMCKe edeKTe jep
noctojehn cuctemm y ofiHOCY Ha OOHOBIBMBE M3BOpE
VIMajy HXe ornepaTnBHe TPOLWKOBE (300r HEMOBOSBHWX
napvTeTa UeHa Ha TPXKUWTY), Kao U TPOWKOBe
ofipXaBatba. Takohe 1 NoyeTHe MHBECTULMjE CY HIKe
y OfiHOCY Ha briomacy. To ce OfHOCK ¥ Ha MPBO U Ha
APYro NpeanoxeHo yHanpeherse.

MehyTum nocToje edekTn Koju Cy BpedHV W
Koje Huje moryhe eKOHOMCKM AMPEKTHO W3PasnTu.
Ca npwkazaHum yHanpeherbem BplK Ce Mpenasak
Ha EeKOJOWKN MNPUXBAT/bMBA TOPWBAE, yTWYe Ce Ha
Pa3Boj TPXMLITa BLOMace 1 Pa3BOj HOBMX MNOCIOBHWX
MOryRHOCTH, CMatbyje Cce YBO3Ha 3aBWMCHOCT 3emsbe,
yUYeHWUM Wnpe CBOja Ca3Hakba O APYrVM BWAOBKMA
eHepruje 1 cn. OHO WTO je MOCeOHO BaxHO fa Y3
nomMeHyTa f1Ba yHanpeherba Aonasn o HEMMHOBHE U
HeonxodHe CMeHe reHepalnja Kada je TexHomorvja u
MHOPACTPYKTYpa y O6jeKTMMa OBOT TUMA Y NUTakby.

Y TOMNOBOAHWM KOTNOBMMA 3a CHabaeBarbe
objekata TMna WKona u BPTMNa, Kao roprBO MOXe
Ja Ce Kopuctum 6uomaca, M TO Ca KOPEKTHUM
TEXHOEKOHOMCKUM  MoKa3aTterbma. Ha  civum 9
NpMKasaHa je NpUHUMNWjenHa wema cMcTemMa rpejarba
W npunpeme CaHWTapHe Tomae BoAe MPUMEHOM
briomace.

6. BIOMASS
6.1 Implementation in the building sector

In the Republic of Serbia, school (including gyms)
and kindergarten buildings have coal, natural gas or
light fuel oil fired boilers, and there are cases where
electrical boilers may be found or where buildings
are connected to the district heating system. In all
case, switch to renewable energy sources (primari-
ly biomass or biofuels), does not bring about visible
(technical or economic) positive effects. This espe-
cially applies to economic effects given that in com-
parison with renewable sources, existing systems
have lower operating costs (due to unfavourable
price parity in the market), same as maintenance
costs. Initial investments are also lower compared
with biomass. This also pertains to proposed Im-
provement 1 and Improvement 2.

However, there are other worthy effects which
can not be directly economically expressed. The pre-
sented improvements imply a switch to environmen-
tally- friendly fuels, they affect the biomass market
development and development of new business op-
portunities, reduce import dependency of our coun-
try, and helps students broaden their knowledge
on other types of energy, etc. Especially important
is that the mentioned two improvement scenarios
lead to the unavoidable and necessary generation
switch in terms of technology and infrastructure in
buildings of this kind.

Biomass can be used in hot water boilers used for
the supply of school and kindergarten type build-
ings, with adequate technical and economic indica-
tors. Figure 9 shows a general scheme of the heating
and domestic hot water systems using biomass.
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Tonna noTpoLwHa Boda
Domestic hot water
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lpejHa Tena, pasnuunTX TMNoBa
— Heating bodies, various types

/77

CknaauwwTe 3a briomacy ca unm 6e3
C1CTeMa 3a ayTOMATCKO fjo3npatbe
Biomass storage with or without
automatic dosage system

Pe3epBoap 3a cknaguwTerse
1 Npvnpemy Tonne
noTpoLHe BoAe

Domestic hot water storage
and preparation tank

T

KoTao 3a briomacy HametrbeH rpejarby vi mpunpemm
TOMne NOTPOLLIHe Bofe
Biomass boiler for heating and DHW preparation

Cnnka 9. CucTem rpejatba ¥ NpUNpeMe caHuTapHe Tonne
BOE NPVIMEHOM GromMace

Kao Ouomaca Moxe ce KOPWUCTUTM  LyMCKa
6uomaca of ceye cCTabana M3 MNpuUPOLHe Wyme
WK nnaHTaxe, v 6rvomaca Kao oTnag W3 [OpBHe
nHOyCcTpuje. Ha TpxuwTy ce Gmomaca nojassbyje vy
001Ky LenaHuLe, ceuke, bpukeTa unu neneta. Ceuka
ce NMpom3BOAM Ha CaMOM mecTy ceve. OHa ce HakoH
Cyllerba Ha Basayxy, CKNaaMWTL UM OAMax KOPUCTH
y KOTNOBMMa npwnaroheHnm 3a ceuky. BnakHocT
ceyke Moxe bUTK BUCOKa, oa 15 no 50%. bpurketn ce
npou3BoAe MNpPoLecoM MpecoBarba (3rylurbaBakba)

NNNNNNN

¥

MOAHO HUCKO-TEMMNEPATYPCKO rpejarbe
Floor low-temperature heating

Figure 9. Heating and domestic hot water systems using bi-
omass

The biomass that can be used is the forest bio-
mass generated by harvesting trees in natural forests
or plantations, and wood processing industry waste
biomass. In the market, biomass may be found in the
form of logs, chips, briquette or pellet. Chips are pro-
duced where the tree is being harvested. After being
air dried, it is stored or used right away in the chips-
adjusted boilers. The humidity of wood chips may
be high, from 15 to 50%. Briquettes are produced
by pressing (compacting) wood biomass. Pellet is
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ApBHe bromace. lNeneT ce NPoOM3BOAM 3ryllrbaBaHem
CUTHUjUX KoMaauha apBHe Gromace (MsbeBMHE WK
bpyLeBrHe) 6e3 foaaTka CpeAcTaBa 3a Be3MBake N
XEMUJCKUX CUHTETUYKMX Npumeca. [ocTynak m3page
neneta obyxBaTa NpoLec ycuTH-aBarba ApBHe bromace,
Cylere y cywapn o BnaxHoctn of 8 go 10%,
KOMMpVMOBake CUMpOoBUHE (Menetnpatbe), xnaherbe
rOTOBMX MefileTa BasAyxoM W MakoBaroe. [leneTtn cy
HapOUMTO MOTOAHM 33 Ay TOMATCKO JIOXKerbe KOT/I0Ba 3a
LUEHTPaNHo rpejare y3 ofroBapajyhe cknaguwterse.
Kopuiwherbem caBpemeHUx KOTNoBa U NobosbLIaHVM
BoheremM Mpolieca caropeBatba, MOCTMKE Ce Mana
emmncuja CO 1 nenena.

6.2 MeToponoruja npopayyHa

Metoponorvja npopayyHa noapasymesa
YCTaHOBSbaBarbe 3aBUCHOCTU KIbyUYHMX MPOMEHIBUBIX
BEIMUMHA, HEOMXOAHWMX 33 NpoLeHy edekaTa NpumeHe
6vomace Ha TnpeaMeTHe oObjekTe  geduHMCaHe
HaLMOHATHOM TUMOSOTNjOM.

Ha rpadukoHmma 15 o 17 npukasaHa je notpebHa
KonuumHa nojeavHe ©Ouomace y 3aBUCHOCTWM Of
noTpebHe eHepruje 3a rpejarbe objekta M rpejHe
NOBPLWNHE, KAao W YyTMUAj Ha >KMBOTHY CPEAUHY
(6azmpaHo Ha cmMarberby emmcuje CO2 y atmocdepy).
OBe KpuBe Cy MNOrofHe 3a aHanusy eHepreTckmx
M EeKOHOMCKMX Mpojekumnja npumeHe OnomMace 3a
notpebe rpejara. Kprge ce pasnukyjy 36or pasnunumte
TONNOTHe MOhK a padyHaTe Cy Y OAHOCY Ha CpefrK
KBanuTeT KOHKPETHe Briomace.

produced by compacting smaller pieces of wood
biomass (sawdust or groundwood) without adding
adhesives or chemical synthetic additions. Pellet
production process entails a process of the wood
biomass milling, drying in a drier to reach humidity
of 8 to 10%, compression of the raw material (pellet-
ing), cooling of finished pellets by air and packaging.
Pellets are particularly suitable for automatic firing
of boilers for district heating with adequate storage.
The use of modern boilers and improved combus-
tion process result in small CO and ash emission.

6.2 Calculation methodology

Calculation methodology implies establishing
dependence of the key variables, necessary to assess
the effects of biomass use in respective buildings
defined under the national typology.

Charts 15 thru 17 show the required quantity of
certain biomass depending on the energy demand
for heating of buildings and heated area, same as en-
vironmental impact (based on the CO2 emission to
atmosphere). These curves are suitable for the analy-
sis of energy and economic forecasts of biomass use
for the needs of heatings. The curves differ due to
different thermal capacity, and are calculated based
on the average quality of a particular biomass.
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MpuKasaHe Kpuee cy ogpeheHe Ha 6aszn
KapakTepucTvka objekaTa M Ha ocHoBy cneaehmx
YNa3H¥X NapameTapa v HhUXOBUX Bapujaumja:

- [paHuue kBanuTteTa Bromace BapwvpaHe cy of 2,3
4o 3,5 kWh/kg (MWh/t) 3a apBHy ceuky, 3a bpukeT
on 4,3 po 4,7 kWh/kg (MWh/t) v 3a gpBHM NeneT of
4,7 po 5,1 kWh/kg (MWh/1).

YKynaH  CTeneH  KOPWUCHOCTWM — cucTemMa  3a

NpOu3BOAKY W AUCTPUOYLIM)y TONNOTHE eHepruje

je 76% 3a [pBHY Ceuky, 3a OpukeT 77% v 3a nenet

79%, a camo 3a npounssodmy eHeprunje 85%, 87%

n 89% pecnekTVBHO (y NuUTarby je OueKMBaHu

CEe30HCKM CTerneH KOPUCHOCTU KOTNa).

Oaktopy  emucnje  CO2  padyHatm cy ca

BPeOHOCTMMA 33 enekTpuuHy eHeprujy 0,53 kg/

kWh, 3a uBpcTo ropweo 0,33 kg/kWh, 3a TeuHo

ropmneo 0,28 kg/kWh n 3a racosuto 0,20 kg/kWh.

Briomaca ce cmatpa 3a 138. CO2 HeyTpaiHO ropmnso.

6.3. lNprmeHa Ha objekTrMa WwKosa 1 BpTuha

Kotnoen Ha 6uomacy cy TexHonoruja Koja je
norogHa 3a npuMeHy y objekTvma Tuna wkona (ca
duckynTypHUM canama) 1 BpTuha a 3a noTpebe
rpejatba. Y Cpbujn manv 6poj wkona v spTuha noceayje
KOTNOBe Ha B1oMacy Kao M3BOP TOMIOTHE eHepryje 3a
notpebe rpejarba 1 MOXKE Ce KOHCTAaTOBATX Aa NOCTOjU
peanaH MoTeHUMjan 3a NPUMEHY OBe TexHomorvje y
objekTvma Tvna wkona v Bptrha y Cpbuju.

Pa3maTtpaHa cy ABa HMBOa yHanpeherba. [1pBr HKBO
yHanpeherba 61 Cce 0gHOCMO Ha MPUMEHY KOTNOBa
Matkbe CHare Ha nenet unu 6pukeT v Behe enacTMYHOCTY
JOK 61 ce apyro yHanpehete OAHOCUI0 Ha MPUMeEHY
KoTnoBa Behe cHare Ha [pBHY ceuky. YHanpebherba
HUCY KOHUMMMpaHa Mo MPUHUMNY HaAorpagrse
Wi npownpersa, Beh Kao ABe He3aBWCHe omnuuje,
OfL KOjUX CBaka MoHaocob ofroeapa noTpebama
KOHKpeTHOor objekta. Onuuje Cy pa3fBojeHe y [ABa
HMBOaA jep, M3MehNy ocTanor, 3axTeBajy PasnuuuT H1BO
MHBeCTMUMja 1 NpunpemMa, ogpeheHe KapakTepnctmke
00jeKTa 1 HEMOCPEAHOr OKpYXeHa Kao 1 TOMNOTHE
CHare v3Bopa.

The shown curves are set based on the building
characteristics and the following inputs and their
variations:

The biomass quality limits vary from 2.3 to 3.5 kWh/

kg (MWh/t) for wood chips, for briquette from 4.3 to

4.7 kWh/kg (MWh/t) and for wood pellet from 4.7 to

51 kWh/kg (MWh/t).

The total efficiency level of heat production and

distribution system amounts to 76% for wood chips,

77% for briquette and 79% for pellet, and for power

generation only 85%, 87% and 89% respectively (this

is the expected seasonal boiler efficiency level).

CO2 emission factors are calculated with the follow-

ing values: 0.53 kg/kWh for electricity, 0.33 kg/kWh

for solid fuel, 0.28 kg/kWh for liquid fuel and 0.20 kg/
kWh for gas fuel. Biomass is considered the so called

CO2 neutral fuel.

6.3. Implementation in school and kindergarten
buildings

Biomass boilers represent a technology suitable
for implementation in school (including gyms) and
kindergarten buildings for the needs of heating.
There is a small number of schools and kindergar-
tens in Serbia that have biomass boilers as a source
of thermal energy for heating, and it may be con-
cluded that there is a real potential for implementa-
tion of this technology in school and kindergarten
buildings in Serbia.

Two improvement levels were considered. First
improvement level would relate to implementa-
tion of pellet or briquette- fired lower capacity boil-
ers, and greater flexibility, whereas Improvement 2
would imply implementation of wood chips boilers
of larger capacity. The improvements were not de-
signed based on the retrofitting or extension princi-
ple, but as two independent options, each of which
corresponds to the demand of a particular building.
These options were separated in two levels because,
inter alia, they demand different level of investment
and preparation, specific features of the building and
direct environment, and source thermal capacity.
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6.3.1 MpBo yHanpeheme

MpBW HMBO yHanpehersa ce OAHOCK Ha NMpPYIMEHyY
KOT/IOBA Ha APBHW NENeT WK OPUKET, Marbe CHare v
Behe enactmuHocTn (6o/bMM MoryhHOCTMMA pada Ha
NPOMEHbUBMM 1 Marbum onTepehersima). OBo cy
KOTNOBW W FOPMBO HaMEHEHN MatblM ObjeKTVMMa ca
npomeHsbreMM onTepehersem, ca Behrm npekmarma
y rpejarby, O4HOCHO WKOoMaMa Koje pafe HMp. y jeaHoj
CMEHW W TLe BMKEHAOM WV TOKOM pacnycTa/ npa3Hnka
Hema [OMYHCKMX aKTUMBHOCTM WM  BaHHACTaBHMIX
porahaja. OBae ce pagn O MarbWMM KanauuteTma K
MarbeM BpOjy PafiHMX CaTW TOKOM rpejHe ce3oHe.

6.3.1.1 MNpumeHa KoTIoBa Ha APBHY NeNeT 1 bpukeT

Y Tabenama 6A, 6b 1 6L, NprKazaHy Cy OCHOBHY
eHepreTcKkM Noaaum 3a Ciyyaj NpUMeHe KOTIOBa Ha
APBHW NeneT 3a objeKkTe WKona, UCKYNTYPHUX cana u
BpTVNa, pagv NoaMMpPMBarba KOMMNETHKX NOTpeba 3a
rpejarbem. [Mofgaum ce ogHOCe Ha CBe TMMOBE LUKONA,
duckynTypHUX cana v Bptvha, aedrHUCaHNX npema
HaLMOHaNHO] TUMONOTUjU WKOACKMX 1 NPEeALUKONCKMX
objekaTta y Cpbuju. Y Tabenama 7A, 76 v 7L nprkazaHu
CY UCTW NOKa3aTerby, Camo 33 APBHU BpUKeT.

Tabena 6A. OCHOBHW eHepreTcKku nofaLy 3a Ciyyaj npumeHe
KOT/I0Ba Ha [IPBHW NeneT 3a WKone

6.3.1 Improvement 1

Improvement 1 implies implementation of wood
pellet or briquette boilers, of smaller capacity and
greater flexibility (better operation options at var-
iable and lower load). These boilers and fuel are
intended for smaller buildings with variable load,
longer interruptions in heating, namely schools
working in one shift, with no extracurricular activ-
ities over weekend or during breaks. This entails
smaller capacities and smaller number of working
hours during the heating season.

6.3.1.1 Implementation of wood pellet/ briquette
boilers

Tables 6A, 6B and 6C present basic energy data
in the case of implementation of wood pellet boilers
in school, gym and kindergarten buildings, to meet
the entire demand for heating. The data pertains
to all types of schools, gyms and kindergartens de-
fined according to the national typology of school
and kindergarten buildings in the Republic of Serbia.
Tables 7A, 7B and 7C show same indicators, but for
wood briquette only.

Table 6A. Basic energy data in the case of implementation of
wood pellet boilers in schools

O3Haka objekta | lMosplmHa objekTa MoTpebe objekTa Kanauutet Kotna WcnopyueHa eHeprvja® | [APBHW MESET, pasnuuntor KsanuteTa
Building label Building area Building demand Boiler capacity Energy supplied* WOOD PELLET, varying quality
HWXM low suwm high cpepron medium
m2 kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Al 260 19,5 246 40,6 86 80 83
A2 675 50,6 639 105,5 224 20,7 216
A2nt 1055 791 99,9 164,8 35,1 323 337
A3 2115 158,6 2003 3304 70,3 64,8 67,5
A3nT 2305 1729 2182 360,1 76,6 70,6 73,6
b1 145 109 13,7 22,7 48 44 4,6
52 840 63,0 79,5 131,2 279 25,7 26,8

* McnopyyeHa eHepruja je eHeprvja ropvea notpebHa 3a rpejarbe,
yKIbyuyjyhm cse rybutke y TpaHchopmaumj 1 NpeHocy yHyTap
objekTa.

> Energy supplied is the energy from the fuel needed for heating, in-
cluding all losses in conversion and transmission within the building.
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b3 1990 1493 1884 3109 66,1 61,0 63,6

L1 185 139 17,5 289 6,1 57 59

L2 990 743 93,7 154,7 329 303 316

L3 2765 2074 2618 432,0 919 84,7 88,3

u3nr 3765 2824 356,5 588,2 125,22 1153 120,2

a3 4600 345,0 4356 7187 1529 140,9 146,9
Tabena 6b. lMpwvmeHa KOTnoBa Ha ApPBHW neneT Ha  Table 6B.Implementation of wood pellet boilers in gyms

drCKynTypHe cane

O3Haka objekta | MosplwmHa objekTa Motpebe objekta Kanauuret kotna McnopyyeHa eHepritja JIPBHW NENET, pasnuuutor keanuteta
Building label Building area Building demand Boiler capacity Energy supplied WOOD PELLET, varying quality
HUXWM low suwm high cpeatby medium
m2 kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Cana 1 330 248 312 51,6 11,0 10,1 10,5
Cana2 864 64,8 818 1350 28,7 26,5 27,6
Cana3 707 53,0 66,9 110,5 235 21,7 226

Tabena 6Ll. MNprmeHa koTnoBa

Ha APBHW NeNeT 3a BpTl/lhe

Table 6C. Implementation of wood pellet boilers in kindergar-

tens

O3Haka objekTa

MoBpLurHa objekTa

MoTpebe objekTa

Kana unTeT Kotna

VicnopyyeHa eHepritja

[PBHW NEJIET, pasnuyutor KeanuteTa

Building label Building area Building demand Boiler capacity Energy supplied WOOD PELLET, varying quality
HWxm low suww high cpepron medium
m2 kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a

Al 300 22,5 284 46,9 10,0 92 96

A2 380 28,5 36,0 594 12,6 11,6 12,1

b1 170 12,8 16,1 26,6 57 52 54

b2a 575 43,1 544 898 191 17,6 184

526 1130 84,8 107,0 176,5 376 34,6 36,1

L 255 191 241 398 85 78 81

U2 1530 114,8 144,9 2390 50,9 46,9 489

u3 1915 143,6 1813 2992 63,7 58,7 61,2

2 1450 108,8 1373 2265 48,2 444 46,3

a3 2165 1624 205,0 3382 72,0 66,3 69,1

Tabena 7A. lpvmeHa KOTNoBa

Ha APBHW OPVIKeT 3a WKose

Table 7A.Implementation of wood briquette boilers in schools

O3Haka objekTa

[NospLmHa objekTa

MoTpebe objekta

Kanauutet KoTtna

McnopyuyeHa eHeprija

[PBHW BPUKET, pasnuuuntor kBanuteta

Building label Building area Building demand Boiler capacity Energy supplied WOOD BRIQUETTE, varying quality
HWxm low suwm high cpearon medium
m2 kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Al 260 19,5 252 416 9,7 88 93
A2 675 506 654 107,9 25,1 230 24,0
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A2nt 1055 791 102,2 168,6 392 359 375
A3 2115 1586 2049 3380 786 719 753
A3nT 2305 1729 2233 3684 85,7 784 82,0
b1 145 109 14,0 23,2 54 49 52
b2 840 63,0 814 1343 31,2 286 299
b3 1990 1493 1928 3180 74,0 67,7 70,8
L1 185 139 17,9 296 6,9 63 6,6
L2 990 743 959 158,22 36,8 337 352
L3 2765 2074 2678 4419 1028 94,0 98,4
L3nT 3765 2824 364,7 601,7 1399 128,0 134,0
3 4600 3450 4456 7352 1710 1564 163,7

Tabena 7b. TpvmeHa KOTNOBa Ha APBHUM OpPUKET Ha

duckynTypHe cane

Table 7B.Implementation of wood briquette boilers in gyms

O3Haka objekta | MospuwmHa objexkta | MoTpebe objekTa Kanauutet Kotna McnopyueHa eHepruja JIPBHW BPUKET, paznuyuutor kanuteTa
Building label Building area Building demand Boiler capacity Energy supplied WOOD BRIQUETTE, varying quality
HWXM low suww high cpepton medium
m2 kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Cana 1 330 248 320 52,7 123 1.2 17
Cana 2 864 64,8 83,7 1381 32,1 294 30,7
Cana 3 707 53,0 68,5 1130 26,3 24,0 252

Tabena 7L. MNpvmeHa KOTNOBa Ha APBHN OpUKeT 3a BpTuhe

Table 7C. Implementation of wood briquette boilers in kinder-

gartens
O3Haka objekTa [NoBplmHa objekTa Motpebe objekTa KanauwTeT koTna VcnopyueHa eHepruja L[PBHW BPUKET, paznuuutor ksanuteta
Building label Building area Building demand Boiler capacity Energy supplied WOOD BRIQUETTE, varying quality
HUXM low suwm high cpeprboy medium
m2 kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Al 300 225 29,1 479 1,2 10,2 10,7
A2 380 285 36,8 60,7 14,1 129 135
b1 170 128 16,5 27,2 63 58 6,0
b2a 575 431 55,7 91,9 214 196 20,5
526 1130 8438 109,5 180,6 42,0 384 40,2
1 255 19,1 24,7 408 95 8,7 91
L2 1530 114,8 1482 2445 56,9 52,0 544
L3 1915 1436 185,5 306,1 712 65,1 68,1
n2 1450 108,38 1404 2317 539 49,3 516
3 2165 1624 2097 346,0 80,5 736 77,0
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6.3.2 ipyro yHanpehemne

[pyrv HUBO yHanpehera ce 0OAHOCK Ha NMpUMEHY
KOT/IOBA Ha APBHY CeYKy, BeNux cHara, ca epuKacHM
CUCTEMMMA 33 KOHTPOJMY yTMUAja Ha OKOMIMHY ¥ Ca
BVICOKMM CTeneHoM ayTomaTn3auuje. OBO Cy KOTIOBM U
ropviBO HamereHV BeNM TONNoTHYM onTepehersrma
n Behum objekTMa Koju OYHKUMOHUWY Ca Manum
npekvaMMa y rpejarby, OAHOCHO WKoMama Koje
paje HNp. y ABe CMeHe U rae BMKEHAOM WM TOKOM
pacnycTta / npasHvka MMa AOMYHCKMX aKTMBHOCTM
M BaHHaCTaBHMX fAorahaja (CNopTcKe, KynTypHe,
peKpeaTVBHE UKW YMETHUYKE akTUBHOCTM 1 forahajn).
Y TakBMM YCnoBMMa Kopulihera cucTema rpejakba,
EKOHOMCKM 1 TEXHWUKM je OMnpaBhaHO W3rpaguTi u
KOPWCTUTW jefiaH CIIOXEHWM|U cucTem Behiix KanauuTteTa
Ha rOPUBO Ca HWXUM CTeNeHOM 00pafe M Ca HUKOM
TOMOTHOM MOhN.

OBa TexHoMmorvja Moxe OWTK KopuwheHa Kao
JeIMHCTBEH CUCTEM rpejatba U Moxe obe3behrsaTu
Temnepatypy NoTpebHy 3a paznunuuTe TemrnepaTypcke
pexunMe rpejarba v NpuUnpeme CaHUTapHe Tonne Boae,
y3 NoTpebHy 1 AOBOJBbHY pe3epBy TOMNOTHe CHare.

6.3.2.1 MpumeHa KOTNOBa Ha APBHY CeUKy

Y Tabenama 8A, 8b 1 8L, NprKaszaHu Cy OCHOBHY
eHepreTckM noaaum 3a ciyyaj NpUMeHe KOTIOBa Ha
APBHY CeuKy 3a 0bjeKkTe LWKona, PUCKYNTYPHMX cana u1
BpTVNa, pagv NoAMMpPMBarba KOMMAETHKX NOTpeba 3a
rpejarbem. [Nofgaum ce ogHOCe Ha CBe TMMOBE LUKONA,
duckynTypHUX cana v Bptvha, aednHUCaHNX npema
HaLMOHaNHO] TUMOAOTUjU WKOACKMX 1 NPEeALLKONCKMX
objekata y Penybnuum Cpbuju.
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6.3.2 Improvement 2

Improvement 2 refers to the implementation of
wood chips boilers of larger capacity, with efficient
systems for environmental impact control and high
level of automation. These boilers and fuel are in-
tended for higher load and larger buildings operat-
ing with short interruptions in heating, namely, for
schools working in e.g. two shifts, with extracurricu-
lar activities and events (sports, cultural, recreational
or art activities and events) during the school breaks
/ holidays. Under such conditions of the heating sys-
tem use, it is technically and economically viable to
construct and use a more complex system of larger
capacity, using fuel with lower processing level and
lower calorific value.

This technology may be used as a single heat-
ing system and may ensure temperature needed for
different temperature heating regimes and domes-
tic hot water preparation, with the needed and suffi-
cient reserve of calorific value.

6.3.2.1 Implementation of wood chips boilers

Tables 8A, 8B and 8C present basic energy data
in the case of implementation of wood chips boilers
in school, gym and kindergarten buildings, to meet
the entire demand for heating. The data pertains to
all types of schools, gyms and kindergartens defined
according to the national typology of school and
kindergarten buildings in the Republic of Serbia.



Tabena 8A. MNpuMeHa KOTNOBa Ha AIPBHY CEeUKy 3a WKOCKE
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Table 8A. Implementation of wood chips boilers in school

objekTe buildings
O3Haka objekTa [NospLumHa objekTa MoTpebe objekta | Kanauwtet kotna McnopyueHa JIPBHA CEYKA, pasnuuutor kganueta
Building label Building area Building demand | Boiler capacity eHepruja* WOOD CHIPS, varying quality
Energy supplied®
HUXM low suwm high cpenton medium
m? kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Al 260 195 258 42,5 18,5 12,2 153
A2 675 506 66,9 1104 48,0 315 398
A2nt 1055 79,1 104,6 1726 750 493 62,2
A3 2115 158,6 209,7 346,0 1504 98,9 124,6
A3nt 2305 1729 2285 3771 1639 107,7 1358
b1 145 109 144 237 103 6,8 85
b2 840 63,0 833 1374 597 393 49,5
b3 1990 149,3 1973 3255 141,5 93,0 173
L1 185 139 183 30,3 13,2 86 109
L2 990 743 98,1 161,9 704 46,3 583
L3 2765 2074 274, 4523 196,7 129,22 162,9
L3nr 3765 2824 3733 6159 2678 176,0 2219
JIE] 4600 345,0 456,0 7525 3272 215,0 2711

Tabena 8b. MpuMeHa KOTIOBa Ha APBHY CEUKy 3a UCKYNTypHE

Table 8B.Implementation of wood chips boilers in gyms

Cane
O3Haka lNoBpLumHa objekTta MoTpebe objekTa Kanauutet kotna McnopyyeHa eHepritja [IPBHA CEYKA, pasnnuntor KanuTeTa
objekTta Building area Building demand Boiler capacity Energy supplied WOOD CHIPS, varying quality
Building label
HWXM low suwm high cpepron medium
m? kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Cana 1 330 248 327 54,0 235 154 194
Cana 2 864 64,8 85,7 1413 61,5 404 509
Cana3 707 530 70,1 1157 503 330 4,7

Tabena 8L. MpumeHa KOTNOBa Ha APBHY Ceuky 3a BpTuhe

Table 8C.Implementation of wood chips boilers in kindergartens

O3Haka objekTa

[NoBpLumHa objekTta

MoTpebe objekTa

Ka naunTeT KoTna

VicnopyyeHa eHepritja

JIPBHA CEYKA, paznuyutor kanuteTa

Building label Building area Building demand Boiler capacity Energy supplied WOOD CHIPS, varying quality
HuxM low Buww high cpeary medium
m? kw kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a
Al 300 225 29,7 49,1 213 14,0 17,7
A2 380 285 377 62,2 270 178 224
b1 170 12,8 16,9 278 121 79 10,0

> McnopyyeHa eHepruja je eHepruvja ropvea notpebHa 3a rpejarbe,

yKIbyuyjyhm cse rybutke y TpaHchopmaumj 1 NpeHocy yHyTap

objekTa.

* Energy supplied is the energy from the fuel needed for heating, in-

cluding all losses in conversion and transmission within the building.
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b2a 575 43,1 57,0 40,9 269 339
526 1130 84,8 1120 184,8 804 528 66,6
iy} 255 191 253 18,1 119 150
L2 1530 1148 151,7 250,3 108,38 715 90,2
L3 1915 1436 1899 3133 136,2 89,5 1129
n2 1450 108,8 1438 237,22 103,1 678 854
3 2165 1624 2146 354,2 154,0 101,2 1276

6.3.3 YT1Laj Ha XKMBOTHY CpefunHy

YTULaj Ha XMBOTHY CpefunHy ce m3mehy ocTanor
BpeaHyje Kpo3 cmarberbe emucuje CO, ycnea
CYNCTUTYUMje NOjeduHUX ropuBa / eHeprnje ca
61MOMacoM, a 33 UCTV HOBO MCMOpYydYeHe eHeprije.
Kako je HamomeHyTo, BpefHOCTM Cy M3pauyHaTe 3a
cpeftby KBanuTeT OMOMace W Cpefrby OueKuBaHu
HOBO MOTpebHe eHepruje 3a rpejarbe NpPeaMeTHUX
objekata. Pe3ynTati cy npukaszaHu y Tabenama 9A, 96
noLl.

Tabena 9A. Cmatverbe emmucuje CO, ycnen cyncttyuuje
nojeAvHVX ropviBa / eHeprvje ca BMOMacom 3a WKOMCKe
objekTe

6.3.3 Environmental impact

Inter alia, environmental impact is evaluated via
CO, emission reduction due to substitution of cer-
tain fuels/ energy by biomass, and for the same level
of supplied energy. As already mentioned, the val-
ues are calculated for the average quality of biomass
and average expected level of the required energy
for heating of respective buildings. The results are
presented in Tables 9A, 9B and 9C.

Table 9A. CO, emission reduction due to substitution of cer-
tain fuels/energy by biomass for schools

O3Haka MNospLmHa objekTta MoTpebe objekTa McnopyyeHa TonnotHa Cmarberbe emvicuje CO, y 0aHOCY Ha roprso/eHeprujy

objekTta Building area Building demand eHepryja CO, emission reduction against fuel/energy

Building label Heat supplied
Yspcto TeuHo lacosuto EnektpuuHa eHepryja
Solid Liquid Gas Electricity

m kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a

Al 260 19,5 453 13,7 11,6 83 22,0

A2 675 50,6 17,7 356 302 21,6 57,2

A2nt 1055 79,1 1839 556 472 337 894

A3 2115 158,6 3688 115 94,6 67,6 179,2

A3nt 2305 1729 4019 1216 1031 73,7 1952

b1 145 109 253 76 6,5 46 12,3

b2 840 63,0 146,5 44,3 376 26,9 712

b3 1990 1493 347,0 105,0 89,1 63,6 168,6

L1 185 139 323 98 83 59 157

L2 990 743 1726 522 443 316 839

L3 2765 2074 4821 1458 123,7 884 2342

L3nr 3765 2824 656,4 1986 168,5 1203 3189

JIE] 4600 345,0 802,0 2426 2059 147,0 389,6
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Tabena 9b. Cmarberve emncrje CO, ycnen cynctityuuje
nojeAVHVX ropmea / eHepruje ca GroMacom 3a GUCKYTypHe
cane

Table 9B.CO, emission reduction due to substitution of certain
fuels/energy by biomass for gyms

O3Haka [NospLumHa objekTta Motpebe objekTa Mcnopyuera TonnotHa Cwmarberbe emncuje CO, y 0aHOCY Ha ropyso/eHeprijy

objekTta Building area Building demand eHeprvtja CO, emission reduction against fuel/energy

Building label Heat supplied
Yspcto TeuHo lacosuto EnexktpuuHa eHepruja
Solid Liquid Gas Electricity

m kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a

Cana 1 330 248 57,5 174 148 10,5 28,0

Cana 2 864 64,8 150,6 45,6 387 27,6 732

Cana3 707 53,0 1233 373 316 22,6 599

Tabena 9. Cmarberbe emvcrje CO, ycnea cynctutyuuje
nojeAvHVX ropuea / eHeprije ca bromacom 3a Bptuhe

Table 9C. CO, emission reduction due to substitution of cer-
tain fuels/energy by biomass for kindergartens

O3Haka NoBpLumHa objekTta Motpebe objekTa Mcnopyyera TonnotHa Cwmarberbe emucuje CO, y 0aHOCY Ha roprBo/eHeprjy

objekTta Building area Building demand eHepruja CO, emission reduction against fuel/energy

Building label Heat supplied
Yspcto TeuHo [acosuto EnekTpuuHa eHepruja
Solid Liquid Gas Electricity

m kw MWh/god. MWh/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a t/god. t/p/a

Al 300 225 523 15,8 134 96 254

A2 380 285 66,3 200 17,0 121 32,2

b1 170 12,8 296 90 76 54 144

b2a 575 43,1 100,3 30,3 257 184 48,7

526 1130 84,8 197,0 59,6 50,6 36,1 95,7

1 255 19,1 445 134 114 82 216

L2 1530 1148 266,8 80,7 68,5 489 1296

L3 1915 143,6 3339 101,0 85,7 61,2 162,2

n2 1450 1088 2528 76,5 64,9 46,3 1228

3 2165 1624 3775 114,2 96,9 69,2 1834

6.4 EKcTpanonaumja pesynTaTa Ha YKynaH GpoHg
3rpapa wkona u Bptuha

Kao © y npetxogHoM Chydajy, MEeTOAonorija
eKkcTpanonauvje  edekata  CyncTuTyumje  ropvisa
NpUMEeHEHa je Ha CBe LLIKOMICKE 1 NpeaLLIKoscKke objekTe
y Penybnumum Cpbujn, Kako bu ce NpoLeHMO eHepreTcKu
noTeHUMjan  Ha  HauMoHanHOM  HmBoy.  [lpuctyn
noApasymeBa MPeTnocTaBky Aa Ce Ha CBAaKOM OOjeKTy
UMNIEMEHTUPA TEXHOMOMja 3a AMPEKTHO CrasbuBarbe
6riomace 1 TO Tpu BpCTe ApBHe OGMomace. [MpopauyH
NPeTNOCTaB/ba Aa Ce TEXHWUKM MOXE Peann30BaTh 3aMeHa
KOT/IOBCKe jefinHMLe y nocTojehem cucTemy rpejatba.

6.4 Extrapolation of results to the total school and
kindergarten building stock

As in the previous case, the methodology for ex-
trapolation of the fuel substitution effects was ap-
plied to all school and kindergarten buildings in the
Republic of Serbia, so as to assess energy potential at
national level. The approach implies the assumption
that in each building technology for direct combus-
tion of biomass is to be implemented, for three types
of wood biomass. The calculation assumes that the
switch of boiler unit may be technically implement-
ed in the existing heating system.
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6.4.1 EHepreTcku edeKTn CyncTmTyumje ropmsa

Tabena 10A. MprmeHa 6uomace Ha CBe 3rpafe LIKona Y

Penybnuumn Cpbuju

6.4.1 Energy effects of fuel substitution

Table 10A. Implementation of biomass in all school buildings

in the Republic of Serbia
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Tabena 10b. MpumeHa 6romace Ha cBe objekTe BpTWNha Y

Peny6nmumn Cpbujn

Table 10B. Implementation of biomass in

buildings in the Republic of Serbia
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6.4.2 Ekonowku epektn cynctutyumje ropusa 6.4.2 Environmental effects of fuel substitution

Tabena 11A. Cmarberve emucrje CO, ycneq cynctutyumnje  Table 11A.CO, emission reduction due to fuel substitution for

ropuBa 3a cge 3rpafe Wwkonay Penybavum Cpbujn all school buildings in the Republic of Serbia

O3Haka objekTa MospLuvHa cBrix objekara [m?] Cmarberbe emmncuje CO, [1000 X t/god.] ycnen cynctutyunje noctojehrix Tunosa ropusa/eHeprije

Building label All buildings area [m?] CO2 emission reduction [1000 x t/p/a] due to the existing fuel/ energy substitution
Yspcto TeuHo facosuto EnextpuuHa eHepruja
Solid Liquid Gas Electricty

Al 98.340 52 44 3,1 83

A2 217350 11,5 9,7 69 184

A3 555.148 293 248 17,7 47,0

b1 67.728 36 30 2.2 57

b2 390.630 206 17,5 125 331

b3 1.295.504 683 58,0 414 109,7

L1 64.367 34 29 2,1 55

L2 352912 18,6 158 1.3 299

L3 1.287.321 67,9 57,6 411 109,0

3 405.790 214 18,2 13,0 344

b3 4.735.090 249,7 2119 1514 4011

Tabena 11B. Cmarere emucrje CO2 ycnep cynctutyumje  Table 11B.CO2 emission reduction due to fuel substitution for

ropuBa 3a cse objekTe 3rpage BpTuha y Penybnuum Cpbujmn all kindergarten buildings in the Republic of Serbia

O3Haka objekTa MospLuvHa cBrix objekara [m?] Cmarberbe emmncuje CO, [1000 x t/god.] ycnen cynctutyunje noctojehrix Tunosa ropusa/eHeprije

Building label All buildings area [m?] CO2 emission reduction [1000 x t/p/a] due to the existing fuel/ energy substitution
Yspcto TeuHo facosuto EnextpuuHa eHepruvja
Solid Liquid Gas Electricty

Al 38.704 20 1.7 1.2 33

A2 55.000 29 25 18 4,7

b1 49.680 26 22 16 4,2

b2a 76.800 4,1 34 25 65

526 140.400 74 6,3 45 11,9

L 58.140 31 26 19 49

L2 1.089.855 57,5 48,8 348 923

U3 684435 36,1 306 219 580

2 187.000 99 84 6,0 158

3 253.000 133 113 81 214

b3 2633.014 1389 1178 84,2 2230
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6.5 YnopeaHa aHanmn3sa npvumeHe TONaOTHUX MyMMn
n buomace

Kof pa3maTpaHux objekaTa LuKona (Ca WKOMACKMM
duckynTypHuM  canama) u  Bptvha moryhe je
KOPUCTWUTX pa3fnnumte onumje obHOBBUBKX M3BOPA
eHepruje, Koje Cy kao CyncTuTyumja 13sBopa eHepruje
3a notpebe rpejarba ONpaBhaHV Kako Ca TeXHUYKOr
Tako M Ca EKOHOMCKOI CTaHoBMWTA. Mnak, nojeamnHu
napameTpu Cy MOBOSbHW|W KOA NOjeAVHIX TEXHONOTWja
M 13BOpa eHepruje. M3 Tor pasnora m3splieHa je
ynopefHa aHanm3a f1Ba 0bHOB/bMBA M3BOPa eHeprije
Koja y MoTnyHOCTW MOry 6UTW CyncTUTyLMja GOCUAHNM
FOpPMBMMA Yy CUCTEMY Tpejarba, Tj. Y MOTAYHOCTM MOory
nokpuTK noTpebe rpejarba objekaTa Ha EKOHOMCKM
onpaBdaH HauuH. lapameTpu Koju Cy pasmaTpaHu
3a notpebe nopehera Cy MNOTPOWHA rOAVWHE
npumapHe eHeprvje 3a rpejatbe n emncvja CO..
Ogaj 1300p je y cknafy ca npenopykama EY y Besu
0baBe3Hor cMakberba kopuhersa NPUMapHNX 13BOPa
erepruje Kao u emmcrje CO,. Kopuwhenn daktopu
KOHBep3Wuje cy npey3eTu 13 [paBuH1Ka O eHePreTcKoj
edMKacHOCTK 3rpaja, [0k je kopuwheH dakTop 3a
emucujy CO, 3a gpsHy 6riomacy (0,039 kgCO,/kWh)
6a3vpaH Ha n3sopy Energy and carbon conversions®™.
Pe3yntatv ynopeaHe aHanmse nNpukasaHu cy y Tabenu
12 (3a objekTe WkKona) 1 13 (3a objekTe BpTUNA).

Pe3yntatvnokasyjyaaje b1omaca noBosbHWjMM3BOP
eHepruje y ogHoCy Ha TOMIOTHe NyMMe, 1 TO 3HauajHo.
Pa3nor Tome je dakTop KOHBEp3Mje 33 enekTpUUHy
eHeprujy koju je y Penybnuum Cpbuju HenmoBosbaH
3601 LOMUHAHTHE YyNoTpebe HUCKOKaNOPUYHOT Yiiba Y
NPOu3BOAHM eNeKkTpUYHe eHeprije. Kaga cy y nutary
TOMMOTHE NyMmne, TWM ,3eM/ba-BoAa” je MOBObHMja
TeXHONOMMja Of TWna ,Basayx-BoAa” 1 To 3a oko 30%.
Pa3nor 3a OBako 3HauajHy pasnuKy Hanasn ce vy
npupoau U3Bopa ToroTe jep 3emrba 0besdehyje Behu
TOMNOTHU QMYKC Yy OAHOCY Ha Ba3ayXx.

¢ Energy and carbon conversions, The Carbon Trust, Data based on
Defra / DECC's GHG Conversion Factors, 2011 update, UK.

6.5 Comparative analysis of heat pumps and bio-
mass implementation

In considered school (including gym) and kin-
dergarten buildings it is possible to use different op-
tions of renewable sources and energy, justified as
energy source substitution for the needs of heating
both from technical and economic perspective. Still,
individual parameters are more favourable with par-
ticular technologies and energy sources. Due to this
reason, comparative analysis was conducted of two
renewable energy sources that can be regarded as
full substitution of fossil fuels in the heating system,
namely that they can in full cover building heating
demand in an economically justified manner. The
parameters considered for the needs of comparison
are consumption of annual primary heating energy
and CO, emission. Such a selection is in line with the
EU recommendations regarding the reduced use of
primary energy sources and CO, emission. The used
conversion factors are taken over from the Rulebook
on Energy Efficiency in Buildings, while the used fac-
tor for CO, emission for wood biomass (0.039 kgCO,/
kWh) is based on the source Energy and carbon con-
versions®®. The results of comparative analysis are
shown in Table 12 (for school buildings) and 13 (for
kindergarten buildings.

The results demonstrate that biomass is more fa-
vourable energy source in relation to heat pumps,
significantly. The underlying reason is the conversion
factor for electricity which is not favourable in the
Republic of Serbia due to the dominant use of coal
of low calorific value in power generation. When it
comes to the heat pumps, "‘ground-water” type is
more favourable technology than the “air-water”
type by cca. 30%. The reason for such a considerable
difference lies in the nature of the heat source, given
that ground provides higher heat flux in comparison
to air.

°¢ Energy and carbon conversions, The Carbon Trust, Data based on
Defra / DECC's GHG Conversion Factors, 2011 update, UK.
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Tabena 12. MoTpowrba roaunwbe npuMapHe eHeprvje 3a  Table 12. Annual primary heating energy consumption and

rpejarbe 1 emmncuja CO, 3a wkone CO, emissions for schools

O3Haka objekTa MospuuvHa objekta [m?] | MpumapHa exepruja [(kWh/god.] Emmcnja CO, [t/god]

Building type Building area [m?] Primary energy [(kWh/p/aJ] CO, emission [t/p/all
TonnotHe nymne Kotao TonnotHe nymne Kotao
Heat pumps Boiler Heat pumps Boiler
Ba3dyx-Boda 3em/ba-Boaa 6romaca Ba3Ayx-BOfa 3emrba-Boda 6romaca
air-water ground-water biomass air-water ground-water biomass

Al 260 55.133 38.278 4157 17 81 16

A2 675 143.133 99.376 10.792 303 21,1 4,2

A2pt 1055 223711 155321 16.867 474 329 6,6

A3 2115 448483 311.379 33814 95,1 66,0 132

A3pt 2305 488772 339.351 36.852 1036 719 144

B1 145 30.747 21.347 2318 6,5 4,5 09

B2 840 178.121 123668 13430 378 26,2 52

B3 1990 421977 292976 31.816 89,5 62,1 124

al 185 39.229 27.236 2958 83 58 1.2

C2 990 209.928 145.752 15.828 445 30,9 6,2

a3 2765 586.314 407.075 44.206 1243 86,3 17,2

C3pt 3765 798363 554.299 60.194 169,3 17,5 235

D3 4600 975423 677.231 73.544 206,8 143,6 28,7

Tabena 13. MoTpowrba rogvwibe NpumapHe eHepruje 3a  Table 13. Annual primary heating energy consumption and

rpejatbe 1 emncnja CO, 3a spTvihe CO, emissions for kindergartens

O3Haka objekTa MospuwuHa objekta [m?] | MpumapHa eHepruja [kWh/god] Emmcuja CO, [t/god]

Building type Building area [m?] Primary energy [kWh/p/al] CO, emission [t/p/a]
TonnotHe nymne Kotao TonnotHe nymne Kotao
Heat pumps Boiler Heat pumps Boiler
Basfyx-BoAa 3emsba-Boga 6romaca Ba3fyx-Boda 3emsba-Boga 6romaca
air-water ground-water biomass air-water ground-water biomass

Al 300 63615 44167 4.796 135 94 19

A2 380 80.578 55.945 6.075 171 1.9 24

B1 170 36.048 25028 2718 76 53 11

B2a 575 121928 84.654 9.193 258 179 36

B2b 1130 239615 166.363 18.066 50,8 353 7,0

C1 255 54072 37.542 4.077 15 80 16

(] 1530 324434 225253 24461 68,8 478 9,5

a3 1915 406.073 281934 30617 86,1 598 11,9

D2 1450 307470 213475 23.182 65,2 453 90

D3 2165 459.085 318.740 34614 97,3 67,6 135
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7. TEPMANTHWN CONAPHW KOJIEKTOPU

TexHonoruje koje kopucTte eHeprujy CyHua Beh ce
KopucTe 3a yHanpeherbe XmMBOTHOr cTaHfapga. OHe
npe cBera NpeAcTas/bajy Norvuan n3bop y objekTrma
Ha yAa/beHUM noapydjyma rge  je  moryhHocTt
NPUKSbyUeHa Ha eNeKkTpoanNCTPUBY TUBHY MPEXY Camo
OTeXaH Wnu yonwrte He noctoju. ConapHM cucTemmu
omoryhagajy Takohe © eHepreTtcky He3aBWCHOCT
OfL enekTpoaMCTPUOYTUBHE Mpexe Yy objekTima ca
Beh noctojehnm npukbyukom. Kopuwhersem oBe
eHepruje moxe ce obe3beanTv aobujarbe ToMe Boae
M CTpyje 13 OOHOB/BLUBOr M3BOPA eHepruje Koju He
emMWTYyje racoBe ca eheKkToM CTak/eHe OallTe, a TUMme ce
Takohe yTuue Ha ybnaxaBarbe HaCTannx KIMMATCKMX
npomeHa.

7.1 ConapHu NioYacTyi KONIEKTOPY — OCHOBHE
KapaKTepucTuke

ConapHu  konekTopy  Cy  nocebHa  BpCTa
M3MerbMBayYa TOMMOTE KOjM MpeTBapajy eHeprujy
CyHueBOr 3paverba y YHyTpalltby eHeprujy pagHor
bnyvpa. To je ypebaj koju ancopbyje CyHueBo
3payerbe, MpetBapa ra y TOMAOTY W npefaje Ty
TonnoTy GAymay Koju NpoTuye Kpo3 cuctem. MNocToju
BUWE BPCTa MNOAeNa COMapHUX KOMEKTopa, npema
KapakTepmucTnkama 1 HameHu. [Mpema HaunHy nprjema
n ancopnuuje CyHyeBOr 3payerba fefne ce Ha:
Hedokycupajyhe un dokycupajyhe. Hedokycupajyhu
COMapHM KONEKTOPW 1MMajy UCTY MOBPLLNHY 3a Npujem
n ancopnuujy CyHueBe eHepruje, Aok Gokycupajyhu
KOnekTopn OBWYHO MMajy KOHKaBHe pednekTyjyhe
nosplwmHe 3a npujem CyHueBe eHepruje, Kojy 3atmm
doKycrpajy Ha Marbe ancopnuuoHe MOBPLMHE,
ymme nosehasajy ¢nykc CyHueBor 3paverba. [pema
MOKPETHOCTN Ce Aefie Ha: HEMOKPETHE, MOKPETHEe Y
npasLy jefHe Ooce 1 NOKPETHE Yy NPaBLly [Be Oce.

HenokpeTH (CTaymMoHapHKM) CONApHU KoneKTopu
cy ypehaju koju npetBapajy eHeprunjy CyHuesor
3payerba y TOnNoTy HACKMX TemnepaTypa (MakCUManHo
[0 100 °C + TeMnepaTypa OKOMHE), KOja Ce KOpUCTK
3a Aobujarbe CaHMTapHe Tomse Bofe, rpejarbe BoAae

7. THERMAL SOLAR COLLECTORS

Technologies using solar energy are already be-
ing used for improvement of the living standard.
They primarily represent a logical choice in build-
ings located in remote areas where it is difficult to
get connected to the power supply grid or such an
option does not exist at all. Solar systems also en-
able energy independence from the power supply
grid in buildings already having a connection. The
use of this energy may ensure provision of hot water
and electricity from a renewable energy source not
emitting greenhouse gases, and thus affect climate
change mitigation.

7.1 Solar panel collectors- basic characteristics

Solar collectors are a special type of heat ex-
changers converting solar energy into inner working
fluid energy. This is a device absorbing solar radia-
tion, converting it into heat, and transferring such
heat to the fluid flowing through the system. There
are several divisions of solar collectors, according to
their features and use. According to the manner of
reception and absorption of solar radiation they are
divided into: non-concentrating and concentrating.
Non-concentrating solar collectors have the same
surface for reception and absorption of solar energy,
while concentrating collectors usually have concave
reflexive areas for reception of solar energy, which is
then concentrated onto smaller absorptive surfaces,
thus increasing the solar radiation flux. According to
their mobility, they are divided into: stationary, mov-
ing in direction of a single axis and moving in direc-
tion of two axes.

Stationary solar collectors are devices convert-
ing solar radiation energy into low temperature heat
(maximum up to 100 °S + outdoor temperature),
used for domestic hot water, heating water in indoor
and outdoor swimming pools and to heat premises.
They collect direct and diffuse solar radiation from
all directions, therefore they do not need to turn
towards the Sun at all times, and their maintenance
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y OTBOPEHMM W1 3aTBOPEHMM GaseHuUMa 1 3arpeBarbe
npoctopvja. OHWU NPYIKYM/bajy AVPEKTHO 1 Andy3HO
CyHYeBO 3payerbe M3 CBMX MpaBalia, He Mopajy ce
CTanHo okpeTatn npema CyHLy, a TPOLIKOBU HUXOBOT
ofpKaBarba HUCY BENMKM. 360r CBOje HAaMeHE, OHW Cy
W HaJUHTEPECAHTHW}M 33 3arpeBarbe CaHWTapHe Tonne
BOfE.

Y rpyny CTaUMOHapHUX COMapHWX KONeKTopa
Cnafajy nnoYacTvi KONeKTopW v BaKyyMCKI KONEKTOPW.
3a konekTope je Beoma OMTHa MOBPWMHA Koja
aeduHULIE KOMEKTOP, a KopucTe ce  pasnuyute
aedbrHULMjE 33 KapaKTeEPUCTUYHE NOBPLUMHE. JefHa of
FoMX j& YKYMHa NOBPLIMHA, KOja feduHMLLE CNOSballirbe
AVMeH3Mje konekTopa. Beoma 61THa je 1 ancopnuyoHa
NOBPLNHA (Ha3uBa ce jow W edeKTMBHa MOBPLWMHA
KONeKTopa) Koja NMpeAcTaBsba NOBPLUMHY ancopbepa.
3aTum, feduHue ce v pedepeHTHa MOBPLIMHA, Koja
npencTae/ba MOBPLUIMHY Mpema Kojoj cy oapeheHe
KapakTepuctuke Komektopa. Ha Cavum 10. cy
NpviKasaHu NpPYMEPY MOHTVPaHa PaBHOM MoYacTor
KONEKTOpa Ha PaBHOM 1 KOCOM KPOBY.

costs are not high. Due to their designated use, they
are most interesting for domestic hot water heating.

The group of stationary collectors includes flat
plate collectors and vacuum collectors. Highly im-
portant for the collector is the surface defining it,
with different definitions being used for typical ar-
eas. One of them is total area, defining external col-
lector dimensions. Another very important feature
is the absorption surface (also called effective col-
lector surface) representing the absorber surface.
Reference surface is also being defined, and it repre-
sents a surface collector features are being defined
against.  Figure 10 shows the examples of the flat
plate collector installation on a flat and pitched roof.

Cnmka 10. ConapHW TepmMarnHu KOMEKTOpW Ha PaBHOM W
KOCOM KpOBY

Figure 10. Solar thermal collectors on a flat and pitched roof
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BehnHa nnoyacTux paBHWX KONeKTopa AOCTYMHYIX
Ha TPXWLWTY, CacToju Ce of MeTanHor ancopbepa y
paBHOM KyRULWTY NpaBOyraoHOr NONPEeYHOr npeceka.
KonekTop je TOMIoTHO M30/10BaH Ca AOHE CTPaHe U
Ca Kpajesa, a CHabpaeBeH je U MPOBMAHOM OOMNOTOM
Ha ropkoj nospwuHK. Ca CTpaHe Konektopa Cy
nocTaB/beHe [Be cabupHe Lesw, koje omoryhasajy
AOBOA W 0OABOA pagHor onympa. BennumHa oBMX
Konektopa ce kpehe y oncery og 1 m2 go 12,5 m2.
[Llematcku npukas gat je Ha Cnvgm 11,

1. pam

2. 3anTHBEKA

3. nposnma odaora

4. pam Goune cTpane

5. TOII0THA H2OUIALIMA

0. YKYITHA NMOBPUIHA
ancopoepa

T. KAHAH 32 pajHn Uiy
8. ®LefoBH 32 MOHTARY

il

The majority of flat plate collectors available in
the market consist of a metal absorber in the flat
casing of rectangular cross-section. The collector is
thermally insulated at the bottom and end sides, and
is also supplied with a transparent liner on the upper
surface. There are to collection pipes installed on the
sides of the collector, enabling intake and outlet of
the working fluid. The size of these collectors varies
in the range of 1 m2 to 12.5 m2. Schematic overview
is presented in Figure 11.

@r.

9. 10N 311

Cnnka 11. TonpeyHn npecek paBHOr NAoYacTor KoNeKTopa

MaBHM [eo naovyacTor Kosnektopa je ancopbep.
Cactoju ce op MeTanHe nnoye [obpe TOMIOTHe
NPOBOAHOCTYM (M3paheHa je oa 6akpa v anyMnHnjyma
Ha NMpUMep, 13jefiHa 1N cacTaB/beHa Of TPakKa), Koje
Cy MOKpMBEHe TaMHMM Mnpema3om. LleBu, Kpos Koje
nponasn pagHv Gayma n koje cy obuuHo n3pahere og
6akpa, cy npuuspwheHe 3a ancopbep. Kaga cyHueBo
3paverbe NafHe Ha ancopbep, oHo ce Behum genom
ancopbyje 1 genvmmuHo pednektyje. Tonnota ce
NPEeHOCK ancopruUmMjoM ¥ KOHAYKUMjOM KPO3 MeTanHy
nnovy Ao Uesw pagHor dnyuaa. Y uesrnma ce 0bnyHo
Hana3u Gayma, Koju aarbe NPeHoCu Ty TOMoTY.

3afaTak CconapHor Konektopa ja Aa 0be3beau
Hajsehy Mmoryhy TonnoTtHy gobut. 3ato ancopbep

Figure 11. Cross-section of a flat plate collector

Main part of the flat plate collector is the ab-
sorber. It consists of a metal plate of sound heat
conductivity (made of copper or aluminum, for ex-
ample, in one piece or made of strips), covered by
dark coating. The pipes, the working fluid is passing
through, are usually made of copper and affixed to
the absorber. Once the solar radiation reaches the
absorber, it is being absorbed in a major part, and
partly reflected. The heat is transferred by absorption
and conduction via a metal plate to the working flu-
id tube.The tubes usually contain fluid, which further
transfers the heat.

The task of a solar collector is to ensure the max-
imum possible heat gain. This is why the absorber
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Tpeba pa wma wrto Behu KamayuTteT ancopnuuje
CyHueBe CBETNOCTM U1 LUTO je Marbe Moryhy TomnoTHY
EMUCMBHOCT. To ce NocTuke Kopuherem NoMeHyTUX
npemasa, a y TnoCneare Bpeme Cce Kopucre
CneumjanHmn  CnekTpanHO-CeNeKTBHN  MNpemasn. 3a
pasnvKy o LUpHe 60je, OBM Npemasn UMajy ClojeBuTy
CTPYKTYTPY, KOja OMTMMM3Yje KOHBEP3Wjy eHepruje
KpaTKOTanaCHOr CyH4YeBOr 3padyerba y TOMMoTy, a Yy
MCTO BpeMe Ofp*aBa OfaBarbe TOMOTE Ha HajHUXEM
moryhem HuBoy. Ha Cnvum 12. je npwikasaH opHoC
ancopboBaHe 1 pednekToBaHe KonuumHe CyHYeBOD
3payerba Y 3aBMCHOCTM Of BPCTE Npemasa.

Basapis wwee: o = 5% npia faja: o =15%

Cnmka 12. YTiuaj BpCcTe npemasa Ha cTeneH ancopnuyuje u
pednekcuje CyHYeBOT 3pavetba.

BehunHa cnekTpanHo cenekTVBHMX NpemMasa Mma
cteneH ancopnuuje o 90% o 95%, a eMUCUOHK
dnykc on 5% po 15%. Hajuewhe ce cenektvBHM
npemas CacToju Of LUPHOr XpOMa W LPHOT HUKNA.
Pa3Boj CeNeKTUBHWX Npemasa NobosbLIAHMX ONTUYKIX
KapakTepucTvka je nokasao Aa ce fobwujajy MHOro
bormbe KapakTepucTUKe Mpemasa ako Ce OHW HaHoce
y Bakyymy unu pacnpwusarbem. OBM npouecn ce

needs to have the greatest possible capacity of the
solar radiation absorption, and the least possible
thermal emission. This is achieved by using the said
coatings, with special spectrally selective coating be-
ing mostly used lately. Unlike the black colour, these
coating are layered in structure, which optimises en-
ergy conversion of the short-waved solar radiation
into heat, and at the same time maintains heat ra-
diation at the lease level possible. Figure 12 shows
the ration between the absorbed and reflected solar
radiation quantity depending on the type of coating

TINOX: o = %5%

upER wpase; = 85%

Figure 12.The effect of the type of coating on the absorption
and reflection level of solar radiation

Majority of the spectrally selective coatings have
the absorption level from 90% to 95%, and emission
flux of 5% to 15%. Most often, the selective coating
consists of black chromium and black nickel. Devel-
opment of the selective coatings of enhanced opti-
cal characteristics has shown that much better coat-
ing features are being obtained if applied in vacuum
or by spraying. These processes are characterised
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OLSIVIKYJy 3HaTHUM CMarberbem MOTPOLHE eHepruje

M MarbMM 3araherbem OKOMMHe TOKOM MPOW3BOAHE

y nopehersy ca npemasvma of UpHor 6akpa 1 upHor

HuKna. [loaatHo, eHepreTckn fobuTak oBMx ancopbepa

je Behr Ha BUWKMM TemnepaTypama UAM Ha HUKUM

HMBOWMa COMApHOr 03payunBarba Hero ancopbepu ca

npemasnma of LpHor 6akpa v LUpHOT HUKNa. JeaaH of

Takeux je TINOX.

Bakap MmMa [obpe KapakTepucTWKe TOMNOTHOM
nposohera, Ma je BeoMa MOrodaH Kao marepujan
3a ancopnuuoHy nnody. PasmeHa Tonnote u3mehy
ancopnumoHe naoye 1 LeBK je YCNoBfbeHa A0OpKM
KOHOYKLMOHO-TOMNOTHMM MOBE3MBAHEM.

Pagu cmarberba TONNOTHYIX MyOUTaKa, AOHa CTpaHa
1 BOUHe CTpaHe KoneKTopa Cy TOMIOTHO M30/10BaHe.
Kako je MakcumanHo moryhe poctrhun Temnepatype
of 150 °C go 200 °C, M1MHepasHa ByHa je HajnoroaHuja
Kao wm3onatop. V3onaumja He cme Aa Mcnapaea Ha
JaTVM TemnepaTypama, MHadye ce MoXe AecuTn Aa ce
HaTaNOXM Ha CTaKNeHoj 0bno3wW, YMme ce ymarbyje
CBETNOCHa NPONYCT/bUBOCT obnore.

Y HekvM KonekTopuma ce Hanase bapujepe Koje
CMakbyjy rybutke ycneq KoHeekuuje. OHe mory 6utm y
001Ky TaHKe nnactryHe Gonuje, Kao WTO je TedoH,
a cmewTajy ce n3mehy ancopbepa 1 CTakneHe nnoye.

KapakTepuCTUUHe BPedHOCTN Koje npeAcTaBrbajy
KpuTepujyme 3a nopeherse KBanuTeTa KonekTopa:

«  [Jobpv nnovyacty KonekTopu Ca CrnekTpanHo
CeneKkTMBHVMM  ancopbepuma  ¥Majy — OMNTUUKY
ebukacHoct nO Behy og 08 w BpeaHoCTH
KoeduLmjeHTa TONNOTHUX rybutaka k mare of 3,5
W/m2K.

- Cpepara roauma  edUKacHOCT — KOMMAETHOr
cucTeMa ca MnoYacTMm Konektopuma je 35% [o
40%.

MpeaHOCTH NNoYaCTUX KONEKTOPa:

+ jedTUHMjM Cy O KONEKTOPa Ca BaKyyMCKMM LIEBMM,

- omoryhaBajy pasnuumnte BpCTe MOHTaxe (Ha KpoB,
WHTErpUCaHM Yy KPOB, MOHTaXKa Ha dacagm unm
cnobofHa MHCTanauwja),

-+ 1Majynobap ofHoc namehy LieHe 1 KapakTepucTHKa.
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by the significant reduction in energy consumption
and lesser environmental protection in the course of
production in comparison to black copper and black
nickel coatings. In addition, energy gain from these
absorbers is higher at higher temperatures or at low-
er levels of solar radiation than it is the case with ab-
sorbers with black copper and black nickel coatings.

One of those is TINOX.

Copper has good thermal conductivity features,
therefore it is very suitable as the absorption plate
material. The heat exchange between the absorp-
tion plate and the pipe is conditioned by good con-
duction-thermal connections.

For the purpose of reducing heat losses, the bot-
tom and lateral sides of the collector are thermally
insulated. Given that it is possible to reach tempera-
tures from 150 °S to 200 °S, mineral wool is the most
suitable insulator. Insulation must not evaporate at
given temperatures, otherwise it may deposit on the
glass liners, thus reducing its solar permeability.

Some collectors have barriers reducing losses
due to convection. They may come in the form of a
thin plastic foil, like Teflon, and are located between
the absorber and glass plate.

Typical values representing the criteria for the
collector quality comparison are:

+ Good plate collectors with spectrally selective ab-
sorbers have the optical efficiency n0O greater than
0.8 and thermal losses coefficient value k under 3.5
W/m2K.

The average annual efficiency of the entire flat plate

collector system is 35% to 40%.

The benefits of the flat plate collectors are as follows:
they are less expensive than the vacuum tube col-
lectors,

they enable different types of installation (on the
roof, roof integrated, mounting on the facade or
free-standing installation),

they have a good value for money characteristics.
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7.2 MeTofonoruvja npopayyHa Nnpou3BoaHe
TOMNOTHE EHEPruje U3 TePMaHNX KolleKTopa Ha
KpPOBOBUMA

Kao WTo je NO3HATO Ha TPXKULWITY NOCTOje PasinNumnTi
TUMOBW KONEKTOPA. 3a M3pady OBe CTyAWje pa3maTpaHn
Cy PaBHW MNOYaCTV KOMEKTOPW, Koju ce Hajuelwhe
Hanase Ha KPOBOBMMA CTaMOeHVX 1 jaBHKX ObjekaTa.
TexHWYKke KapakTeEPUCTUKE PaBaHCKMX KOJSleKTopa
nocnefbe reHepauuje ce 'y Masoj Mepu pasnukyjy of
FoMXOBOT MpoKr3Bohaya.

Y CTyaujv je aHanmsnpaHa npov3so4Hba TOMnoTHe
eHepruje Ha KpOBOBMMAa LWKONCKMX objekata W
OUCKYNTYPHUX Cana, Kao ¥ NPeALKONCKMX YCTaHOBa
opujeHTUCaHMx Ka Jyry (S), JyrowcToky (SE),
Jyrozanagy (SW), Victoky (E), 3anaagy (W), ogHocHO no
asumyTy 0°, £ 45°, £ 90°. OBe opujeHTauuje KpOBOBa
Cy HajnpvIxBaT/bMBMje Ca CTaHOBWLWTA AobUTaKa
on CyHueBOr 3pavetrba, IOK HUCY Yy3vMaHe Yy 063up
NOBPLWNHE KPOBOBa oOpujeHTMCaHe Ka Cesepy
ob3npom aa cy pobuum op CyHYeBOr 3paverba Ha
OBVM MOBPLWMHAaMa 3HaTHO MarbM Y OAHOCY Ha OocTane
OopujeHTaumje KpoBoBa.

Ca rnegunwta npakTuuHor kopwwhera CyHuese
eHepruje, yMecTto TPEHYTHNX BPEAHOCTH, Of BaXXHOCTH
je yKymnHa KOMMuMHa eHepruje Koja [ocnesa Ha
jearH1Ly noBpwKHe (Mpaawvjaunja, eHeprija 3padersa)
y oapeheHoM VHTepBany BpemeHa (caT, faH, mecel,
roavHa). Ta KonuumHa 3asBmcK of reorpadcke WUpmHe,
roguwmer foba, opujeHTaumje 1 Harnba nosplivHe
1 METEOPOSOWKMX NpWnKa. [ocToje meToae HeHor
M3padyHaBarba 3a pa3He YCI0Be, anu NoLTo je CTBapHa
eHeprvja BeoMa 3aBrCHa Off METEOPOSIOWKMX YCIOBa,
noy3fdaHW W HajTauHMju nofjaun Mmory ce [obutu
Meperbem Momony oprosapajyhnx WHCTpymeHaTa —
nupaHomeTapa. C o63vpom Aa je CyHUYeBO 3paverbe
npegmeT MHOTUX yTrLaja, NpoLeHe eHepruje 3payerba
CamMO Ha OCHOBY TEOPWjCKO-EMMUPUICKNX jefiHauMHa
He MOry MmaTV LOBOSbHY MaTemaTuuky MpeLm3HOCT.
Osn yTnuajy Mopajy fda Cce ofpefe aHanv3om
AYroneprioackmnx (BULLEroauLLFUX) Meperba Aa bu ce
[OLUNO [0 JaCHUMX 3aK/byyaKa.

3au3papy oBeCTyauje Huje nocTojanabasanofataka

7.2 Calculation methodology of thermal energy
generation by roof thermal collectors

As already known, there are different types of col-
lectors out there in the market. For the purpose of
this study, flat plate collectors were observed, that
are most frequently found on the roofs of residential
and public buildings. Technical characteristics of flat
plate collectors of the latest generation slightly differ
from manufacturer to manufacturer.

The study has analysed the heat generation on
the roofs of school, gym and kindergarten build-
ings, oriented towards the South (S), Southeast (SE),
Southwest (SW), East (E), West (W), actually accord-
ing to the azimuth of 0°, + 45°, + 90°. These roof ori-
entations are most acceptable from the perspective
of solar radiation gains, while roof surfaces facing
North were not taken into account given that so-
lar radiation gains in these surfaces are significantly
lower compared to other roof orientations.

From the aspect of practical solar energy use, in-
stead of the current values, what matters is the total
quantity of energy reaching the surface unit (irra-
diation, radiation energy) in a particular interval of
time (hour, day, month, year). This quantity depends
on the latitude, season, orientation and inclination
of the surface and weather conditions. There are
methods for its calculation against various condi-
tions, however since actual energy is very much
dependent on weather condition, reliable and most
accurate data can be obtained by measuring using
appropriate instruments- pyranometer. Given that
solar radiation is subject to various effects, average
radiation energy based only on theoretical and em-
pirical equations can not produce sufficient mathe-
matical accuracy. These effects have to be defined by
analysing multi-annual measurements so as to come
to clearer conclusions.

In developing this study, there was no solar ra-
diation database available for a typical meteorolog-
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CyHueBOr 3pavetba 3a TUNUUYHY METEOPOIOLKY FOAMHY
3a rpag beorpag. Ykonunko 6m ce KopucTuna OBakBa
6a3a nokasano 6w ce Aa Hema OACTyMarba AobUTaKa
CyHueBe eHepruje y npasumma SW i SE, ogHocHoO E i
W. 13 oBor pasnora y 0BOj METOAONOMMjW NPUKa3aHK
cy pobuum op CyHuyeBor 3payerba y npasuvma S
(0°), SE=SW (£45°) i E=W (£90°). Ha rpadukoHy 18.
NpV1Ka3aHa je Npon3BOAHba TOMNOTHE eHeprije y OBUM
npaBLUVMa Y 33aBWCHOCTM Of MOBPLIMHE KONeKTopa,
OHOCHO 6pOoja KonekTopa.

ical year for the City of Belgrade. If such a database
would be used, it would turn out that there are no
deviations from the solar energy gains in directions
SW and SE, namely E and W. This is the reason why
this methodology shows solar radiation gains in S
(0°), SE=SW (£45°) and E=W (+90°) directions. Chart
18 presents the heat generation in these directions
depending on the collector surface, namely the
number of collectors.
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lpadwmkoH 18. OuekrBaHa NPOM3BOAHbA TOMOTHE eHepruje
Ha roANLHEM HMBOY Y 3aBWCHOCTM Of a3uMyTa 1 MOBPLIMHE
Konektopa (roptbe), OfHOCHO Opoja PaBHMX MIOYACTUX
KonekTopa 6poja konektopa (aone)

Konektopw mory fa Oyay MOHTMPaHV Ha PaBHMUM
NOBPLUMHAMa WSIM Ha KOCMM KPOBOBMMA. YKONMKO Ce
KONEKTOPW MOHTMPAjY Ha PaBHWM KPOBOBMMA MOPa
Ja Ce BOAWM padyHa O pacTojarby M3mehy penoBa
Konektopa fAa 6m ce w3berna nojaa 3aceHyerba.
Ha rpadukoHmma 18. 1 19. nprkasaHa je 3aBUCHOCT
nocTaB/bakba Moryher 6poja kofiekTopa Ha KOCUM U
PaBHVM KPOBOBMMA. [lnjarpamu Ha rpadurkoHmma 19. 1
20. cy nobujeHn Ha OCHOBY Npenopyke npowssohava
NPUIVKOM MOHTVPAMa KONEKTOPa Ha KOCMM U PaBHUM
KpOBOBKMa. [1OBPLUMHA KoleKTopa je 2,36 m2.

Chart 18.The expected annual heat generation depending on
the azimuth and (upper) collector surface, i.e. the number of
flat plate collectors (down)

The collectors can be installed on flat surfaces or
on pitched roofs. If the collectors are installed on flat
roofs, one must bear in mind the distance between
the collector lines so as to avoid shading. Charts 18
and 19 show the dependence between the poten-
tial collector number installation on pitched and flat
roofs. Diagrams in Charts 19 and 20 are based on the
manufacturer’'s recommendation for installing col-
lectors on pitched and flat roofs. The collector sur-
face is 2.36 m2.
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Bpoj konekTopa Ha Kocom Kposy [-]
Number of collectors on a pitched roof [-]

MpadukoH 19. 3aBMCHOCT 6poja MHCTANMCAHNX KOMEKTOPaA Y
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KpoBosu objekata Mory 6uTn msrpaheHn u nog
onpeheHum yrnom. Hajhewhe y tum cnydajesrma
KONekTopu npaTe KOCKMHY KpoBa. [locTaBrbarbe
KONEKTOPa Ha KOCWM KPOBOBKMMA, KOjU MpaTe KOCUHY
KpOBa, MMa 3a nocneauuy cMarberbe ePUKacHOCTM
paja KonekTopa YKOMMKO Ce He MOCTUrHe ONTUMANHK
yrao konektopa. Y Tabenn 14. gat je koedbuumjeHT
yMatbera AobuTaka KOMekTopa Y 3aBMCHOCTU Of
asnMyTa 1 yrna KoCMHe KpoBa.

Tabena 14. MNpomeHa koeduumjeHTa k of asmmyTta 1 yrna
KpoBa

The roof of the buildings may be constructed
at a certain angle. Most often in such cases collec-
tors follow the roof slope. Installation of collectors
on pitched roofs, following the roof slope, results in
a reduced collector efficiency unless the optimum
collector slope is achieved. Table 14 presents the co-
efficient of the collector gain reduction depending
on the bearing and roof slope angle.

Table 14. Change in the coefficient k depending on the azi-

muth and roof angle

Yrao kposa AsvmyT
Roof angle Azimuth
0°(S) +45° (SE, SW) +90° (EW)

0 0818 0878 1,065
10 0,904 0,940 1,060
15 0937 0,964 1,054
20° 0,963 0,982 1,051
25° 0,982 0,994 1,031
30° 0,994 0,999 1,012
35° 0,999 0,999 0,990
40° 0,992 0,992 0,964
45° 0,988 0,980 0,933

Tako fa w3pasv 3a moryhy nobujeHy TOMMoTHY
eHeprujy, y npasumma S, SE=SW, E=W, 3a kposose noj
Harnbom rnace:

Q =583kA 3as,
Q =536 kA 3aSEunn SW,
Q =473kA 3aEvnamnW,

rae je A NoBpLIMHa KONeKTopa, OfHOCHO:
Q =1376kN 3aS§,

Q =1264kN 3a SEunm SW,

Q =1116kN 3aEunnnW,

rae je N 6poj konekTopa.

HeonxopaH cacTaBHM AE0 eHEpreTcKor CuUcTema
6a3npaHoOr Ha MPVIMEHW COMAPHUX KOMEeKTopa je

So as for the equations for the potential gained
heat,in S, SE=SW, E=W directions for pitched roofs to
read as follows:

Q,=583 kA fors,
Q, =536 kA for SEor SW,
Q =473 kA forEorW,

where A is collector area, namely:
Q,=1376 kN fors,

Q, = 1264 kN for SE or SW,

Q =M6kN forEorW,

where N is the number of collectors.

A necessary integral part of the energy system
based on the solar collector application is the hot
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pe3epBoap 3a CKNaauwTeHe Tonne Boge (storage tank,
eHr.). OCHOBHa KapaKTepuCTVKa CONapHmX TepManHmx
cucTema je fa Cce npov3BefeHa TOMoTHa eHepruja
YecTo He KOpUCTN oamax. BehrHa TonnoTHe eHepruje
notpebHa je yBeuye wnwv yjyTpy OUno 3a rpejarbe y
npocTopujama i 3a npunpemy Tonne soge. OBakga
OMHaMMKa eHepreTckor CUcTema 3axTeBa 4dyBarbe
npov3ssefeHe TOM/IOTHE eHepruje y pesepBoapnma
(TaHkoBMMA). BenvumHa TaHka je Cpa3mepHa ca
MOBPLIMHOM  MHCTalIMCaHWX Konektopa.  AKO je
KamauymteT pesepBoapa MpeBefvK, y pe3epBoapy
Ce He NOCTMXKe KOpMCHa TemnepaTtypa, a ako je
pe3epBoap CyBWLIE Manyv, PacrnonoxrBa ConapHa
eHepruja ce He KopucTn edurkacHo. /13 Tor pasnora
je noTpebHO 3HaTK 3aBWCHOCTW M3MeDy NoBpPLUVHE
KOMeKTopa 1 BeNMUMHE pe3epBoapa, 3a pasfinmumte
TUNOBE COMAPHMUX KOMEKTOPA, Koje Cy MpMKasaHe Ha
rpadumkoHy 21.

water storage tank. Basic characteristic of the solar
thermal systems is that generated heat is often not
being used right away. A major part of the heat is
needed in the evening or in the morning, wheth-
er for heating the premises or domestic hot water
preparation. Such a dynamics of the energy system
requires storage of produced heat in tanks. The tank
size is proportionate to the installed collectors’ sur-
face. If the tank capacity is oversized, the tank can
not reach the efficient temperature, however if the
tank is too small, the available solar energy is not be-
ing used efficiently. This is the reason why one needs
to be familiar with the dependence between the
collector surface and tank size, for different types of
solar collectors, presented in Chart 21.

10000
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e BaKyyMCKM CONapHUN KONEKTOP
Vacuum solar collector
8000
Mnoyactv KonekTop nocnefte reHepayuje
Flat plate collector of latest generation /
7000
I— 6000 Rebuis o plate collector P ]
I U
2% 5000 /
5< P
S 4000 —
ISa] /
3000
L~
2000 y/
1000 Z
0
0 20 40 60 80

100

MospLMHa KonekTopa, m’
Collector surface m?

MpadunkoH 21. 3aBUCHOCT 3anNpemmHe TaHKa Of MOBPLINHE 1
BPCTE KoMekTopa

Chart 21. Dependence between the tank volume and collector
type
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3a noTpebe oBe CTyaMje, YCBOjEHO je Aa BeNMYMHa
TaHKa byge 50 nTapa No M2 MHCTanMcaHe NOBPWWHE
KOMekTopa, WTO je Yy ckhagy ca npenopykama
npou3sohaya KonekTopa.

Ha rpadukoHy 22. npuikasaHa je LeHa KowTarba
MHCTanuCarba  PaBaHCKMX  COMapHWX  MaHena
yKkbyuyjyhu npatehy onpemy v TaHk. LleHa kowTarba
je pobujeHa Ha OCHOBY LieHe KoWwTaka y EU-27. Ospe
je OUTHO youuTM [a, Kako BennuMHa eHepreTckor
cucTema 6asmpaHor Ha MpUMeHU CoMapHe eHepruje
pacTe, HEeroB CTeneH KOPUCHOCTM Takohe pacTe.

600 —

For the needs of this study, it was adopted
that the tank size should be 50 I/m2 of the installed
collector surface, which is in line with the collector
manufacturer recommendations.

Chart 22 shows the cost price of installing flat
solar panels including supporting equipment and a
tank. The cost price is obtained based on the cost
price in EU-27 It is important to note here that, as
the size of the solar energy based energy system size
grows, so does its efficiency level.
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Chart 22. Cost price of the solar energy system
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[MpyMeHOM OOHOB/BUBMX M3BOPA eHeprvje BpLK
ce cyncTuTyumja GOCUIHUX ropurBa, OA4HOCHO CMarbyje
ce emucuja racoea ca edeKkToM CTakneHe OaluTe.
Y Tabenn 15. npukasaH je dakTop npeTBapatba Yy
NPUMapHy eHeprujy 3a nojedvHe 13BOpe eHepruja,
Aok je y Tabenw 16. npukasax paktop emvcnje CO, 3a
nojefiMHe BPCTe eHepreHara.

Tabena 15. GakTOpW NpeTBaparba y NPYMApHy eHeprujy 3a
nojefvHe BpCTe N3BOpa eHepruvje

The implementation of the renewable energy
sources entails the substitution of fossil fuels, name-
ly it reduces the greenhouse gases emission. Table
15 shows the conversion factor into primary energy
for specific energy sources, whilst Table 16 shows the
CO, emission factor for particular types of fuels.

Table 15. Primary energy conversion factor for certain types of
energy sources

M3Bop eHepruje Energy source

(MakTop npetBaparba Conversion factor

Yrbe 3a noxetbe Fuel oil

lac Gas

Yram Coal

EnektpnyHa eHepruja Electricity

[larbuHcko rpejarbe Ha docmnHa ropuea Fossil fuel district heating

Tabena 16. CneuynduyHa emmncuja CO, 3a nojeavHe BpcTe
eHepreHata

Table 16. Specific CO, emission for specific types of fuel

EneprenT Fuel Mo jeauHnum ropmea Per fuel unit [Mo jeanHnum eHepryje Per energy unit
3emHu rac Natural gas 19 kg/m? 0,20 kg/kWh
TeyHun HadTHM rac Liquid petroleum gas 29 kg/kg 0,215 kg/kWh
EkcTpa nako nox yree Extra light fuel oil 26 kg/l 0,265 kg/kWh
Jlako yrbe 3a noxetbe Light fuel oil 32 kg/kg 0,28 kg/kWh
[arbuHcka TonnoTa District heating 0,33 kg/kWh 0,33 kg/kWh
EnektpnyHa eHepruja Electricity 0,53 kg/kWh 0,53 kg/kWh
Mpxu yras Dark coal 1.5 kg/kg 0,32 kg/kWh
Jvrnut Lignite 1.0 kg/kg 0,33 kg/kWh

Ha ocHoBy nopataka 13 Tabena 15. 1 16. moryhe je
v3padyHaTV cMarbetbe emrcuje CO, no kWht toniiotHe
eHepruje fobujeHe 13 CoNapHOr eHepreTcKor cuctema
(Tabena 17).

Tabena 17. Qaktop emncuje CO, 3a nojeavHe BPCTe
eHepreHata no kWh TonnoTHe eHepruje u3 eHepreTckor
CoMnapHor cncrema

Based on the data from Tables 15 and 16 it is pos-
sible to calculate the reduction in CO, emission per
kWht of heat obtained from the solar energy system
(Table 17).

Table 17.CO, emission factor for specific types of fuel per kWh
of heat from energy solar system

13Bop eHepruje Energy source

MakTop npeTsaparba Conversion factor

Yrbe 3a noxetbe Fuel oil

0,336 kg/kWh

lac Gas

0,220 kg/KWh
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Yram Coal

0,416 kg/kWh

EnekTpvuHa eHepruja Electricity

0,429 kg/kWh

[larbuHcko rpejarbe Ha docunHa ropuea Fossil fuel district heating

1,325 kg/kWh

[larbrHCKo rpejatbe Ha GocKnHa roprisa

0,594 kg/kWh

7.3 Mepe yHanpehera npon3sofrbe TOMNOTHE
eHepruje N3 CoNapHUX KONEKTopa Yy LKOJICKNM
o6jektuma y Cpbuju

7.3.1 MNocTojehe cTame

[MpYMeHa COnapHUX eHepreTckMx cucTemMa Ha
jaBHUM OOjekTMMa MPaKTUYHO je 3aHemaprouMBa Y
HaLWOj MpakcK, Ma je To Cflyyaj 1 ca 3rpafjama LKosa,
WKOMCKMX GUCKYANTYPHWX Cana v 3rpaaama Bptuha.

7.3.2 MNpBo yHanpehetbe

MpBo yHanpehetbe noppasymesa  M3rpagmy
COMAPHOr  eHepreTckor cuctema 6asvpaHor Ha
MPUMEHN TEPMATHNX KOMEKTOPa Ha PacnoNOXKUBUM
KPOBHVIM MOBPLUMHAMA KOje UMajy Haj6osby MPOCTOPHY
OpVjeHTaumjy Ca acnekra YKymnHOr  rofulirber
CyHueBor 3payerba. To Cy paBHe MOBPLUIMHE KPOBOBa
M MOBPLWMHE uMja je MPOCTOPHa OpwujeHTauunja Ka
Jyry, Jyromctoky n Jyrosanagy. TornnotHa eHepruja
13 CONAPHMX TEPMANHUX KONEKTOPa MOXe [a CITy»KK
nopes nokpvBarba NoTpeba 3a CaHUTapHy ToMNy BOAy
M 33 NOAPLUKY rpejarby. V13 Tor pasnora pasmartpaH je
MaKCUManHu moryhu fnobutak TOMMOTHe eHepruje
M3 TEPMaNHMX KOMEKTOpa, Kaja Cy CBe MOBPLIMHE
NOKPVBEHE COMAPHUM KONIEKTOPKMA.

7.3.3. Qpyro yHanpeheme

Opyro yHanpehere noapasymesa UW3rpagmy
eHepreTckor cucTema 0asvpaHMX Ha  COMAPHUM
KONEKTOpMMa Ha OCTalHUM KPOBHWM MOBPLUMHAMA.
To Cy MCTOYHO W 3aMafHO OPWjeHTMCaHe MOBPLUMHE
KpOBOBa (MpOCTOpHa  OpuvjeHTaumja y  Oncery
a3vMyTHOT yrna -45° go -90° 1 45° go 90°).

7.3 Improvement measures of heat generation from
solar collectors in school buildings in Serbia

7.3.1 State of affairs

The application of solar energy systems in public
buildings is practically negligible in our practice, so
this is also the case with school, gym and kindergar-
ten buildings.

7.3.2 Improvement 1

Improvement 1 implies the construction of a so-
lar energy system based on the implementation of
solar collectors in available roof surfaces with the
best spatial orientation from the aspect of total an-
nual solar radiation. These are flat roof surfaces and
surfaces facing South, Southeast and Southwest.
The heat from solar thermal collectors may serve as
support to heating, along with covering domestic
hot water demand. This is the reason why we have
considered the maximum potential heat gain from
thermal collectors, when all surfaces are covered by
solar collectors.

7.3.3. Improvement 2

Improvement 2 implies construction of energy
system based on solar collectors in other roof sur-
faces. These are East and West oriented roof surfac-
es (spatial orientation in the azimuth angle range of
-45°do -90° and 45° to 90°).
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7.3.4 MpoueHa epeKaTa UsrpagHe eHepreTckor
cMcTema ca ConapHM KONEKTOPMMA Y LKOSICKAM
o6jekTuma y Cpbuju

Y HaUMOHaNHOj TMNOMOMMjK LIKONCKMX objekaTa
y  Penybnnum Cpbujv paeduHMCaHW Cy TUMOBM K
NOATMNOBM LUKOMa. Tunonorvja Huje obyxeaTtvna
napameTpe Koju Cy OUTHW 3a U3rpadry eHepreTckor
cMcTemMa Ca  COMapHUM  TepManHUM  KOMeKToprma,
TakO [a Ce He MOXe Y3eTW Kao penpeseHTaTVBHa
33 carnefaBatbe MOroAHOCTM WKONCKMX ObjekaTta
y nornefy M3rpagmbe eHepretckor cucrema  ca
ConapHum Konektopuma. Y Tabenn 18. npukasaHu
Cy reoMeTpujcKkX napameTpu BUTHK 33 carnefaBak-e
Kamauymteta 3a W3rpajrby — EHepreTckor cmucrema
6asvpaHor Ha NPUMEHW COMAPHUX  TepManHUX
KONeKTopa, Ha TWMOBMMA WKOMa AedUHUCAHWX Y
HalMoHanHoj Tunonoruju. Tabena je npoluMpeHa ca
TPpW LWKONCKe GUCKYNTypHe cane.

Tabena 18. leoMeTpWjCKM NapameTpy GUTHM 3a carnefaBarbe
KanauuTeTa 3a W3rpaditby eHepreTckor cuctema  Ca
TEePMaHIM KONEKTOPMMA Ha TMMOBMMA LWKOMA AeDUHNCAHNX
Y HaUMOHANHO] TWMOMOMMj MPOWMPEHO) Ca TpW TwMa
WKONCKMX GUCKYNTYPHIMX Cana

7.3.4 Impact assessment of construction of solar
collector energy systems in school buildings in
Serbia

The national typology of school buildings in the
Republic of Serbia defines types and subtypes of
schools. The typology did not take into account the
parameters relevant for the construction of an en-
ergy system with solar thermal collectors, so it can
not be perceived as representative for grasping the
advantages of school buildings in regard to solar col-
lector energy system construction. Table 18 shows
geometric parameters relevant for understanding
the capacity for the construction of energy system
based on implementation of solar thermal collectors,
on the types of schools defined in the national ty-
pology. The Table is extended by three school gyms.

Table 18. Geometric parameters relevant for understanding
the capacity for construction of energy system with thermal
collectors on types of schools defined in the national typology
extended by three types of school gyms

LIKONE YKynHa nospLumMHa HarnbHu yrao [NoBpLuKHa paBHOT Pacnonoxvise nospLumHe no opujeHTaumjama (m?)
SCHOOLS Kocor kposa (m?) Tiltangle KpoBa (m?) Available areas by orientation (m?)
Total pitched roof Flat roof area (m?)
- E SE s sw w
PasmatpaHo y yHanpehetby 1
Considered in Improvement 1
Pa3smatpaHo y yHanpehetsy 2 Considered in Improvement 2
Al 325 30° 47,5 115 475
A2 768 35° 266 94
A2pt 2095 35° 1.095 50 900
A3 890 42° 293 152
A3pt 1.300 35° 425 212 425
B1 189 42 93
B2 515 6° 280
B3 300 10° 766 150 581 150
@] 211 30° 70
2 214 30° 506 140 506 74
a3 1.790 18° 605
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C3pt 1.700 1615

D3 1.760 1.760

CANE GYMS

01 371 371

02 972 24°(W) 731 214
16°(F)

03 538 6° 260 269 260 269

7.3.4.1. NpoueHa edekata yHanpebhera 1 -
N3rpaare eHePreTCcKor CUcTeMa ca ConapHUM
TepMaJIHUM KOJleKTopnma

Y Tabenu 19. npuvikazaHa je moryha MHCTanmcaHa
MOBPLIMHA COMAPHUX TEPMaHMX KOMeKTopa Ha
KpOBOBMMa oflabpaHux WKoMa v CNOPTCKMX Xana, Ca
MVHWUMANHOM BETMUMHOM TaHKa. Y OBOMe yHanpeherby
pa3sMaTpaHe Cy MOBpPLUMHE KPOBOBA MPOCTOPHO
opjeHTnCaHe ka Jyry, JyromcTtoky mn Jyrosanagy. Csu
npopauyHu Cy paheHn ca NpeTnocTaBKoM Aa ce WKone
Hanasey pernoHy beorpapa.

Tabena 19. Moryha vHCTan1caHa noBpLIMHa KONeKTopa Ha
KpPOBOBMMa LWKOMA M CMOPTCKMX Cana

7.3.4.1. Impact assessment of Improvement 1- con-
struction of solar thermal collector energy system

Table 19 shows the potential installed surface of
solar thermal collectors on roofs of selected schools
and gyms, with minimum tank size. In this Improve-
ment scenario, roof surfaces spatially oriented to-
wards the South, Southeast and Southwest were
considered. All calculations were done on the as-
sumption that schools are located in the Belgrade
region.

Table 19. Potential installed collector surface on school and
gym roofs

LIKONE YKynHa nospLuMHa HarvbHu yrao [oBpLwmHa pasHor MoBpLwKHa Konektopa (m?)
SCHOOLS Kocor kpoBa (m?) Tiltangle Kposa (m?) Collector area (m?)
Total pitched roof Flat roof area (m?)
area (m?) E SE S SW W
Pa3matpaHo y yHanpeherby 1
Considered in Improvement 1
Pa3matpaHo y yHanpehetby 2 Considered in Improvement 2
Al 325 30° 96,75
A2 768 35° 22418 7787
A2pt 2.095 35° 40,17
A3 890 42° 24542 12743
A3pt 1.300 35° 176,98
B1 189 42° 7787
B2 515 6° 23598
B3 300 10° 766 254,86
al 211 30° 58,99
2 214 30° 506 221,82
3 1.790 18° 509,72
C3pt 1.700 710,30
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D3 1.760 ‘ ‘ 774,01
CANE GYMS
01 37 162,83
02 972 24° (W)
16° (E)
03 538 6° 260 226,54 113,27 226,54

Y Tabenu 20. Ha OCHOBY MpPKKazaHe MeTofoNorvje
Y NPETXOAHWM NOrNaBbMMa, U3padyHaTa je OueKrBaHa
MpOV3BOAHa TOME BOAE HAa FOAWLLFEM HUBOY, Kao
n moryhe cmarberbe emncumje CO2 y 3aBUCHOCTU Off
CyncTuUTyUmje BpCTe GOCUHOT ropKBa, 0K je y Tabenu
21. NprKasaHa LieHa KolTarba eHepreTCKor cucTema 13
yHanpebhetrba 1.Y LieHy eHepreTckor CUCTEMA YKIbydeHa
je LieHa onpeme (konekTopwu, TaHk 1 npateha onpema)
Kao W LieHa NHCTanmncaHa onpeme.

Based on the methodology presented in the
previous sections, Table 20 shows the calculated ex-
pected annual domestic hot water production, same
as potential CO2 emission reduction depending on
the fossil fuel substitution, whereas Table 21 shows
the cost price of energy system referred to in the
Improvement 1 scenario. The energy system price
includes the cost of equipment (collectors, tank and
supporting equipment) and the equipment installa-
tion cost.

Tabena 20. [lpow3ssoarba TomnoTHe eHepruje u moryhe Table 20. Heat generation and potential CO, emission
Cmarbetrbe emmucuje CO, reduction
LLIKONE YKynHa Npou3BoAaba TONAoTHe BpcTa eHepreHTa Koju ce CyncTuTyuile
SCHOOLS eHepruje (KWht/god) Type of fuel being substituted
Total generation of heat (kWht/p/a)
Yram (kgCO,/god) lac (kgCO,/god) Masy (kgCO,/god)
Coal (kgCO,/p/a) Gas (kgCO,/p/a) Heavy oil (kgCO,/p/a)
Al 56.068 24.053 12.335 18.839
A2 161.739 69.386 35.583 54344
A2pt 23.365 10.023 5.140 7.850
A3 198.248 85.048 43615 66.611
A3pt 103.079 44.221 22677 34.635
B1 45.037 19.321 9.908 15132
B2 119.023 51.061 26.185 39.992
B3 148.583 63.742 32.688 49.924
@ 31.590 13.552 6.950 10614
(@] 129321 55479 28451 43452
a 286.170 122.767 62.957 96.153
C3pt 414,105 177.651 91.103 139.139
D3 451.248 193.585 99.275 151619
CANE GYMS
01 94.928 40.724 20.884 31.896
02
03 284.603 122.095 62.613 95.627
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Tabena 21. LeHa KowTatba eHepreTckor cuctema,  Table 21. Energy system cost price, Improvement 1
yHanpehere 1

LIKONE MoBpLwnHa konekTopa (m?) 3anpemuHa TaHKa (1) LleHa KowTatba eHepreTckor cuctema (EUR)

SCHOOLS Collector area (m?) Tank volume (1) Cost price of energy system (EUR)

Al 96,75 4.840 37.751

A2 301,98 15.102 100474

A2pt 40,17 2.006 17.727

A3 37285 18.642 120446

A3pt 176,98 8.849 63458

B1 7787 3.884 31.322

B2 23598 11.799 81.272

B3 254,86 12.743 86.834

@ 58,99 2.950 24668

2 221,82 11.091 77.061

a3 509,72 25486 157.608

C3pt 710,30 35515 209.659

D3 774,01 38.701 225733

CAJIE GYMS

01 162,83 8.142 59.070

02

03 566,35 28318 172.554

7.3.4.2. MNpoueHa edekata yHanpehera 2 -
n3rpagre eHepPreTckor cucTeMa ca ConapHum
TepPManHUM KoNeKTop1ma

Y Tabenu 22. npuvkaszaHa je moryha MHCTanucaHa
MOBPWWHA COMAapPHMX TEePManHUX KONeKTopa Ha
KPpOBOBMMa 0fabpaHuX LIKOMa M CNOPTCKMX Xana, ca
MUHVMaNHOM BENIMYMHOM TaHKa. Y OBOMe yHanpehery
pasMaTpaHe Cy TMOBPLIMHE KPOBOBA MPOCTOPHO
opjeHTncaHe Ka Jyry, Jyronctoky, Jyrosanagy, VIcToky
1 3anagy.

Tabena 22. Moryha vHCTan1caHa noBpLIMHa KoneKkTopa Ha
KPOBOBMMa WWKONa v cana

7.3.4.2. Impact assessment of Improvement 2 -
construction of solar thermal collector energy
system

Table 22 shows the potential installed surface of
solar thermal collectors on roofs of selected schools
and gyms, with minimum tank size. In this Improve-
ment scenario, roof surfaces spatially oriented to-
wards the South, Southeast, Southwest, East and
West were considered.

Table 22. Potential installed collector area on school and gym
roofs

LIKONE
SCHOOLS

YkyrnHa noBpLuMHa
Kocor kposa (m?)

Total pitched roof
area (m?)

Haru6Hu yrao
Tilt angle

[MosplumHa pasHor
KpoBa (m?)
Flat roof area (m?)

NoBpLunHa konekTopa (m?)
Collector area (m?)

E SE S SW W

PasmatpaHo y yHanpehetby 1
Considered in Improvement 1

PasmatpaHo y yHanpebhetby 2 Considered in Improvement 2
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Al 325 30° 37,76 96,75 37,76

A2 768 35° 224,18 7787

A2pt 2.095 35° 922,68 40,17 757,49

A3 890 42° 24542 127,43

A3pt 1.300 35° 356,33 176,98 356,33

B1 189 42° 7787

B2 515 6° 235,98

B3 300 10° 766 1251 254,86 1251

@] 21 30° 58,99

(@] 214 30° 506 118 221,82 61,35

a 1.790 18° 509,72

C3pt 1.700 710,30

D3 1.760 774,01

CAJE GYMS

01 371 162,83

02 972 24° (W) 61591 179,34
16° (F)

03 538 6° 260 226,54 113,27 226,54

Y Tabenu 23. Ha OCHOBY MpKKazaHe MeTofoNorvje
y MPETXOAHVM MOMMaB/blMa M3padyHaTa je OYeKrBaHa
MpoV3BOAHa TOMME BOAE Ha FOAWLLIFEM HUBOY Kao
n moryhe cmarberbe emncuje CO2 y 3aBUCHOCTU Off
CyncTuUTyUmje BpcTe GOCUHOT ropuBa, 0K je y Tabenu
24. NprKasaHa LieHa KoLWTarba eHepreTCKor cucTema m3
yHanpebhetrba 2. Y LieHy eHepreTckor CUCTEMA YKIbydeHa
je LieHa onpeme (konekTopwu, TaHk 1 npateha onpema)
Kao W LieHa NHCTanmncaHa onpeme.

Tabena 23. MMpow3Bofrba TOMMOTHE eHepruje u moryhe
cMakberse emmcnje CO2

Based on the methodology presented in the
previous sections, Table 23 shows the calculated ex-
pected annual domestic hot water production, same
as potential CO2 emission reduction depending on
the fossil fuel substitution, whereas Table 24 shows
the cost price of energy system referred to in the
Improvement 2 scenario. The energy system price
includes the cost of equipment (collectors, tank and
supporting equipment) and the equipment installa-
tion cost.

Table 23. Heat generation and potential CO2 emission reduc-
tion

LLIKONE YKynHa Npov3BoAHba TonaoTHe BpcTa eHepreHTa Koju ce cynctuTyuile
SCHOOLS enepruje (KWht/god) Type of fuel being substituted
Total generation of heat (kWht/p/a)

Yra (kgCO,/god) lac (kgCO,/god) MasyT (kgCO,/god)
Coal (kgCO,/p/a) Gas (kgCO,/p/a) Heavy oil (kgCO,/p/a)

Al 92214 39.560 20.287 30.984

A2 161.739 46619 23.907 36.513

A2pt 810.141 347.551 178231 272207

A3 198.247 85.048 43615 66.611

A3pt 436.796 358016 183.598 280.404

B1 45.037 15223 7.806 11.923
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B2 119.023 51.061 26.185 39.992

B3 273998 117.545 60.280 92.063

al 31.590 13.552 6.950 10614

2 215.169 92.308 47.337 72297

3 286.170 122.767 62.957 96.153

C3pt 414.105 177.651 91.103 139.139
D3 451.248 193.585 99.275 151619
CAJIE GYMS

01 94.928 40.724 20.884 31.896

02 389.766 167.210 85.749 130.961
03 284.603 93.765 48084 73.438

Tabena 24. LleHa KowTarba —eHepreTckor —cuctema,  Table 24. Energy system cost price, Improvement 2

yHanpehere 2

LUKONE lMoBpLwuKHa konekTopa (m?) 3anpemnHa TaHKa (1) LleHa kowTatba eHepreTckor cnctema (EUR)
SCHOOLS Collector area (m?) Tank volume (1) Cost price of energy system (EUR)
Al 172,26 8613 62.002

A2 301,98 15.103 100.474

A2pt 1.720,29 86.015 448.633

A3 372,85 18.642 120.446

A3pt 889,64 44.482 254448

B1 7787 3.894 31.322

B2 23598 11.799 81.272

B3 504,99 25.250 156.351

al 58,99 2950 24.668

C2 401,16 20.058 128272

3 509,72 25486 157.607

C3pt 710,30 35515 209.659

D3 774,01 38.701 225733

CAJTE GYMS

01 162,83 8.141 59.068

02 795,25 39.763 231.051

03 566,35 28318 172555
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7.4 Mepe yHanpehetrba Npor3BoAH-e TOMNIOTHE
eHepruje U3 eHepreTCKor CMCTeMa ca CoNapHUM
KONEeKTOPUMA Y 06jeKTUMa NPefLUKONCKNX
ycTaHoBa y Cpbuju

7.4.1 MocTojehe cTame

[pVYMeHa COMapHUX EeHepreTckMx cuctemMa Ha
jaBHMM 06jeKT1Ma NPaKTUYHO je 3aHeMapsbKBa, WTO je

CNyvYaj 1 ca NPeaWwKoNCKMM yCTaHOBaMa.
7.4.2 Tpeo yHanpehetre

Mpeo yHanpeherwe nogpasymeBa  M3rpagksy
CONMapHOr  eHepreTckor cuctema 6OasuMpaHor Ha
NPVYMEHW TEPMaTHUX KOMEKTOPa Ha PacrofioXMBKUM
KPOBHMM NOBPLIMHAMA KOje 1Majy Haj6osby MPOCTOPHY
OpuWjeHTauujy ca acnekTa YKYMHOr  FOAWLIHer
CyHueBor 3paverba. To Cy paBHe NOBPLUMHE KPOBOBA
1 NOBPLUMHE YMja je MPOCTOPHa OpujeHTaumja Ka Jyry,
Jyrounctoky 1 Jyrosanagy. PasmatpaH je MakcumanHm
Moryhu gobutak TONNOTHE eHepruje W3 TepManHuX
KOnekTopa, Kaga Cy CBe TMOBPLMHE MOKPUBEHE
CONapHUM KONEKTOPKMA.

7.4.3 [pyro yHanpehemne

[Opyro yHanpeherse noapasymesa M3rpadrby
EHepreTckor cuctema 6asvpaHux Ha  CONapHMM
KONEeKTopMMa Ha OCTalHUM KPOBHMM MOBPLUMHAMA.
To Cy MUCTOYHO M 3aMafiHO OpWjeHTWUCaHe MOBPLIMHE
KpOBOBa, NPOCTOPHA OpMjeHTaumjay oncery a3umyTHOr
yrna (-90° n 90°). Y oBome yHanpeherby conapHm
KONEKTOPK Cy NOCTaB/beHW Ha CBUM PACTONOXMBYM
NOBPLUMHaMa KpOBOBa.

7.4.4 MpoueHa epeKaTa UsrpagHe eHepreTckor
cMcTema ca ConapHuM Konektopmma y
npeawkKonckum objektma y Cpbujm

Y HaUMOHamHoj  TUNOMOTUjK  MPEALIKONCKMX
objekata y  Penybnuum Cpbujn aeduHmMcaHn cy
TUNOBM U MOATUMOBM  MNPeAWKONACKMX — objeKaTa.
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7.4 Improvement measures of heat generation by
solar collector energy system in kindergarten build-
ings in Serbia

7.4.1 State of affairs

The solar energy system implementation in pub-
lic buildings is practically negligible, which is also
the case with kindergartens.

7.4.2 Improvement 1

Improvement 1 implies the construction of a so-
lar energy system based on the implementation of
solar collectors on available roof surfaces with the
best spatial orientation from the aspect of total an-
nual solar radiation. These are flat roof surfaces and
surfaces facing South, Southeast and Southwest. We
have considered the maximum potential heat gain
from thermal collectors, when all surfaces are cov-
ered by solar collectors.

7.4.3 Improvement 2

Improvement 2 implies construction of energy
systems based on solar collectors on other roof sur-
faces. These are East and West oriented roof surfaces,
spatial orientation in the azimuth angle range (-90°
i 90°). Under this Improvement, solar collectors are
installed on all available roof surfaces.

7.4.4 Impact assessment of construction of solar
collector energy systems in kindergarten buildings
in Serbia

The national typology of kindergarten buildings
in the Republic of Serbia defines types and subtypes
of kindergarten buildings. The typology did not take
into account the parameters relevant for the con-
struction of an energy system with solar thermal
collectors, so it can not be perceived as represent-
ative for grasping the advantages for kindergarten
buildings in regard to solar collector energy system
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Tunonoruja Hrje obyxsaTuna NapameTpe Koju Cy BUTHM
33 M3rpafhby EeHepretckor cmcrtema ca COMapHUM
TePMaHUM KONEeKTOPMMa, Tako Aa Ce He MOXe y3eTn
Kao penpeseHTaTVBHa 3a carfiefjaBarbe MOroAHOCTY
NpeawWwKoncknx objekata y nornefdy  W3rpagrbe
E€HEepreTckor cucTema ca CoMapHUM Konektopuma. Y
Tabenu 25. Npu1KazaHu Cy reoMeTpujcKK MapameTpu
OWTHM 33 carnedaBarbe KamauuTeTa 3a W3rpagmy
eHepreTckor cuctema 6asvpaHor Ha  NpUMeHwu
COMapHMX TEPMaNTHMX KOMEKTOPa, Ha TUMNOBMMA
npeaLwKoncknx objekata AedUHNCAHUM Y HALUMOHANHO]
TUNOSOTUjN.

Tabena 25. [eoMeTpPWjCKM NapameTpy GUTHM 3a carnefaBarbe
KanauuTeTa 3a W3rpaditby eHepreTckor cuctema  Ca
TEPMANHMM KOMEKTOPVMA Ha MPeAWKOICKUM yCTaHOBama
AebUHNCAHUM Y HALMOHANHOj TUMONOTUj

construction. Table 25 shows geometric parameters
relevant for understanding the capacity for the con-
struction of energy system based on implementa-
tion of solar thermal collectors, on the types of kin-
dergartens defined in the national typology.

Table 25. Geometric parameters relevant for understanding
the capacity for construction of energy system with thermal
collectors on types of kindergartens defined in the national

typology

BPTUR YKymnHa noBpLUIMHa KOcor HarnbHu yrao [NoBpLuKHa paBHOT [NoBpLumHe no opwjeHTauvjama (m?)
KINDERGARTEN KpoBa (m?) Tilt angle KpoBa (m?) Areas by orientation (m?)
Total pitched roof area (m?) Flat roof area (m?)
E SE S SW W
PasmatpaHo y yHanpehetby 1
Considered in Improvement 1
Pa3smatpaHo y yHanpehetsy 2 Considered in Improvement 2
Al 989 30° 208 35 200
A2 278 25° 52 103
B1 230 20° 85 30
B2a 646 20° 104 47 122 116 135
B2b 587 15° (W) 362 225
° (E)
al 281 16 146
C2 1.160 18° 305
3 1402 30° 571
D2 1.002 1.002
D3 1435 1.355

7.4.4.1. NMpoueHa edpekaTta yHanpehera 1 -
n3rpagre EHePreTCckor cucTeMa ca ConapHum
TepPManHUM KoNeKToprma

Y Tabenn 26. NnpurkazaHa je moryha mHCTanucaHa
MOBPLWIMHA COMAPHUX TEPMaHMX KOMeKTopa Ha
KpoBOBMMa oOfabpaHMx MNpPefWwKoACKMX YCTaHOBA.
Y oBome YyHanpehersy pa3matpaHe Cy MOBPWUWHE

7.4.4.1. Impact assessment of Improvement 1- con-
struction of solar thermal collector energy system

Table 26 shows the potential installed surface of

solar thermal collectors on roofs of selected kinder-
gartens. In this Improvement scenario, roof surfaces
spatially oriented towards the South, Southeast and
Southwest were considered. All calculations were
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KPOBOBA MPOCTOPHO OPJEHTUCAHMX Ka jyry, jyrOUCTOKY
n jyrozanagy. Ceu npopadyHn cy pabeHu ca
NPEeTNoCTaBKOM Aa ce NpeaLKosCKe yCTaHOBE Hanase
y pervoHy beorpaga.

Tabena 26. Moryha vHcTanncaHa NoBplMHa KonekTopa Ha
KPOBOBMMA MPEALIKONCKMX YCTaHOBA

done on the assumption that kindergartens are lo-
cated in the Belgrade region.

Table 26. Potential installed collector area on kindergarten
roofs

BPTUR YKynHa noBpLUMHa Harn6Hu yrao [MoBpLUKHa paBHOT lMoBpLunHa konekTopa (m?)
KINDERGARTEN Kocor kposa (m?) Tiltangle KpoBa (m?) Collector area (m?)
Total pitched roof Flat roof area (m?)
area (m?) E SE S SW W
Pa3matpaHo y yHanpehetby 1
Considered in Improvement 1
Pa3matparo y yHanpehetby 2 Considered in Improvement 2
Al 989 30° 30,68
A2 278 25° 44,84 87,31
B1 230 20° 70,79 25,96
B2a 646 20° 40,12 103,83 96,75
B2b 587 15° (W)
10° (E)
al 281 16° 123,05
2 1.160 18° 257,05
a3 1.402 30° 481,40
D2 1.002 441,43
D3 1435 597,03

Y Tabenn 27. Ha OCHOBY MpuWKasaHe MeTofonornje
y MpPEeTxXofHVM Mornas/biMa fAaTa je ouekuBaHa
Npou3BOAHba TOMME BOAE Ha FOAUWHEM HMBOY Kao
v moryhe cmarberse emmcnje CO, y 3aBMCHOCTU Of
CyncTuUTyUmje BpCTe GOCUNHOT ropuBa, AOK je y Tabenu
28. NpuKasaHa LeHa KolTaka eHepreTckor cuctema us
yHanpehetba 1.Y LeHy eHepreTckor cCucTema yk/bydeHa
je LeHa onpeMe (KonekTopw, TaHK 1 nNpaTteha onpema)

KaO 1 LeHa MHCTanrcCatba onpeme.

Tabena 27. Mpowssogrba TOMNOTHE eHepruje W moryhe
Cmatberbe emmcnje CO,

Based on the methodology presented in the
previous sections, Table 27 shows the calculated ex-
pected annual domestic hot water production, same
as potential CO, emission reduction depending on
the fossil fuel substitution, whereas Table 28 shows
the cost price of energy system referred to in the
Improvement 1 scenario. The energy system price
includes the cost of equipment (collectors, tank and
supporting equipment) and the equipment installa-
tion cost.

Table 27 Heat generation and potential CO, emission reduction

BPTUR YKynHa npou3Boarba TOMoTHe BpcTa eHepreHTa Koju ce cynctutyuwe
KINDERGARTEN enepruje (kWht/god) Type of fuel being substituted
Total generation of heat
(kWht/p/a) Yram (kgCO,/god) lac (kgCO,/god) MasyT (kgCO,/god)
Coal (kgCO,/p/a) Gas (kgCO,/p/a) Heavy oil (kgCO,/p/a)
Al 17.779 7627 3911 5974
A2 70407 30.205 15489 23.657
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B1 50.925 21.847 11.203 1711

B2a 130.335 55914 28674 66.611

B2b

al 67.362 28.898 14.820 22634

C2 135.023 57.925 29.705 45.368

a3 257.772 110.584 56.710 86.611

D2 257.354 110405 56.618 86.471

D3 348069 149322 76575 116.951
Tabena 28. leHa KowTarba eHepreTckor cuctema,  Table 28.Energy system cost price, Improvement 1
yHanpehere 1

BPTWR YKyrnHa NOBPLMHA UHCTANWUCHUX KonekTopa (m?) MwuHMManHa 3anpemviHa TaHKa (1) LleHa kowTatba eHepreTckor cuctema (EUR)

KINDERGARTEN Total installed collectors area (m?) Minimum tank volume (I) Cost price of energy system (EUR)

Al 30,68 1.534 14.058

A2 132,15 6.607 49361

B1 96,75 4.838 37.752

B2a 240,70 12.035 82.669

B2b

al 123,05 6.153 46424

2 257,05 1.286 87477

3 481,40 24,070 150.047

D2 441,43 22072 139.269

D3 597,03 29.852 180.563
7.4.4.2. YHanpeheme 2 7.44.2. Improvement 2

Opyro yHanpehere nogpasymeBa  u3rpafdrby Improvement 2 implies construction of ener-

eHepreTckor cucTema 6as3vpaHor Ha comapHum gy systems based on solar collectors on other roof

KONeKTopMMa Ha OCTalIHUM KPOBHVM MOBPLIMHAMA.
To cy UCTOUHO M1 3aMmafHO OpWjeHTMCaHe MOBPLWHE
KpOBOBa, MPOCTOPHa OpWjeHTauuja y  Oncery
asumyTHor yrna (-90° u 90°). Y oBom yHanpehehy
COMapHM  KOMEKTopW Cy MOCTaB/bEHN Ha CBUM
PaCMONOXMBMM MOBPLUMHAMa KpoBoBa. Y Tabenw
29. npukaszaHa je moryha WHCTanucaHa MNOBPLWMHA
COMapHMX TepPManHMX KOMIEKTOPa Ha KpOBOBMMA
0fabpaHKx NPeaWKoNCcKMX ycTaHoBa. CBM NpopaydyHu
cy paheHW ca MPeTnoCTaBKOM fa Ce NPefWKOncKe
yCTaHOBe Harnase y pervoHy beorpaga.

Y Tabenu 30. Ha OCHOBY MpKKa3aHe MeTOACNOrMje
y MPEeTXOAHVMM TOrnae/bMMa, AaTa je OuyeKMBaHa
MpOV3BOAHba TOME BOAE Ha FOAWLIFEM HMBOY Kao

surfaces. These are East and West oriented roof sur-
faces, spatial orientation in the azimuth angle range
(-90° 1 90°). Under this Improvement, solar collectors
are installed on all available roof surfaces. Table 29
shows the potential installed surface of solar thermal
collectors on roofs of selected kindergartens. All cal-
culations were done on the assumption that kinder-
gartens are located in the Belgrade region.

Based on the methodology presented in the
previous sections, Table 30 shows the calculated ex-
pected annual domestic hot water production, same
as potential CO, emission reduction depending on
the fossil fuel substitution, whereas Table 31 shows
the cost price of energy system referred to in the
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n moryhe cmarberbe emucrje CO, y 3aBMCHOCTW Of
CyncTuUTyUmje BpCTe GOCUAHOT FOPUBA, [OK je Y Tabenu
31. Npu1KasaHa LieHa KoWTarba eHepreTcKor cnuctema 13
yHanpehetrba 2. Y LieHy eHepreTCKor CUcTema yK/bydeHa
je LeHa onpeMe (KonekTopw, TaHK 1 NpaTteha onpema)
Kao 1 LeHa MHCTanucarba onpeme.

Tabena 29. Moryha mnHcCTanncaHa NoBplUMHa KonekTopa Ha
KPOBOBVMA NPEALIKONCKKX YCTaHOBA

Improvement 2 scenario. The energy system price
includes the cost of equipment (collectors, tank and
supporting equipment) and the equipment installa-
tion cost.

Table 29. Potential installed collector surface on kindergarten
roofs

BPTUR YKynHa nospLumHa Kocor | Harvbxu yrao lNosplwnHa pasHor MoBpLumHa konekTopa (M?)
KINDERGARTEN Kposa (m?) Tiltangle KpoBa (m?) Collector area (m?)
Total pitched roof area Flat roof area (m?)
(m?) E SE S SW w
PasmatpaHo y yHanpehetby 1
Considered in Improvement 1
Pa3matpaHo y yHanpehetby 2 Considered in Improvement 2
Al 989 30° 174,63 30,68 167,55
A2 278 25° 44,84 87,31
B1 230 20° 70,79 2596
B2a 646 20° 87,65 40,12 103,83 96,75 113,27
B2b 587 15°(W) 304,41 188,78
10°(B)
al 281 16 123,05
2 1.160 18° 257,05
a3 1402 30° 4814
D2 1.002 441,43
D3 1435 597,03

Tabena 30. MMpowsBogrba TOMNOTHE eHepruje W moryhe
Cmatbetrbe emmcnje CO,

Table 30. Heat generation and potential CO, emission reduc-
tion

BPTUR YKynHa npov3Bogtba TOMNoTHE BpcTa eHepreHTa Koju ce cynctutyuie
KINDERGARTEN enepruje (kWht/god) Type of fuel being substituted
Total generation of heat (kWht/p/a)

Yram (kgCO,/god) lac (kgCO,/god) MasyT (kgCO,/god)
Coal (kgCO,/p/a) Gas (kgCO,/p/a) Heavy oil (kgCO./p/a)

Al 181.568 77.893 39.945 61.007

A2 70407 30.205 15.490 23657

B1 50.925 21.847 11.203 1711

B2a 230.218 98.764 50.648 77.353

B2b 246416 105.712 54.212 82.796

al 67.362 28898 14.820 22634

2 135.023 57.925 29.705 45368

a3 257772 110.584 56.710 86.612

D2 257.354 110405 56.618 86.471

D3 348.069 149.321 76.575 116,951
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Tabena 31. LeHa KowTarba eHepreTckor —cuctema,  Table 31.Energy system cost price, Improvement 2
yHanpehere 2

BPTUR YKymnHa NOBPLIMHA UHCTANUCHIX KONekTopa MwuHMManHa 3anpemHa TaHKa (1) LleHa kowTatba eHepreTckor cuctema (EUR)

KINDERGARTEN (m?) Minimum tank volume (I) Cost price of energy system (EUR)

Total installed collectors area (m?)

Al 372,85 18.642 120446

A2 132,15 6.607 49361

B1 96,75 4.838 37.752

B2a 441,62 22.081 139.321

B2b 493,20 24.660 153.204

@ 123,05 6.152 46.424

2 257,06 12.853 87477

3 481,40 24.070 150.047

D2 441,43 22072 139.269

D3 597,03 29.851 180.563

7.5 MpoueHa epekaTa nsrpaghe eHepreTckor
cMcTema ca ConapHUM TepManHUM KoJIeKToprMa Ha
LWKOJICKMM 0bjeKkTuMa Ha HuBoy Cpbuje

Ha ocHoBy npopadyHa MNpPOW3BOAE  Ha
KPOBOBMMa  TUMCKMX  WKONCKMX — objekata vy
MPeTXOAHVUM MOrfaB/bMMa  M3BpLIEHa je npoLeHa
edekaTa n3rpagHe eHepreTcKor CUcTeMa ca CoflapHNMm
TEPMASTHUM KONEKTOPMMAa Ha HMBOY CBUX LUKOMCKMX
objekata y Cpouju. C 0631pom Aia HUCY BKNn [OCTYNHA
CTaTUCTNYKK NOJALIM O TEOMETPUJCKMM eNemMeHTMa 1
PaCroNOXMBMM MOBPLIMHAMA 338 KPOBOBE LUKONCKMX
objekata, nNpoueHe MPOW3BOAHE Cy M3BPLIEHE
y3 yBakaBarbe cCnefehe npeTnocTaske, Aa Cy
PACNONOXMBE MOBPLWMHE 1 HArMOHW YINOBK KPOBOBa
CBMX ObjekaTa y OKBUPY jefiHe KaTeropuje UCTU, Kao 1
OpjeHTaumja KpOBOBa.

lopen HaBedeHWX MPEeTNOCTaBKK, YCBOjeHO je
[a je conapHe KOMeKTope MorofHo MocTaBuUTU Ha
80% objekaTa y CBaKoOj ofi KaTeropwja AedUHUCaHUX
HaunoHanHom  TunosornjoM.  peoctanux — 20%
objekata Ce cMaTpa HEMOrOAHUM 3a WHCTanauujy
TEPMANHMX  KonekTopa 3060r  HepacrnofioXMBOCTY
KpPOBHE MOBPLUMHE, KOMMJIEKCHE reomeTpuje uu
NPUCYCTBA CEeHKe Off OKOMHMX ObjekaTa. Y Tabenn 32
Jatv cy nopgauy npopadyHa edekata MHCTanauuje
COMAPHUX KOMEeKTopa Ha LWKONCKMM ObjekTuMa Yy

7.3.7.5 Impact assessment of construction of solar
thermal collector energy systems in school build-
ings in Serbia

Based on the production calculation on the roofs
of typical school buildings presented in previous sec-
tions, the assessment of the energy system with solar
thermal collectors was performed at the level of all
school buildings in Serbia. Given that not all statistical
data on geometric elements and available surfaces for
roofs of school buildings was available, the production
estimation was done taking into account the following
assumptions, that available surfaces and roof slope an-
gles in all buildings within a single category were the
same, same as roof orientation.

In addition to said assumptions, it was adopted
that solar collectors were to be installed in 80% of the
buildings in each category defined by the national
typology. The remaining 20% of buildings are consid-
ered unsuitable for installation of thermal collectors
due to unavailability of roof area, complex geometry
or shading from surrounding buildings. Table 32 shows
the data referring to calculation of effects of installa-
tion of solar collectors in school buildings in Serbia af-
ter implementing Improvement 1 measures, and Table
33 after implementing Improvement 2 measures.
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Cpbuvju HakoH npumeHe mepe yHanpehewa 1, a y
Tabenu 33 HakoH NprMeHe Mepe yHanpehetrba 2.

Tabena 32. OCHOBHM
COMapHWX KonekTopa Ha

napameTpy edekata u3rpagre
ofabpaHNM WKOMCKMM 0bjeKTMa

Table 32. Basic parameters of the effect of solar collector con-
struction in selected school buildings based on the Improve-

npema yHanpehetrby 1 ment 1

TUIM WKONE bpoj wkona loavwtba Npou3BoAHba YKynHa vHBecTuLvja 3a BpcTa eHepreTHTa KOjW Ce cyncTutyuLe

TYPE OF Number of TONMOTHE eHepruje V3rpajtby EHepreTcKor Type of fuel being substituted

SCHOOL schools (GWht/god) cuctema (MunoHa Eepa)
Annual heat generation Total investment in energy Yram (tCO,/god) fac (tCO,/god) Maszyt (t‘CO/god)
(GWht/p/a) system construction Coal (tCO,/p/a) Gas (tCO,/p/a) Heavy oil (tCO,/p/a.)

(In mil. EUR)

Al 596 26,73 17,99 11468 5.881 8.982

A2 300 38,82 2411 16.652 8539 13.042

A3 242 38,38 2332 16.465 8443 12.895

B1 664 2392 16,64 10.263 5263 8.038

B2 449 42,75 29,19 18341 9.405 14.365

B3 538 63,95 3737 27434 14.068 21487

a 337 852 6,65 3653 1.873 2861

Q2 274 28,35 16,89 12.160 6.236 9.524

a3 413 94,55 52,07 40.562 20.800 31.768

D3 77 27,80 1391 11.924 6.115 9339

YKynHo 3.890 393,77 238,16 168.927 86.629 132.000

Tabena 33. OCHOBHM
COMapHKX KonekTopa Ha
npema yHanpehetby 2

napametpy edekata U3rpagre
ofabpaHnM LIKONCKMM 0bjeKTvma

Table 33. Basic parameters of the effect of solar collector con-
struction in selected school buildings based on the Improve-
ment 2

TUIM WKONE bpoj wkona foaviwba Npon3BoAHba YKynHa vHBecTuLvja 3a BpcTa eHepreTHTa KOjW Ce cynctutyule

TYPE OF Number of TONMIOTHE eHepruje M3rpagHby eHepreTckor Type of fuel being substituted

SCHOOL schools (GWht/god) cuctema (MunnoHa Eepa)
Annual heat generation Total investment in energy Yram (tCO,/god) fac (tCO,/god) Masyt (FCO/QOd)
(GWht/p/a) system construction Coal (tCO,/p/a) Gas (tCO,/p./a.) Heavy oil (tCO,/p/a.)

(In mil. EUR)

Al 596 43,97 29,56 18.862 9.672 14.773

A2 300 38,82 241 11.188 5.737 8.763

A3 242 3838 23,32 16.465 8443 12.895

B1 664 23,92 16,64 8.086 4.146 6.333

B2 449 42,75 29,19 18341 9.405 14.365

B3 538 118,00 67,29 50.591 25944 39623

al 337 8,57 6,65 3.653 1.873 2.861

2 274 47,16 28,12 20.233 10376 15.847

3 413 94,55 52,07 35491 18.201 27.797

D3 77 27,80 13,90 11.924 6.115 9.339

YkynHo 3.890 483,80 290,86 194.839 99.917 153.000
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7.6 MpoueHa edpekaTa U3rpaghe eHepreTckor
cucTemMa ca ConapHUM TepMasiHAM KosleKToprma Ha
NpeALWKoNCKUM objekTMa Ha HuBoy Cpbuje

Ha ocHoBy npopadyHa nNpou3Boge Ha
KpOBOBMMa TUMCKMX MPEeAWKOACKMX objekata vy
NPeTXOAHVM TMOrMaB/biMa, M3BpLIEHa je NnpoLeHa
ebekata um3rpagHe  eHepreTckor  cuctema  ca
CONMapHUM TEPMASHNM KONMEKTOPMMA Ha HUBOY CBMX
npeawKonckmnx objekata y Cpouju. C 063npom fa HUCY
6VNM LOCTYMHM CTATUCTUYKM NOZALM O FEOMETPUJCKMM
enemMeHTVMa M pacnofiokMBMM  MOBPLUMHAMa
33 KpoBOBe MpefWKonckmx objekaTa, npoLleHe
NPOu3BOAHE Cy W3BPLIEHE Y3 yBaxaBatbe cneaehe
NpeTnocTaBke, fa Cy pPacnofiokMBe MOBPLWWHE U
HarMbHW YrnoBWM KpOBOBa CBMX objekata y OKBUPY
jeaHe KaTeropumje UCTK, Kao 1 OpujeHTalMja KpOBOBa.

[open HaBefeHMX MNPEeTNOCTaBKYM, YCBOjeHO je
[a je conapHe Konektope MOrofHO MOCTaBUTU Ha
75% objekaTta y CBakoj of KaTeropwuja aeduHUCaHNUX
HauMOHanHOM Tunonorujom. [peoctanux 25 %
objekaTa Ce CMaTpa HEMOrOAHWM 33 WHCTanauwujy
TEPManHUX  KonekTopa 300r  HepacnonoXmMBOCTM
KPOBHE MOBPLIMHE, KOMIIEKCHE TeomeTpuje uiu
NPUCYCTBa CEHKE Of OKOMHMX ObjeKaTa.

Y 1abenu 34 gatu cy nogauun npopadvyHa edekata
MHCTanaymnje CoNapHMX KONeKTopa Ha NPeALKONCKUM
objektma y  Cpbuju  HakoH nNpuMeHe  mepe
yHanpehetrba 1,ay Tabenu 35 HakoH NprimeHe mMepa u3
yHanpeherba 2.

Tabena 34. OcCHOBHWM napameTpu edekata U3rpadrbe
CONapHMX KOMekTopa Ha ofabpaHUM  MPEALIKONCKMM
objekTMa npema yHanpehery 1

7.3.7.5 Impact assessment of construction of solar
thermal collector energy systems in kindergarten
buildings in Serbia

Based on the production calculation on the roofs
of typical kindergarten buildings presented in previ-
ous sections, the assessment of the energy system
with solar thermal collectors was performed at the
level of all kindergarten buildings in Serbia. Given
that not all statistical data on geometric elements
and available surfaces for roofs of kindergarten
buildings was available, the production estimation
was done taking into account the following assump-
tions, that available surfaces and roof slope angles in
all buildings within a single category were the same,
same as roof orientation.

In addition to said assumptions, it was adopted
that solar collectors were to be installed in 75% of
the buildings in each category defined by the na-
tional typology. The remaining 25 % of buildings
are considered unsuitable for installation of thermal
collectors due to unavailability of roof area, complex
geometry or shading from surrounding buildings.

Table 34 shows the data referring to calculation
of effects of installation of solar collectors in kin-
dergarten buildings in Serbia after implementing
Improvement 1 measures, and Table 35 after imple-
menting Improvement 2 measures.

Table 34. Basic parameters of the effect of solar collector con-
struction in selected kindergarten buildings based on the Im-
provement 1

TN BPTURA
TYPE OF
KINDERGAR-
TEN

Bpoj sptvha
Number
of kindergartens

foauwba NpounssoAba
TOMM/IOTHE eHepruje
(GWht/god)

Annual heat generation
(GWht/p/a)

YkynHa nHsectuumja 3a
M3rpadtby eHepreTckor
cuctema (MmunvoHa Espa)
Total investment in energy
system construction

(In mil. EUR)

BpcTa eHepreTHTa KojW Ce cyncTutymwe
Type of fuel being substituted

Yrar (tCO,/god)
Coal (tCO,/p/a)

lac (tCO,/god)
Gas (tCO,/p/a)

MasyT (tCO,/god)
Heavy oil (tCO,/p/a.)

Al

236

315

249

1.350

692

1.057

A2

100

528

3,70

2.265

1.161

1774

B1

184

7,03

521

3014

1.546

2361

107



108

INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

B2a 128 12,51 7,94 5.367 2752 6.394

B2b 17

al 323 16,32 11,25 7.000 3.590 5483

(@) 897 90,84 58,85 38.969 19.984 30521
3 309 59,74 34,77 25627 1314 20.072
D2 187 36,09 19,53 15484 7.940 12127
D3 110 28,71 14,90 12319 6.317 9.648

YkynHo 2591 259,67 158,63 111398 42.068 89.440

Tabena 35. OCHOBHWM napameTpy edekata U3rpaarLe

Table 35. Basic parameters of the effect of solar collector con-

COMapHMX KOMEKTOpa Ha ojabpaHum mpegwkonckum  struction in selected kindergarten buildings based on the Im-
objeKTMa npema yHanpehery 2 provement 2

TUM BPTURA Bpoj spTvha foanwrba NpounssoArba YkynHa nHsectuumja 3a BpcTa eHepreTHTa KojW Ce cynctutyuwe

TYPE OF Number TONMNOTHE eHepruje V3rpagtby eHepreTckor Type of fuel being substituted

KINDERGAR- of kindergartens (GWht/god) cuctema (MmnnoHa Espa)

TEN Annual heat generation Total investment in energy Yrab (tCO,/god) fac (tCO,/90d) Masyr (FCOQ/QOd)

(GWht/p/a) system construction Coal (tCO,/p/a) Gas (tCO,/p./a.) Heavy oil (tCO,/p/a.)
(In mil. EUR)

Al 236 32,14 2132 13.787 7070 10.798

A2 100 528 3,70 2.265 1.161 1.774

B1 184 7,03 521 3014 1.546 2.361

B2a 128 22,10 13,37 9481 4.862 7425

B2b 17 21,62 13,44 9276 4757 7.265

@ 323 16,32 11,25 7.000 3.590 5483

Q2 897 90,84 58,85 38.969 19.984 30521

a3 309 59,74 34,77 25.627 13.142 20.072

D2 187 36,09 19,53 15484 7.940 12127

D3 110 28,72 14,89 12318 6.317 9.648

YrynHo 2.591 319,87 196,35 137.225 69.326 107477
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8. DOTOHATNOHCKN CUCTEMU

LKoncKM 1 NpefKonckn objekTn npeacTasbajy
3HauajaH noTeHUMjan 3a um3rpagry (GOTOHAMOHCKMX
naHena, Koju v Ounn MHTErpncaHn y KpoBOBE OBUX
objekata.C 0631Mpom fia Cy KPOBHE MOBPLUMHE NacKBHE,
n3rpagra GOTOHAMOHCKMX CUCTEMA He Hapyluasa
OYHKUMOHANHOCT  0bjekTa, HWTWM Ha 6wuno  Koju
HauMH HEraTMBHO YyTW4Ye Ha OKOMMHY. VIHCTanaunjom
HOTOHAMOHCKMX CUCTEeMa Ha KpOBOBMMA oObjekaTa
Yy MakcumanHo moryhoj Mepu ce npubnmxasajy
NpoV3BOAHa M MNOTPOLWHA EenekTpuYHe eHepruje,
na OBakBM cucTemm ob6e3behyjy 3HauyajHO CMatbere
rybutaka enekTpuuyHe eHepruje y MPeHOCHO] U
AUCTPUOYTUBHO]  Mpexn. KonuuvHa — enekTpuyHe
eHepruje Koja ce Moxe [OOUTK K3 GOTOHAMOHCKMX
cuCTema Mpe CBera 3aBWUCW Of [O3payeHe conapHe
eHepruje Ha nokauumju objekTa Koju ce aHanmsmpa.

8.1 ConapHu noTeHuwmjan cpbuje

CHara conapHor 3payerba Ha MOBPLUMHM 3emsbe
3aBWCK Of BULLE GaKTOpPa, a TO Cy: reorpadcka WUpmHa,
obnayHocT, rognwrse foba n foba faHa. PeanHa cnnka
NpoceyHe roaulitbe MHCONALUMje Ha XOPW3OHTANHO]
nospwmnHu (Global Horizontal Irradiation — GHI) 3a
EBpony npuvkasaHa je Ha civym 13.

8. PHOTOVOLTAIC SYSTEMS

School and kindergarten buildings represent a
relevant potential for construction of photovoltaic
panels, to be integrated into roofs of these buildings.
Given that roof structures are passive, construction
of photovoltaic systems does not interfere with the
building functionality, not does it in any way ad-
versely affect the environment. Installation of photo-
voltaic systems on building roofs brings the produc-
tion and consumption of electricity closest possible,
therefore such systems ensure significant reduction
in electricity losses in transmission and distribution
grids. The quantity of electricity that can be gained
from the photovoltaic systems primarily depends on
the radiated solar energy at the location of the build-
ing analysed.

8.1 SOLAR POTENTIAL IN SERBIA

The capacity of solar radiation on the Earth sur-
face depends on multiple factors, such as: latitude,
cloud cover, season and the time of the day. The ac-
tual picture of global horizontal irradiation- GHI for
Europe is shown in Figure 13.
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Cnvka 13. ConapHu noTteHuwjan EBpone (npeys3eto ca
https://solargis.com/)

Ha ocHoBy ciivke 13 MOXe Ce M3BEeCTU 3aK/byyak
pa Cpbuja MMa eHepreTcku MOTeHUWjan ConapHor
3paderba Koju je npeko 30% Behw off eHepreTckor
noTeHumjana ConapHoOr 3payerba y Hemaukoj, koja
je nngep y NpOV3BOAMW eNekTpuYHe eHepruje u3
dOTOHaNOHCKMX cnucTema y EBponu.

Ha cnvum 14. npukasaHa je mana rnobanHor
noTeHumMjana CoMapHOr 3paderba  Ha  TepUTOpUjU
Penybnnke Cpbuje. Moxe ce 3ak/byunTi Aa NpoceyuHa
roAMlWba Jo3padeHa eHepruja CyHua Mo jeauvHuum
XOPW30HTaNIHE MOBPLMHE Ha OTBOPEHOM TepeHy
n3Hock o 1450 kWh/m2 Ha jyry, no oko 1250 kWh/
m2 Ha cesepy Cpbuje.

Figure 13. Solar potential in Europe (taken from https://solar-
gis.com/)

Figure 13 leads to the conclusion that Serbia has
solar radiation energy potential which is over 30%
higher than the energy potential of solar radiation
in Germany, which is the leader in power generation
from photovoltaic systems in Europe.

Figure 14 presents the map of solar radiation
global potential in the territory of the Republic of
Serbia. It may be concluded that average annual ra-
diated solar energy per horizontal surface unit in the
open terrain amounts to 1450 kWh/m?2 in the South,
and up to cca. 1250 kWh/m2 in the North of Serbia.
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8.2 MaTemaTuykn Mogen 3a NpPoLeHy NPor3BOAHE
eNeKTPpUUHE eHepruje KPOBHO UHTErPUCAHNX
($OTOHANOHCKMX NaHena

8.2.1 Mogen 3a npoLeHy fHEBHOT Anjarpama
Npon3BofHe eNekKTpPUYHe eHeprije KPoBHO
MHTErpucaHmnx GOTOHAMOHCKNX NaHena

[MpoceyHa enekTpUYHa CHara Kojy GpOTOHAMOHCKM
naHen nkeKTupa y ANCTpnbyTMBHY Mpexy () y cBakom
caty i je pedunHucaHa cnegehom penauvjom:

PVi
Vi ’]P PVSTC I
STC

P,

roe cy:

PPVSTC — [JeKfapncCaHa CHara d)OTOHaI_IOHCKVIX

naHena Npw CTaHhapaHWm TecT ycnosuma (Standard
Test Conditions - STC);

I, — conapHa wupaavjauvja Ha NOBPLINHY
doTOHaNOHCKOr NaHena y caty i
I . = 1000 W/m? — conapHa vpagvjaunja koja

oproeapa STG;

5 — CTeneH nckopuwhera cucTema;

Oy = TEMMEPATYPHY  KOEGUUMJEHT  MpOMeHe
ed1KaCHOTM GOTOHAMOHCKOT NaHeNa, TUMMYHO U3HOCHK
Ay =-0.5%/°C;

T,.= 25°C - Temnepatypa GOTOHANOHCKOr NaHena

npwu STG;
T,,.- Temnepatypa naHenay cary i

IHconauwja Ha NOBPLUMHYM NaHenay caTy i 3aB1CK Of
reorpadcke nosnumje objeKTa, a3nuMyTHOT 1 anTUTYAHO!
yrna $OTOHAMOHCKOr MaHena, obnaYHOCTM U CeHKe
KOjy MOry CTBapaTh OKOMHW objekeTn 1 bpaa. YKynHu
CTeneH wckopuwhera cucTeMa g yBakaBa rybutke
ycnen 3anpsbarba MNaHena, HeynapeHoCTn mofgyna Yy
CTpWHrY, ferpajauvjy edukacHOCTM MaHena y TOKy
eKkcnnoatauuje, rybvTaka Ha MHBEpTOPY W rybutaka y
eneKkTMPYHUM Be3ama. TUNnYHa BpeaHOCT eprKacHOCTH
cMcTteMa Yy MPOCEYHOj  ToaMHW  ekcrnnoatauuje
doToHaNoHCKor NaHena nsHock 5 = 0,85%.

8.2 Mathematical model for the assessment of
power generation by roof integrated photovoltaic
panels

8.2.1 Model for assessment of a daily diagram of
electrical power generation by roof integrated
photovoltaic panels

The average power injected by the solar panel in
distribution grid () in every hour i is defined by the
following relation:

(L + aTPV(TPVi - TSTC))
where:
P, declared capacity of photovoltaic panels

at Standard Test Conditions- STC;

1,,,— solar irradiation on the photovoltaic panel
surface in hour /;

I;,.= 1000 W/m? - solar irradiation correspond-
ing to STC;

py - system efficiency level;

a,,,~ temperature coefficient of the photovolta-
ic panel efficiency change typically amounts to

A=~ 0.5 %/°C;

T,,.= 25°C - photovoltaic panel temperature at
STC,

T,,- panel temperature in hour /.

Insolation at the panel surface in hour i depends
on the geographic position of the building, azimuth
and altitude angle of photovoltaic panel, cloud cover
and shadow which may be cast by the surrounding
buildings and hills. The total system efficiency level
takes into account losses due to fowling of the panel,
mismatch between the string modules, degradation
of the panel efficiency in the course of exploitation,
losses at inverter and losses in electrical connec-
tions. Typical system efficiency value in an average
year of the photovoltaic panel exploitation equals to
7 =0.85%.
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Cmarberbe eduKacHOCTH doToHaNOHCKe
KOHBep3Mje Ca NopacTom TemnepaType je obyxsaheHo
ca KoeduUMjeHTOM a,,,. [lpoueHa Temnepatype
$OTOHANOHCKOr NaHena ce 0bUYHO BPLLIM Ha OCHOBY
ambujeHTanHe  Temnepatype  npema  cnegehoj

penaumju:

T =T +(

PVi ambi

rne je T, .. - amOvjeHTanHa Temneparypa vy
aHaNM3MPaHOM carty .

Mapametap NOCT (Normal Operation Cell Tem-
perature) je TemnepaTypa COMapHOr mogyna npw
ambuvjeHTanHoj Temnepatypu o 20°C, conapHoj
vpaaujaumjv og 800 W/m? un 6p3vHM BeTpa of
1 m/s. OBaj napameTap ce CTaHAapAHO Aobuvja of

npou3sohada  QOTOHAMOHCKOr Mogyna. Hberoga
TMNM4Ha BpeaHocT je NOCT=47 °C.
3a npeunsHe npopavyHe Npon3BOAHE

HOTOHAMOHCKMX NaHena W ecTUMaunjy HUXOBUX
OHEBHMX [umjarpama npows3Bogre noTpebHo je
nocepoBaty nofaTke O KOMMOHEHTaMa  COMapHe
npagvjauvje (OUPEKTHO] U AUDY3MOHO)) Ha LWbHO)
nokauujv, ambujeHTanHoj TemnepaTypu Ha MecTy
aHanusvpaHor objeKkTa, remMeTpUjCKUM enemeHTMa
KOHCTPyKUMje,  3aCeHuYeHy  OKOMHWX  Objekata,
TEXHWUKMM NapaMeTprma GOTOHAMOHCKMX MOodyna U

MHBEPTOPA 1 eKCrI0aTalMoHNM yCI1oBMMa.

8.2.2 Mogen 3a NpoLeHy YKynHe roguiute
NPOU3BOAHE ENEKTPUYHE eHepPrunje KPOBHO
WHTErpmcaHnx GoToHaNnoHCKNX NaHena

MpoueHa  yKkynHe  rogullrbe  MPOW3BOLHE
enekTpuYHe  eHeprmje  KPOBHO  MHTErpUCaHmX
DOTOHAMOHCKMX MaHena Moxe Ce W3BPWUTU Ha
OCHOBY [OCTYMHMX MofaTaka O YKYMHOj MHCONauumju
Ha  XOPW3OHTaNHO]  MOBPLWMWHY,  amOWjeHTanHoj
Temneparypu 7 NPOCTOPHO] opujeHTaumjmn
doToHaNoHCKMx NaHena. PassujeHo je BuLe codTaepa,
Koju uMMajy BuwWwerognwe 6ase MepHUX NoaaTtaka,

NOCT:20

Reduction in the photovoltaic conversion effi-
ciency with the temperature increase is covered by
the coefficient a_,,. The estimation of the photovol-
taic panel temperature is usually performed based
on the ambient temperature based on the following
relation:

) IPVi

800

where T - is ambient temperature in analysed
hour .

The NOCT (Normal Operation Cell Temperature)
parameter is the temperature of a solar module at
ambient temperature of 20°C, solar irradiation of
800 W/m? and wind speed of 1 m/s. This parameter
is generally provided by the photovoltaic module
manufacturer. Its typical value is NOCT=47°C.

Accurate calculation of the photovoltaic panel
production and estimation of their daily production
diagrams requires data on the solar irradiation com-
ponents (direct and diffuse) on the targeted location,
ambient temperature in the analysed building posi-
tion, geometric structure elements, shading by near-
by buildings, technical parameters of photovoltaic
modules and inverter and exploitation conditions.

8.2.2 Model for assessment of total annual elec-
tricity generation by roof integrated photovoltaic
panels

The estimation of the total annual electricity
generation by the roof integrated photovoltaic pan-
els may be undertaken based on the available data
on the total insolation on horizontal surface, ambi-
ent temperature and spatial orientation of photovol-
taic panels. There are several softwares developed
that include multiannual measuring data databases,
which can be used to calculate annual production
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nomohy Kojux je moryhe W3BPWUTM NpOpadyH
roguHe MNpou3BoAre  GOTOHAMOHCKMX — MaHena.
JegaH of uecto kopuwheHnx codpteepa je PVGIS,
ymj je pas3Boj dMHaHCUPaH Of CTpaHe EBponcka
kommncuje. To je 6GecnnatHW OHAVHe nporpam 3a
npopadyH CyHueBOr NoTeHuKWjana kao 1 Npou3BOAHE
eHeprvje CamoCTalIHUX WM MPEXHO MOBe3aHMnX
doToHanoHckMx naHena y Esponu uvnan  Adpuun.
[MpopaudyH noTeHuuWjana 1 MPOm3BOLHE eNeKTPUUHe
eHepruje 13 GOTOHAMOHCKMX CUCTEMA, Ha MECeYHOM
WM TOAULLIEM HMBOY, BPLUM Ce Ha OCHOBY 3adaTor
6poja Moayna v kXOBE NPOCTOPHE OpujeHTauuje.

Mporpam BpWMW NpoueHy AMPeKTHe, Andy3noHe
M pednekToBaHe KOMMOHEHTE COMAPHOr 3padeHsa
KombuHYjyhir mogen npv Begpom aaHy (clear-day mod-
el) n peanHe nogaTtke O yKynHOj MHCONaUmju, mepeHe
noa yrnosuma of 0°, 15°, 25° 1 40°. Mporpam cagpxu
CaTeNUTCKM CHUMaK TePEHA KOju Ce aHanM3mpa, Tako Aa
ce NPWIYKOM NpopadyHa mpagvjaumnje Ha NosBpLIvHK
HOTOHANOHCKOT NaHena y3uma y 063u1p 1 edekat CEHKM
Koje MoTuUy off OKONHKX objekaTa 1 perbeda TepeHa.
Mporpam aaje nHdopmMaLmje o Cpearsoj Mpaaujaumjm
33 CBaKM MeceL, Kao ¥ 3a YATaBy rofuHy.

8.3 MeTogonoruja 3a NpoLeHy Npon3BoOAHE
$OTOHANOHCKNX NaHena NHTErPUCaHKX Y KPOBOBE
LIKONCKUX 0bjeKkaTa y cpbuju

Lkonckm objekTn nocedyjy 3HadajaH noTeHUmjan
33 uM3rpaary GOTOHAMOHCKMX MaHena Ha CBOjUM
KpoBosvma. C 063vpoM da Cy KpOBHe MOBPLIMHE
nacuBHe, w3rpadra (GOTOHAMOHCKMX CUCTEMA He
Hapywasa QyHKUMOHANHOCT objekTa, HUTU Ha 61No
KOjU HauMH HeraTmBHO yTude Ha okonauHy. Ocum
/IOKanHe  MpPOW3BOAHE  enekTpuyHe  eHepruje,
M3rpagHoM GOTOHAMOHCKMX CUMCTEMa Ha KPOBOBMMA
LWKONCKMX ObjeKaTa MOCTUXeE Ce 1 eflyKaTuBaH edekart.
Y TOM nornefy, npenopyudyje ce MHCTanaumja MepHo-
aKBM3MLMOHOr CuUcTemMa Koju 61 MepHe mnoaaTke o
napameTp1mMa Npor3BoAHEe GOTOHAMOHCKeE eneKkTpaHe
1 NOTPOLLHE ENEKTPUUHE eHepruje LWKOMe YKIbyUnm
y WKoncke nabopatopuje 1 Ha Taj HaunH NPUOANKAAN
haumma TexHonoruje v MoryhHOCTM MOAMMPKMBAHbA

of photovoltaic panels. One of the frequently used
softwares is PVGIS, whose development was funded
by the European Commission. This is a free-of-charge
online software for calculation of solar potential and
energy production from individual or photovoltaic
panel network in Europe and Africa. Calculation of
potentials and production of electricity from photo-
voltaic systems, on a monthly or annual level, is con-
ducted based on the set number of modules and
their spatial orientation.

The software assesses direct, diffuse and reflect-
ed components of solar radiation by combining the
clear-day model and actual data on the total insola-
tion measured at 0°, 15°, 25° and 40° angles. The soft-
ware contains satellite imaging of the terrain subject
to analysis, so when calculating irradiation on the
photovoltaic panel surface it takes into account the
effect of shadows cast by the nearby buildings and
terrain relief. The software provides information on
average irradiation for each month, and for the en-
tire year as well.

8.3 Methodology for the assessment of photovol-
taic panels production integrated in the roofs of
school buildings in the republic of serbia

School buildings hold a significant potential for
construction of photovoltaic panels on their roofs.
Given that roof structures are passive, construction
of photovoltaic systems does not interfere with the
building functionality, nor does it in any way ad-
versely affect the environment. In addition to locally
produced electricity, construction of photovoltaic
systems on the school buildings’ roofs produces an
educational effect as well. To that end, it is recom-
mended to install a measuring and acquisition sys-
tem which would include the measuring data on the
photovoltaic power plant production parameters
and school electricity consumption into school labs,
and thereby introduce its pupils with the technology
and possibilities to meet the demand for electricity
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eNeKTprYHe eHepruje 13 0BOr OCHOBHOM OOHOBBUBOT
n3BOpa eHepruje.

[MpopauyH enekTpuyHe eHepruje Koja ce Moxe
[06UTU 13 GOTOHAMOHCKMX CUCTEMA UHTErPUCAHNX Y
KpOBOBe WKONCKMX ObjeKaTa je M3BpLUEHa Ha OCHOBY:
noTeHUMjana CoNlapHe eHepruje Ha NPeTnoCcTaB/beHo)
noKaumju objekaTta, pacnonoXmBe KPOBHe MOBPLINHE
M HeHe MNPOCTOpHe opwjeHTauuje U ePUKacHOCTM
HOTOHANOHCKMX MOAYyNa.

Y Tabenn 36. NMpuKasaHW Cy OCHOBHW Mogauu o
CONapHOM NOTeHLMjany U MOryRHOCTVMa NPOM3BOAHE
enekTpuYHe  eHeprmje  KPOBHO  MHTErpmcaHmx
HOTOHAMOHCKMX MaHena Ha PasfnMuMTUM foKalujama
y Cpbuju. lNpukazaHe cy npopadyHaTe BpeaHOCTY
ONTUMANHUX  HarMOHWX W a3UMyTHUX  YrIoBa
HOTOHAMOHCKMX MaHena Mpu Kojuma je roavlra
NPOV3BOAME  eNEeKTPUYHE eHepruje  MakCuMmMasHa.
Hatm ¢y nogjaum O TOAMWHO)  MHCOMAUMKM 1
MPOUEHN HETO TOAUWHE MPOU3BOLHE eNeKTPUUHE
eHepruje  GOTOHAMOHCKMX MaHena MOCTaB/bEHMUX
nof MNpopayyHaTMM  OMTWMANHVM  HarMbHVM ¥
asuMyTHUM yrnom. [MpopadyHn cy gatv 3a cse sehe
rpagoee y Cpbuju, Tako Aa MPaKTUYHO MOKPUBAjY
ueny Teputopujy Penybnuke Cpbuje. [MpopauyHu
OYeKMBaHe HEeTO TofAulWHbe MPOW3BOAHE, KOjU Cy
NpWKa3zaHu y Nocneqoj KoNoHu y Tabenn 36, ypaheru
cy noa cneaehvm NpeTnocTaBkama:

1. TloBpLMHa Ha KOjoj je nHCTanmpaH GOTOHaNOHCKM

NaHen ce Hanasn Ha OTBOPEHOM TepeHy 6e3 CeHKM,
2. (DOTOHAMOHCKM  MNaHen je peanv3oBaH cCa

CUANLUMYMCKAM  GOTOHaMOHCKMM henvjama unja

Ha3ueHa (STC) edukacHoOCT M3HoCK 17%.

Mopauy npwvkasaHu y Tabenn 36 omoryhasajy
OPWJEHTALMOHY  MPOLEHY  O4YeKMBaHe  TroAMWHbE
NPOV3BOAME EeNEKTPUUYHE eHeprnje Koja ce MOXe
Jo6UTM 13 GOTOHAMOHCKOr MaHena y PasvunTiim
pervoHuma y  Cpbuju. Y  konoHn ,OnTMManHa
opujeHTauMja NaHena” gaT je nogaTak O HarvbHOM
asnMyTHOM yrly GOTOHAMOHCKOr MaHena npu Kojem
he roaumlitba NPOM3BOAHA ENEKTPUYHE eHepruje
OUTM MakcMmanHa. Y nocfiefroj KOMOHW Yy  [aToj

Tabenu paTt je nojaTak O OYeKMBaHO] MPOCEYHO)

from this renewable energy source.

Calculation of electricity that can be obtained
from photovoltaic systems integrated in the roofs of
school buildings is performed based on:solar energy
potential at the assumed building location, available
roof surface and its spatial orientation and efficiency
of photovoltaic modules.

Table 36 presents basic data on the solar poten-
tial and possibilities for electricity generation by roof
integrated photovoltaic panels in different locations
across Serbia. It shows calculated values of optimum
tilt and azimuth angles of photovoltaic panels for
maximum annual electricity production. It also pro-
vides data on the annual insolation and estimated
net annual electricity production of photovoltaic
panels installed at the calculated optimum tilt and
azimuth angle. Calculations are given for all larger
cities in Serbia, so as to practically cover the entire
territory of the Republic of Serbia. Calculations of
the expected net annual production, presented in
the last column of Table 36, are done based on the
following assumptions:

1. The surface the photovoltaic panel is installed on is
located in the open terrain without shadows,
2. Photovoltaic panel is implemented with silicon pho-

tovoltaic cells whose STC efficiency amounts to 17%.

The data shown in Table 36 enables provisional
estimation of annual electricity production that can
be obtained from the photovoltaic panel in different
regions in Serbia. The column “optimum panel ori-
entation” provides data on the photovoltaic panel
tilt and azimuth angle providing for the maximum
annual production of electricity. The last column
gives a piece of data on the expected average an-
nual electricity production that can be achieved per
photovoltaic panel surface unit when it is optimal-
ly spatially oriented. It may be concluded that the
value-for-money of investments into construction of
photovoltaic panels may be achieved in the South of
Serbia where cca. 218 kWh/m?/p.a. may be expected,
while lowest production is found in the North where
it amounts to 182 kWh/m?/p.a. The use of photovol-
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roouWHOj  MPOW3BOAK  eNekTpuuHe  eHepruje
Koja ce Moxe nocTvhu no jeauHMuM MOBPLIMHE
HOTOHAMOHCKOr MaHena kaga je OH OMTUManHo
NPOCTOPHO opujeHTMCaH. Moxe ce 3ak/byunTh aa ce
Haborbe wuckopuwhere uHBECTMUME Y U3rpagHy
HOTOHAMOHCKMX MaHena MoXe OCTBapUTM Ha jyry
Cpbuje, roe ce moxke ouekmBaTM oko 218 kWh/m?/
god, OOK je HajMarba MpOW3BOArba Ha CeBepy, rae
n3HocK 182 kWh/m?/god. Ynotpebom poTOHanoOHCKIMX
naHena ca sBehom edukacHowhy (>17%), cneumdryHa
NPOM30AHba MO jeAVHMLM KPOBHE MOBPLLMHE Ce MOXe
nponopuroHanHo nosehatn. 3akibyyak cnposefeHe
aHanv3e Aa je Bapvjaumja CoNapHOr noTeHumjana Ha
Teputopujn Cpbuje penaTmBHO Mana v fia je nsrpaara
HOTOHAMOHCKMX NaHena ca acrnekTa noTeHUwWjana
onpasdaHa y cavm pervioHmma y Cpbuju.

Tabena 36. MNpopayyHaTe BpegHOCTV MHCONauWje 1 moryhe
NPOM3BOAHE ENEKTPMYHE eHeprije GOTOHANOHCKYKX NaHena
3a BuLLe nokauwje y Cpbuju, [OBMjeHN Ha OCHOBY NpopadyHa
y PVGIS codteepy

taic systems of greater efficiency (>17%) allows for
a proportionate increase in the specific production
per roof surface unit. The conclusion of the under-
taken analysis is that solar potential variations in the
territory of Serbia are relatively small, therefore con-
struction of photovoltaic panels is justified from the
potential perspective in all regions in Serbia.

Table 36. Calculated insolation values and potential electricity
production by photovoltaic panels for several locations across
Serbia, obtained based on the PVGIS software calculation

KoopawHare PenpeseHTatneHn | OKOMHM rpagosu OnTmanHa opujeHTauumja Cpegtba roguiutba npaaunjaumja HeTo roanwma
WGS 84 rpag Surrounding cities naena (Wh/m?/dan) npoussoarba OH crictema
Coordinates Representative city Optimum panel orientation Medium annual irradiation E1(kWh/m?/god)
WGS 84 (Wh/m?/day) Net annual PV system gen-
eration E1(kWh/m?/p/a)
HarvbHm AzumyT Ha xopusoHTanHy Ha ontumanHo Ha ontuman+o
yrao Azimuth paBaH OpWUjeHTUCaHy OpUjeHTUCaHy paBaH
Tilt angle Onto horizontal paBaH Onto optimum
plane Onto optimum oriented plane
oriented plane
1 46°05'36"N Cy6oTvua Xoprou, Manuh, CeHTa 35,0° -1,0° 3428 3908 186
19°40'05"E
2 45°46'09"'N Combop LipBeHka, Kyna 34,0° -1,0° 3372 3816 182
19°07°21"E
3 45°46'09"N Hosu Cap b. ManaHka, Pyma, 34,0° 0,0° 3549 4034 192
19°0721'E 3perbaHuH
4 45°06'59"N Bpuway 3petbaHuH, bena Lipkea, | 35,0° 0,0° 3644 4166 198
21°17'59"E KosuH
5 44°44'05"N beorpag 3emyH, MaHueso, 33,0° 2,0° 3616 4104 195
20°3321"E ObpeHoBaly
6 44°37'26"N Moxapesaly Cmepepeso, B. MnaHa, 34,0° 0,0° 3643 4140 196
21°1128"E CeujanHal
7 44°16'14'N Bambeso Jlo3Huua, Jbur, 34,0° -1,0° 3649 4167 198
19°53'53"E ApaHbenosal|
8 44°00'59"'N KparyjesaL, Jlanoso, Tonona, 34,0° -1,0° 3708 4214 200
20°54'59"E Thynpwja, MpahuH
9 43°5322'N Yavak MunaHosal, Yxuue, 35,0° -3,0° 3752 4286 204
20°2122"E Kparbeso
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10 43°53'59"N 3ajeyap bop, Krbakesall, 32,0° -3,0° 3641 4070 192
22°16'59'E HerotuH

n 43°34'59'N Kpywesal TpcTewk, Cranah, 33,0° -3,0° 3771 4259 202
21°19'59"E AnekcaHgposal}

12 43°27'59'N Hosa Bapouu Npwjenosbe, Mpr6oj 36,0° -3,0° 3792 4406 214
19°47'59"E

13 43°18'59'N Huw AnekcuHal, bnaue, 32,0° -3,0° 3696 4136 196
21°53'59"E Mpokynrbe

14 43°08'59"N Mupot [umnTposrpag, 32,0° -1,0° 3598 4001 190
22°34'59"E b.NanaHka

15 43°08'30"N Hosw Mazap Pawka, TytnH, CjeHuua 35,0° 3,0° 3894 4457 213
203122"E

16 42°58'59"N JNeckosal| BnacotuHue, Jlebane, 32,0° -3,0° 3744 4189 198
21°56'59"E Ll.Tpaga

17 42°53'02'N Kocoscka MpuwtHa, Jlenocasuh 34,0° -3,0° 3885 4425 211
20°52'31"E MwuTtposuua

18 42°3321"N Bpatbe ByjaHoBau, MunaHe, 33,0° -2,0° 3676 4140 198
21°54'37"E Mpeweso

19 42°22'59"N Hakosvia [leyann, OpaxosaLy 33,0° 0,0° 4007 4587 218
20724'59'E

20 42°12'48"'N Mpu3peH [paraw, 34,0° 4,0° 3961 4500 214
20°44'53"E Cysa Peka

8.3.1 MeTogonoruja npopayvyHa Npou3BofHe
$OTOHANOHCKMX NaHena MHCTanMpaHnx Ha
KOHCTPYKLMjama Ha paBHMM KPOBOBMMA

3HauvajaH 6poj Wwkona, nprnaaajynnx GuckynTypHmx
cana 1 npeawkonckux objekta y Cpbujy MMa pasHe
KpoBoBe. Koch KpOBOBM uuju je Harvb marbu of
100 ce mMoOry TpeTmpat Kao PaBHW KPOBOBW. PaBHM
KpoBoBwW omoryhaBajy fia ce Ha FMMa MOoXe NMOCTaBUTY
Hoceha KOHCTPYKLMja Ca ONTUMANHOM OpUWjeHTaLMjoM
(@BUMYTHUM 1 HarMbHUM  yraom).  OnNTUManHu
A3NMYTHM Yrao ce moxe ycBojut fa je 00, o4HOCHO
Ja je GOTOHANOHCKM MOAYN jy»KHO OpWjeHTUCaH. 3a
OMNTUMANHN HarnbHW yrao moxe ce ycaojutu 330. Koa
M3rpagre KOHCTPyKUMje mopa ce BOAMTM padyHa
0 MehycobHOM pacTojatby peaoBa (GOTOHAMOHCKMX
naHena Tako Aa He Aonasu Ao mehycobHOr 3aceHuetba.
Ha cnnmum 15 npukaszaH je npumep MHCTanauuje
hOTOHAMOHCKe enekTpaHe Ha PaBHOM KPOBY 3rpaje
EnekTpoTexHuukor — dakynteTa  YHuBep3uteta Yy
cTounom Capajesy (BuX).

8.3.1 Methodology for calculation of generation of
photovoltaic panels installed on flat roof structure

A significant number of schools, their gyms and
kindergarten buildings in Serbia have flat roofs.
Pitched roofs with slope under 100 may be treated as
flat roofs. Flat roofs enable mounting of a load-bear-
ing structure with optimum orientation (azimuth
and tilt angle). Optimum azimuth angle may be
said to be 00, namely that the photovoltaic module
is facing South. The adopted optimum tilt angle is
330.When constructing the structure, one must bear
in mind the space between the photovoltaic pan-
els’ strings so as to avoid mutual shading. Figure 15
shows the example of the photovoltaic power plant
installation on the flat roof of the Faculty of Electrical
Engineering, University of Eastern Sarajevo (BH).
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Cnuka 15. Mpvimep MHCTanaumnje GOTHAMOHCKe eneKkTpaHe
Ha paBHOM KpoBy (3rpafda EnekTpoTexHWuKor dakynTeta y
McTouHom CapajeBy — buiX).

Ha rpadukoHy 23. npukasaHu cy pesyntatu
npopayyHa MakcumanHo Mmoryher kanauyuteTa 3a
MHCTanaunjy (GOTOHAMOHCKMX — MaHena Ha pPaBHO)
KPOBHO]j NOBPLWWHW. [1peTNoCTaB/beHO je fja ce MoLyu
NOCTaB/bajy Nof  ONTUMANHUM  HarMOHWUM  YrTioMm.
Mopgynn ce nocTassbajy y peaose (cnnka 15), Koju cy Ha
MUHUMaNHOM NOTpebHOM MehyCOOHOM pacTojarby Npu
KojeMm je MehyCcobHO 3aceHueHe NaHena NPUXBaT/bUBO.
PasmatpaHe cy onuuje peanmsaumje GOTOHAMOHCKMX
MaHena ca momynuma Bucoke (20%), cpearbe (17%)

Figure 15.The example of the photovoltaic power plant instal-
lation on the flat roof (Building of the Faculty of Electrical En-
gineering, University of Eastern Sarajevo- BH).

Chart 23 presents the results of calculation of
the maximum possible capacity for installation of
photovoltaic panels on the flat roof surface. It was
assumed that the modules are being mounted at
the optimum tilt angle. The modules are installed in
strings (Figure 15), at the minimum required mutu-
al distance with acceptable mutual shading of the
panels. Considered were the alternatives of the pho-
tovoltaic panels installation with modules of high
(20%), medium (17%) and low (15%) efficiency. The
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n Hucke (15%) edrKkacHOCTW. VIHCTanMcaHa CHara ce
OHOCK Ha jedHOCMEPHY CHary Ha NpUK/by4lrMa
naHena (DC cHary) npu cTaHgapaHum (STC) ycnosuma.
Y aHanu3ama Koje cnefie NpoueHa cneynduyuHe cHare
1 npowu3Boarbe GOTOHAMOHCKMX MaHena je BplieHa
y3 NMPeTnoCTaBKy fa Ce MHCTanMpajy GpOTOHAMOHCKM
naHenu epmkacHoCTV 17%.

Y3 0By  MPETNoOCTaBKy, MNpoueHa  cHare
doToHanoHckMx  naHena (PPV), koja ce Moxe
UHCTanupaTu Ha oapeheHoj paBHOj  KPOBHO)

MOBPWNHN, MOXe Ce M3BPLWNTN Ha OCHOBY cneﬂehe

penauvje:

installed capacity refers to the DC power at panel
connections at standard (STC) conditions. The fol-
lowing analyses the specific power and photovolta-
ic panel output were estimated on the assumption
that photovoltaic panels of efficiency of 17% are be-
ing installed.

Under this assumption, the estimated power of
photovoltaic panels (PPV), that can be installed on a
specific flat roof surface may be performed based on
the following relation:

P,, (KW ) =0.0765 * A(m?),

roe je A(m? - pacnonoxuBa paBHa MOBPLIMHA
KpOBa Ha KOjoj Ce MOCTaB/bajy GOTOHAMOHCKM NaHesu.

180

where A(m?) - is the available flat roof surface
where photovoltaic panels are being installed.
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MpadmkoH 23. MakcmanHa MHCTanMcaHa cHara GOTOHaNOHCKMX
naHena ca mMogynuma Bucoke (20%), cpeare (17%) 1 Hucke
(15%) eprKaCHOCTN Ha PaBHO]j MOBPLLMHM KPOBa

Chart 23. The maximum installed capacity of photovoltaic
panels with modules of high (20%), medium (17%) and low
(15%) efficiency on the flat roof surface
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I'IpoueHa rOAuLLFE MPOU3BOLHE  eNeKTPUYHE
eHepruje () GOTOHAMOHCKMX MaHena WHCTanMpaHux
Ha HoCcehMM KOHCTPYKLMjaMa Ha PaBHUM KPOBOBMMA
objekata Moxe ce uw3BpWWTM npema cneaehoj
penauuju:

E&Wh)=045*E (

roe cy: E( o ) OpojHM nofaTak MpuWKasaH Y

nocnefHoj KonoHw Tabene 36,
A(m?), — pacnonoXrBa XOPU30OHTaNHa NOBPLIMHA
KpOBa Ha KOjoj ce MOoCTaBsbajy $OTOHANOHCKM NaHenyu,
045 - koedMUMjEHT KOjM YyBakaBa HEOMXOAHO
MVHWMaNHO pacTojakbe n3mehy pefosa naHena.

MpeTxoaHa  penauvja je  M3BedeHa  nog
NPeTnoCcTaBkoM Aa je GOTOHAMOHCKM NaHen 13BeaeH
Yy PpeaoBMMa Koju Cy OMNTWMAanHO MPOCTOPHO
OpMjEHTUCAHN.

Ha npumep, ako ce WKoncku objekat ca paBHUM
KPOBOM Hanasu Ha OTBOPEHOM MPOCTOPY Y PErvoHy
Beorpaga, roavwra npoun3BoArba GOTOHAMOHCKON
naHena MHCTaNMPaHOT Ha KOHCTPYKLUMjM NOCTaB/bEHO)
Ha KpoBy oBor 0bjekTa b1 buna:

E(kWh) =045 * E (kWh

[obujeHa aHanUTUUKa penauuja je MNycTpoBaHa
rpadrKom Ha rpaduKoHy 24.

120

) * Am?) = 045 * 195(-

The estimation of the annual electricity pro-
duction () of photovoltaic panels installed on the
load-bearing structures on the flat roofs of buildings
may be carried out based on the following relation:

kWh

) *A(m?),

last column in Table 36,

A(m?), — available horizontal roof surface where
photovoltaic panels are being installed,

0.45- coefficient taking into account the neces-
sary minimum distance between the strings of pan-
els.

The relation above was performed on the as-
sumption that photovoltaic panel was installed in
optimal spatially oriented strings.

For example, if the school building with flat roof
is located in an open space in the Belgrade region,
annual production of the photovoltaic panel in-
stalled on the structure mounted on the roof of such
a building would be:

kWh kWh

2 ) *Am?) = 87.75(= ) * A(m?)

This analytical relation is illustrated in Chart 24.
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lpadukoH 24,  TlpoueHa  roavlukbe  MPOU3BOAHE
dOTOHANOHCKOr  CMCTeMa  WMHCTanNMpPaHoOr  Ha  PaBHO]
MOBPLWWHN KPOBA WKOMCKOT 0bjeKTa Ha OTBOPEHOM TepeHy
y pervoHy beorpaga Ha KOHCTpyKumju Koja obe3behyje
onTUManaH asvMyTHWU W HarmMbHW yrao GOTOHAMMOHCKOT
cncTema

8.3.2 MeTogonoruja npopavyHa Npon3Bogme
$OTOHAMOHCKUX NaHeNa UHCTaNIMPaHMX Ha KOCUM
KpOBOBMMA

KpoBoBu umju je Harnb sehu on 10° ce Tpetupajy
Kao KOCM KPOBOBW 1 Ha b Ma ce GOTOHAMOHCKIM MaHen
dopmMpa Tako LWTO ce GOTOHAMOHCKM MOLYM NONAXKY
Ha KOHCTPYKUMjM MO MOBPLWKHK KpoBa (NpaTe Harvb
M a3nMMyTHW yrao KpoBa). Ha cnnum 16. npukasaH je
npuMep WHcTanaumje GOTOHAMOHCKe eneKTpaHe Ha
KOCOM KpOBY Ha 3rpafn TexHnuke wrone y Mupory.

Chart 24.The estimation of annual photovoltaic panel produc-
tion installed on the flat roof surface of a school building in
open terrain in the region of Belgrade on a structure ensuring
optimum azimuth and tilt angle of the photovoltaic system

8.3.2 Methodology for output calculation of photo-
voltaic panels installed on pitched roofs

The roofs with tilt angle above 10° are treated
as pitched roofs, and on them photovoltaic panel is
formed by mounting photovoltaic modules on the
roof surface structure (following the roof tilt and az-
imuth angle). Figure 16 shows the example of the
photovoltaic power plant installation on the pitched
roof of the Technical School in Pirot.



I'IpmmeHa 0OHOBIBMBIX 13BOPA eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX cana 1 NpeawKoncknx yctaHoBa

Cnuka 16. Mpumep nHCTanaumje oToHaNoOHCKe enexkTpaHe
Ha KOCOM KpoBy (3rpafa TexHuuke wkone y Mnpoty)

Ha rpadwukoHy 25. npukasaHu cy pesyntatu
npopayyHa  MakcumanHo — moryher  Kanauutet
33 MHCTanauujyy  ¢$oToHanmoHCKor naHena Ha
MPOW3BO/BHO] KOCO] MOBPLUMHM KpoBa. Pa3maTpaHe
cy onuuje peanusauvje GOTOHANOHCKMX MaHena ca
mMoaynuma sucoke (20%), cpeamse (17%) 1 Hucke (15%)
edurkacHoCTW. MHCTanmncaHa cHara ce ogHocn Ha DC
CHary Ha NpuK/bydurMa naHena npwv CTaHAAPAHVM
(STC) ycnosuma.

Y Tabenu 36 pgatv Ccy nojaus O ONTUMANHO]
opVijeHTaLMjU (HarMOBHOM 1 a3MMyTHOM YTI1y) NOBPLUVHE
Mpv  KOjoj Ce noCTWKe MaKCMManHa roAuLHba
NpoW3BOAHba enekTpuyHe eHepruje GOTOHAMOHCKMX
naHena. CBako OfCTyMNaHe Of Ha3HauYeHWX BpeaHOCTM
JOBOAM CO CMatbera roauvlirtbe  MPOU3BOAHE
enekTpUYHe eHeprnje no  jeAvHULUM MOBPLUNHE
KPOBa, OAHOCHO MO jeAMHULM WHCTanUCaHe cHare
doToHanoHckor  naHena. Hocehe  KoHCTpyKuuje

Figure 16.The example of the photovoltaic power plant instal-
lation on the pitched roof (Technical School in Pirot).

Graph 25 presents the results of calculation of
the maximum possible capacity for installation of
photovoltaic panels on the provisional pitched roof
surface. Considered were the alternatives of the pho-
tovoltaic panels installation with modules of high
(20%), medium (17%) and low (15%) efficiency. The
installed capacity refers to the DC power at panel
connections at standard (STC) conditions.

Table 36 shows the data on optimum orientation
(tilt and azimuth angle) of the surface to achieve
maximum annual electricity production of photovol-
taic panels. Any deviation from the specified values
leads to reduced annual electricity production per
roof surface unit, i.e. per unit of installed capacity of
the photovoltaic panel. The load-bearing structures
of photovoltaic panels could be installed so as to en-
sure optimum orientation, however this has proved
unpractical and most often economically not viable.
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hOTOHANOHCKMX NaHena 6u ce Morie NoCTaBUTH
Tako fla 0b6e3behyjy onTmmanHy opujeHTauujy anu cy
Ce nokasane y Mpakcu HenpakTUYHUM K Hajuelwhe
HWUCY eKOHOMCKM OrnpasfaHe. Y aHanmM3ama Koje
cnepe, NpoueHa cneunduuHe cHare 1 NOpPOM3BOAHE
HOTOHAMOHCKMX MaHena je BPLWeHa y3 NPeTnocTaBKy
Ja Ce  VHCTanupajy  GOTOHAMOHCKM  MaHenu
edukacHocT 17%. Y3 OBy NpeTnocTaBKy, MpoLeHa
CHare ¢oToHamoHCKox naHena (PPV) koja ce mMoxe
MHCTanMpaTh Ha ofpeNeHoj KOCoj KPOBHOj MOBPLWVHM
Ce MOXe M3BPLWTN Ha OCcHOBY cnefehe penaunje:

The following analyses the specific capacity and
photovoltaic panel output were estimated on the
assumption that photovoltaic panels of efficiency of
17% are being installed. Under this assumption, the
estimated capacity of photovoltaic panels (PPV), that
can be installed on a specific pitched roof surface
may be performed based on the following relation:

P, (kW )=0.17 * A(m?),

roe je A — pacnonoXmea NOBPLIMHA KPOBa Ha Kojy
je noctasrbeH OH naxen.

where A - is the available roof surface where PV
panel is installed.
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lpadukoH 25. MakcvmanHa nHctanucaka cHara ®H naHena
Ha KOCOj KPOBHOj MOBPLINHMK

Chart 25.The maximum installed capacity of PV panels on the
pitched roof surface
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MpolueHa roauwibe MNPOU3BOAHE  eNekTpUUHe
eHeprvje GOTOHAMOHCKMX MaHena () MHCTanMpaHmx
Ha KOCWMM KPOBOBMMA LWKOMCKMX ObjekaTa Moxe ce
M3BPWUTY NpemMa clenehoj penauwju:

E(kWh) =k * E (

kWh 600 !
- ) - OPOjHV NoAaTaK faTy NOCNeAH0j
KONoHu Tabene 24.
A(m?), — pacrnonoxmnBa Koca NOBPLUMHA KPOBa,
k KoebUUMjeHT Koju yBakaBa pedyKuujy
npou3Boarse GOTOHaNOHCKOr NaHena 36or oacTynarba
A3MMYTHOT M HarMOHOT yrna oA ONTYMAanHVX BPEAHOCTM.

roecy: E(

BpenHoctn  koeduuvjeHTa 33 pasnnunTe
HarMbHe ¥ a3WMyTHe YIoBe aHanM3MpaHe KpOBHE
noBpLUMHe Cy AaTu y Tabenu 37.Y 0b3mnp Cy y3eTv camo
a3vIMyTHU YIIOBUW Y OMCEry UCTOK-jyr-3anaf nowTo Ha
CEeBEPHO OPUWjEHTMCAHUM KPOBHMM MOBPLUMHAMA He
NoCTOjM EKOHOMCKa OMPAaBAAHOCT 3a MOCTaB/barbe
GOTOHAMOHCKMX NaHena.

Tabena 37. BpenHOCTW KopeKUMOHOr KoeduLmjeHTa
pasnuuuTe NpoctopHe opujeHTaunje ®H cuctema naHena

3a

The estimation of the annual electricity pro-
duction () of photovoltaic panels installed on the
pitched roofs of school buildings may be carried out
based on the following relation:

kWh

m2

) * A(m?)

kgzh) - numerical data is shown in the
last column in Table 24.

A(m?), - available pitched roof surface,

k - coefficient taking into account the reduced
photovoltaic panel production due to deviations
from the optimum azimuth and tilt angle.

where: E (

Coefficient values for different tilt and azimuth
angles of analysed roof surface are given in Table 37.
We have considered only the azimuth angles in the
range East-South-West given that there is no eco-
nomic viability to install photovoltaic panels on the
roof surfaces facing North.

Table 37 Values of correction coefficient for different spatial
orientations of the PV panel system

BAAMYTHA YHa0 KPOBHE MOBDLIMRE
- [ 90 [ -0 [ -7o [ 60 [ -50 | a0 [ -30 [ -20 [ -w0 [ 0o [ 10 [ 20 [ 30 [ a0 [ 50 [ 60 [ 70 [ 80 | W0
E (1] OHE | OHE LxL] 0.HE DHE | OEE | LEE LEH | OEH | DEE | 058 0. HE 0.4 088 | OEH | OHE | OHE Ly 0,58
2|5 [o8 o089 (089 | 0% | 091 |09 (091 |05 092|092 092 [ 092 | 091 | 05 | 05 | 090 | 089 | 089 | 0,38
g | 10 [ o088 (089 [ 090 [ 091 [ 092 [ 093 [094 [ 095 [ 095|095 [ 095 [0« [ 094 [ 093 [ 092 [ 09 [ 090 [ 088 | 088
s | 15 | 088 |08 | 091 | 002 | 004 | 095 | 09 | 0,96 | 0,96 | 096 | 0,96 | 0,06 | 0% | 0,85 | 053 | 092 | 090 | 088 | 0,87
! W o087 o8z [ o9 | 092 | o5s | 096 | 087 | 057 | 0%e | 058 | 058 | 097 | 096 | 056 | 054 | 092 | 090 | o8e | 086
g | 25 [ 086 (088 [ 091 | 093 | 095 [ 096 (098 [ 05 (099 [ 059 | 059 [ 09 | 0,97 | 0.9 | 0.54 | 092 [ 0,83 | 087 | 0,85
f§ |30 (o84 088 [090 [ 093 | 095 [ 096 [ 098 | 059 | 100 | 100 | 1,00 [ 099 [ 097 | 0.9 | 054 | 092 [ 089 | 086 | 0,83
= 35 o083 o085 | 089 ) 092 | 095 | 09 | 0,98 | 059 | 100 | 100 | 1,00 | 099 | 097 [ 056 | 0.9 | 091 [ 084 [ 085 [ 082
3 40 081 [ 085 | 083 | 031 | 004 | 096 | 097 | 058 | 099 | 099 | 099 | 09 | 0,97 | 0,5 | 093 | 090 | 087 | 0,84 | 080
i A5 0 | 083 [ 087 | 090 | 0582 | 095 | 096 058 | 0% | 059 | 058 | 087 [ 096 | 054 | 051 088 | 085 | 082 | 078
T |80 077 | 081 | 085 | 0AR | 0,81 | 0,94 | 095 | 0,06 | 097 | 0,97 | 0,96 | 0,96 | 0,95 | 0,82 | 0.9 | 087 | 083 | 080 | 0,76
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Ha npvmep, ako ce LWKONCKM objekaT ca KoCUM For example, if the pitched roof school building,
KPOBOM, OMTUMaHe NPOCTOPHe opujeHTauuje (jyxkHo  with optimum orientation (facing South with tilt an-
OPMJEHTUCAH Ca HarnMbHKMM yriom o4 33°), Hanasn Ha  gle of 33°),is located in the open terrain in the region
OTBOPEHOM MPOCTOPY Y pervoHy beorpaga, roamwra  of Belgrade, annual production of photovoltaic panel

Npowv3Boarba GOTOHAMOHCKOT MaHena MHCTanuMpaHor installed on the roof of analysed building would be:
Ha KpoBY aHanu3npaHor objekTa 6v buna:

kWh kWh kWh
E(kWh) =k * E (= 5-) * A(m?) = 1 ¥ 195(—5-) * A(m*) = 195(— ;) * A(m?)
m m m
[obujeHa maTeMaTnuKa penauuja je MNycTpoBaHa This analytical relation is illustrated in Chart 26.
rpadrKom Ha rpadurKoHy 26.
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MoBpwmHa GOTOHAMOHCKMX MaHenNa NOCTaB/bEHNX Ha KOCOj MOBPLIMHU KpoBa [m?]
Surface of photovoltaic panels installed on the pitched roof surface [m?]

lpadukoH  26:  TpoueHa  rogvwrse  npowssogre  Chart 26: The estimated annual production of photovoltaic
GOTOHANOHCKOr NaHena MHCTaNMPaHOr Ha Kocoj onTumanHo  panel installed on the optimum spatially oriented pitched roof
NPOCTOPHO OPWJEHTUCAHO] MOBPLIMHK KpoBa wwkonckor  surface of a school building in Belgrade

objekTa y beorpaay
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8.4 Mepe 3a uHTerpaumjy ¢oToHanoHCKMx cnuctema
Y KPOBOBVMa LUKOJICKMX M NPeALKONICKUX 06jeKTa
y cpbujn

M3rpagrea GOTOHAMOHCKMX CMCTeMa MpeacTas/ba
3HauajHy WMHBECTMLM)Yy C 0O3MPOM Ha LieHy KoLUTarba
KOMNoHeHTW oBor cucTema. Ca apyre CTpaHe, NpeaHoCT
HOTOHAMOHCKOr CUCTEMA je LITO Cy OHW MOZYyNapHH,
Tako fAa je Moryha rixoBa dasHa M3rpafrba, O4HOCHO
npowupwrBare Kanauuteta. KooBoBM WKona 1 BpTrha
4ecTo VMajy MOBPLIMHE pasnnunte  opujeHTaunje
M Harmba, na um3rpagrba GOTOHAMOHCKMX CUCTEMA
Ha CBMM NOBPLWMWHAaMa HEMa WCTe eHepreTcke U
E€KOHOMCKe MokasaTesbe. VI3 Tor pasnora npvoputeT
M3rpadrbe 1Majy MoBpPLIMHE Ca HajbOrbOM FOANLIFOM
MHoconauwjom, Koje he obe3beanTi Hajbpm Nospaha;
MHBECTUUMje W HajBehy cneunduuHy npom3BOAHY
eHepruje.

MNpeanoxeHe Mepe vHTerpaumje GOTOHAMOHCKMX
CMCTEMA Y KPOBOBE LWKOACKMX W MPEefWKONCKMX
objekaTa Cy OpuWjeHTVCaHe Ka MOKpMBaky Aena unu
LENOKyNHe MOTPOLWHe efneKTpUUHe eHepruje OBwmX
objekata 13 OBOr OBHOB/BMBOM M3BOPA. 360r nole
Ce30HCKe W AHEBHe KopenucaHocTu noTpeba 3a
€NeKTUPYHOM EHEPIMjOM U NPOW3BOAHOM eHepruje
HOTOHAMOHCKMX MaHena MoKpuBake MOTPOLWHe ce
MOXe MOoCMaTPaTh CaMO KpO3 rofuLiHKN eHepreTcKu
6unarc. MNpu aedrHKCary NOTPEOHMX MHCTANUCAHWIX
CHara QOTOHAMOHCKMX ~ CMCTeMa 3a MNOCTU3aHe
3aAaTuX Mepa NPeTnoCTaB/beHO je nocTojehe cTakbe y
nornefdy NOTPOWHE eNeKkTpUYHe eHepruje LUKONCKMX
M npepwkonckmx objekata. Cnpoeoherbem Mepa
yHanpeherba eHepreTcke eduKacHOCTY, noTpebe 3a
eNeKTpUYHOM eHeprnjom he OUTUM CmarbeHe, Tako
Aa 6u v notpebe 3a MHCTaNUCaAHVM GOTOHAMOHCKMM
cnMcTeMmnma burne NPONOPLIMOHANHO CMak-eHe.

8.4.1 MNocTojehe cTarbe

Mpema aHKeTama Koje Cy CpoBeieHe 3akrbyyyje ce
[a CBera HekonvKo Wkona 'y Cpbujn nma nHcTanmcaHe
$OTOHANOHCKe CUCTEME Ha CBOjMM KPOBOBMMA, a Aa
HEeMa WMHCTaNMPaHWx QOTOHAMOHCKMX CUCTEME Ha

8.4 Measures for integration of photovoltaic
systems into the roofs of school and kindergarten
buildings in the republic of serbia

Construction of photovoltaic systems represents
a considerable investment given the cost price of
this system’s components. On the other hand, the
advantage of the photovoltaic system is its modular
nature, allowing for phased construction, or exten-
sion of the capacity. The roofs of schools and kinder-
gartens often have surfaces of varying orientation
and tilt, therefore construction of photovoltaic sys-
tems on such surfaces does not imply same energy
and economic indicators. Due to this reason, the pri-
ority in construction is given to surfaces with best
annual insolation, that would ensure fastest return
on investment and largest specific energy genera-
tion.

The proposed measures for integration of pho-
tovoltaic systems in the roofs of school and kinder-
garten buildings are focused on covering a part or
the entire electricity consumption of these buildings
from this renewable source. Due to the poor seasonal
and daily correlation of electricity demand and pro-
duction of electricity from photovoltaic panels, cov-
ering consumption may only be observed through
the annual energy balance. When defining the re-
quired installed capacity of photovoltaic systems for
achieving the set parameters the existing situation
was assumed in terms of school and kindergarten
buildings electricity consumption. Implementation
of energy efficiency improvement measures will re-
sultin reduced electricity demand, therefore propor-
tionally reducing the demand for the installed pho-
tovoltaic systems.

8.4.1 State of affairs

According to the conducted surveys, it may be
concluded that only a few schools in Serbia have in-
stalled photovoltaic systems on their roofs, with no
installed photovoltaic systems on the roofs of kin-
dergarten buildings. Since this is a negligible num-
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KpOBOBWMa MPeALWKONCKMX objekaTa. [NowTo ce paau
0 3aHemMap/bMBOM OpPOjy WKOMa, 3a nocTojehe cTame
MOXe Ce MPeTnoCTaBUTK fa He NOCTOje UHCTaNUpPaHu
OH cuctemn, HUTM OBWNO KakBW ApYrn K3BOPWU
eNeKTpUYHe eHepruje y WKOACKUM 1 MPeLIKONCKMM
objekTma y Cpbuiju.

8.4.2 MpBo yHanpehemne

MpBo yHanpeherwe nogpasymeBa  M3rpaghsy
HOTOHAMOHCKMX CUCTEMA Ha PACMONOXKMUBMM KPOBHYMM
noBpWWHamMa Koje MMajy  Hajborby  MPOCTOPHY
OpWjeHTaLuMjy CaacneKkTayKyrnHe roguilbe MHconauuje.
MHcTanncaHa cHara $OTOHanoHCKor cuctema Tpeba
fa obe3benn roavliky MNPOW3BOAMY eNnekTpuUuHe
eHepruje Koja nokprea Ao 50% yKynHe roguiibe
NOTPOWHE eNeKTPUUYHE eHepruje y aHanu3nMpaHoM
WKONCKOM,  OAHOCHO  NPefWKONCKOM  OOjeKTy.
Pacnonoxmee NOBpLUMHE Cy MO NPefnoCcTaBLUX paBHe
MOBPLUMHE KPOBOBa, Ka0 M KOCE KPOBHE MOBPLUMHE
yvja je opuvjeHTaumja y rpaHmuama £900 y ogHocy
Ha jyr. Buhe npeTnocTaBbeHO fa ce MoXe NpekpUTH
HOTOHANOHCKMM NaHenMma makcumanHo 90% oBuMX
KPOBHWX MOBPLUMHA.

8.4.3 ipyro yHanpehemne

Opyro yHanpebere nogpasymeBa w3rpagmy
HOTOHAMOHCKMX CUCTEMA Ha PACMONOXKMUBUM KPOBHMM
noBpWWHamMa Koje  MMajy  Hajborby  MPOCTOPHY
OpWjeHTaLuMjy CaacneKkTayKyrnHe roguLlbe MHconauuje.
MHcTanncaHa cHara $OTOHanoHCKor cuctema Tpeba
fa obe3benn roavliky MNPOW3BOAMY eNnekTpuUuHe
eHeprmje koja nokpmea 100% ykynHe rofaurbe
NOTPOWHE eNeKTPUUYHE eHepruje y aHanu3nMpaHoM
WKONCKOM,  OAHOCHO  NPefWKONCKOM  OOjeKTy.
YKONMMKO YKyMHa pacrnofnoXmnsa KPOBHa MOBPLUMHA
objekTa He MoXe 06e36eqMTN JOBOSBHY NHCTaNMCaHy
cHary OH naHena 3a nokpuearbe 100% rognwrbe
NOTPOLLUHbE eneKkTpuYHe eHepruje objekTa, OHAa OBa
Mepa noapasymeBa WHCTanauvjy GOTOHaNOHCKOr
CUCTEMA Ha LeS10j PaCrONOXMBOj KPOBHOj MOBPLIMHN.
Pacnonoxmee NOBpLUMHE Cy MO NPefnocTaBLUX paBHe

ber of schools, speaking about the current state of
affairs it may be assumed that there are no installed
PV systems, nor any other sources of electricity in
school and kindergarten buildings in the Republic
of Serbia.

8.4.2 Improvement 1

Improvement 1 implies construction of photo-
voltaic systems on available roof surfaces with best
possible spatial orientation from the perspective of
total annual insolation. The installed photovoltaic
system capacity needs to ensure annual power gen-
eration covering up to 50% of the total annual power
consumption in the analysed school or kindergarten
building. It was assumed that the available surfaces
are flat roof surfaces, same as pitched roof surfaces
with orientation in the range of +900 against South.
It will be assumed that maximum 90% of these roof
surfaces can be covered by photovoltaic panels.

8.4.3 Improvement 2

Improvement 2 implies construction of photo-
voltaic systems on available roof surfaces with best
possible spatial orientation from the perspective of
total annual insolation. The installed photovolta-
ic system capacity needs to ensure annual power
generation covering 100% of the total annual power
consumption in the analysed school or kindergarten
building. If the total available building roof surface
can not ensure the sufficient installed capacity of PV
panels to cover 100% of the annual electricity con-
sumption of the building, then this measure implies
installation of th photovoltaic system on the entire
available roof surface. It was assumed that the avail-
able surfaces are flat roof surfaces, same as pitched
roof surfaces with orientation in the range of £900
in relation to the South. It will be assumed that max-
imum 90% of these roof surfaces can be covered by
photovoltaic panels.
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NOBPLWWHE KPOBOBA, KAa0 M KOCE KPOBHE MOBPLUMHE
yvja je opuvjeHTaumja y rpaHuuama £900 y opHocy
Ha jyr. Buhe NpeTnocTaB/bEHO Aa Ce MOXe MPeKpUTU
bOTOHAMOHCKMM MaHeNMMa MakcnmManHo 90% oBMX
KPOBHWX MOBPLUMHA.

8.5 MpoueHa edekaTta U3rpagre GoTOHANOHCKIMX
CUCTEMA Y WKOJICKUM ObjeKTrMa y cpbujn

lMpemMa HaUMOHaNHOj  TUMOMOTUM  LUKONCKMX
objekata y  Penybnuum Cpbujn aeduHmMcaHn cy
TVMNOBM M NOATMMOBWM WKOMA. TuUMonoruja Huje
obyxBaTuna napameTpe Koju Cy OWUTHW 3a m3rpagmy
HOTOHAMOHCKMX CMCTEMa, Tako Aa Ce He MOXe y3eTu
Kao penpe3eHTaTVBHa 3a carnefaBarbe MOrogHOCTH U
KanaumTeTa LUKONCKKX ObjekaTa y norneay Hterpauuje
HOTOHAMOHCKMX CrCTEMA.

Y Tabenu 38. npuKasaHu Cy reomeTpujekn
enemMeHTM OWTHW 3a carnefaBarbe KanauwTeTa 3a
n3rpadry (GOTOHAMOHCKMX CMCTeEMAa Ha TWMOBMMA
wkona AedUHUCAHUX Y HALUMOHANHO] TUMNONOTUjU.
Tabena je npolwwmpeHa ca Tpy CNOPTCKe LUKOSICKE Cane.

Tabena 38: [eOMETPWJCKI eNemMeHT GUTHYW 3a carnefaBarbe
KanauuTeta 3a w3rpadry GOTOHAMOHCKMX CuCTeMa Ha
TMMNOBMMA LIKOMA AePUHWUCAHUX Y HALIMOHAHO] TUMOMOM M)
KOja je NpoLMpeHa ca TpM CMOPTCKeE LWKOMCKE cane

8.5 Impact assessment of the photovoltaic systems
construction in school buildings in serbia

The national typology of school buildings in the
Republic of Serbia defines types and subtypes of
schools. The typology did not take into account the
parameters relevant for the construction of a photo-
voltaic systems, so it can not be perceived as repre-
sentative for understanding the advantages and ca-
pacities of school buildings in regard to integration
of photovoltaic systems.

Tale 38 presents the geometric data relevant for
understanding capacities for construction of photo-
voltaic systems on the types of schools defined in
the national typology. The Table was extended by
three gyms.

Table 38: Geometric data relevant for understanding capaci-
ties for construction of photovoltaic systems in the types of
schools defined in the national typology, extended by three
gyms

LKOSE YKynHa nospLuMHa Harn6Hu yrao [MospLunHa pasHor [NoBpLuMHe KOCor KpoBa [M?] 1 HIxoBe opujeHTaumje
SCHOOLS Kocor kposa [m?] Tiltangle Kposa [m?] Pitched roof surfaces [m?] and their orientations

Total pitched roof Flat roof area (m

area (m?) E SE S SW W
Al 325 30° 47,5 15 475
A2 768 35° 266 94
A2pt 2.095 35° 1.095 50 900
A3 890 42° 293 152
A3pt 1.300 35° 425 212 425
B1 189 42° 93
B2 515 6° 280
B3 300 10° 581 150 150
al 211 30° 70
2 214 30° 505 140 74
a3 1.790 18° 531
C3pt 1615
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D3 1.760 ‘ ‘

CANE GYMS

01 37

02 972 24° (W) 731 214
16° (B)

03 538 6° 260 269 269

8.5.1 MpoueHa edekaTa yHanpehera 1 nHTerpauumje
$OTOHAMNOHCKMX CUCTEMA

Y Tabenn 39. nprikazaHu Cy OCHOBHUW MapameTpu
edekata w3rpagrbe  QOTOHAMOHCKMX CUCTEMA Ha
onabpaHVIM WKOMCKM 06jeKTVMa 1 CMOPTCKUM Carnama.
Mofaum o yKynHoj NOTPOLLFK eNekTpuYHe eHepruje
LWKOJCKMX ObjeKaTa Cy A0OUjeHN aHKeTUPaHEeM, OCUM
3a wkone A2,B1,B2,C1,C31 D3, Koje oBaj noaaTak H1CY
Jlane wiv je nofatak bruo HenoruyaH. 3a oBe LiKone
npoLeHa roAuLLFbe NOTPOLIHE eNeKTPUYHe eHepruje
je uV3BplWeHa Ha OCHOBY MpoceyHe creynduyHe
NOTPOLLIFbe eNekTPUYHE eHepruje y wWKonama Yy
Penybnnun Cpbujn, koja nsHocn 16,36 kWh/m2 . Cau
npopavyHu cy paheHn ca NpeTnoCcTaBKOM [ia Ce WKone
Hanase y pervoHy beorpafa. YKynHu MHBECTULMOHM
TPOWKOBW Ce OHOCE Ha MPOJEKTOBAHE, KyrnOBUHY
onpeme, n3pagy Hocehe KOHCTPYKUMje n 13rparby
HOTOHAMOHCKMX NaHena.

Tabena 39: OcHOBHM napameTpy edekaTa U3rpagHe

8.5.1 Impact assessment of photovoltaic systems
integration in Improvement 1

Table 39 gives basic parameters of the effects
of construction of photovoltaic systems in selected
school and gym buildings. The data on the total elec-
tricity consumption in school buildings is collected
by survey, save for the schools A2, B1,B2, C1,C3 and
D3, not providing this piece of data or such data was
illogical. For these schools the estimation of annual
electricity consumption was performed based on the
average specific electricity consumption in schools
in the Republic of Serbia, amounting to 16.36 kWh/
m2 . All calculations were done on the assumption
that schools are located in the Belgrade region. The
total investment costs refer to design, purchase of
equipment, construction of the load-bearing struc-
ture and construction of photovoltaic panels.

Table 39:Basic parameters of the effect of photovoltaic system

GOTOHAMOHCKMX — CUCTeMa Ha  ofabpaHuM  WKOACKMM  construction in selected school and gym buildings based on
O6jeKTI/IMa 1 CNOPTCKMM CalamMma npema yHarlpeF)eH:y 1 the Improvement 1
LLIKONE YKynHa HeTo YKynHa roauia YKynHa WHCTanvcaHa cHara loauwtba Npou3BoaHa YkynHa Cmatberbe emncuje CO,
SCHOOLS nospLmHa (m?) noTpoLlba enektpuyHe | ®H cructema Ha KpoBy enekTpuyHe eHeprije OH MHBECTULMja 33 (tona/god)
Total netarea (m?) | eneprvje (MWh/god) objekTa (kV\/p) cuctema (MWh/god) n3rpaarby OH CO, emission reduction
Total annual electricity Total installed capacity of PV Annual PV system power cuctema (Euro) (tons/p/a)
consumption system on the building roof generation (MWh/p/a) Total investment
(MWh/p/a) (kvvp) for PV system con-
struction (EUR)
Al 260 84 37 4,2 3.700 4,557
A2 675 203 94 10,2 9.400 11,067
A2pt 1.055 173 7,6 87 7.600 9,439
A3 2.115 574 26,5 28,7 25.200 31,139
A3pt 2.305 40,0 175 20,0 17.500 21,700
B1 145 24 11 12 1.100 1,302
B2 840 13,8 6,1 6,9 6.100 7,486
B3 1.990 4838 213 244 20.200 26,474
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al 185 30 14 15 1.400 1,627
C2 990 336 14,7 16.8 14.700 18,228
a 2.765 453 20,2 22,7 19.200 24,629
C3pt 3.765 48,0 210 24,0 19.900 26,040
D3 4.600 753 329 37,7 31.200 40,904
CANE GYMS

01 330 54 24 27 2400 2,929
02 864 18,7 96 94 9.600 10,199
03 707 153 6,7 77 6.700 8,354

Moxe ce 3ak/byuntm Aa Ha CBUM  LWKONCKUM
objekTnma nocTojn MOryRHOCT  WHCTanauwja
GOTOHANOHCKMX MaHena Koju 6M Yy MNOTNyHOCTU
MOKPWAN MOMOBUHY YKYMHE rogulbe MOTPOWHE
eNeKTpUYHe eHepruje LKONCKMX objeKaTa 1 CMPOTCKIMX
cana. Tpeba uctahu pa cy Avjarpamu MNOTPOUWHE
eNeKTpuYHe eHepruje 1 NPov3BoAHEe GOTOHAMOHCUX
naHana y oBakaum 0bjeKkTMa Clabo KOPENMCaHN Kako
Ha CE30HCKOM, TaKO ¥ Ha [JHEBHOM HUBOY.

8.5.2 NpoueHa edekaTa yHanpehera 2 nHTerpauumje
($OTOHAMOHCKUX cUCTEMa

Y 1abenn 40. nprikasaHu Cy OCHOBHW MapameTpu
edekata wm3rpagrbe QOTOHAMOHCKMX CUCTEMA Ha
oflabpaHVM  LLKONCKMM  OBGjeKTMa 1 CMOPTCKMM
canama. CBM NpopauyHu cy paheHn ca NpeTnocTaBKkom
Ja ce WKoMe Hanase y pervoHy beorpafa. YKynHu
VHBECTULIMOHW TPOLWKOBM Ce O|HOCE Ha MPOjEKTOBAHLE,
KYMoBMHY onpeme, n3paay Hocehe KOHCTpyKUMje U
M3rpaarby GOTOHAMOHCKMX NaHena.

Tabena 40: OCHOBHWM napameTpy edekata U3rpaarLe

It may be concluded that there is a possibility to
install photovoltaic panels on all school buildings,
which would entirely cover 50% of the total annual
electricity consumption in school and gym buildings.
It should be stressed that the diagrams of electricity
consumption and photovoltaic panels production in
such buildings are poorly correlated both at season-
al and daily levels.

8.5.2 Impact assessment of integration of photovol-
taic systems in Improvement 2

Table 40 shows basic parameters of the effects
of construction of photovoltaic systems in select-
ed school and gym buildings. All calculations were
done on the assumption that schools are located in
the Belgrade region. The total investment costs refer
to design, purchase of equipment, construction of
the load-bearing structure and construction of pho-
tovoltaic panels.

Table 40:Basic parameters of the effect of photovoltaic system

$OTOHANOHCKMX  CMCTeMa Ha  opabpaHWM  WKOACKMM  construction in selected school and gym buildings based on
00jeKTrMa 1 CNOPTCKUM Canama npema yHanpehetby 2 the Improvement 2
LLIKONE YKynHa HeTo YKynHa roguiutba YKynHa MHCTanvcaHa | loaviwkba Nnpouns3soarba YkynHa nHsectuumja 3a Cmatbetbe
SCHOOLS noBpLMHa (m?) MOTPOLWHA eNeKTPUYHE cHara ®H cuctema enexkTpuyHe erepruje OH v3rpagky OH cuctema emmcuje CO,
Total net area (m?) eHepryje (MWh/god) Ha KpoBy objekTa cucrema (MWh/god) (Euro) (tona/god)
Total annual electricity (kWp) Annual PV system power Total investment for PV CO, emission
consumption Total installed capac- | generation (MWh/p/a) system construction (EUR) reduction
(MWh/p/a) ity of PV system on (tons/p/a)
the building roof
kw)
Al 260 84 7,5 84 7.500 9,114
A2 675 20,3 18,7 203 18.700 22,026
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A2pt 1.055 173 16,5 173 16.500 18,771
A3 2115 574 52,7 574 47.400 62,279
A3pt 2305 40,0 350 40,0 33.200 43,400
B1 145 24 2,2 24 2.200 2,604
B2 840 138 12,1 138 12.100 14,973
B3 1.990 48,8 42,6 488 40.400 52,948
cl 185 30 28 30 2.800 3,255
(@] 990 336 293 336 27.800 36,456
a 2.765 453 40,3 453 38300 49,151
C3pt 3765 48,0 41,9 48,0 39.800 52,080
D3 4600 753 65,8 753 59.200 81,701
CAJIE GYMS

01 330 54 4,7 54 4.700 5,859
02 864 18,7 19,2 18,7 19.200 20,289
03 707 153 134 153 13.400 16,601

Moxe ce 3ak/byuuTu [a Ha CBUM LWKOJCKMM
objekTMa  mocToju  MOryRHOCT  WHCTanauwja
dOTOHAMOHCKMX MaHena koju Ou y MoTnyHOCTU
NOKPWIU rofuLLHY NMOTPOLHY eNeKkTpUUHe eHepruje
WKOMCKOr 00jeKTa ¥ CnpoTcKux cana. Tpeba uctahu
[a Cy Auvjarpamn MNOTPOWHbE eNekTpuyHe eHepruje
M Npou3BOAHe (GOTOHAMOHCWX MaHana y OBaKBUM
objekTMa Cnabo KOpenmcaHy Kako Ha Ce30HCKOM,
Tako 1 Ha IHEBHOM HUBOY.

8.6 MNpoueHa edekaTa n3rpagte GOTOHANOHCKUX
cucTemMa y npefLwwKoncknm objekTrma y cpbujm

[pema HauMOHaNHO] TUMONOMUjN NPEALLKONCKNX
objekatay Cpbujn aedbrHMCaHM Cy TUMOBM 1 NOATUMNOBM
BpTvha. Tunonorvja Huje oOyxBaTUNa mMapameTpe
KOju Cy OUTHW 3a M3rpajitby GOTOHAMOHCKMX CUCTEMa,
Tako fa Ce He MOXe y3eTW Kao penpeseHTaTVBHa
33 MOrogHOCTM W CarnejaBarbe  KamauuTeTa
npeawWwKoncknux objekata y nornefny WHTerpauuje
HOTOHAMOHCKMX CcncTema. Y Tabenn 41. nmpurkazaHu
Cy reoMeTpujekn efnemeHTV OBWUTHM 3a carnefaBarbe
KanauuTeTa 3a M3rpagrby (OTOHAMOHCKMX cucTema
Ha TMNoBMMA BPTWNA AeDUHUCAHKX Y HALMOHAHO]
TMNONOTMjN. Y aHanm3ama je NpeTnocTaB/beHO Aa Ha
PACMONOXMBMM MOBPLWIMHAMA HEMA CEHKU OKOSHWX

It may be concluded that there is a possibility to
install photovoltaic panels in all school buildings,
which would entirely cover annual electricity con-
sumption in school and gym buildings. It should be
stressed that the diagrams of electricity consump-
tion and photovoltaic panels production in such
buildings are poorly correlated both at seasonal and
daily levels.

8.6 Impact assessment of the photovoltaic system
construction in kindergartens in serbia

The national typology of kindergarten buildings in
the Republic of Serbia defines types and subtypes of
kindergartens. The typology did not take into account
the parameters relevant for the construction of a photo-
voltaic systems, so it can not be perceived as represent-
ative for understanding the advantages and capacities
of kindergarten buildings in regard to integration of
photovoltaic systems. Table 41 shows geometric ele-
ments relevant for understanding the capacity for con-
struction of photovoltaic systems on types of kinder-
gartens defined in the national typology. The analyses
have assumed that all available surfaces are free from
shadows cast by surrounding buildings, same as that
kindergarten building is located in the open terrains.
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o6je|<aTa, Kao 1 fa ce npefukosicka yCTaHOBa Hallasun
Ha OTBOPEHOM TEPEHY.

Tabena 41: [eomMeTpujekn enemeHT GUTHK 3a carnesfaBarbe
KanauuTeta 3a w3rpadry GOTOHAMOHCKMX CuCTemMa Ha
TMNoBKMa BPTWHA fedUHMCAHKX Y HaUMOHAHO] TUMONOTMjK

Table 41: Geometric elements relevant for understanding the
capacity for construction of photovoltaic systems on types of
kindergartens defined in the national typology

BPTURN YKynHa noBpLUMHa KOCOT Harn6Hu yrao

[MoBpLmHa pasHor

Pacnonoxvise Koce KpOBHE MOBPLUMHE W HUXOBa OpujeHTaLmjama [m?]

KINDERGARTENS Kposa [m?] Tiltangle Kposa [m?] Available pitched roof areas and their orientation (m?)
Total pitched roof area (m?) Flat roof area (m?)
E SE S SW W
Al 989 30° 208 35 200
A2 278 25° 52 103
B1 230 20° 85 30
B2a 646 20° 104 47 122 116 135
B2b 587 15°(W) 129 362 225
10° (E)
al 281 16° 146

2 1.160

305

a3 1.402

571

D2 1.002

D3

1.355

8.6.1 NpoueHa epekaTa yHanpehera 1 nHTerpauumje
$OTOHAMOHCKUX cUCTEMA

Y Tabenn 42. npvikasaHu Cy OCHOBHW MapameTpu
edekata wu3rpagrbe QOTOHAMOHCKMX CUCTEMA Ha
ofabpaHVM  NpPeaWwKonckuM — objektma.  Nopauun
O  YKYMHOj MOTPOLWMHK  eNeKTpuyHe  eHepruje
NPeaLWKONCKNX objekaTa Cy A0OMjeHN aHKeTUPaHeM,
ocum 3a BpTVH Al 3a Koju je OBaj nofaTak MpoLEeHeH
Ha OCHOBY MpOCeYHe cneundryHe NOTPOLIHE
enekTpnyHe eHepruje y sptuhama y Cpbuju koja
nsHocu 41,65 kWh/m2 . Can npopauyHu cy paheru
Ca NpeTnoCcTaBkOM fAa ce BPTWNKM Hanase y pernoHy
Beorpapa. MNpeTnocTtasibeHo je aa ce BpTUhn Hanase
Ha OTBOPEHO] MOBPWWHKM 6e3 3aceHuYerba OKOMHUX
objkeaTa. YKyMHU MHBECTULIMOHW TPOLWKOBM CE OfJHOCE
Ha NpOjeKToBarbe, KyMOBKHY Onpeme, 13pagy Hocehe
KOHCTpYKUMje 1 n3rpadHy GOTOHAMOHCKMX NaHena.

8.6.1 Impact assessment of integration of photovol-
taic systems in Improvement 1

Table 42 gives basic parameters of the effects of
construction of photovoltaic systems in selected kin-
dergarten buildings. The data on the total electricity
consumption in kindergarten buildings is collected
by survey, save in the case of kindergarten A1 for
which this piece of data was estimated based on the
average specific electricity consumption in kinder-
gartens in Serbia, amounting to 41.65 kWh/m2 . All
calculations were done on the assumption that kin-
dergartens are located in the Belgrade region. It was
assumed that kindergartens are located in an open
space without shading from the surrounding build-
ings. The total investment costs refer to design, pur-
chase of equipment, construction of the load-bearing
structure and construction of photovoltaic panels.
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Tabena 42: OcHOBHWM napameTpy edekata Wu3rpagre
$OTOHANOHCKNX CUCTEMA Ha OAabpaHnM MPEALIKONCKMM
objeKTMa npema yHanpehety 1

Table 42:Basic parameters of the effect of photovoltaic system
construction in selected kindergarten buildings based on the
Improvement 1

BPTURN YKynHa HeTo YKynHa roguwrsa YKynHa MHCTanvcaHa cHara foavwba Npon3BoArba YkynHa CMatbetbe emvcuje
KINDERGARTENS nospLunHa (m?) noTpOLWHba enekTpuyHe | ®H crcTema Ha KpoBy enekTpuyHe eHeprinje OH MHBECTWLMja 3 Co,
Total net area (m?) eHepryje (MWh/god) objekTa (kWD) cnctema (MWh/god) n3rpagarby OH (tona/god)
Total annual electricity Total installed capacity of PV | Annual PV system power cnctema (Euro) CO, emission
consumption system on the building roof | generation (MWh/p/a) Total investment reduction
(MWh/p/a) (kW) for PV system con- (tons/p/a)
struction (EUR)

Al 297 124 54 6,2 5.400 6,711

A2 632 24,0 109 12,0 10.900 13,020

B1 170 129 59 6,5 5.900 6,978

B2a 575 20,2 90 10,1 9.000 10,990

B2b 1.128 47,2 228 236 21.600 25,606

@ 255 45 19 23 1.900 2,304

(@] 1.147 58,7 27,0 294 25.600 31,884

a 1914 1433 64,9 7.7 58.400 77,759

D2 1.446 65,6 28,7 328 27.200 35577

D3 2.163 157,7 68,8 789 61.900 85,567

Moxe ce 3ak/byunTn Aa Ha CBUM NMPEALKONCKUM
objekTMa nocToju  MoryhHocT wmHcTanaumja OH
naHena Koju 6v nokpunn 50% roavibe NOTPOLLHE
enekTpUYHe eHepruje NPeaWKoNCKor objeKTa.

8.6.2 NpoueHa edekaTa yHanpehewa 2 nHTerpauuje
($OTOHAMOHCKUX cCUCTEMa

Y Tabenn 43. nprikasaHu Cy OCHOBHUW MapameTpu
edekaTa wu3rpagrbe QOTOHAMOHCKMX CUCTEMA Ha
ofabpaHVM  NpPefWwKonckuM  objektmma.  Nopgaun
O YKYMHOj MOTPOWbK  eNeKTpUUYHe  eHepruje
NPeALWKONCKNX objekata Cy AOOMjeHM aHKETUPaHbEM,
ocum 3a BpTuh Al 3a Koju je OBaj NoaaTak npouerseH
Ha OCHOBY TMpOCeuYHe cCrneuudryHe NOTPOLIHE
enekTpuyHe eHepruje y Bptvhama y Cpbuju Koja
usHocu 41,65 kWh/m2 . Ceu npopadyHu cy paheru
Ca MpeTnoCcTaBKOM fAa ce BPTWNKM Hanasze y pernoHy
beorpapa. MNpeTnoctaB/beHO je aa ce BpTUhK Hanase
Ha OTBOPEHOj MOBPLIMHM 0e3 3aceHYeHa OKOMHUX
objkeaTa. YKYnHU MHBECTULIMOHW TPOLLIKOBM Ce OfiHOCe
Ha MpOojeKToBatrbe, KyMoBKHY Ornpeme, 13paay Hocehe
KOHCTPYKLUMje 1 n3rpafky GOTOHANOHCKMX NaHena.

It may be concluded that there is a possibility to
install photovoltaic panels in all kindergarten build-
ings, which would cover 50% of annual electricity con-
sumption in kindergarten buildings.

8.6.2 Impact assessment of integration of photo-
voltaic systems in Improvement 2

Table 43 gives basic parameters of the effects of
construction of photovoltaic systems in selected kin-
dergarten buildings. The data on the total electricity
consumption in kindergarten buildings is collected by
survey, save in the case of kindergarten A1 for which
this piece of data was estimated based on the aver-
age specific electricity consumption in kindergartens
in Serbia, amounting to 41.65 kWh/m2 . All calculations
were done on the assumption that kindergartens are
located in the Belgrade region. It was assumed that
kindergartens are located in an open space without
shading from the surrounding buildings. The total
investment costs refer to design, purchase of equip-
ment, construction of the load-bearing structure and
construction of photovoltaic panels.
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Tabena 43: OcHOBHWM napameTpy edekata WU3rpagre
$OTOHANOHCKMX CUCTEMA Ha OAabpaHnM MPEALIKONCKMM
objeKTMa npema yHanpehery 2

Table 43:Basic parameters of the effect of photovoltaic system
construction in selected kindergarten buildings based on the
Improvement 2

BPTURN YKynHa HeTo YKynHa roguiutea YKymnHa MHCTanvcaHa cHara foavwba NponssoAba YrynHa CMatbetbe emvicuje
KINDERGARTENS nospLmHa (m?) MOTPOLWHA eNeKTPUYHE OH cucTema Ha KpoBy enekTpuyHe eHeprije OH MHBECTWLMja 33 Co,
Total net area (m?) eHepryje (MWh/god) objekTa (kWD) cnctema (MWh/god) n3rpaarby OH (tona/god)
Total annual electricity Total installed capacity of PV | Annual PV system power cnctema (Euro) CO, emission
consumption system on the building roof | generation (MWh/p/a) Total investment reduction
(MWh/p/a) (kW) for PV system con- (tons/p/a)
struction (EUR)

Al 297 124 119 124 11.900 13421

A2 632 24,0 218 24,0 21.000 26,040

B1 170 129 11,8 129 11.800 13,955

B2a 575 20,2 18,0 20,2 18.000 21,979

B2b 1.128 47,2 474 47,2 45.000 51,212

@ 255 45 38 43 3.800 4,607

(@] 1.147 58,7 46,8 51,0 44.400 55274

a 1914 1433 874 95,2 78.600 103,311

D2 1.446 65,6 573 65,6 51.500 71,154

D3 2.163 157,7 933 107 83.900 116,149

Moxe ce 3aK/byunTV Aa Ha BeRVHWU NpeaLKONCKIxX
objekTta noctoju moryhHoCT nHcTanauuvja B naHena
KOju 61 Yy MOTAYHOCTN NOKPWUAW TOAMLLIFY NOTPOLLHY
eneKTpUYHe eHepruje NpeaLKoNcKkor objeKkTa. JeanHo
Ha objektuma C2, C3 i D3 He mnocToju AOBOSBHA
PacrosnoXmnBa KPOBHA MOBPWWHA Aa 6U ce mornu
MHCTanMpatn  notpebHa cHara  QOTOHAMOHCKMX
naHena fia NoKpuje LEnoKymnHy rofuvily NOTPOLLHY
eneKTpuyHe eHepruje oBux objekata. Tpeba uctahu
Ja Cy Avjarpamn MoTpOlIHe enekTpUUHe eHepruje
M Npou3BoAre (GOTOHAMOHCWX MaHana y OBaKBUM
objekTMa Cnabo KOpPenMcaHn M Ha CE30HCKOM
W [HEBHOM HWBOY, Te je OGW pa3MeHa eHepruje ca
AUCTPUOYTUBHOM MPEXOM O1a IBOCMEPHa.

8.7 MpoueHa edpekaTa n3rpagte GoTOHANOHCKMX
CUCTEMA HA LKOJICKUM O0jeKTMa Ha H1BOY cpbuje

Ha OCHOBY npopayyHa Npon3BOArbE
GOTOHAMOHCKMX CUCTEMa Ha KPOBOBMMA  TUMCKMX
WKONCKMX ObjeKaTa M3BpLUEHa je MpoleHa edekaTa
n3rpaarbe GOTOHAMOHCKMX CUCTEMA Ha HMBOY CBUX
WKoNckux objekata y Cpbuju. C 0063Mpom fa Hucy
OUAN AOCTYMHM CTAaTUCTUUKIM NOAALIM O FEOMETPUCKINM

It may be concluded that there is a possibility to
install photovoltaic panels in the majority of kinder-
garten buildings, which would entirely cover annual
electricity consumption in kindergarten buildings.
Only in buildings C2,C3 and D3 there is no sufficient
roof surface so as to install the required capacity of
photovoltaic panels to cover the entire annual elec-
tricity consumption of these buildings. It should be
stressed that the diagrams of electricity consump-
tion and photovoltaic panels production in such
buildings are poorly correlated both at seasonal and
daily levels, thus implying two-way energy exchange
with distribution network.

8.7 Impact assessment of the photovoltaic system
construction in school buildings at the level of
serbia

Based on the production calculation of photo-
voltaic systems on the roofs of typical school build-
ings, the assessment of the photovoltaic system
construction was performed at the level of all school
buildings in Serbia. Since not all statistical data on
geometric elements and available surfaces for the
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enemMeHTVMa ¥ pacrnofnioXMBMM MOBPLIMHAMa  3a

KpOBOBe WKOCKMX ObjekaTta, NpoLeHe Npon3BOAHEe

Cy M3BpLUEHE Y3 yBaXKaBarbe cneaehyx NpeTnocTaBKku:

- Pacnonoxvee noBpwWHE W HarMbHW YrNoswu
KpOBOBa CBYX ObjeKaTa y OKBUPY jefiHe KaTeropuje
Cy UCTu;

- ConapHu noTeHuMjan Ha MPOCEYHOM LUKOICKOM
objekty y Cpbujn mnsHocn 3600 kWh/m2/dan Ha
XOPW30HTaHOj MOBPLUNHY;

- OpujeHTaumja KpoBOBa  WKONCKMX — objekaTa
Ca KOCMM KpOBOBMMAa MOXe OuUTV nopjefHako
BepOBaTHa 3a CBakM Mnpasall,

[open HaBefeHMX MNPEeTNOCTaBKYM, YCBOjeHO je
Ja je GOTOHaNOHCKe MaHene MOrofAHO MOCTaBUTY Ha
80% objekaTa y CBakoj of KaTteropuja aeduHMCaHNX
HauuMoHanHoOM Tunonorujom. [peoctanux 20 %
objekaTa Ce CMaTpa HEMOrOAHWM 33 WHCTanauwujy
HOTOHAMOHCKMX cucTeMa 300T HEepacrnonoXmMBOCTH
KPOBHE MOBPLIMHE, KOMIIEKCHE TeomeTpuje uiu
NPUCYCTBa CEHKE Of OKOMHMX ObjeKaTa.

Y Tabenn 44 patv Ccy nogjauM MnpopadyHa
edekata MHCTanaumje GOTOHAMOHCKMX CUCTEMA Ha
wkonckum objekTma y Cpbuju HakoH NprUMeHe Mepe
yHanpeherba 1, a y Tabenn 45 HakoH NpuMeHe mepe
yHanpeherba 2.

Tabena 44: OCHOBHW napameTpy edekata M3rpaarLe
GOTOHAMOHCKMX CUCTEMA Ha LKONCKIMM objexTmMa y Cpbuju
npema yHanpehersy 1

roofs of school buildings was available, the produc-

tion estimation was done taking into account the

following assumptions:

+Available surfaces and tilt angles of roofs of all build-
ings within a single category are the same;

+ Solar potential on an average school building in Ser-
bia amounts to 3600 kWh/m2/day on a horizontal
surface;

+ Roof orientation of pitched roof school buildings
may be equally probable for each direction.

In addition to said assumptions, it was adopted
that photovoltaic systems are suitable to be installed
in 80% of the buildings in each category defined by
the national typology. The remaining 20 % of build-
ings are considered unsuitable for installation of
photovoltaic systems due to unavailability of roof
surface, complex geometry or shading from sur-
rounding buildings.

Table 44 shows the data referring to calculation
of effects of installation of photovoltaic systems in
school buildings in Serbia after implementing Im-
provement 1 measures, and Table 45 after imple-
menting Improvement 2 measures.

Table 44:Basic parameters of the effect of photovoltaic system
construction in school buildings based on the Improvement 1

TN LWKONE
TYPE OF
SCHOOLS

bpoj wkona
Number of
schools

YkynHa roguiita
noTpoLHba
eneKTpUyHe eHepruje
(MWh/god)

Total annual electricity
consumption
(MWh/p/a)

YKymnHa nHCTanvcaHa cHara OH
cucTema Ha KpoBy objekTa (kWp)
Total installed capacity of PV system
on the building roof(kWp)

foavwtba Npou3BoAHba
enekTpuuHe eHeprije OH
cuctema (MWh/god)
Annual PV system power
generation (MWh/p/a)

YKynHa nHsectuumja 3a
n3rpagry OH cnctema
(Euro)

Total investment for PV
system construction
(EUR)

Cmatberbe emmcuje
CO,(tona/god)

CO, emission
reduction
(tons/p/a)

Al

596

50

2,07

23

1,97

2489

A2

300

6,1

252

28

239

3.030

A3

242

39

1,62

1,54

1.948

B1

664

16

0,63

0,7

0,60

758

B2

449

6,2

2,52

28

239

3.030

B3

538

26,3

10,61

18

10,08

12771

al

337

10

045

0,5

043

541

135
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2 274 9.2 3,78 4,2 3,59 4.546
3 413 18,7 7,55 84 717 9.091
D3 77 58 2,34 26 222 2814
YKynHo 3.890 84 34 38 32 41.018
Tabena 45 OcHOBHM nNapameTpu edekata usrpagrse  lable 45:Basic parameters of the effect of photovoltaic system

$OTOHANOHCKMX CUCTEMA Ha WKONCKUM objeKTvMa y Cpbuju

npema yHanpehetby 2

construction in school buildings based on the Improvement 2

TN WKONE Bpoj wkona YKynHa rofvia YKynHa WHCTanvcaHa cHara OH loanwba Npoun3soAatba YKynHa nHBecTuLMja 3a Cmarberbe emvicuje

TYPE OF Number of noTpOLHa cucTeMa Ha KpoBy objekTa (kWp) enekTpuyHe eHeprije ®H | usrpaarby ®H cvctema CO,(tona/god)

SCHOOLS schools enekTpuuHe eHeprvje | Total installed capacity of PV system cnctema (MWh/god) (Euro) CO, emission
(MWh/god) on the building roof (kW) Annual PV system power Total investment for PV reduction
Total annual electricity generation (MWh/p/a) system construction (EUR) | (tons/p/a)
consumption
(MWh/p/a)

Al 596 50 367 4,0 3,30 4330

A2 300 6,1 4,50 49 4,05 5.300

A3 242 39 2,85 31 2,57 3.360

B1 664 16 1,19 13 1,07 1410

B2 449 6,2 459 50 413 5410

B3 538 26,3 19,36 211 1742 22.840

C1 337 10 0,73 08 0,66 870

2 274 92 6,79 74 6,11 8010

a 413 18,7 13,77 15,0 12,39 16.240

D3 77 58 4,31 4,7 3,88 5.090

YkynHo 3.890 84 62 67 56 72.860

8.8 MNpoueHa edekaTa n3rpagte GOTOHANOHCKUX
cucTema Ha NpepLKoCcKMM 06jeKTMa Ha HUBOY
cpbuje

Ha OCHOBY npopavyHa Npoun3BoAHe
DOTOHAMOHCKMX CUCTEMA Ha KPOBOBMMA TUMCKUX
NpeaWwKonckux objekata M3BplWeHa je npoueHa
edekata n3rpafHe GOTOHANOHCKMX CUCTEMA Ha HUBOY
CBUX NpeflwKonckux objekata y Cpbuju. C 063mpom
Ja HuCy OUnM AOCTYMHW CTaTUCTUYKM Mojaum o
reOMeTPUjCKUM  efleMeHTUMa UM PAcnONOXUBUM
NOBPLWMHAaMa 33 KPOBOBe  LIKONCKUX —Objekara,
npoleHe MPOu3BOAHE Cy M3BPLIEHE Y3 YBaxaBarbe
cnenehux NPeTnoCTaBKu:

- Pacnonoxviee noBpwuWHE W HArMOHW YrnoBwu

KPOBOBa CBUVX O0jeKaTa y OKBUPY jefiHe KaTeropuje

cy ncTy;

8.8 Impact assessment of the photovoltaic system
construction in kindergarten buildings at the level
of serbia

Based on the production calculation of photo-
voltaic systems on the roofs of typical kindergarten
buildings, the assessment of the photovoltaic system
construction was performed at the level of all kin-
dergarten buildings in Serbia. Since not all statistical
data on geometric elements and available surfaces
for the roofs of kindergarten buildings was available,
the production estimation was done taking into ac-
count the following assumptions:

+ Available surfaces and tilt angles of roofs of all build-
ings within a single category are the same;

-+ Solar potential on an average school building in Ser-
bia amounts to 3600 kWh/m2/day on a horizontal
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- ConapHu noTeHuMjan Ha MPOCEYHOM LUKOICKOM
objekty y Cpbujn mnsHocn 3600 kWh/m2/dan Ha
XOPW30HTaHOj MOBPLUNHY;

- OpwujeHTaumja KpoBOBa MpefLKocKmx objekaTa
Ca KOCMM KpOBOBMMa MOXe OuUTW nopjefHako
BepOBaTHa 3a CBakM Mpasall,

[open HaBefeHMX MNPeTNOCTaBKY, YCBOjeHO je
Ja je GOTOHaNOHCKe MaHene MOrofAHO MOCTaBUTY Ha
75% objekaTta y CBakoj of KaTeropwuja aeduHUCaHNUX
HauMoHanHOM Tunonorujom. [peoctanux 25 %
objekaTa Ce CMaTpa HEMOrOAHWM 33 WHCTanauwujy
HOTOHAMOHCKMX cucTemMa 300T HEepacrnonoXmMBOCTH
KPOBHE MOBPLIMHE, KOMIIEKCHE TeomeTpuje uiu
NPUCYCTBa CEHKE Of OKOMHMX ObjeKaTa.

Y Tabenu 46 patv Ccy nogjauM MnpopadyHa
edekata MHCTanaumje GOTOHAMOHCKMX CUCTEMA Ha
npeawkoncknum objektnma y Cpbuju HakoH nNpumeHe
Mepe yHanpeherba 1, a y Tabenn 47 HakoH NpumeHe
Mepe yHanpehersa 2.

Tabena 46: OCHOBHWM napameTpu edekata U3rpafrbe
GOTOHANOHCKUX CMCTEMA HA NPefWKONCKUM ObjeKTMa Y
Cpbujn npema yHanpehetby 1

surface;
+ Roof orientation of pitched roof kindergarten build-
ings may be equally probable for each direction.

In addition to said assumptions, it was adopted
that photovoltaic systems are suitable to be installed
in 75% of the buildings in each category defined by
the national typology. The remaining 25 % of build-
ings are considered unsuitable for installation of
photovoltaic systems due to unavailability of roof
surface, complex geometry or shading from sur-
rounding buildings.

Table 46 shows the data referring to calculation
of effects of installation of photovoltaic systems in
kindergarten buildings in Serbia after implementing
Improvement 1 measures, and Table 47 after imple-
menting Improvement 2 measures.

Table 46:Basic parameters of the effect of photovoltaic system
construction in kindergarten buildings in Serbia based on the
Improvement 1

TUIM BPTURA Bpoj spTrha YKynHa roguirsa YKynHa vHCTanucaHa loavwtba Npou3BoAHba YkynHa nHsectuumja 3a Cmatbetbe emmcuje

TYPE OF Number of NOTPOLWHba eneKTpuyHe cHara OH cuctema Ha enektpuyHe erepritje OH n3rpaary OH cuctema CO,(tona/god)

KINDERGARTEN kindergartens eHepryje (MWh/god) KpoBy objekTa (kWp) cuctema (MWh/god) (Euro) CO, emission
Total annual electricity Total installed capacity Annual PV system power Total investment for PV reduction
consumption of PV system on the generation (MWh/p/a) system construction (EUR) (tons/p/a)
(MWh/p/a) building roof(kWp)

Al 236 2,93 1,08 120 1,02 1.299

A2 100 2,40 093 1,04 088 1.126

B1 184 237 0,92 1,03 087 1.115

B2a 128 2,59 0,98 1,09 0,93 1.180

B2b 17 552 227 2,53 2,16 2.739

al 323 1,45 0,52 0,58 0,50 628

2 897 52,65 20,57 22,89 19,54 24.778

3 309 44,28 17,05 18,97 16,20 20.535

D2 187 12,27 4,56 508 433 5.499

D3 110 17,35 6,43 7,16 6,11 7.751

YkynHo 2.591 144 55 62 53 66.650
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Tabena 47. OCHOBHWM napameTpu edekata M3rpafrbe
GOTOHANOHCKMX CMCTEMA Ha NPefWKONCKUM objeKTMa Y
Cpbwjn npema yHanpebhetsy 2

Table 47:Basic parameters of the effect of photovoltaic system
construction in kindergarten buildings in Serbia based on the
Improvement 2
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TUM BPTURA Bpoj spTuha YKynHa roguwra YKynHa NHCTanuncaHa loavwtba Npon3BoAHba YkynHa nHsectuumja 3a Cmarberbe emmcje

TYPE OF Number of MOTPOLWLHA eNekTpUiHe cHara ®H cucTema Ha enektpuyHe erHepruje OH n3rpaary OH cuctema CO,(tona/god)

KINDERGARTEN kindergartens eHepruje (MWh/god) KpoBy objekTa (kWp) cucrema (MWh/god) (Euro) CO, emission
Total annual electricity Total installed capacity Annual PV system power Total investment for PV reduction
consumption of PV system on the generation (MWh/p/a) system construction (EUR) (tons/p/a)
(MWh/p/a) building roof (kWp)

Al 236 293 2,11 2,30 1,90 2490

A2 100 2,40 1,64 1,78 147 1.927

B1 184 237 1,63 1,78 147 1.927

B2a 128 2,59 1,73 1,88 1,56 2035

B2b 17 552 4,16 4,53 3,74 4.904

@] 323 1,45 092 1,00 0,83 1.083

2 897 52,65 3149 34,31 28,34 37141

C3 309 44,28 20,26 22,07 18,23 23.891

D2 187 12,27 8,04 8,76 723 9.483

D3 110 17,35 7,70 839 6,93 9.082

YkynHo 2.591 144 80 87 72 93.963
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9. MPUKA3 MOTYRHOCTU NMPUMEHE
AHANMN3NPAHUX TEXHONOTMJA HA 3TPAAAMA
LWKONA, ODUKCYNTYPHUX CANNA U BPTURA

Y HapegHom peny he Kpo3 rpadukoHe ©OuTK
WYCTPOBaHW MpopadyHu W nogaum w3 Tabena vy
nornaesmbuMa 5, 6, 7 1 8, BE3aHM 3a KOHKPETHE objeKTe
WwKona, WKONCKMX UCKYNTYPHUX Cana W 3rpaga
NPEALLKONCKNX YCTaHOBA.

3a CBakM aHanM3MpaHu objekat, Koju NpefcTassba
penpeseHT y TUNOMOMWM, Ha MNPBOj CTpaHu Cy
WIYCTPOBaHE KapaKTepUCTUKe 3rpaje M Jlokaumje Ha
KOjoj ce Hanasw, Tj. napuene. [late cy pacnonoxmee
NOBPLWWHE Ha NapLeny, MOBPLUMHE KPOBHMNX PaBHM Kao
M NNYCTPATUBHL MPWKa3 aHanM3npaHnux TeXHOIOorja
nprMeHe 0O6HOBIBUBIX M3BOPA.

3aTvm cnegm cymapHa Tabena y  Kojoj cy 3a cse
aHanu3MpaHe TexHonorvje npumeHe OBHOBBLUBKIX
M3BOpa MpWKasaHe BPEAHOCTM  KOje  MOAMMPYJY
TpeHyTHe noTpebe objeKkTa (KanauwTeTn TOMMOTHKMX
NyMMK, KONMUMHe B1omace 1 NOBPLUMHA KPOBOBA MO
HOTOHAMOHCKMM NaHenN1Ma), Kao 1 NoTeHUMjanu y Buay
MaKCUManHKX OCTBapMBMX MOTeHLMjana Npov3BOaHE
enekTpnyHe eHepruje (MyTem GOTOHAMOHCKMUX CUCTEMA
M TOMMOTHUX KONEKTOPa) W MAKCUMAMHUX [PEejHMUX
KanauuTeTa 3a pacrosiokuBy MOBPLUMHY ABOPULLTA
KopuLWherem TOMAOTHUX NyMNK TUMNa ,3em/ba — BoAA"

Tamo roe Hema pPacnonoXMBMX KanmaumTeTa 3a
npuMeHy oapeheHe TexHonoruje, Kao WTo je Cnyyaj ca
PACMONOXKMBOM NMOBPLUMHOM ABOPMLLTA 33 MOCTaB/barbe
XOPU3OHTAIHUX  W/WNK  BEPTUKANHNX  COHAW, HUCY
npukasaHe Tabene HW CymapHe BPEeAHOCTM 3a OBY
TexHonorujy. To je cnydaj Kof Hekmx objekaTa LKona
M NPEeLLIKONCKMX YCTaHOBA, Kao M KOf TUMOBa 3rpasa
DUCKYNTYpPHUX cana.

3atum cnefe Tabene 1 rpadUKoOHW KOjU UNYCTRYjY
mehy3aBUCHOCT ~ nojaTaka o} PaCMoONOXNBUM
NOBPLWWHaManOCTaNIMMpPEneBaHTMMKapakTepucT1Kama
KOHKpeTHOr 0objeKkTa, ¥ NpopauvyHaTVX BPEeAHOCTM
OCTBapeHVIX KanaumuTteTa NpunvMkom npumeHe ogpehere
TexHonornje  kopuwhersa  OBHOB/BMBKX — M3BOPA
eHepruje, y CKnagy ca MeTofonorjom aeduH1caHoM y
NPETXOAHVIM NOrNaB/brMa.

9. OVERVIEW OF OPPORTUNITIES FOR THE IM-
PLEMENTATION OF ANALYSED TECHNOLOGIES IN
SCHOOL, GYM AND KINDERGARTEN BUILDINGS

The charts in the following part illustrate calcula-
tions and data from Tables under Sections 5, 6, 7 and
8 related to specific types of schools, school gym and
kindergarten buildings.

For each analysed building, which represents a
reference in the typology, first page illustrates build-
ing characteristics and locations (lots) they are locat-
ed in. What is presented are available lot areas, roof
plane surfaces and illustrative overview of analysed
technologies for the implementation of renewable
sources.

This is followed by a summary table showing
values for all analysed technologies of renewable
sources implementation that meet current building
demand (heat pumps capacities, biomass quantities
and roof surface under photovoltaic panels), same as
potentials in terms of maximum achievable potential
of electricity production (via photovoltaic systems
and thermal collectors) and maximum heating ca-
pacities for the available yard area using"ground-wa-
ter”heat pumps.

Where the data was not available for the imple-
mentation of a particular technology, as it was the
case with the available yard area for installation of
horizontal and/or vertical probes, neither tables not
summary values for this technology were presented.
This is the case with some of the school and kinder-
garten buildings, same as with gym building types.

What follows are tables and charts illustrating
inter-dependence of data on the available surfac-
es and other relevant characteristics of a particular
building, and calculation of values of realised capac-
ities in implementation of a specific technology of
renewable energy sources use, in line with the meth-
odology defined in previous chapters.






9.1 School buildings
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OCHOBHM MogaLy o o6jexTy
Basic building data

MospLuvHa napuene
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2

Lot area 4798 m
CnobopaHa nospLuvHa napuene 3a nprmery OU
Available lot area for RES implementation 2.580 m?
[NoBpLMHa objekTa 5
Building area 260 m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKynHa NoBpLUViHa KOCOr KPOBa 5
Total pitched roof area 325m
OpraHy3alroHa Wwema objekTa
Organisational scheme of the building

— —

CwTyalmoHm npukas
Layout
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MNOTEHUWJAJ 3A KOPULWLHEHLE OBHOBJ/bUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
7N\

L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

32,2

92,2

74,0 358,4

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ =l T 1A
Lol L My [ "]
£ s f Al LA
\ /ll = [ o _{ | i
(=] =]
TONNIOTHE NYMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "
PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

8,4/44

29,6/22,1 7,1/153

83 9,3 15,3
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NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHx KonekTopa no NOBPLUMHM KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLMHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area

250 /

200 /

150 [395

100
/
0/

Bpoj KonekTopa Ha Kocom Kposy [-]
Number of collectors on the pitched roof

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area

200

180 /|
160 //
140 /

120 y /
100

80 ,/
60 /|
40 /

4

Bpoj konekTopa Ha paBHOM Kposy [-]
Number of collectors on the flat roof

20 }|0,0
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000
MoBpLnHa kocor Kposa [m?] MoBpLnHa paBHOr KpoBa [m?]
Pitched roof surface [m?] Flat roof surface [m?]
Al NE - . — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % < g £ . = o s _ koju ce cynctutyuwe [kgCO,]
x 32 3 = s _ = o Iy o Potential CO, emission reduction depending on the substitut-
S8 & s & o8 S € 52 2
5%g 5 o e £ 3 = 25_¢c ed fuel [kgCO.]
= — 230 35 L= a B E ST o
g 0w = o I 2 (SR} c = o &9 ¢
o Y = o o = S © x oD Y
Sggao 8 >3 g S s 5 e
o g’ E S E =} ® 2 z 2 <&
£y Ss |EE Eo £ |s=c¢ §2322%¢
£32¢ &2 23 2E ERS =<2 2 E TS
S2ED S5 S £ 2o = 588:2<% yram rac MasyT
5eé¢8 £E |SC2ESE eS8 |2E= Edzs= coal gas heavy il
yiih | 115 30 - 96,75 4.838 56.068 24.053 12335 18.839
Y212 | 210 30 - 172,27 8613 92214 39.560 20.287 30.984

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

10 I I
Kocw Kpos /
9

Pitched roof 7
Eg??c‘:o?pos YHanpeherbe 2 (44,7.5)
8

Improvement 2 (44, 75)
7 )( /
6 // /
4 A YHanpehetbe 1(22,37) /

X Improvement 1 (22, 3.7)/'
/ -

WHcTanucaHa cHara poToHaMNoHCKOr naHena

]
Installed capacity of the photovoltaic panel
N w

o 4 //
=38
EXE
s o= 1 / ,/
32¢e
tsd
$2% o
0 10 20 30 40 50 60 70 80 20 100

Pacnonowsa nosplwmHa Kposa [m?]
Available roof surface [m2]

Al © = ] ol ~
8E £ 5 z S 2 Begzw - S §
S-w € _ 2 s 28 T80 ¢~ 582 oo &< v B
=95 5 C — a = So=g2ca s < S o £ 0 = =}
552 ¢ |2 T E sEp ZE Sz e== gz c< g2 =% 3 3
g5 2 [ V) 23k 332 So—=8cZz Srsg= =0 £©¢9 S 9
Qo232 s T T8¢ Scd 3¢& s0Eg O cu=43= G oz =
258> as gL 5 S96_%8 Esk8e% Sve = 85 E£B° g5
258 =275 §3985:% If&Fg e Sz3>5 Ix 95 g 2
o9y 90322 CLoozZxl SITOo2g 8 I¥z S £3 €9 % 2
3538 | 35282 e 25¥s5 8 3869222 3033 55 Zg 35 E =
a9 2Ly agdoex asa<L=-t< CEa= =5 E33a T =8 5 v
8gfte |8gisg 59258z |g8g8Et% S8z Eg SEgat 8558
c2&5 |83 < £2f=2°c= X585 a2 Sge <o LU e S=20 =

yin 22 - 84 37 4.2 3.700 4,557

Y212 44 - 84 75 84 7.500 9,114

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Bopa 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C

/|

/

/

/
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1400
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1000

£ 800
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o
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g3
25 200
g

50

100

150

MoTpe6Ha rpejHa cHara TonniotHe nymne [kW]
Required heating capacity of the heat pump [kW]

200

Al

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas

296 10,2 221 1,7 2.2 0,1 -33
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TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE

TonnoTHM KanauyTeT nymne y pexuimy rpejarba 3a yCBOjeHO:

a). ToriotHm drykc KonekTopa = 25W/ m'
6). Temnepatypa npwunarofeHa 3a paanjatopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:

a).Heat flux of the collector = 25W/m
b).Temperature adjusted for radiator heating = 55°C

HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

MaKcymanHa rpejHa noBpLUVHa OGJeKTa Y 3aBUCHOCTY O

I'IOBpLIJl/IHe KOjy 3ay3/IMa KOMEKTOP 3 YCBOJEHO:
a). CneumdmuHa TonnoTHa notpeba objexTa = 75 W/m?
6). EpukacHocT crictema auctpribyumje =89 %

Maximum heated area depending on the area occupied by the

collector for the adopted:
a). Specific building heat demand = 75 W/m?2

350 b). Distribution system efficiency =89 %
/ 4500
300 4000
i 250 / 3500 /]
ST E
Zg £ /
T £ 3000 v
- £t /
g8 &E 2500
< °2 /
Q I
gg 130 / £ 2000
x5 33 /
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XOpU30HTanHa NoBpLUMHA Kojy 3ay3uma konektop [m?] . 5
Horizontal area occupied by the collector [m?] Xopu30oHTanHa NoBpLUMHa Kojy 3ay31ma kosnektop [m’]
Horizontal area occupied by the collector [m?]
3aBUCHOCT NOTpeGHe eNeKTPHYHE CHare 1
rpejHe NOBpLUMHe 06jeKTa 3a yCBOjeHO: Cmatbetbe emricuje CO2 NPUAMKOM CyncTUTyLmje GOCUIHNX
a). CneumnduuHe TonnoTHe notpebe = 75 W/ m? ropuvBa eNeKTPYYHOM EHEPrjoM MyTem TOMAOTHUX NYMMN
6). COP TonnoTHe nymne = 3,4 CO, emission reduction due to substitution of fossil fuels by
). EdrkacHocT cuctema anctpubyumje = 89 % electrical power via heat pumps
Dependency between the required electrical capacity 10
and building heated area for the adopted:
a). Specific heat demand = 75 W/m? S
b). Heat pump SOR =34 ,(0‘09
¢). Distribution system efficiency = 89 % — 8 o 8
+ 30 B \\d
< R
o 29 Py
g% 2 ~ £ 6 Fe======—2 #{260,58 o
g > L~ &8¢ s
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IpejHa nospLumHa objexta [m?]
IpejHa noBpLnHa o6jekTa [m?] Heated area [m?]
Heated area [m?]
MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanayuTet nymne noBpWWHa ABOpUWTa | KamayuTeT [kKW] enepruja [kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity C0, [t/p/a] CAr wav yram 1O yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
71 2193 74,0 15.31 8,1 58 37 03
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TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TonnoTHM KanaLuTeT Mymne ca BepTUKaHM COHfIaMa Y 3aBUCHOCTU
Of} XOPM3OHTASIHE MOBPLLVHE ABOPUILLITA 33 YCBOJEHO ©
a). TonnoTHY Gykc KonekTopa = 50 W/ m?

6). Temnepatypa npunaroheHa 3a pagvjatopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the

horizontal yard surface for the adopted:

a).Heat flux of the collector =50 W/m
b).Temperature adjusted for radiator heating = 55°C
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Maximum heated area of a building [m?]
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Horizontal area occupied by vertical probes [m?2]

3aBUCHOCT NoTpebHe eNeKTprYHe CHare
rpejHe NOBpLUMHE 0bjeKTa 3a YCBOjeHO:
a). Cneuyndunue TonnotHe notpebe = 75 W/ m*

6). COP TonnotHe nymne = 3,4

). EpukacHocT cuctema anctpunbyuuje = 89 %
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a). CneuydumuHa TonnoTHa notpeba objekTa = 75 W/ m*

6). EpmkacHocT cuctema auctpurbyLmje =89 %

Maximum heated area depending on the horizontal yard surface
for the adopted:

a).Specific building heat demand = 75 W/m?

b). Distribution system efficiency =89 %
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CO2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHLWJAN 3A KOPULLREHE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTPOLLHbE B1OMAace Cpeatber KBanuTeTa of TONNOTHUX NoTpe6a objekTa (pauyHaTo 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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3aBVICHOCT NOTpOLUHbe GioMace Cpefitber KBanuTeTa off rpejHe NoBpLIMHE o6jeKTa
Dependency between the average quality biomass consumption and building heated area
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Motpe6Ha KonmumHa nojefHNHe BpcTe Gromace [t/god.]

Required quantity of the specific biomass type [t/p.a]
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IpejHa nospLunHa objexta [m?]
Heated area [m?]

lNoBpLumHa objekta 260 m? BpcTa briomace MoTtpebaH kanayuTeT KoTna MoTpebHa eHepryja ropvsa MoTpebHa KonuuuHa nojeavHe bromace
TonnotHe notpe6e objekTa Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
19,5 kW
Building area 260 m? kw MWh/god MWh/p/a [t/god] [t/p/a]
zfeta}:edgmad?:g 195 KW [psHy nenet Wood pellet 243 40,6 83
[psHy 6pukeT Wood briquette 252 416 93

[psHa ceyka Wood chips 258 42,5 153




I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmatberbe emicnje CO, [t/god.]
O, emission reduction [t/p.a.]
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cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)
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Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

2

Lot area 6.146m
CnobogHa nospluvHa napuene 3a npumery OV 5
Available lot area for RES implementation 3456 m
MNospLurHa objekTa 2
Building area 675m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKyrnHa noBpLUKHa KOCOT KPOBa

4 768 m?

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

L

CuTyaumoHu Nprkas
Layout




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

DO

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
CONAPHU KONEKTOPU

OOTOHANOHCKN NAHENN HEAT PUMPS “ground-water”
SOLAR COLLECTORS

PHOTOVOLTAIC PANELS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

MaKcrmanyu noTexUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvte kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

eneKkTpUYHe eHepruje 3a onTMano
pacnonoxuse nospLunHe kposa [MWhe/
god]
Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

40,3 161,7 99,1 473,9

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. . PN N B ) A

BMOMACA

TONNIOTHE NYMNE
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENU W
PHO;— AOI\\I/EO éTAlC an Bzazﬂyx ) TMn “3em/ba - Boga” nener 6puker ceyka
L A "ground-water”type pellet briquette chips

“air-water”type

[Mpounssoarbe enekTpuyHe

eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa
kposa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

18,7/110

76,9/57,2 62,6 /39,7

21,6 24,0 39,8




Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa
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Bpoj KonekTopa Ha paBHOM Kposy [-]
Number of collectors on the flat roof

MakcvmanaH 6DOJ NHCTaMCaHNX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area
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MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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Number of collectors on the pitched roof
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MoeplumHa Kocor Kposa [m?]
Pitched roof surface [m?]
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MOBPLUMHA KOCOT KpoBa [m?]
Optimum available pitched

ONTMManHO pacnonoxvea
roof area (m?)

Harn6Hm yrao [7]
Tiltangle []

OnTManHo pacnonoxmea
NOBPLIMHA PaBHOT KPOBa
[m?]

Optimum available flat roof

area (m?)

]

MoBpLwnHa konekTopa [M?]

Collector surface [m
Minimum tank volume /]

MuviHUManHa 3anpemrHa

TaHKa [I]

Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
Kojui ce cyncTuTyuLe [kgCOZ]

Potential CO, emission reduction depending on the substitut-
ed fuel [kgCO]

yram
coal

rac MasyTt

heavy oil

eHepruje Ha rogulbem
Hueoy [(kWht/god]
Annual heat generation

Mpownssoatba TonnoTHe
[kWht/p/s]

360

w
o

w
S
»
o
@

15.103

46619 23.907 36513

302,05

5.103

46619 23.907 36513

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.

Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

20 I I [ [ J(/
18 —_— ‘Sﬁfﬁ'éé"féif Yranpeherbe 2(110,187)
P Improvement 2 (110, 18.7)
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yin 55 - 20,3 94 10,2 9.400 11,067

Y212 110 - 20,3 18,7 20,3 18.700 22,026

Y1:YHanpehetse 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
noBpLMHaMa Koje Majy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acrneKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doTOHanoHCKor cncTema Tpeba Aa obe3bean roanLkby NPOU3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpehetrbe nogpasymesa n3rpastby GOTOHAMOHCKMX CUCTEMA Ha PACTMONOXMBKM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTHe nymne [kW] 3a

Temn. pexum: Bazgyx 0°C/ Bopa 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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Required heating capacity of the heat pump [kW]
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MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

76,9 26,5 57.25 30,3 57 03 -85




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

ToNNOTHM KanuUTET y pexkumy rpejatba [kW]

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanawuwWTeT Mymre y pexumy rpejatba 3a yCBojeHo:
a). TonnoTH drykc KonekTopa = 25W/ m?

6). Temneparypa npunarofeHa 3a paajaTopcko rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector = 25\W/m

b). Temperature adjusted for radiator heating = 55°C
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Horizontal area occupied by the collector [m?]

3aBMCHOCT NOTPe6He eneKkTpUYHe cHare 1

rpejHe NoBpLUMHe objeKTa 3a yCBOjeHo:

a). Cneuuduune TonnotHe notpebe = 75 W/ m?

6). COP TonnoTHe nymne = 3,4

u). EdrkacHocT cuctema guctpubyumje = 89 %
Dependency between the required electrical capacity
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a). CneLyiduyHa TonnoTHa notpe6a objekta = 75 W/m?

6). EukacHocT crictema puctprbyupje = 89 %

Maximum heated area depending on the area occupied by the

collector for the adopted:

a).Specific building heat demand = 75 W/m?
b). Distribution system efficiency =89 %
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electrical power via heat pumps
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A2 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
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62,6 2938 99,1 39,75 211 150 96 038
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

ToNNOTHY KanuuTeT y pexumy rpejarsa [kW]
Thermal capacity of the pump in heating regime [kW]
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8

8

0

TonnoTHM KanaLuTeT Mymne ca BepTUKa/IHIM COHAaMa Y 3aBYCHOCTY
Of] XOPVI3OHTa/THE MOBPLLVHE IBOPUILLITA 33 YCBOjEHO :

a). TonnotHM dnykc konextopa = 50 W/ m?

6). Temnepatypa npunarofeHa 3a paaujatopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the
horizontal yard surface for the adopted:

a).Heat flux of the collector = 50 W/m

b). Temperature adjusted for radiator heating = 55°C
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3aBUCHOCT NOTpe6He enekTpuUHe cHare 1

rpejHe NOBpLUMHE 06jeKTa 3a YCBOjeHO:

a). CneumnduuHe TonnoTHe noTpebe = 75 W/ m?
6). COP TonnotHe nymne = 3,4

). EdnkacHocT cuctema anctpubyumje = 89 %
Dependency between the required electrical capacity
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Maximum heated area of a building [m?]
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a). CneuwiduuHa TonnoTHa notpe6a objekta = 75 W/ m?

6). EdmikacHocT cuctema anctprbyLmie =89 %

Maximum heated area depending on the horizontal yard surface
for the adopted:

a).Specific building heat demand = 75 W/m?2

b). Distribution system efficiency =89 %
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I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE

POTENTIAL FOR THE USE OF BIOMASS

MoTpebHa KonuumHa nojegHuHe BpcTe 6ruomace [t/god.]
Required quantity of the specific biomass type [t/p.a]

Topuwiba noTpebHa KonnumHa Gromace, Ha npary objexTa [t/god.]

Annual biomass demand, at the building threshold [t/p.a]

3aBUCHOCT NOTPOLUbe GrioMace cpeatber KBanuTeTa of TONNOTHNX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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A2 lNoBpLmHa objekta 675 m? BpcTa briomace MoTtpebaH kanayuteT KoTna MoTpebHa eHepryja ropusa MoTpebHa KonnuuHa nojeguHe bromace
TonnoTtHe notpe6e Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
objekTa 50,6 kW
Building area 675 m? kw MWh/god MWh/p/a [t/god] [t/p/a]
zfeta}:edgmad?:g 506 kW [NpsHy nenet Wood pellet 639 105,5 216

[psHy 6pukeT Wood briquette 654 1079 24,0
[psHa ceuka Wood chips 669 1104 398
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Cmambetbe emncuje CO, [t/god.]
O, emission reduction [t/p.al]
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Cmarbetbe emncmje CO, ycnes cynctutyuuje nojeanHmnx
ropviBa/eHeprumje 61omMacom cpefrber KBanuteta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass

0 500 1000 1500 2000
lpejHa nospLunHa objekTa [m?]
Heated area [m?]

A2

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
356 30.2 216 57.2
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A2pt

OCHOBHM NofaLy o 0bjekTy CuTyaLmoHu Nprkas
Basic building data Layout

MospLuvHa napuene
Lot area

10.833 m?

CnobopaHa nospLuvHa napuene 3a nprmery OU
Available lot area for RES implementation

2,667 m?

MNoBpLuvHa objekTa 5
Building area 1.055m

YKyrnHa noBpLUKHa paBHOT KPOBa '/_j /

Total flat roof area /

YKyrnHa NoBpLUKHA KOCOT KPOBa

3
Total pitched roof area 2.095 m? %

OpraHu3aLvoHa Wema objekTa \
Organisational scheme of the building

¥
—_— T
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NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
7N\

L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

316,0

810,1

76,5 370,6

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

17,3/97

120,1/89,5 97,8/62,1

33,7 37,5 62,2
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NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

Makcvmanax 6p0j NHCTaNMCaHMX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of Makcvmanax 6DOJ WHCTanncaHmnx KONeKTopa rno NoBpLUnHM PpaBHOT KPOBa Yy
NOBPLUMHE KPOBa 33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per pitched roof surface depending on the roof area Maximum number of installed collectors per flat roof surface depending on the roof area
1000 | V4
900 200
(2095, 748 180 y
800 /’ /
””””””””””” 160
700 ‘ /
‘ = 0 /|
™ 1 P-e} 14
—_ o
=8 600 I o2 12 /
3 / ! gx 120 /
oo ) =
2£ 500 / | 22 100 /
o2 | @ c
o 400 o 5 /
[eES] | Q
£t )4 | gz %0 N
fg 300 / | s 60
% I PR /
€2 200 / i 85 40 /
£8 / | R
Y= —
§2 100 : g¢g 20 |00
Re) =
gE | 85 o
[rop=4 0 n=z
0 500 1000 1500 2000 2500 3000 0 200 400 600 800 1000
MospumHa kocor kposa [m’] MospmHa PaBHOT KpoBa [m?]
Pitched roof surface [m?] Flat roof surface [m?]
A2pt = . — Moryhe cmatberbe emncrje CO, y 3aBUCHOCTY Off eHEpreHTa
3 £ 8o 3 € koju ce cynctutymwe [kgCO.] :
S o < S @ < = c = o s - ) Y| Y| g,
x 32 3 = s _ = o Iy o Potential CO, emission reduction depending on the substitut-
8383 s & o8 S € 52 2
5% 5. o e E 3 3 23_0° ed fuel [kgCO]
= — £9 5 3 o o cCsST o
S O = o I 2 (SR} = = o &9 ¢
o Y = o o = =~y o x = O0D
Sggao 8 >3 g S s 5 e
o & £ C= o 5 3 = <® .
E2ey To £E £~ 7 S_¢€ F028%
S353¢ Io g3 3¢ 38 2= 35 ST =2
SaEs == Ssa_E= 2y So k& 553832 rac MasyT
Eag%s = E @ = ® o = I Ic Qoec= yramn Y
Se&e PE |GRESS es SEs c3is= coal gas heavy oil
Y111 | 50 35 - 40,17 2.006 23.365 10.023 5.140 7.850
Y212 | 2.045 35 - 172029 | 86.015 810.141 347.551 178231 272.207

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

20
‘ ‘ ‘ Yranpeherbe 2 (97, 16.5)
Kocm kpos Improvement 2 (97,16.5)
18 Pitched roof
PaBaH KpoB x/
16 Flat roof ~
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yin 45 - 173 76 87 7.600 9,439

Y212 97 - 173 16,5 173 16.500 18,77

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA
TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTtpe6Ha rpejHa cHara TonnoTHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Boga 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C

1800

1600 /
/

1200 /
,,,,,,,,,,,,,,,,,,,, ,,,A120.1, 1055
1000

800 /

lpejHa noeplunHa objekTa [m?]

Heated area [m2]

0 50 100 150 200

MoTpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

A2pt MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas
1201 414 89.484 474 9,0 04 -13,2

164
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TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TONNOTHM KanaLmTeT Mymrie y pexumy rpejatba 3a yCBojeHo:

a). TonnoTHu dryKc konektopa = 25W/ m'
6). Temnepartypa npuarofeHa 3a pagujatopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector =25 W/m
b). Temperature adjusted for radiator heating = 55°C

MakcvimarnHa rpejHa noBpLUMHa ObjeKTa Y 3aBUCHOCTN O

MOBPLLVIHE KOjy 3ay31Ma KOMIEKTOP 33 YCBOJEHO:

a). CneunduuHa TonnoTHa notpe6a objexta = 75 W/m?

6). EpvikacHocT cuctema guctprbyuvije =89 %

Maximum heated area depending on the area occupied by the

collector for the adopted:

a).Specific building heat demand = 75 W/m?

350 b). Distribution systern efficiency =89 9%
/ 4500
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Xopw30HTasnHa NoBpLUMHa KOjy 3ay3uma KonekTop [m?] )
Horizontal area occupied by the collector [m?] Xopu30oHTasnHa NoBpLUKHA KOjy 3ay3uma KonekTop [m?]
Horizontal area occupied by the collector [m?]
A2pt | lMotpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLIMHA BOPULLTa kanaumtet [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity (kW] Electricity C0, [t/p/a] CAr wav yram JIOX yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
978 2267 76,5 - - - - -
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TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TONNOTHW KanuuTeT y pexxumy rpejatba [kW]

MoTtpe6Ha enekTpuyHa cHara

TonnoTHY KamaLMTeT Mymre Ca BEPTUKasTHVM COHaMa Y 3aBUCHOCTUN
Of} XOPVI30HTa/IHE MOBPLUMHE ABOPUILLITA 33 YCBOJEHO :

a). TonnoTHM dryKc konektopa =50 W/ m?

6). Temnepatypa npunaroheHa 3a papujatopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the
horizontal yard surface for the adopted:

a).Heat flux of the collector =50 W/m

b).Temperature adjusted for radiator heating = 55°C
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Xopw3oHTanHa NoBpLUMHa KOjy 3ay31Majy BepTuKanHe coHpe [m?]
Horizontal area occupied by vertical probes [m?]

3aBVICHOCT NOTPE6HE eNeKTPUYHE CHare 1

rpejHe NoBpLUMHe objeKTa 3a yCBOjeHo:

a). CneumduuHe TonnoTHe notpebe = 75 W/ m?
6). COP TonnotHe nymne = 3,4

). EdnkacHocT cuctema anctpmbyumje = 89 %
Dependency between the required electrical capacity
and building heated area for the adopted:

a). Specific heat demand = 75 W/m?2

b). Heat pump SOR = 34

<). Distribution system efficiency = 89 %
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100

MakcmarnHa rpejHa noBpLUMHa 06jeKTa y3aBICHOCTVI Of
XOPM3OHTA/HE MOBPLLVIHE ABOPVILLTA 33 YCBOJEHO:

a). CeuyidmyHa TonnoTHa notpe6a objexta = 75 W/ m?

6). EdnkacHocT cuctema guctpribyumje =89 %

Maximum heated area depending on the horizontal yard surface
for the adopted:

a). Specific building heat demand = 75 W/m?2

b). Distribution system efficiency =89 %
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CO2 emission reduction due to substitution of fossil fuels by
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IpejHa nospLumHa o6jexTa [m?]
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A2pt | lMotpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne MOBPLVHA ABOPULITA kanaumtet [kW] eHepryja [(KWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1poAHN rac
capacity [KW) M2 [kWh/p/al : DHS or coal fuel oil natural gas
97,8 2.267 3706 62.129 329 235 149 13
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NOTEHLWJAN 3A KOPULLREHE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBMCHOCT NOTPOLLHbe GrioMace Cpeaber KBanuTeTa O TONNOTHIX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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Topmwrba noTpebHa KonnunHa bromace, Ha npary objekTa [t/god.]
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3aBUCHOCT NOTpOLUHbe GroMace cpeatber KBanuTeTa of rpejHe NoBpLuMHe objeKTa
Dependency between the average quality biomass consumption and building heated area
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A2pt | lNosplumHa objekTa BpcTa briomace MoTtpebaH kanayuTeT KoTna MoTpebHa eHepryja ropusa MoTpebHa KonnuuuHa nojegvte bruomace
1.055 m? Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
TonnotHe notpe6e objekTa
79,1 kW kw MWh/god MWh/p/a [t/god] [t/p/a]
Building area 1.055 m?

Heat demand [psHy nenet Wood pellet 99,9 1648 33,7
of the building 79,1 kW [NpsHu 6prikeT Wood briquette 102,2 168,6 375
[psHa ceuka Wood chips 104,6 1726 62,2




I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmarberbe emrcuje CO, [t/god.]
€O, emission reduction [t/p.al

Cmatberbe emmncuje CO, ycnen cynctutyumje NojeanHNX
ropvsa/eHepruje 6MOMacom cpearer KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass

180
160 &
&
&
140 & /
& o) & /
& P )\
120 L. o T~
OP 8\0 /
9 e
100 1055, 89.4] /| Ol
,,,,,,,,,,,,,,,,,,,, o ot
80 ! ] S
| Sor©f°
. ' [1055,55.6 P
IR :::,7
%0 /—H 1055,33.7|
20 /,/ i
1
0 l
0 500 1000 1500 2000 2500 3000
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Heated area [m?]

A2pt

Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo rop1eo lacoswTO ropnso EnektpuuHa eHepruja
Solid fuel Liquid fuel Gas fuel Electricity
55,6 47,2 337 894




Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

2

Lot area 3.88Tm
CnobopgHa nospluvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 88m
MNospLurHa objekTa 2
Building area 2115 m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKyrnHa noBpLUKHa KOCOT KPOBa

890 m?

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

]

CuTyaumoHu Nprkas
Layout




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”

PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

72,6 198,2 2,5 30,4

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

| /\ PN & ) A

TOMNIOTHE NYMNE BMOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKHN
NAHENU
PHOJE[\\]/EOLETNC ™n Bz:zﬂyx B Tnn “3emsba - Boga” nener 6puker ceyka
air-water” type “ground-water”type pellet briquette chips
HpOVBBOFU—bE enexkTpnyHe
::fa’;zgéig?wgs/gﬁah{a MoTpebHn TonnoTHW kanauutet nymne (kW] / MoTpouwra enektpuyHe Konuunre nojeavHe ApBHe briomace Cpefrper KBanuTeta, koje
KDOBA [m;]p eHepruje 3a NoroH Tonnotxe nymne [MWh/god)] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr roduction Required thermal pump capacity (kW] / Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
MWh/p/a] ’;Dep\oyed roof pump drive [MWh/p/a) heating demand [t/p/a]

surface [m?]

196,1 / HepoBosbHa noBpluMHa

57,4/310 240,9/179,4 ) )
aopuwrTa insufficient yard area

67,5 75,3 124,6
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

Makcvmanax 6DOJ NHCTaMCaHNX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of Makcvmanax 6DOJ WHCTanncaHmnx KONeKTopa rno NoBpLInHM paBHOT KPOBa Yy
NOBPLUMHE KPOBa 33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per pitched roof surface depending on the roof area Maximum number of installed collectors per flat roof surface depending on the roof area

400
200

350 / y
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|
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Bpoj KonekTopa Ha KOCoM Kposy [-]
Number of collectors on the pitched roof

Bpoj konekTopa Ha paBHOM Kposy [-]
Number of collectors on the flat roof

/ [
50 20 10,0
0 0
0 200 400 600 800 1000 0 200 400 600 800 1000
MospLumHa Kocor kposa [m?] MoBpLumHa pagHor kpoga [m?]
Pitched roof surface [m?] Flat roof surface [m?]
A3 NE 5 o — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % < g £ . = o s _ koju ce cynctutyuwe [kgCO,]
58 E % g x5 s = g z ﬂig o Potential CO, emission reduction depending on the substitut-
£gc< s 9 o'c 3 S 25_¢c ed fuel [kgCO,]
cC = 0 c O o) x Q [} C =0 o
S o2 = S = v g c 2 [S= o=
o Y = o o = S © ~ FoOODY
Q9 m—~ o Q ® T [SIRs] bl = =)
oz E C e 22 3 © 3 g =8 £2EE
I o = = I ®© i) z I 3w
§£53 = g 57 $s 8=5 SR
:32% S 2 =3 Z2E 35 252 S~
S2EC = S2.= 4 &9 IgE 5228 gé yramb rac MasyT
5eé¢ £E |GEESR €S |2E= E3zs= coal gas heavy il
Y111 | 445 42 - 37285 18642 198.248 85.048 43615 66.611
Y212 | 445 42 - 372,85 18642 198.248 85.048 43615 66.611

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.

Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe
opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.

171



INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX

CUCTEMA

POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

60 ‘ ‘ ‘ ‘
55 Kocwn kpos
Pitched roof YHanpehetbe 2 (310,52.7)
50 PaBaH KpoB Improvement 2 (310,52.7)
Flat roof /
45 //
© 7
= 40 >
% E /
c 5 35
[ Q
g = 30 YHanpehetbe 1 (156, 26.5)
I 5 Improvement 1 (156,26.5)
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SIo< 3c8%2 s3I TPcT L s8 0222 £305% - B = E —
259 3 a8 30> oL = Iop=2S I eSSy Ig =£ £38adg
x5t | 88C=% SegxEgs Ecd8za2 S22 e m¢ 5848
255 |Ee8c< £23=22c= |£3588%53 R £29p0 5 3=28=

yin 156 - 574 26,5 28,7 25.200 31,139

Y212 310 - 574 52,7 574 47400 62,279

Y1: YHanpeherbe 1 - lNpBo yHanpeherbe Noapasymesa U3rpafby GOTOHAMOHCKMX CHCTEMA Ha PACMONOXKNBUM KDOBHIM

NOBPLIVHAMa Koje UMajy Hajoosby MPOCTOPHY OpUWjeHTalUujy Ca acnekTa yKymHe rofuilbe nHconauwje. iHcTanmcaHa cHara
doToHanoHcKor cucTema Tpeba Aa obe36ean roavLLby NPOV3BOAY eNeKTPHUHe eHepritje Koja Mokpmraa Ao 50% yKynHe

roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [pyro yHanpebetrbe nofpasymesa vsrpafrby GOTOHAMOHCKUX CMCTEMA Ha PACMONOXUBUM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe

roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.

12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering 100% of the total annual power consumption in the analysed school building.




NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnotHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Bopa 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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Ag,zns

/

/

3000
2500
2000
1500
E
£ 1000
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100
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300

MoTtpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

400

A3

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

2409 83,1 179.393 95,1 18,0 09 -26,6




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanauuTeT Mymre y pexuimy rpeJaH:.a 3a yCBOjeHO:
a). TornoTH nyKc konektopa = 25W/ m'
6). Temnepartypa npwnarofheHa 3a paaujaTopcko rpejatbe =55°C

Thermal capacity of the pump in the heating regime for the adopted:

a). Heat flux of the collector =25 W/m
b). Temperature adjusted for radiator heating = 55°C

Makcmanka rpejHa nosplumHa objeKTa y 3aBUCHOCTN O
nospumue KOjy 3ay31IMa KOMEKTOP 3@ YCBOjeHO:

a). CneLyidmuHa TonnoTHa notpeba objekTa = 75 W/m?

6). EdrkacHocT cuctema guctpubyLiviie =89 %
Maximum heated area depending on the area occupied by the
collector for the adopted:
a). Specific building heat demand = 75 W/m2

35 b). Distribution system efficiency =89 %
/ 450
30 400
=
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XopmsoHTanHa noBpLIHa Kojy 3ay3uMa konektop [m?] . )
Horizontal area occupied by the collector [m?] )H(gﬁm;;:r:g:aolzgsgl.eu;ga tl;cg)é ;ﬁagégra[ nlf]())]neKTOP [m?]
iz upied by
A3 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
25 75 25 - - - - -

174




Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

TornnNoTHY KanuwWTeT y pexkmy rpejatba (kW]

Thermal capacity of the pump in heating regime [KW]

Ton/IOTHY KanawLuTET Mymrie ca BEPTVKasHVIM COHAAMA Y 3aB/CHOCTU
Of} XOPVI3OHTA/HE NOBPLUMHE ABOPVILLTA 3 YCBOJEHO :
a). TornotHm dryKc KonekTopa = 50 W/ m?

6). Temniepatypa npwarofheHa 3a pagujaTopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the

horizontal yard surface for the adopted:

a).Heat flux of the collector =50 W/m
b). Temperature adjusted for radiator heating = 55°C
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MakcymanHa rpejHa nospLumHa o6jexta [m?]

Maximum heated area of a building [m?]

0

2000 4000 6000 8000

XOpW30HTaHa NOBPLUMHA KOjy 3ay31Majy BepTikanHe corpe [m?]
Horizontal area occupied by vertical probes [m?]

10000

MakcmarnHa rpejHa MoBpLLMHa ObjeKTa Y3aBNCHOCTVI Of
XOPU30HTaJTHE MOBPLUMHE IBOPVILLTA 33 YCBOjEHO:

a). CneundmuHa TonnoTHa notpe6a objexta = 75 W/ m?
6). EprkacHocT cuctema puctpurbyLivije =89 %
Maximum heated area depending on the horizontal yard surface
for the adopted:
a).Specific building heat demand = 75 W/m2

b). Distribution system efficiency =89 %
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XOpM30HTanHa NOBPLUMHA KOjy 3ay31Ma konektop [m?]
Horizontal area occupied by vertical probes [m?]

A3

MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha

KanauuTet nymne noBpLWVHa ABOpUWTa | KanauwteT (kW] eHeprija [kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to

[kw] [m?] Potential heating god] Emission of

Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wm yram NoX yrbe NPVPOAHK rac
capacity [kW] [m?] [kWh/p/al . DHS or coal fuel oil natural gas
196,1 75 304 - - - - -




I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBMCHOCT NOTpOLLbe 61I0Mace Cpeatber KBanuTeTa Of TOMOTHMX NoTpe6a objexTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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A3

NoBpLmHa objekTa

1.055 m?

TonnoTtHe notpebe objekTa
79,1 kW

Building area 1.055 m?

Heat demand

of the building 79,1 kW

BpcTa briomace
Biomass type

MotpebaH KanayuTeT KoTna
Required boiler capacity

MoTpebHa eHepryja ropvsa
Required fuel energy

MoTpe6Ha konn4mrHa nojeauHe Griomace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[NpsHy nenet Wood pellet 200,3 3304 67,5
[psHy 6pukeT Wood briquette 204,9 3380 753
[psHa ceuka Wood chips 209,7 346,0 124,6




Application of renewable energy sources in school, gym and kindergarten buildings

Cmarbetbe emncnje CO, [t/god.]
O, emission reduction [t/p.a.]

Cmatberbe emmcuje CO, ycnen cynctutyLyje nojeamHnx
ropua/eHepruje 6MOMacom cpefitber KBanmTeta
CO2 emission reduction due to substitution of certain

fuels/energy by average quality biomass

300
250 pd
200 /
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IpejHa nospLumHa o6jexTa [m?]
Heated area [m?]

A3

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso
Solid fuel

TeyHo ropreo
Liquid fuel

[acoBuTO ropuso
Gas fuel

EnextpuuHa eHepruvja
Electricity

11,5

94,6

67,6

1792




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

A3pt

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLwmHa napuene )
Lot area 6.957m
CnobopaHa nospLuvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 650 m
MNoBpLuvHa objekTa 2
Building area 2.305m
YKyrnHa noBpLUKHa paBHOT KPOBa

Total flat roof area /
YKyrnHa NoBpLUKHA KOCOT KPOBa 5
Total pitched roof area 1.300m

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CuTyaLmoHu Nprkas
Layout
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

c‘tn':|

7N\
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L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

eNeKTpuYHe eHeprvije 3a ontmmano

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

pacnonoxuse nospLunHe kposa [MWhe/
god]
Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

Maximum potential for heat generation
for optimum available roof surfaces

god]

[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

305,6

436,8

18,6 1154

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

:- /'\ AN /\l I /\l I | B 1
.1.\ 11 L s C : . T
s I "4 J . e 5
(=] =]
TOMNOTHE NYMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHANOHCKHN
NAHENN .
PHOJE,\YEOLETA[ ™n Bz:zﬂyx B Tnn “3emsba - Boga” nener 6pukeT ceyka
“ground-water”type pellet briquette chips

"air-water”type

Mpoussoptbe enexkTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa nospLuvHa

kpoga [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MoTpebHy TonnoTHU Kanauwutet nymne (kW] / MoTpoltba enektpudHe
eHepruje 3a NoroH Tonnotxe nymne [MWh/god)]
Required thermal pump capacity [kW] / Electricity consumption for the heat

pump drive [MWh/p/a]

heating demand [t/p/a]

KonuuuHe nojeaviHe ApeHe 61omace cpefrber KBanureTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building

40/ 206

262,5/195,5

213,7 / HepoBosbHa noBpLinHa
asopuwrTa insufficient yard area

73,6

82,0

135,8
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NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcumanaH 6p0j NHCTaNMCaHMX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y

3aBNCHOCTU O/ NOBPLMHE KPOBa

Maximum number of installed collectors per flat roof surface depending on the roof area
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Y212 | 1.062 35 - 889,64 44.482 436.796 358016 183.598 280404

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.



Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.



INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA
TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTtpe6Ha rpejHa cHara TonnoTHe nymne [kW] 3a
Temn. pexum: Bazgyx 0°C/ Bopa 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

A3pt MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas
262,5 90,5 195.509 1036 196 09 -289
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanauuTeT Mymre y pexumy rpejatba 3a yCBojeHo:
a). ToruioTHI ryKc konektopa = 25W/ m'

2

6). Temnepartypa npwnarofeHa 3a pagujaTopcko rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:

a).Heat flux of

the collector=25W/m

b). Temperature adjusted for radiator heating = 55°C

MakcymanHa rpejHa MoBpLUMHa ObjeKTa Y 3aBUCHOCTN Of
NOBPLLMHE KOjy 3ay31IMa KONEKTOP 3a YCBOjeHO:
a). CneundmuHa TonnoTHa notpeba objexta = 75 W/m?
6). EprikacHoCT cuctema auctpurbyLivije =89 %
Maximum heated area depending on the area occupied by the

collector for the adopted:

a).Specific building heat demand = 75 W/m2

35 b). Distribution system efficiency =89 %
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Horizontal area occupied by the collector [m?
A3pt | MotpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLIMHA BOPULLTa kanaumtet [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity (kW] Electricity C0, [t/p/a] CAr wav yram JIOX yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
2137 553 186 - - - - -
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TonnoTHM KanuumTeT y pexxumy rpejarsa [kW]
Thermal capacity of the pump in heating regime [kW]

TonnoTHY KanauwTeT Mymne ca BePTUKaNHIM COHAaMa Y 3aBCHOCTU
Of} XOPV3OHTa/HE NOBPLUMHE ABOPVILLTA 33 YCBOJEHO :

a). TornotHM dryKc KonekTopa =50 W/ m'

2

6). Temnepartypa npuarofeHa 3a pagujatopcKo rpejatbe = 55°C
Thermal capacity of the pump with vertical probes depending on the

horizontal yard surface for the adopted:

a).Heat flux of the collector = 50 W/m
b). Temperature adjusted for radiator heating = 55°C
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MakcvmarHa rpejHa noBpLUMHA ObjeKTa y3aBUCHOCTV Of
XOPU3OHTa/HE MOBPLLVHE ABOPULLTA 3 YCBOJEHO:

a). CneumduuHa TonnotHa notpe6a objexTa = 75 W/ m*

6). EpmikacHocT cuctema guctpribyuvje =89 %

Maximum heated area depending on the horizontal yard surface
forthe adopted:

a).Specific building heat demand = 75 W/m2

b). Distribution system efficiency =89 %
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A3pt

MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha

KanaumTeT nymne NOBPLUMHA ABOPMLITA kanaumtet [kW] eHepryja [(KWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to

[kw] [m?] Potential heating god] Emission of

Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1pOAHN rac
capacity [kW] (™ [kWh/p/al ’ DHS or coal fuel oil natural gas
2137 553 154 - - - - -
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NOTEHLWJAN 3A KOPULLREHE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBMCHOCT NOTPOLLbE B1OMAce CPeAber KBanuTeTa of TONNOTHUX NoTpe6a objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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A3pt | lNoBplumHa objekTa BpcTa briomace MoTtpebaH kanayuTeT KoTna MoTpebHa eHepryja ropvsa MoTpebHa KonnyuHa nojegvte bromace
2305 m? Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
TonnotHe notpe6e objekTa
172,9 kW kw MWh/god MWh/p/a [t/god] [t/p/a]

Building area 2.305 m?

Heat demand [psHy nenet Wood pellet 218,22 360,1 736

of the building 172,9 kW [NpsHu 6prikeT Wood briquette 2233 3684 82,0

[psHa ceyka Wood chips 2285 3771 1358




I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmarbetbe emncnje CO, [t/god.]
O, emission reduction [t/p.a.]

Cmarerbe emuncuje CO, ycnen cynctutyumje nojeanHnx

ropviBa/eHepruje 6MoMacom Cpearer KBamTeTa
CO2 emission reduction due to substitution of certain

fuels/energy by average quality biomass
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A3pt

Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo rop1eo lacoswTO ropnso EnektpuuHa eHepruja
Solid fuel Liquid fuel Gas fuel Electricity
1216 103,1 737 195,22
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OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

2

Lot area 5.393m
CnobogHa nospluvHa napuene 3a npumery OV 5
Available lot area for RES implementation 4580 m
MNospLurHa objekTa 5
Building area 145m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKyrnHa noBpLUKHa KOCOT KPOBa

4 189 m?

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CuTyaumoHu Nprkas
Layout

\

4




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
N

L] L]

OOTOHANOHCKN NAHENN
PHOTOVOLTAIC PANELS

CONAPHU KOJIEKTOPU

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
HEAT PUMPS “ground-water”

SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

Makcrmantum ﬂOTeHLLI/\JaJ'I nponssome

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexUmjan Npov3eoaHe
TONNOTHE eHepruje 3a oNTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanaunuTeT 3a pacnonoxmsy NospLunHy sopuTa (kW]

Maximum heating capacity for the available yard area [kW]

13,0

45,0

131,4 607,5

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand
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/‘\ /\ | 1
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TONNIOTHE NYMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN W

PHO;— /S,Q/EOLETAlc Twnszzzﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceyka
“air-water" type ‘ground-water” type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

kposa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

2,4/13

16,5/12,3 13,4/8,5

4,6 5.2 8,5




Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

Makcvmanax 6DOJ NHCTaMCaHNX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of Makcvmanax 6DOJ WHCTanncaHmnx KONeKTopa rno NoBpLInHM paBHOT KPOBa Yy
NOBPLUMHE KPOBa 33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per pitched roof surface depending on the roof area Maximum number of installed collectors per flat roof surface depending on the roof area
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Se&e PE |GRESSE es SpEs c3is= coal gas heavy oil
Y1 | 93 42 - 77,87 3.894 45.037 15223 7.806 11.923
Y212 | 93 42 - 77,87 3.894 45.037 15223 7.806 11.923

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe
opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX

POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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Y1: YHanpeherbe 1 - lNpBo yHanpeherbe Noapasymesa U3rpafby GOTOHAMOHCKMX CHCTEMA Ha PACMONOXKNBUM KDOBHIM

NOBPLIVHAMa Koje UMajy Hajoosby MPOCTOPHY OpUWjeHTalUujy Ca acnekTa yKymHe rofuilbe nHconauwje. iHcTanmcaHa cHara
doToHanoHcKor cucTema Tpeba Aa obe36ean roavLLby NPOV3BOAY eNeKTPHUHe eHepritje Koja Mokpmraa Ao 50% yKynHe

roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [pyro yHanpebetrbe nofpasymesa vsrpafrby GOTOHAMOHCKUX CMCTEMA Ha PACMONOXUBUM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe

roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering up to 50% of the total annual power consumption in the analysed school building.

12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTtpe6Ha rpejHa cHara TonnotHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

B1

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

16,5 57 12.299 6,5 12 0,1 -18
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TONNOTHM KanauvTeT Mymre y peskumy
a). TonnotHK $nyKc KonexTopa = 25W/ m’

pzejarba 3a YCBOjeHO:

6). Temnepartypa npuarofeHa 3a pagujatopcKo rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector = 25 W/m
b). Temperature adjusted for radiator heating = 55°C

MakcvMarnHa rpejHa MoBpLUMHa ObjeKTa Y 3aBUCHOCTN O
MOBPLUMHE KOjy 3ay3ViMa KONEeKTOp 3a YCBOjeHO:

a). CneuydyyHa TonnoTHa notpeba objekta = 75 W/m?

6). EpkacHocT cctema puctprbyLivije =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

350 a).Specific building heat demand = 75 W/m2
b). Distribution system efficiency =89 %
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B1 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
134 3.893 1314 8.539 4,5 32 21 02




Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

TOMIOTHM KanaLwTeT Nymrie ca BEPTVIKaHVM COHflaMa y 3aBIUCHOCTU MakcvmanHa rpejHa nospLUnHa OGjeKTa y3aBI1CHOCTY Of
Ol XOPM3OHTA/IHE MOBPILIHE ABOPVILLTA 33 YCBOJEHO : XOPWV30HTA/HE NOBPLUMHE IBOPUILLITA 33 YCBOJEHO:
a). TonnoTHM pnykc KonekTopa =50 W/ m a). CneLidmyHa TonnoTHa notpe6a objexta = 75 W/ m?
6). Temnepatypa npunaroheHa 3a paaujatopcko rpejarbe = 55°C 6). E¢pmkacHocT cuctema anctpubyuvje = 89 %
Thermal capacity of the pump with vertical probes depending on the Maximum heated area depending on the horizontal yard surface
horizontal yard surface for the adopted: for the adopted:
a).Heat flux of the collector = 50 W/m a). Specific building heat demand = 75 W/m?
b). Temperature adjusted for radiator heating = 55°C b). Distribution system efficiency =89 %
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6). COP TonnotHe nymne = 3,4 CO2 emission reduction due to substitution of fossil fuels by
). EdrkacHocT cuctema anctpmbyumje = 89 % electrical power via heat pumps
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I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTPOLUHbE BrioMace Cpearber KBanuTeTa of TONIOTHYX NoTpeba objekTa (pauyHaTo 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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B1 MNoBpLmHa objekta 145 m? BpcTa briomace MoTpebaH kanayuteT KoTna MoTpebHa eHepryja ropusa MoTpebHa KonnuuHa nojegvHe bromace
TonnotHe notpebe objekTa Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
109 kW
Building area 145 m’ kw MWh/god MWh/p/a [t/god] [t/p/a]

Heat demand

of the building 10,9 kW [psHu nenet Wood pellet 13,7 22,7 46

[psHy 6pukeT Wood briquette 14,0 232 52

[psHa ceyka Wood chips 144 23,7 85




Application of renewable energy sources in school, gym and kindergarten buildings

Cmatbetbe emmncuje CO, ycnen cynctutyumje nojeAnHmNX
ropuBa/eHepruje 6MoMacom cpefrer KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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B1

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
76 65 46 123




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OcHOBHM MoaaLm o objekTy CuTyalyoH Nprikas
Basic building data Layout

MospLuvHa napuene

2
Lot area 7826 m
CnobogHa nospluvHa napuene 3a npumery OV 5 e
Available lot area for RES implementation 4.894m '
[NoBpLMHa objekTa

2

Building area 840m ;
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKynHa NoBpLUKHA KOCOT KPOBa 5
Total pitched roof area 515m

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
7N\

L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

22,1

119,0

140,4 654,8

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

13,8/71

95,7/71,2 77,9/49,5

26,8 29,9 49,5
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcumanaH 6p0j NHCTaNMCaHMX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area
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MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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B2 NE . o — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E s % 3 3 £ e = o s koju ce cynctutyuwe [kgCO,]
552 58 = s _ s g ER Potential CO, emission reduction depending on the substitut-
250 2 <« S = € 5 £ =]
o ¥ o S = ) g £ 3 3 3 ed fuel [kgCO]
C o — c 9 e} x Q o C S0 O
S O = o I 2 vy = = o &9 ¢
g 02 = 83 = S & ] x =
Sece 2 _ >3 g £ ® S el
Q5 E s= 2o © ® 32 z = §Izx3yw
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:32% &2 =3 Z2E 35 R 2 E TS
5%':% = S8 —=x o I8¢ 53228 gé yramb rac masyT
5e8¢ £E S2ESS 28 =F= g5zs= coal gas heavy oil
Y11l | 280 6 - 235,98 11.799 119.023 51.061 26.185 39.992
Y212 | 280 6 - 235,98 11.799 119.023 51.061 26.185 39.992

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.



Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

20 I I
Kocu kpos
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yin 36 - 138 6,1 6,9 6.100 7,486

Y212 71 - 138 12,1 138 12.100 14,973

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTtHe nymne [kW] 3a
Temn. pexum: Bazgyx 0°C/ Bopa 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MpejHa nosplumHa o6jekTa [m?]
Heated area [m?]

o

0 100 200 300 400

MoTtpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

B2

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas

95,7 33 71.248 378 71 03 -105




Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanawwTeT Mymre y pexvMy rpejatba 3a yCBojeHo:

a). TornoTH dnyKc KonekTopa = 25W/ m?

6). Temnepatypa npunarofeHa 3a paaujaTopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector =25 W/m

b).Temperature adjusted for radiator heating = 55°C

MakcymanHa rpejHa noBpLUMHa oGjeKTa Yy 3aBUCHOCTV Of
MOBPLUMHE KOjy 3ay31IMa KONEKTOP 3a YCBOjeHO:

a). CneumdruHa TonnoTHa noTpeba objekTa = 75 W/m?

6). EduKacHocT crictema anctpubyLje = 89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

a). Specific building heat demand = 75 W/m2

350 b). Distribution system efficiency = 89%
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TonnoTHu KanauureT nymne ca BepTUKa/iHM COHAaMa Y 3aBUCHOCTU
O[] XOPWU30HTa/THe NOBPLUMHE ABOPULUTA 3a ycaojeHo :

a). TonnotHu $nykc konektopa = 50 W/ m

2

6). Temnepatypa npunaroheHa 3a pagujatopcko rpejatbe = 55°C

Thermal capacity of the pump with vertical probes depending on the

horizontal yard surface for the adopted:
a).Heat flux of the collector =50 W/m
b). Temperature adjusted for radiator heating = 55°C

MakcvmanHa rpejHa noepLUHa OGjeKTa y3aBUCHOCTV Of
XOPVI30HTa/He NOBPLLVHE ABOPUILLITA 33 YCBOJEHO:

a). CneumduuHa TonnoTHa notpe6a ojexta = 75 W/ m?

6). EbuKacHocT crctema anctprbyLivie =89 %

Maximum heated area depending on the horizontal yard surface
for the adopted:

a).Specific building heat demand = 75 W/m?

b). Distribution system efficiency =89 %
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHLWJAN 3A KOPULLREHE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS
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B2

NoBpLmHa objekta 840 m?
TonnotHe notpe6e objekTa
63,0 kW

Building area 840 m?

Heat demand

of the building 63,0 kW

Bpcra briomace MoTpebaH Kanayutet kotna | [MoTpebHa eHepritja ropvisa MoTpebHa KonvumrHa nojearHe briomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHy nenet Wood pellet 79,5 1312 26,8
[NpsHy 6pukeT Wood briquette 814 1343 299
[psHa ceuka Wood chips 833 1374 49,5
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmarbetbe emmncuje CO, [t/god.]
CO, emission reduction [t/p.al

Cmarberbe emmncuje CO, ycnen CynctuTyuyje nojeanHnx
ropviBa/eHepruje 6MOMacom Cpefrer KBanmTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso
Solid fuel

TeyHo rop1eo
Liquid fuel

lacosuto ropuseo

Gas fuel

EnektpuuHa eHepruja
Electricity

443

376

269

71,2




Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

2
Lot area 4.854m
CnobopgHa nospluvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 1.10Tm
MNospLurHa objekTa 2
Building area 1.990 m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area 766 m?
YKynHa NoBpLUViHa KOCOr KpoBa 5
Total pitched roof area 300m
OpraHy3ayroHa Wwema objekTa
Organisational scheme of the building
Ll
—

CuTyaumoHu Nprkas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”
PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

106,8 274,0 31,6 182,3

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 1< 14
/\ /\ | I |dett L35 =
- et Lol
5, /l' b = % .. l‘_ v .—'.
O L ) o
TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENU
"
PHO;— /S,Q/EOLETAlc an Bz:zﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water" type "ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
::glg';%wgégaj{fa MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolwtsa enekTpuyHe Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/al heating demand [t/p/a]
surface [m?]
48,8 /557 226,6/168,8 184,5/117,2 63,6 70,8 117,3
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcvmanaH 6DOJ NHCTaMCaHNX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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at roof surface [m
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B3 NE 5 - — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % 1 g £ c = o = koju ce cynctutyuwe [kgCO,]
%8 3 = s _ = o g _5 Potential CO, emission reduction depending on the substitut-
e ga e < [ o8 s £ 5 £ =
8 Yo S o 1) ;E 3 2 :agg ed fuel [kgCO]
5528 = 52 3 [ S 58 ¢
o Y = o o = 2 Y © x FoOODY
Q9 m—~ o Q ® T [epRc] bl = =)
0 sE = 95 = © 3 g = £2Ls
I © = = o ¥ © © 3 T I 8w
SZEo s 5L Ex < 5 8- E PRI
£32¢ &2 3 Z2E ERS 252 ST o
5%':% = E2 -5 &9 §§E 53828 gé yram rac MazyT
5e&¢ £E S2ESR 2S5 =p= 23352 coal gas heavy oil
yin | - 10 581 254,86 12.743 148.583 63.742 32688 49.924
Y212 | 300 10 581 504,99 25.250 273.998 117.545 60.280 92.063

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

50

YHanpebetbe 2 (557,42.6)
45 Kocw kpos Improvement 2 (55742.6)
Pitched roof
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yin - 278 488 213 244 20.200 26474

Y212 - 557 488 42,6 4838 40400 52,948

Y1:YHanpehetse 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
noBpLMHaMa Koje Majy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acrneKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doTOHanoHCKor cncTema Tpeba Aa obe3bean roanLkby NPOU3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpehetrbe nogpasymesa n3rpastby GOTOHAMOHCKMX CUCTEMA Ha PACTMONOXMBKM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Bopa 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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B3 MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac

DHS or coal fuel oil natural gas
2266 78,1 168.791 89,5 169 08 -25,0
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanauuTeT Mymne y peskumy rpejarba 3a yCBojeHo:

a). TonnoTHm GryKc KonekTopa = 25W/ m?

6). Temnepartypa npurarofeHa 3a pagujatopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector =25 W/m

b).Temperature adjusted for radiator heating = 55°C

MakcvManHa rpejHa noBpLUMHa ObjeKTa Y 3aBUCHOCTN Of
MNOBPLLIMHE KOjy 3ay31IMa KOMEKTOp 3a YCBOJEHO:

a). CneumdmuHa TonnoTHa notpe6a objeTa = 75 W/m?

6). EpvikacHocT cuctema puctprbyuvie =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

a).Specific building heat demand = 75 W/m?

350 b). Distribution systern efficiency =89 %
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XOpW30HTanHa noBpLUMHa Kojy 3ay3uma Konektop [m?] XOpU30HTaNHa NOBPLUMHA KOjy 3ay3vma konekTop [m?]
Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]

B3 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
1845 936 316 - - - - -




Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

MoTpe6Ha enekTpnyHa CHara

TonnoTHM KanauuTeT nymne ca BEPTVIKA/HVM COHAaMa y 3aBUCHOCTU
Of} XOPV30HTasHE MOBPLLVHE ABOPVILLTA 38 YCBOJEHO :

a). TornoTHm dnykc Konektopa = 50 W/ m?

6). Temnepatypa npunarofeHa 3a pagujatopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the
horizontal yard surface for the adopted:

a).Heat flux of the collector =50 W/m

b).Temperature adjusted for radiator heating = 55°C

MakcvmanHa rpejHa noBpLUVHa o6jeKTa y3aBUCHOCTY Of
XOPU3OHTa/THE MOBPLUMHE ABOPVILLTA 33 YCBOjEHO:

a). CneLdmuHa TonnoTHa notpe6a objexTa = 75 W/ m?

6). EbukacHocT arictema anctprbyLivie = 89 %

Maximum heated area depending on the horizontal yard surface
for the adopted:

a).Specific building heat demand = 75 W/m?2

b). Distribution system efficiency =89 %
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Makc1ManHa rpejHa nosplurHa objexta [m?]

Maximum heated area of a building [m?]

400 s o0 /
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TONNOTHU KanuuTeT y pexumy rpejarsa [kW]
Thermal capacity of the pump in heating regime [KW]

0 2000 4000 6000 8000

XOpU30HTaNHa NOBPLUMHA KOjy 3ay31Ma Konektop [m?]
Horizontal area occupied by vertical probes [m?]

10000
0 2000 4000 6000 8000 10000
XOpW30HTaNHa NOBPLUMHA KOjy 3ay3uMajy BepTukanHe coHge [m?]
Horizontal area occupied by vertical probes [m?]

3aBWCHOCT NOTPe6He enekTprYHe CHare 1

rpejHe noBpLUMHe objeKTa 3a YCBOjeHO:

a). Cneundnure TonnotHe notpede = 75 W/ m?

6). COP TonnotHe nymne = 3,4

). EpukacHocT cuctema auctpubyumje = 89 %

Dependency between the required electrical capacity 120

Cmatberbe emmcuje CO2 Npunnkom cynctutyumje GocunHmnx
ropviea eNeKTpu4yHOM eHeprijM nyTem TONAOTHUX Nymnu
CO:z emission reduction due to substitution of fossil fuels by
electrical power via heat pumps

and building heated area for the adopted:

a). Specific heat demand = 75 W/m? &

b). Heat pump SOR = 34 100 &

¢). Distribution system efficiency = 89 % = Qéo \ / o

jo- VO §Q>?// rno"‘“ o
120 e o< 80 2y O A\
N 100 P ) b -\Q\i\&\)
- 80 5 = /
EXl [1990,54.3 £8 40 2
I e - e s
E § s / ¥ 2 20 t FacosuTo Fopuso
P v
soe 40 L~ £5 / ! Gas fuel
£€2 2 7 3G o FEm==== * : ‘
58F o 100 2100 4100 6100
oo O
0 1000 2000 3000 4000 IpejHa noBpLunHa objekTa [m?]

Heated area [m?]
lpejHa nospmHa objexta [m?]
Heated area [m?]

MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha

KanauuTeT nymne MOBPLVHA ABOPULITA kanaumtet [kW] eHepryja [(kKWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to

[kw] [m?] Potential heating god] Emission of

Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1poAHN rac
capacity [KW) M2 [kWh/p/al h DHS or coal fuel oil natural gas
184,5 936 1823 117.190 62,1 44,3 28,2 24




I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS
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3aBVICHOCT NOTPOLLHE Briomace Cpefrber KBanuTeTa of rpejHe noBpLUnHe objekTa
Dependency between the average quality biomass consumption and building heated area
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lpejHa nospLunHa objexTa [m?]
Heated area [m?]

B3

lMNoBpLumHa objekta 840 m?
TonnotHe notpebe objekTa
63,0 kW

Building area 840 m?

Heat demand

of the building 63,0 kW

Bpcra briomace MoTpebaH KanayuteT kotna | lMoTpebHa eHepritja ropyvisa MoTpebHa KonvumnHa nojearHe briomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[NpsHy nenet Wood pellet 1884 3109 63,6
[psHy 6pukeT Wood briquette 192,8 3180 70,8
[psHa ceyka Wood chips 1973 3255 17,3




Application of renewable energy sources in school, gym and kindergarten buildings

Cmametbe emncuje CO, ycnen cynctutyumje nojefuHmnx
ropvsa/eHepruje 6uoMacom cpearer KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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Cmatberbe emucuje CO, [t/god.]
€O, emission reduction [t/p.a]
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IpejHa nospLumHa objekta [m?]
Heated area [m?]

B3

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
105,0 89,1 63,6 168,6




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM NofaLy o 0bjekTy CuUTyaumoHN Npykas
Basic building data Layout

MospLuvHa napuene
2
Lot area 3.898m
CnobogHa nospluvHa napuene 3a npumery OV
Available lot area for RES implementation 2635m
MNoBpLuvHa objekTa 5
Building area 185m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKynHa NoBpLUKHA KOCOT KPOBa 5 5 Y
Total pitched roof area 211 m e

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

214



Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
7N\

L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

11,7

31,6

75,6 364,5

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

3/16

21,1/15,7 17,1/10,9

59 6,6 10,9
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcumanaH 6p0j NHCTaNMCaHMX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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al = “ — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
gEE 3z 3 £ = Koju ce cynctutymwe [kgCO
S8 €8 © £ s = v L ju ce cynctvmywwe [kgCO,]
58 £ 5 8 = s = o g o Potential CO, emission reduction depending on the substitut-
c a9 2 x = S s 1S 5 £ =]
o ¥ o S = ) g £ 3 3 3 ed fuel [kgCO]
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5888 2E S2ESS 2S5 SEs 23352 coal gas heavy oil
yin | 70 30 - 58,99 2.950 31.590 13.552 6.950 10614
Y212 | 70 30 - 58,99 2.950 31.590 13.552 6.950 10614

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe
opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.



Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX

CUCTEMA

POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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yin 8 - 30 14 15 1.400 1,627

Y212 16 - 30 28 30 2.800 3,255

Y1: YHanpeherbe 1 - lNpBo yHanpeherbe Noapasymesa U3rpafby GOTOHAMOHCKMX CHCTEMA Ha PACMONOXKNBUM KDOBHMM
NOBPLIVHAMa Koje UMajy Hajoosby MPOCTOPHY OpUWjeHTalujy Ca acneKkTa yKymHe rofullbe nHconauwje. iHcTanmcaHa cHara
bOoTOHAMOHCKOT crcTema Tpeba fa 06e3bean roauLiby NPOU3BOAHY eeKTPUYHE eHeprije Koja NoKpmrea [0 50% yKymnHe

roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [pyro yHanpebetrbe nofpasymesa vsrpafrby GOTOHAMOHCKUX CMCTEMA Ha PACMONOXUBUM KPOBHMM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe

roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering up to 50% of the total annual power consumption in the analysed school building.

12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTtHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Bopa 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

al

MotpebaH KanayuTeT
nymne (kW]

Required pump
capacity [kW]

AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to
Deployed power [kW] Electricity (kWh/p/al] Emission of
€O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas

211

73 15692 83 16 0,1

=23




Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanauuTeT Mymrie y peskiMy rpejatba 3a yCBOjeHO:

a). TonnotHm dryKc konekTopa = 25W/ m?

6). Temniepatypa npunaroheHa 3a pagujatopcko rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector = 25W/m

b). Temperature adjusted for radiator heating = 55°C

MaKc1manHa rpejHa noBpLUVHa OBjeKTa Yy 3aBYICHOCT Of
MOBPLUMHE KOjy 3ay31IMa KOJIEKTOP 3a YCBOjeHO:

a). CneLydmuHa TonnotHa notpeba objekTa = 75 W/m?

6). EprikacHocT cuctema guctpurbyLiviie =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

350 a). Specific building heat demand = 75 W/m2
b). Distribution system efficiency =89 %
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Xopu3oHTanHa MoBpLIVHa KOjy 3ay31Ma KONIEKTop [m?] 0 2000 4000 6000 8000 10000
Horizontal area occupied by the collector [m?] XOpW30HTasNHa NOBPLLVHA KOjy 3ay3vMa KonekTop [m?]
3aBUCHOCT NOTPEGHE eneKTpUuHe CHare i Horizontal area occupied by the collector [m?2]
rpejHe NoBpLUMHE 06jeKTa 3a YCBOjeHO:
a). CneumduuHe TonnoTHe no)'/rpeﬁe =75W/m? Cmatbetbe emmncuje CO2 npunmkom cynctutyumje GocnnHmx
6). COP TonnotHe nymne = 3,4 rop1Ba eneKTPUUYHOM eHeprijomM NyTeM TOMIOTHUX NyMMn
u). EdukacHocT cuctema auctpnbyuje = 89 % CO, emission reduction due to substitution of fossil fuels by
Dependency between the required electrical capacity electrical power via heat pumps
and building heated area for the adopted: 120
a). Specific heat demand = 75 W/m?
b).Heat pump SOR = 34 <O
¢). Distribution system efficiency = 89 % 100 @Q‘l‘ »
120 3 O\ S
& // 8% go w2 O
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. . 2
loejHa noBpiMHa o6jekTa [m?] LpeJHadHOBpLLIV;Ha objexa [m’]
Heated area [m?] eated area [m?]
C1 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLIMHA BOPULLTa kanaumtet [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity C0, [t/p/a] CAr wav yram 1O yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
171 2.240 756 10.895 58 4,1 26 02
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TonoTHU KanuuTeT y pexwmy rpejarba (kW]

TonnoTHM KanauyTeT nymne ca BePTVIKA/HVIM COHAaMa Y 3aBICHOCTUN
O/} XOPV30HTAJHE MOBPLUVHE IBOPULLTA 3 YCBOJEHO :
a). TonnotHm dnykc Konektopa = 50 W/ m?

6). Temniepatypa npunaroheHa 3a paaujatopcko rpejatbe = 55°C
Thermal capacity of the pump with vertical probes depending on the
horizontal yard surface for the adopted:

a).Heat flux of the collector =50 W/m
b).Temperature adjusted for radiator heating = 55°C
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XOpU30HTaNHa NOBPLUMHA KOjy 3ay31Majy BepTuKanHe coHpe [m?]
Horizontal area occupied by vertical probes [m?]

3aBMCHOCT NoTpe6He eneKkTpuyHe cHare u
rpejHe nospLMHe 06jeKTa 3a yCBOjeHO:

a). CneunduuHe TonnoTHe notpebe = 75 W/ m*
6). COP TonnotHe nymne = 3,4
). EdukacHocT cuctema anctprbyumje = 89 %
Dependency between the required electrical capacity

10000

MakcumanHa rpejHa noBpLUVHa 0bjeKTa y3aBV1CHOCTV Of
XOPU3OHTaIHE MOBPLUMHE ABOPYLLTA 33 YCBOJEHO:

a). CneudyuHa TonnoTHa notpe6a objexta = 75 W/ m?

6). EbuKacHocT aictema anctprbyLivie = 89 %

Maximum heated area depending on the horizontal yard surface
for the adopted:

a).Specific building heat demand = 75 W/m?

b). Distribution system efficiency =89 %
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Cmatberbe emncuje CO2 NpUAnKom cynctutyumje GocunHmux
ropuBa enekTpYYHOM eHepPrijoM MyTemM TOMIOTHMX MyMnn
CO2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps

and building heated area for the adopted: 120
a). Specific heat demand = 75 W/m?
b). Heat pump SOR = 34 100 0
0). Distribution system efficiency = 89 % — < /
e
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TpejHa nospLumHa objekta [m?]
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lpejHa nospmHa objexta [m?]
Heated area [m?]
al MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanaywTer nymne noBplwuHa gsopuwTa | Kanauwtet (kW] eHeprija [kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1pOAHN rac
capacity (kW] [m?] [kWh/p/al : DHS or coal fuel oil natural gas
171 2240 364,5 10.895 58 41 26 02




Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHLWJAN 3A KOPULLREHE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT MOTPOLLHbe GrioMace CpeAtber KBanuTeTa o4 TONNOTHIX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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Annual biomass demand, at the building threshold [t/p.a]
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TonnotHe notpe6e objekra [kW]
Building heat demand [kW]

3aBMCHOCT NOTPOLLHE BOMAce Cpeatber KBanuTeTa Of rpejHe noBpLUnHe objekTa
Dependency between the average quality biomass consumption and building heated area
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MotpebHa KonMumnHa nojeaHnHe BpcTe 6romace [t/god.]

Required quantity of the specific biomass type [t/p.a]
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IpejHa nospuwmHa o6jekTa [m?]
Heated area [m?]

@

MNoBpLmHa objekta 185 m?
TonnotHe notpe6e objekTa
13,9 kw

Building area 185 m?

Heat demand

of the building 13,9 kW

Bpcra briomace MoTpebaH kanayuteT kotna | [MoTpebHa eHepritja ropyvisa MoTpebHa KonvumrHa nojeanHe briomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHy nenet Wood pellet 17,5 289 59
[psHu bprikeT Wood briquette 179 296 6,6
[psHa ceyka Wood chips 183 303 109
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmamerbe emucuje CO, ycnen cynctutyumje nojefuHnx
ropvBa/eHepruje 6MoMacom Cpearer KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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Cmarberbe emricuje CO, [t/god.]
€O, emission reduction [t/p.a.]

o

0 1000 2000 3000 4000 5000

lpejHa noepLunHa objekTa [m?]
Heated area [m?]

Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo rop1eo lacoswTO ropnso EnektpuuHa eHepruja
Solid fuel Liquid fuel Gas fuel Electricity
9.8 83 59 157
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Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM MogaLy o o6jexTy
Basic building data

MospLuvHa napuene

Lot area 15994 m?
CnobopgHa nospluvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 9.463 m
[NoBpLuMHa objekTa 5
Building area 990 m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area 506 m?
YKyrnHa NoBpLUKHA KOCOT KPOBa

¢ 214 m?

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

— 77

st I

CuUTyaluMoHN Npyikas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
N

L] L]

OOTOHANOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJTIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

Makcrmantum ﬂOTeHLLI/\JaJ'I nponssome

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexUmjan Npov3eoaHe
TONNOTHE eHepruje 3a oNTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanaunuTeT 3a pacnonoxmsy NospLunHy sopuTa (kW]

Maximum heating capacity for the available yard area [kW]

71,5

215,2

271,5 607,5

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN W

PHO;— /S,Q/EOLETAlc Twnszzzﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceyka
“air-water" type ‘ground-water” type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

kposa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

33,6/383

112,7 /83,9 91,8/58,3

31,6 35,2 58,3




Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHyx KoNekTopa no NOBPLUMHIU KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLWHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area
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Pitched roof surface [m2]

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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Flat roof surface [m?]

800 1000

2 NE 5 - — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % 1 g £ c = o = koju ce cynctutyuwe [kgCO,]
%8 3 = s _ = o g 5 Potential CO, emission reduction depending on the substitut-
o Q o Q. = 2
2509 2 < = S = € 5 £ =)
8 Yo Sy w ;E g 2 3 -C ed fuel [kgCO]
SRR = 52 2 gy s g s8¢
© 9= © @ = s 9 o = oD 9
Se8x 8 =8 g < s 5 3522
ek S o © R $ & £2S 5
EIEo s 5% Eo S5 3= £ ez <cjd
< S o I < =] =5 a ==
$32¢% &2 |23 g 38 |£92 £5235 3
E%":B = E2 -5 &9 82 53828 gé yram rac MazyT
5e&¢ £E S2ESR 2S5 =p= 23352 coal gas heavy oil
Y | - 30 506 221,82 11.091 129.321 55479 28451 43452
Y212 | 214 30 506 401,17 20.058 215.169 92.308 47337 72.297

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

50 I I
45 Kocu kpoB /
Pitched roof
____Pasar kpos // Yranpehetbe 2 (383,29.3) /

40 Flat roof / Improvement 2 (383,59.3)
. 35 -
§ © / ! /x i
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‘Q _S / /
g 2 / ~
§ © /
s 2 /
£ 5 45 ~
g s / —-
& j“é 15 / _~| Yranpehetve 1(192,147)
g 5 / /x Improvement 1 (192, 14.7)
5—2 1
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Pacnonowea nospLumnHa kposa [m?]
Available roof surface [m?]
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s56¢eg |2 Sk e 2§ 2z g5 3oz e< I =% 3 3
8527 Sr=— 9z ftof 22 SV el SI=s9= o c s = o
<] < 8 c 358 =oc s 0 Bo o gy¥=%¢ = §L 2% 3
258> as gL 5 S96_%8 Esk8e%s Sve = &5 E£B° g5
258 Egs27% §358337 If&F g Sz3>5 Ix 95 T
o9y ERI RS CLoozZxl SITo2g 8 ZI¥g S £3 €9 % 2
Szgt | 358382 s 352552 :86 0252 £805% s EZ¢ 35 E
2235 2agooezx E88ESE5< ftea=>5 SRRl t8 & £3038
8522 | 888 $5¥SEEZ | gEgfis 5§z Eg cEwid o998
cCE2&ES |c@dz < £2f=2°c= X585 a2 Sge <o B 2 S=20 =

yin 192 336 14,7 16,8 14.700 18,228

Y212 - 383 336 293 336 27.800 36,456

Y1:YHanpehetse 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
noBpLMHaMa Koje Majy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acrneKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doTOHanoHCKor cncTema Tpeba Aa obe3bean roanLkby NPOU3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpehetrbe nogpasymesa n3rpastby GOTOHAMOHCKMX CUCTEMA Ha PACTMONOXMBKM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnoTHe nymne [kW] 3a

Temn. pexunm: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpebHa rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]
2 MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas
127 389 83.971 445 84 04 124
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TOMIOTHY KarnauyITeT Mymre y pexi My rpejatba 3a yCBOjeHO:

a). TonnoTHm dykc Konektopa = 25W/ m?

6). Temnepatypa npwnarofheHa 3a pagujaTopcko rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:

a).Heat flux of the collector = 25 W/m
b).Temperature adjusted for radiator heating = 55°C

MakcymanHa rpejHa noBpLUMHa ObjeKTa Y 3aBUCHOCTN Of
MOBPLUVHE KOjy 3ay3/Ma KOJIEKTOP 3a YCBOjeHO:

a). CneundmyHa TonnoTHa notpeba objexta = 75 W/m?

6). EprikacHocT cuctema auctpurbyLivije =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

350 a).Specific building heat demand = 75 W/m2
b). Distribution system efficiency =89 %
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Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
918 8.044 2715 58.301 309 220 14,0 12




Application of renewable energy source

s in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

8

Cmatberbe emmcuje COz [t/god.]
CO2 emission reduction [t/p.a.

3aBVICHOCT NOTPe6He eNneKTpuUYHe cHare u

rpejHe NoBpLUVHe 06jeKTa 3a YCBOjeHO:

a). CneunduuHe TonnoTHe notpebe = 75 W/ m?
6). COP TonnotHe nymne = 3,4

). EdprkacHocT cnctema anctpubyumje = 89 %
Dependency between the required electrical capacity
and building heated area for the adopted:

a). Specific heat demand = 75 W/m?

b).Heat pump SOR =34

¢). Distribution system efficiency = 89 %

120
e //
e 5 100 /
5.5 80
TS
85: 60 //
2552 990, 27.0
2928 LA
86523 20
EES® !
2ege 0
0 1000 2000 3000 4000

lpejHa nospiumMHa objekTa [m?]
Heated area [m?]

Cmarbetbe emicrje CO2 NpUANKOM cyncTuTyLmje GoCmunHmx
ropuvBa eneKkTPMYHOM EHEPIIjOM MyTeM TOMIOTHUX MyMMn
CO2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps

120 &L /

20 1aCoBUTO roOpvBO
Gas fuel
== -4 [990,1.2 I |
0 ==
100 2100 4100 6100
lpejHa nosplumnHa objexTa [m?]
Heated area [m?]
2 MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha

KanauuTet nymne NOBPLIMHA ABOPULITA kanaumtet [kW] eHepryja [(kKWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/al Cﬂf nwyran NIoxybe Np1poAHN rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
91,8 8.044 607,5 58.301 309 22,0 14,0 12
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I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHMX Cana n NpeawKoncknx yctaHoBa

POTENTIAL FOR THE USE OF BIOMASS

NOTEHLWJAN 3A KOPULLREKLE BUOMACE

3aBMCHOCT NOTPOLLbE B1OMAce CPeAber KBanuTeTa of TOMNOTHUX NoTpe6a objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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3aBVICHOCT NOTPOLLHE GrioMace CpefHber KBanuTeTa of rpejHe noBpLUnHe objekTa
Dependency between the average quality biomass consumption and building heated area
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lpejHa nospLunHa objexta [m?]

Heated area [m?]

Q2

lMNoBpLmHa objekta 990 m?
TonnotHe notpebe objekTa
74,3 kW

Building area 990 m?

Heat demand

of the building 74,3 kW

BpcTa briomace
Biomass type

MotpebaH KanayuTeT KoTna
Required boiler capacity

MoTpebHa eHepryja ropusa
Required fuel energy

MoTpe6Ha konM4mrHa nojeauHe Griomace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[NpsHy nenet Wood pellet 93,7 154,7 316
[psHu bprikeT Wood briquette 959 1582 352
[psHa ceyka Wood chips 98,1 1619 583
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Application of renewable energy sources in school, gym and kindergarten buildings

Cmatbetbe emmncuje CO, ycnep cynctutyumje nojenHmx
ropua/eHepruije 6MoMacom cpefrber KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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IpejHa noepLumHa objekta [m?]
Heated area [m?]

Q2

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
522 44,3 316 839

231



INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM NofaLy o 0bjekTy CuTyaLmoHu Nprkas
Basic building data Layout

MospLuvHa napuene
Lot area

14163 m?

CnobopaHa nospLuvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 7375m

MNoBpLuvHa objekTa
Building area

2.765m?

YkynHa NoBpWIHa PaBHOT KPOBa
Total flat roof area /

YKynHa NoBpLIMHa KOCOr KpoBa ,
Total pitched roof area 1.790 m

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”
PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

. Makcmmannsm noTeHunjan Npon3BoaHhe
MakcumanHn noTeHunjan Npon3BoaHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . . aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MospLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

20,4 286,2 211,6 607,5

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 1< 14
/\ /\ | I |dett & =
- et Lol
5, /l' b = % .. l‘_ v .—'.
O L ) o
TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN
"
PHO;— /S,Q/EOLETAlc an Bzzsaﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water” type ‘ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
f:fﬂg;mﬁvggﬁwa MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolutsa enekTpuyHe Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/a] heating demand [t/p/a]
surface [m?]
45,3 /237 314,9/234,5 256,3/162,8 88,3 98,4 162,9
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHx KonekTopa no NOBPLUMHM KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLMHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area

1000
900 /

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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MoBpLunHa kocor Kposa [m?] MosplumHa paBHor Kposa [m?]
Pitched roof surface [m? Flat roof surface [m?]
a3 NE - . — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % 1 g £ c = o = - koju ce cynctutyuwe [kgCO,]
58 E % g = s = o £y o Potential CO, emission reduction depending on the substitut-
5¢9 55 0% o : S ef_3 d fuel [kgCO
S x w S v R e £ @ =) c3I=0 ed fuel [kgCO.]
= — 25 35 3 a 5 E ST o
S O = o I 2 (SR} = = oz O ¢
o Y = o o = =~y o x = O0D
QT T 2 =8 g £ A sz
o ] = E © % = fisp—
£2c . Se |[£% e~ 2 |5_c¢ §ozf%
$32¢ = $3 gE 38 =2 ERSESE RS
5%-;% s ® sS85 22 §§5 383 g§ yramn rac MasyT
5e&¢ £E S2ESS 2S5 =E= 23352 coal gas heavy oil
Y111 | 605 18 - 509,72 25486 286.170 122.767 62.957 96.153
Y212 | 605 18 - 509,72 25486 286.170 122.767 62.957 96.153

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.



Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

>0 | | | —
Kocu kpos Yranpehetbe 2 (237,403)
45 = pitched roof Improverent 2 (237403) /
PaBaH KpoB A
40 — 4
Flat roof / =
35 7
> / f / i
5 2 30
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Pacnonouea nospiumHa Kposa [m?]
Available roof surface [m?]
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o e 2 2g z S 2
353% | 252388 2ES52F |282£358 S8tss 35 c¢ $5t
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CE2&ES |2@dx < 2352232 582052 °38 <o TEe 2 S=20 =
yin 119 - 453 20,2 22,7 19.200 24,629
Y212 237 - 453 40,3 453 38.300 49,151

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA
TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TornotHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Boga 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - A:‘} 14.9, 2765
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MoTpebHa rpejHa cHara TonnoTtHe nymne [kW]
Required heating capacity of the heat pump [kW]

IpejHa nosplumHa o6jekta [m?]

Heated area [m?]

o

a3 MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas
3149 108,6 234526 1243 235 11 -34,7
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanauuTeT Nymre y pexumy rpejatba 3a yCBojeHo:
a). TornotHm dryKc KonekTopa = 25W/ m?

6). Temnepatypa npuarofheHa 3a pagujaTopcko rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a). Heat flux of the collector =25 W/m

b).Temperature adjusted for radiator heating = 55°C

MakcumanHa rpejHa noepLLUVHa 0GjeKTa Y 3aBVICHOCTV O
MOBPLUMHE KOjy 3ay31Ma KOJIEKTOP 3 YCBOJEHO:

a). CneLyidruHa TonnoTHa notpeba objekta = 75 W/m?

6). EdnkacHocT cuctema anctpubyuivije =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

a). Specific building heat demand =75 W/m2

350 b). Distribution system efficiency =89 %
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XOpM30HTaNHa NOBPLUIMHA KOjy 3ay31Ma KONEKTOp [m?] XOpM30HTaNHa MOBPLLMHA KOjy 3ay31Ma konekTtop [m?]
Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]
MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLIMHA BOPULLTa kanaumtet [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity (kW] Electricity C0, [t/p/a] CAr wav yram JIOX yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
256,3 6.269 2116 - - - - -
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

Required electrical capacity of the

Motpe6Ha enekTpuyHa cHara
heat pump [kW]

TonnotHe nymne [kW]

Cmarbetbe emncuje CO2 [t/god.]
CO2 emission reduction [t/p.a.]

3aBWCHOCT NOTPe6He eneKkTprYHe cHare u
rpejHe NoBpLUKHe 06jeKTa 3a YCBOjeHO:

a). CneynduuHe TonnotHe notpebe = 75 W/ m?
6). COP TonnoTHe nymne = 3,4
). EdrkacHocT cnctema gnctpubyumje = 89 %
Dependency between the required electrical capacity
and building heated area for the adopted:
a). Specific heat demand = 75 W/m2

b). Heat pump SOR = 34

¢). Distribution system efficiency = 89 %
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IpejHa nospuuvHa objekta [m?]
Heated area [m?]

Cmametbe emncrje CO2 NpUANKOM CyncTuTyumje GoCUnHmNX
ropvBa eNeKTPYYHOM EHEPrjoM MyTem TOMAOTHNX MYMMU
COz2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps
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2100
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IpejHa nospLumHa objexTa [m?]
Heated area [m?]

1
| Gas fuel

6100

C3 MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanaumTeT nymne NOBPLUMHA ABOPMLITA kanaumtet [kW] eHepryja [(KWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1pOAHN rac
capacity [kW] (™ [kWh/p/al ’ DHS or coal fuel oil natural gas
256,3 6.269 607,5 162.830 86,3 61,5 39,1 33




Application of renewable energy sources in school, gym and kindergarten buildings

POTENTIAL FOR THE USE OF BIOMASS

NOTEHLWJAN 3A KOPULLREHE BUOMACE

3aBMCHOCT NOTPOLLHbE BLIOMace CPeAtber KBanuTeTa of TONOTHUX NoTpeba objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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loauwtba noTpeGHa KonmumuHa 6romace, Ha npary o6jexTa [t/god.]

Annual biomass demand, at the building threshold [t/p.a.]
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3aBNCHOCT MOTPOLLHbe GrioMace cpefrber KBanuTeTa off rpejHe NoBpLLMHe 06jeKTa
Dependency between the average quality biomass consumption and building heated area
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Motpe6Ha KonuunHa nojesHnHe BpcTe 6romace [t/god.]

Required quantity of the specific biomass type [t/p.a]

0

0 1000

2000

lpejHa noBpLunHa objexTa [m?]

Heated area [m?]

4000

5000

a

lNoBpLmHa objekTa

2.765 m?

TonnotHe notpe6e objekTa
2074 kW

Building area 2.765 m?
Heat demand

of the building 2074 kW

BpcTa briomace
Biomass type

MotpebaH KanayuTeT KoTna
Required boiler capacity

MoTpebHa eHepryja ropvsa
Required fuel energy

MoTpe6Ha konn4mrHa nojeguHe Griomace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHy nenet Wood pellet 261,8 4320 88,3
[psHy 6pukeT Wood briquette 2678 4419 98,4
[psHa ceuka Wood chips 2741 4523 162,9
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmatberbe emucuje CO, [t/god.]
O, emission reduction [t/p.a.]

Cmarberbe emmncuje CO, ycneq cynctutyumje nojeanHmx
ropuBa/eHepruvije 6MOMacoM Cpeftber KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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0 1000 2000

IpejHa nospLunHa objekTta [m?]
Heated area [m?%)

3000 4000 5000

a

Cmarvetbe emmncuje CO, [t/god] y cnyuajy cyncTuTyumje HaseeHor roprea/eHepritje 61oMacom Cpefrber eHepreTckor noTeHuwjana (4,5 MWh/1), y noctpojersy cpearoer
cTeneHa KOpUCHOCTY (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t),in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropveo lacosuTO ropviso EnekTpuyHa eHepritja
Solid fuel Liquid fuel Gas fuel Electricity
1458 1237 884 2342




Application of renewable energy sources in school, gym and kindergarten buildings
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OCHOBHM MogaLm o objekTy CuWTyaumoHu npukas
Basic building data Layout
MospuwmHa napuene
Lot area 13220 m?
Cno6ogHa NosplunHa napuene 3a npumery OV 5
Available lot area for RES implementation 7.582m
MNospLurHa objekTa 2
Building area 3.765m R——\_\r—"'_m— \

MY | A
YKyrnHa noBpLUMHa PaBHOT KPOBa \
Total flat roof area 1.700 m? L__ \

—

- \ \ g
YKyrnHa noBpLUMHa KOCOT KPOBa / V,_r' “d \ #\
Total pitched roof area —/ [ \ 1

i I
OpraHyi3aLivoHa Wwema objekTa \
Organisational scheme of the building b
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”
PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

134,2 4141 217,5 607,5

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 1< 14
/\ /\ | I |dett L35 =
- et Lol
5, /l' b = % .. l‘_ v .—'.
O L ) o
TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENU
"
PHO;— /S,Q/EOLETAlc an Bz:zﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water" type "ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
::glg';%wgégaj{fa MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolwtsa enekTpuyHe Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/a] heating demand [t/p/a]
surface [m?]
48 /548 428,8/319,3 349/221,7 120,2 134,0 221,9
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcvmanaH 6DOJ NHCTaMCaHNX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area

1000 / 600
900 7 /
500
800 / 4
700 / /
~ 400
o e
S5 600 / 53 1615, 302
838 / g5
gf 500 / ZZ 300 A
sE 52
82 400 B¢ 1
oS / © 5
55 / 52 200 v 1
£2 300 g5 ‘
Rl c O
sk 200 / 8'% }
ES 29
x g / e 100 4 |
£5 100[00)/ gs !
<& ::8 |
g5 e |
[lap=4 0 e o o 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
MoepumHa Kocor kposa [m’] MoBpLnHa pasHor kposa [m?]
Pitched roof surface [m?2] Flat roof surface [m2]
C3pt NE 5 o — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % < g £ . = o s _ koju ce cynctutyuwe [kgCO,]
58 }% % g x5 s = g z ﬂig o Potential CO, emission reduction depending on the substitut-
5¢% 55009 e E z 5 25 _%& ed fuel [kgCO]
= — 20 35 L= a o ST o
S O = o I 2 (SRR} = = o g9 ¢
o Y = o o = S © x FoOODY
Q0 © —~ o Q ® o o & Ll [< c ES O
o X3 e Ce = 5 é‘i o kel £ _
= >0 2 g2 = FIz3y
§:Es 5L 5 &= s 5=E suz g
$3ES 62 |z32 EE E SSE 253253
ESES S5 s £ 2o $gE 58825 yram rac MasyT
Ses&e £E |GRESK e3 SE=S c3is= coal gas heavy oil
yin | - 1615 7103 35515 414105 177651 91.103 139.139
Y212 | - 1615 7103 35515 414105 177651 91.103 139.139

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.

Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

%0 | | | ‘ ‘
Koyt kpos YHanpehetbe 2 (548,41.9)
45 = pivched roof / Improvement 2 (548,419) =1
40 PaBaH KpoB / ).
Flat roof / =
o 35 v '/
g 5 / /
g2 5 30 P
- & /
g o /
g 2 25 / 7
s / Pyt
© =1
I o
e & 20 / ~ YHanpehetbe 1(275,21.0)
2 o Improvement 1 (275,210)
© c /
s Z 15
5 %5 / /
I >
S— 2 A
Qo
o — 10
EEEKQ / /
£902 /
320¢ >
CEmg
IS‘A‘S\
sS3cx 0
0 50 100 150 200 250 300 350 400 450 500 550 600
Pacnonoxwea nospLmHa kposa [m?]
Available roof surface [m?]
C3pt o ] T o . o
F 8 £ 5 T S o2 2o8:w L g 5
oo c o el 5 28 TIET ¢~ 5283 80 & c v 5
x99 5 S~ g 5 £ Te=zx3cS 8oL o= 5SGC £¢8 S
5308 G 2 >t BEE 25 £ 2= RIS S5 &6 g 3
=5 2 [N TR 23 332 =So—=8cZz SIS g= =0 £©89 S 9
QL3> ST R ¢ IS U ac sbpg o cu=4g= 9T 1 =
5> QB EL G Svo _=¢6 5S%8es [SRRTREE 25 E£o 3 g
© £ 00 © o 5 2 Lo 0T 3 Y ¥FYOu=g o C I = - kS 2 < o pet
230y |£28§32%2 €£4822¢ frozpg® 32y S =3 €8 £ 2
5Z3c | 35582 s 3595588 802322 t3035%® c& Z¢ T5E
2 23 28 voa T 8a<L E< ToeRa==35 2E3533% £ =g £38adg
858¢ |88Y=ye 25925 |z3g8E%s ggrEg cEgEt $o58
c2&5 |83 < £2f=2°c= X585 a2 Sge <o Yo S=20 =
yin 275 480 21,0 24,0 19.900 26,040
Y212 578 480 419 480 39.800 52,080

Y1: YHanpeherbe 1 - lNpBo yHanpeherbe Noapasymesa U3rpafby GOTOHAMOHCKMX CHCTEMA Ha PACMONOXKNBUM KDOBHIM

NOBPLIVHAMa Koje UMajy Hajoosby MPOCTOPHY OpUWjeHTalUujy Ca acnekTa yKymHe rofuilbe nHconauwje. iHcTanmcaHa cHara
doToHanoHcKor cucTema Tpeba Aa obe36ean roavLLby NPOV3BOAY eNeKTPHUHe eHepritje Koja Mokpmraa Ao 50% yKynHe

roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [pyro yHanpebetrbe nofpasymesa vsrpafrby GOTOHAMOHCKUX CMCTEMA Ha PACMONOXUBUM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe

roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering up to 50% of the total annual power consumption in the analysed school building.

12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTtpe6Ha rpejHa cHara TonnoTHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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4500 7
4000 /

777777777777777777777777777 #142838,3765
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0 100 200 300 400 500 600

MoTpe6Ha rpejHa cHara TonnoTHe nymne [kW]
Required heating capacity of the heat pump [kW]

C3pt

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

4288 147,8 319.345 169,3 320 15 -47,3
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

MakcumanHa rpejHa noBpLUMHa 06jeKTa Y 3aBUCHOCTV O
MOBPLLMHE KOjy 3ay31IMa KOMEKTOp 3a YCBOjeHO:

a). CneumdmuHa TonnoTHa notpe6a objexTa = 75 W/m?

6). EpvikacHocT cuctema guctprbyLvije =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

a). Specific building heat demand = 75 W/m2

b). Distribution system efficiency =89 %

TonnoTHM KanauuTeT Nymre y pexumy rpejatba 3a ycBojeHo:

a). TornoTHU drykc konekTopa = 25W/ m?

6). Temnepatypa npunarofeHa 3a pagujatopcko rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector =25 W/m

b). Temperature adjusted for radiator heating = 55°C

350 4500
300 / 000 /
z / 3500 /
=
s 250 64452175 = 00.0
= £
=2 L____ 1 _ = 3000
12 200 i fr
£3 ! = 2500
gc [ °2
>< ! = s}
22 150 : 33 2000
2e d i g2
= / } =2 1500
s R
55 100 ‘ i
s | Lo
e £< 1000
=] ! o ®
[cR=] | o]
25 50 / ‘ £
z % | =1 500
Q£ ! SE
eE £
=) | = X
8= 0 ‘ 22 o0
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
XOpM30HTaNHa MOBPLLMHA KOjy 3ay3uMa KonekTop [m?] XOpU30HTasNHa NOBPLLMHA KOjy 3ay31Ma KosnekTop [m?]
Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]
C3pt | MotpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
3490 6.445 2175 - - - -
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

3aBWCHOCT NOTPe6He eNeKTpUYHe cHare n

rpejHe NoBpLUMHe 0bjeKTa 3a YCBOjeHO:

a). CneynduuHe TonnoTHe notpede = 75 W/ m?

6). COP TonnotHe nymne = 3,4

). EdprkacHocT cnctema anctpubyumje = 89 %
Dependency between the required electrical capacity and
building heated area for the adopted:

a). Specific heat demand = 75 W/m?

b).Heat pump SOR =34

¢). Distribution system efficiency = 89 %

120 3765,1026 ]

P

A

Required electrical capacity of the

heat pump [kW]

MoTpe6Ha eneKkTpUYHa cHara
TonnoTHe nymne [KW]
o8 8888

0 1000 2000 3000 4000

IpejHa nospuHa objekta [m?]
Heated area [m?]

Cmarbetbe emmncyje CO2 NPUAMKOM CyncTUTyLmje GOCUHUX
ropyiBa enekTPYYHOM EHEPIVIjOM MyTeM TOMAOTHUX NyMNn
CO2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps

120
%O

1m (U(\)\h
- 3765,83.8 o
P R »” \.\%/b‘@é
o 80 I o
:.g | (09\’\3
Ss 60 e OC\)\\)
A /"7’ ot
SS 40 / 765,533}
55 / e }
2 % 20 / 3765,4.5 i [acoBWTO rOPYIBO
Q E 7T
| | P e |
So 0

100 2100 4100 6100

IpejHa nospLunHa objekta [M?]
Heated area [m?]

C3pt | lMotpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTet nymne NOBPLIMHA ABOPULITA kanaumtet [kW] eHepryja [(kKWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1poAHN rac
capacity [kW] (™7 [kWh/p/al ’ DHS or coal fuel oil natural gas
349,0 6.445 607,5 221.719 17,5 838 533 45
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aB1CHOCT NOTPOLLbe BroMace cpearber KBanuTeTa of TONNOTHNX noTpe6a o6jexTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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C3pt

NoBpLmHa objekTa
3.765m?

TonnoTtHe notpebe objekTa
2824 kW

Building area 3.765 m?
Heat demand

of the building 282,4 kW

Bpcra briomace MoTpebaH kanauuteT kotna | [MoTpebHa eHepritja ropyvisa MoTpebHa KonvumnHa nojearHe briomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHy nenet Wood pellet 356,5 588,2 120,2
[psHy 6pukeT Wood briquette 364,7 601,7 134,0
[psHa ceyka Wood chips 3733 6159 2219




Application of renewable energy sources in school, gym and kindergarten buildings

Cmarberbe emnicuje CO, [t/god.]
€O, emission reduction [t/p.a.]

600
&5
Q@
500 @(\f* pd
Q§é§& od@ﬁp A”,/"
400 © e
< 4
! )
,,,,,,,,,,,,,,,,,,,,, 137653189 ¥
300 +7*4 \7'4
|
| V\go
i / (aco? v“\o )
200 1 13765, 198.6] » Caol®
100
0

Cmarbetbe emmncuje CO, ycnep cynctutyumje nojefuHmx
ropuBa/eHepruije 6UoMacom cpefer KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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C3pt

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso
Solid fuel

TeyHo ropreo
Liquid fuel

[acoBuTO ropuso
Gas fuel

EnextpuuHa eHepruvja
Electricity

1986

168,5

1203

3189
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

Lot area 17.860 m?
CnobogHa nospluvHa napuene 3a npumery OV 5
Available lot area for RES implementation 6.565 m
MNoBpLuvHa objekTa 2
Building area 4600 m
YKyrnHa noBpLUKHa paBHOT KPOBa

Total flat roof area 1.760 m?

YKynHa NoBpLIMHa KOCOr KpoBa
Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CuTyaLmoHu Nprkas
Layout

R,} //
'
/
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”
PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

. Makcmmannsm noTeHunjan Npon3BoaHhe
MakcumanHn noTeHunjan Npon3BoaHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . . aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MospLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

141,4 451,2 188,3 607,5

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 1< 14
/\ /\ | I |dett L35 =
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TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN
"
PHO;— /S,Q/EOLETAlc an Bzzsaﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water” type ‘ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
f:fﬂg;mﬁvggﬁwa MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolutsa enekTpuyHe Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/a] heating demand [t/p/a]
surface [m?]
75,3/860 523,8/390,2 426,4/270,8 146,9 163,7 2711
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHx KonekTopa no NOBPLUMHM KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLMHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area
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Bpoj konekTopa Ha Kocom Kposy [-]
Number of collectors on the pitched roof

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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30— ,/
|
200 / i
w -]
|
|

Bpoj konekTopa Ha paBHOM Kposy [-]
Number of collectors on the flat roof

0¢ 0
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
MospLwnHa kocor kposa [m?] MoBpLnHa pagHor kposa [m?]
Pitched roof surface [m?] Flat roof surface [m?]
D3 = “ — Moryhe cmatberbe emncrje CO, y 3aBUCHOCTY Off eHEpreHTa
3L 83 8 E j kgCOJ
22 28 o £ . = v L koju ce cyncutynwe [kgCo,
552 58 = s _ s g I3 o Potential CO, emission reduction depending on the substitut-
c a9 2 x = S s € 5 £ =
o ¥ o S = ) g £ 3 3 c 3 =0 ed fuel [kgCO]
C o — c 9 o) x — Q o C S0 O
S O = o I 2 [oR} = > o O ¢
o Y = o o = =~y o x = O0D
88%c g 22 = R - 5228
Qo ®E Sz o ™ © 2 T B £¢ = 5=
SfEg so 5L Ex <5 3 E gez g
:32% S 2 s 3 2 E ERG] R AE>® S
5%':% = E2 -5 o §§E 53228 gé yrarn rac MasyT
5e&¢ £E S2ESS 2S5 =E= 23352 coal gas heavy oil
yin | - 1.760 774 38.701 451.248 193.585 99.275 151619
Y212 | - - 1.760 774 38701 451.248 193.585 99.275 151619

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.



Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

100
Kocu kpos /
920 Pitched roof /
PaBaH KpoB /
80 Flat roof YHanpehetbe 2 (860, 65.8)
Improvement 2 (860,658) ="
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2 5 60 =
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c o
2 :é 40 YHanpeberbe 1(430,32.9)
e & / Improvement 1 (430,329)
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Pacnonoxwsa noepLmHa Kposa [m?]
Available roof surface [m2]
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£ 7 e =5 = X 0 = =5 S O
g =52 T Y= £ S32 o= 0c= SIS o= =0 ©4 = 9
oo 32 sITTR ¢ Icsu oc 80 pfPg O SIT=45= O T o = >
5Lz QB EL 5 S%o 56 CS%8es Sy m 23 =] T .
258% 2Es2% §8c83:Lw IZ&zee c¥3>5 Ix 36 L 2
o Q o o 9 SfLgygozxl STO S8 g © I TF O = 4] 2 a
Stof | 58253 c3sdcEEQ s60z229 £5G02% =5 g2 F=E
2825 |gaggex £E8B5SZSts tc3sis JESSE £E: =5 £83%¢
2300 2060 SE2o=z2§= S89Z2a= TuT E ¢ Se_=22 Tog8
eR5ES |2¢3%sS £R235=2°g= £352°%3 (RN LU e 202
yin 430 753 329 37,7 31.200 40,904
Y212 - 860 753 65,8 753 59.200 81,701

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTtHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpebHa rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

D3

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas

5238 180,6 390.169 206,8 39,1 19 -57,7




Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanauuTeT Mymre y pexkuMy rpejatba 3a yCBojeHo:
a). TonnotHm GryKc KonekTopa = 25W/ m?
6). Temnepartypa npuarofeHa 3a pagujatopcko rpejarbe = 55°C

Thermal capacity of the pump in the heating regime for the adopted:

a).Heat flux of the collector =25 W/m
b).Temperature adjusted for radiator heating = 55°C

MakcyimanHa rpejHa noBpLUMHa ObjeKTa Y 3aBUCHOCTN O
MOBPLLIMHE KOjy 3ay31Ma KONEKTOP 3 YCBOjeHO:

a). CneumdmuHa TonnoTHa notpeba objeTa = 75 W/m?

6). EpikacHocT cuctema puctprbyuvije =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

a). Specific building heat demand = 75 W/m2

b). Distribution system efficiency =89 %
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0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
XOpM30HTasHa NOBPLLVHA KOjy 3ay3uMa KonekTop [m?] XOpu30HTaHa NOBPLUMHA KOjy 3ay31Ma konektop [m?]
Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?2]
D3 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLIMHA BOPULLTa kanaumtet [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity (kW] Electricity C0, [t/p/a] CAr wav yram JIOX yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
4264 5.580 1883 - - - - -
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

-
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150 [4600,125.4 ]

3aBVICHOCT NOTPe6He eneKkTpuYIHe CHare 1

rpejHe NoBpLUKHe 06jeKTa 3a YCBOjeHO:

a). CneunduuHe TonnoTHe notpebe = 75 W/ m?

6). COP TonnotHe nymne = 3,4

). EdprkacHocT crctema anctpubyumje = 89 %
Dependency between the required electrical capacity
and building heated area for the adopted:

a). Specific heat demand = 75 W/m?

b).Heat pump SOR =34

¢). Distribution system efficiency = 89 %
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D3 MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanaumTeT nymne NOBPLUMHA ABOPMLITA kanaumtet [kW] eHepryja [(KWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/al Cﬂf nwyran NIoxybe Np1pOAHN rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
4264 5.580 607,5 270.892 143,6 102,3 65,1 55
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHLWJAN 3A KOPULLREHE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS
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TonnotHe notpe6e o6jekta [kW]
Building heat demand (kW]
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3aBMCHOCT NOTPOLLHE BroMace cpetber KBanuTeTa of rpejHe noBpLUMHe objekTa
Dependency between the average quality biomass consumption and building heated area
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D3

lNoBpLmHa objekTa

4,600 m?

TonnotHe notpe6e objekTa
345,0 kW

Building area 4.600 m?
Heat demand

of the building 345,0 kW

Bpcra briomace MoTpebaH kanayuteT kotna | [MoTpebHa eHepritja ropyvisa MoTpebHa KonvumrHa nojearHe briomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHy nenet Wood pellet 435,6 718,7 146,9
[psHy 6pukeT Wood briquette 445,6 7352 163,7
[psHa ceuka Wood chips 456,0 752,5 2711
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa
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D3

Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber

cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso
Solid fuel

TeyHo rop1eo
Liquid fuel

Gas fuel

lacosuto ropuseo

EnektpuuHa eHepruja
Electricity

2426
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9.1.1 School gym buildings




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene
Lot area

CnobogHa nospluvHa napuene 3a npumery OV
Available lot area for RES implementation

MNoBpLuvHa objekTa

2
Building area 330m
YKyMHa NoBpLUVHa PaBHOT KPOBa
Total flat roof area 371 m?

YKynHa noBpLIMHa KOCOr KpoBa
Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CuTyaLmoHu Nprkas
Layout




Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”
PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

. Makcmmannsm noTeHunjan Npon3BoaHhe
MakcumanHn noTeHunjan Npon3BoaHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . . aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MospLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

29,3 94,9 - -

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

A /\ /\ | A  Eligy2 14
/'\ /\ | o 1G>
p | QD )
(Y1 e / A L4 ] asl
ox Lo WY W] |
TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN
"
PHO;— /S,Q/EOLETAlc an Bzzsaﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water” type ‘ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
::glg';%wgggﬁj{fa MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolutsa enekTpuyHe Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/a] heating demand [t/p/a]
surface [m?]
54/61 37,6/27,9 - 10,5 11,7 19,4
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa
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Number of collectors on the pitched roof
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Maximum number of installed collectors per pitched roof surface depending on the roof area
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= = S Ic .
5e8¢ £E S2ESS 28 =F= g5zs= coal gas heavy oil
yin | - 371 162,83 8.141 94.928 40.724 20.884 31.89%
Y212 | - 371 162,83 8.141 94.928 40.724 20.884 31.89%

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.



Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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yin 31 54 24 2,7 2.400 2,929
Y212 - 61 54 4,7 54 4.700 5,859

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnoTHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Boga 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas

376 13,0 27.990 14,8 28 0,1 -4,1




Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHLWJAN 3A KOPULLREHE BUOMACE

POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTpOLLHbe GrioMace Cpeftber KBannTeTa o TONOTHIX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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FSO1

MNoBpLmHa objekta 330 m?
TonnotHe notpe6e objekTa
24,8 kW

Building area 330 m?

Heat demand

of the building 24,8 kW

BpcTa briomace
Biomass type

MotpebaH KanayuTeT KoTa
Required boiler capacity

MoTpebHa eHepryja ropusa
Required fuel energy

MoTpe6Ha konM4m1Ha nojeauHe Griomace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHy nenet Wood pellet 31,2 51,6 10,5
[psHy 6pukeT Wood briquette 320 52,7 1,7
[psHa ceuka Wood chips 32,7 54,0 194

267



268

I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmatberbe emucuje CO, [t/god.]
CO, emission reduction [t/p.al
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cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)
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Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM MogaLy o o6jexTy
Basic building data

MospLuvHa napuene
Lot area

CnobogHa nospluvHa napuene 3a npumery OV
Available lot area for RES implementation

[NoBpLuMHa objekTa

2
Building area 864 m
YkynHa NoBpWIHa PaBHOT KPOBa
Total flat roof area /
YkynHa NoBpLIMHa KOCOT KpOBa
972 m?

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CwTyaLmoHm npukas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”

PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

143,9 389,8 - -

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 1< 14
/'\ /\ | e o 1G>
p | QD )
{5)L L | g L4 ny LA TR
. /ll 3 - LS vt -
O L ) o
TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENU
"
PHO;— /S,Q/EOLETAlc an Bz:zﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water" type "ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
/f:fa%;gwgégﬁ% MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolwtsa enekTpuyHe Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/al heating demand [t/p/a]
surface [m?]
18,7/113 98,4/73,3 - 27,6 30,7 50,9
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHyx KoNekTopa no NOBPLUMHIU KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLWHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area
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= x 8 o s z o ) S Potential CO, emission reduction depending on the substitut-
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Seo e TE cekos =38 =EE= = coal gas heavy oil
yin | - 24 - - - - - - -
Y212 | 945 24 - 79525 39.763 389.766 167.210 85.749 130.961

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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yin 56 / 18,7 96 94 9.600 10,199

Y212 113 / 18,7 19,2 18,7 19.200 20,289

Y1:YHanpehetse 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
noBpLMHaMa Koje Majy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acrneKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doTOHanoHCKor cncTema Tpeba Aa obe3bean roanLkby NPOU3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpehetrbe nogpasymesa n3rpastby GOTOHAMOHCKMX CUCTEMA Ha PACTMONOXMBKM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building

272



NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnotHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Bopa 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpebHa rpejHa cHara TonnoTHe nymne [kW]
Required heating capacity of the heat pump [kW]

FS02

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

984 339 73.284 388 73 04 -10,8
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I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTPOLLHbe GrioMace Cpeftber KBanuTeTa o4 TONNOTHIX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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1500
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FS02

lNoBplumHa objekta 864 m?
TonnotHe notpebe objekTa
64,8 kW

Building area 864 m?

Heat demand

of the building 64,8 kW

BpcTa briomace
Biomass type

MotpebaH KanayuTeT KoTna
Required boiler capacity

MoTpebHa eHepryja ropusa
Required fuel energy

MoTpe6Ha konn4mrHa nojeauHe Griomace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[NpsHy nenet Wood pellet 818 135,0 276
[psHu bprikeT Wood briquette 837 138,1 30,7
[psHa ceyka Wood chips 85,7 1413 509
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Application of renewable energy sources in school, gym and kindergarten buildings

Cmatberbe emncuje CO, [t/god.]
€O, emission reduction [t/p.al
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CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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FS02

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
456 38,7 276 73,2
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INprMeHa OOHOBIBIBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM MogaLy o o6jexTy Cu1TyaumoHu npykas
Basic building data Layout

MospLuvHa napuene
Lot area

CnobogHa nospluvHa napuene 3a npumery OV
Available lot area for RES implementation

[NoBpLMHa objekTa

2
Building area 707 m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area 260 m?
YKynHa NoBpLUKHA KOCOT KPOBa
538 m?

Total pitched roof area

OpraHyi3alLivoHa Wwema objekTa
Organisational scheme of the building
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”
PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

. Makcmmannsm noTeHunjan Npon3BoaHhe
MakcumanHn noTeHunjan Npon3BoaHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . . aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MospLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

63,0 284,6 - B

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 1< 14
/\ /\ | I |dett & =
- et Lol
(4)1 o | g L4 ny LA TR
. /ll 3 - LS vt -
O L ) o
TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN
"
PHO;— /S,Q/EOLETAlc an Bzzsaﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water” type ‘ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
f:fﬂgﬁmﬁvggﬁiya MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolutsa enekTpuyHe Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/a] heating demand [t/p/a]
surface [m?]
15,3/175 80,5/59,9 - 22,6 25,2 41,7
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

Bpoj konekTopa Ha kKocom Kposy [-]
Number of collectors on the pitched roof

1000
900
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700
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500
400
300
200
100

0

MakcrmanaH 6poj MHCTanMcaHx KonekTopa no NOBPLUMHM KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLMHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area
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/

538,192

w4

’

0 500

MoBpLumHa kocor Kpoga [m?]
Pitched roof surface [m?]
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3000

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area

Bpoj konekTopa Ha paBHOM KpoBy [-]
Number of collectors on the flat roof

600

500

400

300

200

100

0

/

/

/

/|

0 500 1000 1500 2000 2500 3000

MoepLunHa pasHor kposa [m?]
Flat roof surface [m?]

Fso03

MOBPLUMHA KOCOT KpoBa [m?]
Optimum available pitched

ONTMManHO pacnonoxvea
roof area (m?)

Harn6Hm yrao [7]
Tiltangle []

2
1

m

Optimum available flat roof

OnTMManHO pacnonoxvea
area (m?)

NOBPLMHA PABHOT KPOBa

i

MoBpLwnHa konekTopa [M?]
]

Collector surface [m

MuH1ManHa 3anpemmiHa
Minimum tank volume [I]

TaHKa [I]

eHepruje Ha roaulbem

Mpownssoatba TonnoTHe
Hueoy [(kWht/god]

Annual heat generation

[kWht/p/s]

Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
Kojui ce CyncTuTyuLe [kgCOZ]

Potential CO, emission reduction depending on the substitut-
ed fuel [kgCO]

yram
coal

MasyT
heavy oil

O]
@
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o

260

%
o\
o
]
o)

N
@
w
=)

284.603

122.095 62613 95.627

538

566,28

28318

284.603

122.095 62613 95.627

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.

Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe
opwjeHTauuje.
[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

16 L YHanpeherbe 2 (175,134) [ |
Kocw kpoB Improvement2 (175,134) L=~
Pitched roof —

14 PaBaH KpoB / ~
Flat roof /
12 /

10 —
L~
8 l/
/ YHanpehetbe 1(88,6.7)

Improvement 1 (88,6.7)

1

Installed capaFc)'\ty of the photovoltaic panel

/ e

6 //
Pl
4 /
7
L~

WHcTanucaHa cHara poToHaMNoHCKor naHena

cnctema [kW,

0 20 40 60 80 100 120 140 160 180 200

Pacnonoswsa nosplumHa Kposa [m?]
Available roof surface [m?]

FS03 © = o S5 ~
— c « © - =
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g uwc _ el 5 28 TIET ¢~ 5283 oD & c v 5
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Qv alk sLE R8¢ ER-gK] o c 80P O SIT=45= O T o = =
254z |28 EL§ 5%8=%29 C5t8cs Sogas 25 E%7 v 5
© © — T O T ~ v = I 7 < =
§59E §ggi‘§ O£ g02=C Iropge ﬂgﬁﬁg 3 &8 3
< 2 Z 2 2 kY
258 | 253232 g3Ed52: |2R2£58 SEiss s E¢ §gtg
22y 2agooezx t8asE< fea==>5 RNl 8 & B
858¢ |88Y=ye 25928 |z3g8E%s §E1EG cEoEt £og8
CE2&ES |2@dx < £2f=2°c= X585 a2 Sge <o TEe 2 S=20 =
yin 39 88 153 6,7 7,7 6.700 8354
Y212 - 175 153 134 153 13.400 16,601

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA
TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTtHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Boga 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C

5000

4500 //
/

4000
3500

3000
2500 /
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//
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T 1000 /

lpejHa nospLumHa objexTa [m?]

£
8 L 7Aso.s, 707 |
& 500 :
7} |
‘é |
T 0 ‘
0 100 200 300 400 500 600
MoTpebHa rpejHa cHara TornotHe nymne [kW]
Required heating capacity of the heat pump [kW]
FS03 MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas
80,5 278 59.967 318 6,0 03 -89
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NOTEHLWJAN 3A KOPULLREHE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBMCHOCT NOTPOLLbE B1IOMAce CPeAber KBanUTeTa of TOMMOTHUX NoTpeba objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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loauwwtba noTpe6Ha KonunumHa Griomace, Ha npary objekra [t/god.]

Annual biomass demand, at the building threshold [t/p.a.]
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Building heat demand [kW]
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3aBMCHOCT NOTPOLUtbe GroMace Cpeatber KBanuTeTa of rpejHe noBpLumHe objeKTa
Dependency between the average quality biomass consumption and building heated area
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Ipeja nosplumHa o6jexTa [m?]
Heated area [m?]

FSO3 | MospuwwHa o6jekta 707 m? BpcTa briomace MoTtpebaH kanayuTeT KoTna MoTpebHa eHepryja ropvsa MoTpebHa KonuuuHa nojeavHe bromace
TonnotHe notpe6e objekTa Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
gi\(\)dlrr\wfé area 707 m? kw MWh/god MWh/p/a [t/god] [t/p/a]
zfeta}:edgmij?:g 53,0 kW [psHy nenet Wood pellet 66,9 110,5 226

[psHu bprikeT Wood briquette 68,5 1130 252
[pBHa ceuka Wood chips 70,1 1157 41,7
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmatberbe emncuje CO, [t/god.]
€O, emission reduction [t/p.al

120
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20

0

Cmatberbe emmncuje CO, ycnen cynctutyuyje nojeanHnX
ropvBsa/eHepruje 6MoMacom cCpearer KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass

%

- _4707,2256]

0

1000

IpejHa noBpLunHa objekTa [m?]

Heated area [m?)

1500 2000

FS03

Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso
Solid fuel

TeyHo rop1eo
Liquid fuel

[acoBuTO ropuso
Gas fuel

EnektpuuHa eHepruja
Electricity

373

316

226

59,9
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9.2 Kindergarten buildings




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

Lot area 10658 m’
CnobogHa nospluvHa napuene 3a npumery OV 5
Available lot area for RES implementation 7818 m
MNoBpLuvHa objekTa 2
Building area 300 m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKyrnHa NoBpLUKHA KOCOT KPOBa

989 m?

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

Al A

CuTyaLmoHu Nprkas
Layout
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NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
7N\

L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

65,6

181,6

2243 607,5

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

12,4/70

34,2/25,5 27,8/17,6

9,6 10,7 17,7
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcumanaH 6p0j NHCTaNMCaHMX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area
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MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area

Bpoj konekTopa Ha paBHOM Kposy [-]
Number of collectors on the flat roof
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Al = “ — Moryhe cmatberbe emncrje CO, y 3aBUCHOCTY Off eHEpreHTa
8E3 8c 8 E j kgCO)
S o5 s a Q = o = v s - koju ce cynctutynie [kgCO,
58 £ 5 8 = s = o g o Potential CO, emission reduction depending on the substitut-
c a9 2 X = S s € 5 £ =]
o ¥ o S = ) g £ 3 3 3 ed fuel [kgCO]
C =0 c 9 o) x Q o C =0 o
5062 = g = [T = s SRRl
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223 T 2 =8 g e £ A sz
o o c 5 o % T = © —
£ie Se | 2% e~ 2 |§5_¢ §022%¢
$32¢ 32 3 Z2e& 3 & =2 852% S
S8EC = S2.= 4 o Iga 5228 g§ yrarmb rac MasyT
5888 2E S2ESS 2S5 SEs 23352 coal gas heavy oil
yii | 35 30 - 30,68 1.534 17.779 7627 391 5974
Y212 | 443 30 - 372,86 18.642 181.568 77.893 39.945 61.007

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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Y1 32 / 124 54 6,2 5400 6,711

Y212 70 / 124 11,9 124 11.900 13421

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA
TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnoTHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Boga 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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lpejHa noepLumHa objexTa [m?]

Heated area [m?

o

Al MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas
34,2 11,8 25446 135 2,6 0,1 -38
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHY KanaLuTeT Mymrie y pexuvmy rpejarba 3a yCBojeHo:

a). TonnotHm GryKc KonekTopa = 25W/ m’

6). Temnepatypa npwnaroheHa 3a pagujaTopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector = 25W/m

b).Temperature adjusted for radiator heating = 55°C

MakcvmarHa rpejHa noBpLUMHa ObjeKTa Y 3aBUCHOCTV O
MOBPLUMHE KOjy 3ay3VIMa KOMIEKTOP 3a YCBOjEHO:

a). CneumduiuHa TonnoTHa notpe6a objexTa = 75 W/m?

6). EdnkacHocT cuctema auctpubyuivije =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

a). Specific building heat demand = 75 W/m?

350 b). Distribution system efficiency =89 %
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Al MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KamaumTeT nymne MOBpLUMHA ABOPULITA kanaumtet [kW] eHepryja [(kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity C0, [t/p/a] CAr wav yram 1O yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
278 6.645 2243 17.667 94 6,7 42 04
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

Required electrical capacity of the

MoTpe6Ha enekTpryHa cHara
heat pump [kW]

TonnotHe nymne (kW]
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6). COP TonnotHe nymne = 3,4

1). EpumkacHocT cuctema auctpunbyumje = 89 %
Dependency between the required electrical capacity
and building heated area for the adopted:

a). Specific heat demand = 75 W/m?

b). Heat pump SOR = 34

¢). Distribution system efficiency = 89 %

0 500

lpejHa nosplumHa objexTa [m?]
Heated area [m?]

1000 1500

Cmatbetrbe emricmje CO2 npunmkom cynctmutyuuje GoCunHmnx
ropu1Ba eneKkTPMYHOM EHEPrjOM NyTeM TOMIOTHUX MyMM
CO2 emission reduction due to substitution of fossil fuels by

electrical power via heat pumps

25
O
\2
_ 20 &
3 @0
o Q) W
3 RS / (o9

=y 3 15 _)r\\d A —\;e»\\'\oo N
2o =
3 2, \;\O\\)\ /
o5
25 1 Eyvere P
5= 0 300, 6.7 [~ —
$e
[T =
3 5 A1 [300,42]
£ Z 7‘ > TacoBUTO rop1BO
£0 300, 0 Gasfuel‘ ‘

Ee————— n 1
38 0

100 300 500 700 900 1100

TpejHa nospiumMHa objekTa [m?]

Heated area [m?]
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Required pump Available yard area capacity [kW] Electricity CO, [t/p/al Cﬂf nwyran NIoxybe Np1pOAHN rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
278 6.645 607,5 17.667 94 6,7 4.2 04




Application of renewable energy sources in school, gym and kindergarten buildings

NMOTEHLJAN 3A KOPULLREHLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

loanwtba noTpebHa KonvurHa 6riomace, Ha npary objekTa [t/god.]

Annual biomass demand, at the building threshold [t/p.a]

MotpebHa kKonMumuHa nojeaHnHe BpcTe 6romace [t/god.]

Required quantity of the specific biomass type [t/p.a]

3aBMCHOCT NOTPOLLHbE BrIOMace CPeAtber KBanuTeTa of TOMNOTHUX NoTpe6a objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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MoBpLunHa objekta 300 m?
TonnoTtHe noTpebe objekTa
22,5 kw

Building area 300 m?

Heat demand

of the building 22.5 kW

BpcTa bromace
Biomass type

MoTpe6aH kanaynTeT KoTa
Required boiler capacity

NoTpebHa eHepruja ropunsa
Required fuel energy

MotpebHa KonmumHa nojesvte Gromace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHun nenet Wood pellet 284 46,9 96
[peHu 6prkeT Wood briquette 291 47,9 10,7
[peHa ceuka Wood chips 297 49,1 17,7
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmatberbe emncuje CO, [t/god.]
€O, emission reduction [t/p.al

Cmambetbe emucuje CO, ycnen cynctutyumje nojefuHmnx
ropvsa/eHepruje 6uoMacom cpearer KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)
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Solid fuel

TeyHo rop1eo
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Application of renewable energy sources in school, gym and kindergarten buildings

by

OCHOBHM NofaLy o 0bjekTy
Basic building data

[MospLwwHa napuene
Lot area

299 m?

CnobopgHa nospluvHa napuene 3a nprmery OU
Available lot area for RES implementation

[NoBpLuMHa objekTa
Building area

380 m?

YKynHa NOBpPLIMHa PaBHOT KPOBa
Total flat roof area

YKyrnHa noBpLUMHa KOCOT KPOBa
Total pitched roof area

278 m?

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CuTyaumoHu Nprkas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”

PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

25,3 70,4 0,0 0,0

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

| /\ PN & ) A

TOMNIOTHE NYMNE BMOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKHN
NAHENU
PHOJE[\\]/EOLETNC ™n Bz:zﬂyx B Tnn “3emsba - Boga” nener 6puker ceyka
air-water” type “ground-water”type pellet briquette chips
HpOVBBOFU—bE enexkTpnyHe
::fa’;zgéig?wgs/gﬁah{a MoTpebHn TonnoTHW kanauutet nymne (kW] / MoTpouwra enektpuyHe Konuunre nojeavHe ApBHe briomace Cpefrper KBanuTeta, koje
KDOBA [m;]p eHepruje 3a NoroH Tonnotxe nymne [MWh/god)] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr roduction Required thermal pump capacity (kW] / Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
MWh/p/a] ’;Dep\oyed roof pump drive [MWh/p/a) heating demand [t/p/a]

surface [m?]

35,2 / HepoBorbHa noBplunHa

24/128 43,3/32,3 } .
aopuwrTa insufficient yard area

12,1 13,5 22,4
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHyx KoNekTopa no NOBPLUMHIU KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLWHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area

1000
900 /

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area

/ 200
800 / 180 /’
700 / 160
= / <. 140 yd
83 500 / g5 120 /
x5 s< /
Za 22 100
o9 I+
g2 400 T
o< 4 80
£ / o, 80 4
© O s £
v 300 ey /
5¢ _/ 25 60
2L 200 [278,99 3 /
52 ;22 €2 40 L
S -
gz 100 gg 20 |[0,0
g5 1 25
frop=4 0 82 0
0 500 1000 1500 2000 2500 3000 0 200 400 600 800 1000
MoBpiumHa Kocor Kposa [m?] MoepwwuHa pasHor Kposa [m?]
Pitched roof surface [m?] Flat roof surface [m?]
A2 NE 5 - — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % 1 g £ c = o = koju ce cynctutyuwe [kgCO,]
58 }% % g x5 s = g z ﬂig _5 Potential CO, emission reduction depending on the substitut-
5¢% 55 0% o £ g > 25 _ & ed fuel [kgCO]
cC = 0 c O o) x Q [} C =0 o
5062 = I = ) c s ISl=e=
282 5 g2 2 88 |8 = 285¢
SeseT 8 _ 53 2 Zg s 5 32
2o ®E 5= o © © 3 z = Iz 38w
S IE s o c I € —~ < = s € cw=z ¥
£52¢ &2 |£3 ZE 5¢ = 8E3E S
SSES =5 E%Téz 29 §§§ 383 gg yram rac mazyT
5888 2E S2ESR 2S5 SEs 23352 coal gas heavy oil
Y1 | 155 25 - 132.15 6.607 70.407 30.205 15489 23.657
Y212 | 155 25 - 132.15 6.607 70.407 30.205 15490 23.657

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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yin 64 / 24,0 109 12,0 10.900 13,020
Y212 128 / 24,0 218 24,0 21.000 26,040

Y1:YHanpehetse 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
noBpLMHaMa Koje Majy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acrneKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doTOHanoHCKor cncTema Tpeba Aa obe3bean roanLkby NPOU3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpehetrbe nogpasymesa n3rpastby GOTOHAMOHCKMX CUCTEMA Ha PACTMONOXMBKM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TorotHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]
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MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

433 149 32231 171 32 02 -4,8
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

MaKc1ManHa rpejHa noBpLLHa OBjeKTa Y 3aBUCHOCTY Of

TOMMOTHY KarauyTeT Mymre y pexiMy rpejatba 3a yCBOJeHO: MOBPLLIMHE KOjy 3ay31Ma KOMIEKTOP 3 YCBOjeHO:
a). ToryoTHM dryKc KornekTopa = 25W/ m” a). CneumdmuHa TonnoTHa notpeba objeTa = 75 W/m?
6). Temnepatypa npunaroheHa 3a PaanjaTopcko rpejarbe = 55°C 6). EdukacHocT cuctema ancTprbyunje=89%
Thermal capacity of the pump in the heating regime for the adopted: Maximum heated area depending on the area occupied by the
a).Heat flux of the collector =25 W/m collector for the adopted:
b). Temperature adjusted for radiator heating = 55°C a). Specific building heat demand = 75 W/m2
b). Distribution system efficiency =89 %
30 4500

300 / 4000
// 3500 '/
250

/

3000
2500 /
2000 /

1500 /

w
500 /

200

150 /

w /
/

50 /

TornnoTHY KanuWTeT y peskumy rpejarba (kW]
Thermal capacity of the pump in heating regime [KW]

MakcimanHa rpejHa nospLumHa objexta [m?]

Maximum heated area of a building [m2]

0,0.0
' 0,0.0
0 0

0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

XopW30HTasHa NoBpLLVHA KOjy 3ay3vMa KONeKTop [m? XOpU30HTaNHa NOBPLUMHA KOjy 3ay3vma konekTop [m?]

Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]

A2 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha

KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
(kW] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
352 0 00 - - - - -
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

TonnoTHY KanUWTET y pexkumy rpejatba (kW]
Thermal capacity of the pump in heating regime [KW]

TonnoTHY KanaLwTeT Mymne ca BEPTUKaHIM COHAaMa Y 3aBICHOCTU

Of} XOPM30HTA/THE NOBPLLVIHE ABOPIILLTA 32 YCBOJEHO © Makcmanta rpejHa NoBpLIMHA OGjeKTa Y3aBICHOCTV O

a). TonnoTHM dyKc Konektopa = 50 W/ m? XODV3OHTAIIHe MOBPLUVIHE BOPVILLITA 33 YCBOJEHO:

6). TemnepaTypa npunaroheHa 3a paavjaTopcko rpejarbe = 55°C a). CrieLiuyHa TonnoTHa notpeba objexTa = 75 W/ m

Thermal capacity of the pump with vertical probes depending on the 6). EdukacHocT cuctema anctprbyuiie =89 %

horizontal yard surface for the adopted: Maximumn heated area depending on the horizontal yard surface

a).Heat flux of the collector = 50 W/m for the adopted:

b). Temperature adjusted for radiator heating = 55°C a).Specific bullding heat demand = 75 W/m?
1400 b). Distribution system efficiency =89 %

/ 20000 7

1200 / 18000

| A
1000 /// 1% p /
MR - 17
/
400 / ] V4
200 / 4000

MakcrmanHa rpejHa nospLumHa o6jexta [m?]

Maximum heated area of a building [m?]

2000
0,0.0 0,0.0
0 0
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
XOpu30HTaHa NOBPLUMHA KOjy 3ay31Majy BepTukanHe corge [m?] Xopu30oHTasiHa MoBpLLVIHA KOjy 3ay31Ma KOJIEKTOp [m?]
Horizontal area occupied by vertical probes [m?] Horizontal area occupied by vertical probes [m?]
MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTet nymne NOBPLIMHA ABOPULITA kanaumtet [kW] eHepryja [(kKWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/al CAr wm yram Nox yrbe NPUPOAHW rac
capacity [KW] m? [kWh/p/al . DHS or coal fuel oil natural gas
352 0 0,0 - - - - -
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I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBNCHOCT NOTPOLUHbe GroMace cpeArber KBanuTeTa of TONNOTHNX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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TonnoTHe notpe6e objekta [kW]
Building heat demand [kW]

3aBNCHOCT MOTPOLUbE GriOMace CPeAHber KBaMTETa Of rpejHe NoBpLUMHe 06jeKTa
Dependency between the average quality biomass consumption and building heated area
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IpejHa nospwmHa objekta [m?]
Heated area [m?]

A2 lMNoBpLmHa objekta 380 m? BpcTa briomace MoTtpebaH kanayuteT KoTna MoTpebHa eHepryja ropusa MoTpebHa KonnuuHa nojeguHe bromace
TonnoTtHe notpe6e Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
objekTa 28,5 kW
Building area 380 m? kw MWh/god MWh/p/a [t/god] [t/p/a]
zfeta}:edgmad?:g 285 kW [NpsHy nenet Wood pellet 36,0 594 121

[psHu bprikeT Wood briquette 36,8 60,7 13,5
[psHa ceuka Wood chips 37.7 62,2 224




Application of renewable energy sources in school, gym and kindergarten buildings

Cmatberbe emricnje CO, [t/god.]
O, emission reduction [t/p.a.]

120

100

80

60

N
o

N
o

o

Cmatberbe emmncuje CO, ycnen cynctutyuyje nojeanHmnx
ropusa/eHepruje 6MOMacom cpefiter KBanureta

COz2 emission reduction due to substitution of certain

fuels/energy by average quality biomass

380,17.0
11380,12.1

0 500

lpejHa nospLuMHa objekTa [m?]
Heated area [m?]

1000

1500 2000

A2

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber

cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso

Solid fuel Liquid fuel

TeyHo ropreo

[acoBuTO ropuso
Gas fuel

EnextpuuHa eHepruvja
Electricity

200 17,0

12,1
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM NofaLy o 0bjekTy CuUTyaumoHN Npykas
Basic building data Layout

MospLuvHa napuene
Lot area

1.858 m?

CnobopaHa nospLuvHa napuene 3a nprmery OU <//
1.549 m? O

Available lot area for RES implementation

MNoBpLuvHa objekTa

Building area 170 m?

YKynHa NOBpPLIMHa PaBHOT KPOBa
Total flat roof area

YKynHa noBpLIMHa KOCOr KpoBa
Total pitched roof area

230 m?

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
7N\

L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

19,3

50,9

44,4 230,9

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

12,9/69

19,4/14,4 15,8/10,1

5.4 6,0 10,0




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

Makcvmanax 6p0j NHCTaNMCaHMX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of Makcvmanax 6DOJ WHCTanncaHmnx KONeKTopa rno NoBpLUnHM PpaBHOT KPOBa Yy
NOBPLUMHE KPOBa 33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per pitched roof surface depending on the roof area Maximum number of installed collectors per flat roof surface depending on the roof area

1000

900 / 200

800 / 180 //
700 / 160

600 / 140 //
500 120 ~

400 / 100

/
300 _(/ 80 r
200 {230,82]

/
60
40 /

Bpoj konekTopa Ha kocom kposy [-]
Number of collectors on the pitched roof
Bpoj konekTopa Ha paBHOM KpoBy [-]
Number of collectors on the flat roof

4
100 — 20 10,0
]
0 : 0
0 500 1000 1500 2000 2500 3000 0 200 400 600 800 1000
MoepLunHa kocor kposa [m’] MospuwuHa pasHor kposa [m?]
Pitched roof surface [m2] Flat roof surface [m?2]
B1 NE - . — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % < g £ . = o s _ koju ce cynctutyuwe [kgCO,]
58 }% % g = s = g z ﬂé o Potential CO, emission reduction depending on the substitut-
5¢% 56 % S E 3 S 25 _%® ed fuel [kgCO]
S — 230 35 3 a B C ST o
g 0w = o I 2 (SR} = = o &9 ¢
o Y = o o = S © ~ oD Y
Sggao 8 >3 g S s 5 e
o g’ E S E =} ® 2 z 2 <&
Efc Ss |2% Eo I |5_¢ §228%
£52¢ 32 23 2g ERS SE 3 ATz S
S2E¢ S5 s2_E¢ 2o g 588:2<% yram rac MasyT
5888 2E S2ESS 2S5 SEs 23352 coal gas heavy oil
Y| 11s 20 - 96,75 4.838 50.925 21.847 11.203 171
Y212 | 115 20 - 96,75 4.838 50.925 21.847 11.203 171

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.

Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe
opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

40
[ [ [ ]
Kocw kpos
35 Pitched roof
PaBaH Kpos //
30 Flat roof A
//
©
2 5 2 ~
g “Cr; //
[ Q
S o /
§ = 20 ~
I 5 ~
e =
s 2
I o 15 YHanpehetbe 2 (69, 11.8) |
E G Improvement 2 (69, 118) I
Qo g -l
° k= //
55 10 =
©
(:?;Qéz //
§=3z s Yranpeherbe 1(35,5.9) [
83 = L~ Improvement 1 (35,59)
839 ¢ / [
2807 — [ [ ]
I2Q
=3cx O
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Pacnionomea nosplumHa kposa [m?*]
Available roof surface [m?]
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59595 |5 5 2 Soczglc S & £ SC ¢ S
508 % T = 3L p 25 gz 8= = Qo2 EL ER P S o
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oo 32 sITTR ¢ Icsu oc 80 pfPg O SIT=45= O T o = >
52> QB EL 5 Sdo. = 0o 53 c% (SRR =] 25 IS T =
© s 08 © o 5 2 X9 0T 3O §09v=5o CI= c @ 2 c Py ©
£o0¢2y o322 Sf£g02x2 SIOE 2= sZdz 9 s ¢8 ? 3
SIgo= 5cS%2 35T n© 0252 £305% s EZ¢ =€ —
5025 |aggex t25£=-:5< tedsss €3¢ £ =S¢ £t8aog
25572 2060 §6m323§ S89Z2a= oL Eg Se_=22 Toga8
cCE&S |cgdc<£ £2f=2°c= £5¢°%3 S38<5 LU e S=20=

yin 35 - 129 59 6,5 5.900 6,978

Y212 69 - 129 11,8 129 11.800 13,955

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnotHe nymne [kW] 3a
Temn. pexum: Basgyx 0°C/ Bopa 50/55°C
Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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lpejHa nospiumHa objekTa [m?]

Heated area [m?]

0 10 20 30 40 50 60

MoTpe6Ha rpejHa cHara TonnoTHe nymne [kW]
Required heating capacity of the heat pump [kW]

B1

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas

194 6,7 14419 76 14 0,1 -2,1




Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE

a). TonnoTHu dryKc konektopa = 25W/ m'
6). Temnepartypa npuarofeHa 3a pagujatopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:

a).Heat flux of the collector =25 W/m
b). Temperature adjusted for radiator heating = 55°C

p;jarba 3a yCBOjEHO:

HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TONNOTHM KamaLMTET MyMrie y PeXUMY Tl

MaKcvmanHa rpejHa noBpLUVHa 06jeKTa Y 3aBVICHOCTM Of
MNOBPLLUMHE KOjy 3ay31Ma KOMIEKTOP 3a YCBOJEHO:

a). CneuyidmuHa TonnoTHa notpeba objexta = 75 W/m?
6). EdvikacHocT cuctema guctpurbyuvie =89 %
Maximum heated area depending on the area occupied by the

collector for the adopted:

350 a). Specific building heat demand = 75 W/m?2
b). Distribution system efficiency =89 %
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Horizontal area occupied by the collector [m?] XopU30HTanHa NOBPLLMHA KOjy 3ay3uma KoniekTop [m?]
Horizontal area occupied by the collector [m?]
3aBUICHOCT NOTPe6He eneKTpuYHe cHare u
rpejHe NoBpLUVHe 06jeKTa 3a yCBOjeHO: . .
a). CreLydnuHe TONNOTHe notpebe = 75 W/ m? Cmarberbe emncuje CO2 npunnkom cynctutyunje GocunHnx
6). COP TonnoTHe nymne = 3,4 ropvBa efneKTPUYHOM eHepritjomM nyTem TOMIOTHUX NyMMn
1). EQUKacHOCT cucTema ,qmc'Tpm6yu,V|je =899% CO; emission reduction due to substitution of fossil fuels by
Dependency between the required electrical capacity electrical power via heat pumps
and building heated area for the adopted: 25
a). Specific heat demand = 75 W/m?
b). Heat pump SOR =34 \h‘?’o
). Distribution system efficiency = 89 % 20 5 \09
s 30 g 3 <
£ / £t o® 00"
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EESH 38 0 ‘ :
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0 500 1000 1500 g atgan
lpejHa nosplunHa objexTa [Mm> PEjHa noBplInHa objexTa Lm
Hpeajted areap[mzl jesra ] Heated area [
MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KamaumTeT nymne MOBpLUMHA ABOPULITA kanaumtet [kW] eHepryja [(kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity C0, [t/p/a] CAr wav yram 1O yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
15,8 1317 444 10.011 53 38 24 02
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TOMNOTHM KarnawyTeT nymrie ca BEPTVIKNHM COHfiaMa y 3aB1CHOCTV
Of] XOPM3OHTaJTHE MOBPLLIVHE ABOPVILLTA 38 YCBOJEHO :
a). TonnoTH dnykc KonekTopa = 50 W/ m?

6). Temneparypa npunaroheHa 3a pagujatopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the

horizontalyard surface for the adopted:

a).Heat flux of the collector = 50 W/m
b). Temperature adjusted for radiator heating = 55°C
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TonnoTHY KanuuTeT y pexumy rpejatba (kW]
Thermal capacity of the pump in heating regime (kW]

o

¢

MaKc1ManHa rpejHa nosplurHa objekTa [m?]

Maximum heated area of a building [m?2

0

2000 4000 6000 8000

XOpW30HTanHa MoBpLUMHA KOjy 3ay31Majy BepTuKanHe coHae [m?’]
Horizontal area occupied by vertical probes [m?2]

3aBUCHOCT NOTPEBOHE enekTpuYHe cHare n
rpejHe NoBpLUMHe 0bjeKTa 3a yCBOjeHO:

a). CneuuduuHe TonnotHe notpebe = 75 W/ m?
6). COP TonyiotHe nymne = 3,4
). EpmkacHocT cuctema anctpubyumje =89 %
Dependency between the required electrical capacity
and building heated area for the adopted:

a). Specific heat demand = 75 W/m?2

b). Heat pump SOR = 34
¢). Distribution system efficiency = 89 %

10000

MaKcmanHa rpejHa noBpLLVHa 0GjeKTa y3aBVCHOCTV Of
XOPVI30HTa/THe MOBPLUMHE IBOPULLITA 33 YCBOjEHO:
a). CneuwiduuHa TonnoTHa notpe6a objexta = 75 W/ m?
6). EdrikacHocT cuctema guctprbyumje =89 %
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Application of renewable energy sources in school, gym and kindergarten buildings

NMOTEHLJAN 3A KOPULLREHLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBMCHOCT NOTPOLUHbE BrIOMace CPeAtber KBanuTeTa off TOMNOTHUX NoTpe6a objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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MoBpLunHa objekta 170 m? BpcTa bromace MoTpebaH kanaywTeT KoTna NoTpebHa eHepruja ropunsa MoTtpe6Ha konmumHa nojenHe briomace
TonnoTtHe noTpebe objekTa Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
éi\\gdkg\g/; area 170 m? kw MWh/god MWh/p/a [t/god] [t/p/a]
gfs;:sm%?:g 128 KW [psHu nenet Wood pellet 16,1 26,6 54

[peHu 6prkeT Wood briquette 16,5 27,2 6,0

[psHa ceyka Wood chips 16,9 278 100




I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmarbetbe emncuje CO, [t/god.]
€O, emission reduction [t/p.al]

Cmatbetbe emmncuje CO, ycnen cynctutyumje nojeanHNX
ropva/eHepruje 6MoMacom cpearer KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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B1

Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo rop1eo lacoswTO ropnso EnektpuuHa eHepruja
Solid fuel Liquid fuel Gas fuel Electricity
9,0 76 54 144




Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

2

Lot area 4031Tm
CnobopgHa nospluvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 3.070m
MNospLurHa objekTa 2
Building area 575m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKyrnHa noBpLUKHa KOCOT KPOBa

4 646 M’

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CuTyaumoHu Nprkas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
N

L] L]

OOTOHANOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJTIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

Makcrmantum ﬂOTeHLLI/\JaJ'I nponssome

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexUmjan Npov3eoaHe
TONNOTHE eHepruje 3a oNTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanaunuTeT 3a pacnonoxmsy NospLunHy sopuTa (kW]

Maximum heating capacity for the available yard area [kW]

82,6

230,2

88,1 394,9

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN W

PHO;— /S,Q/EOLETAlc Twnszzzﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceyka
“air-water" type ‘ground-water” type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

kposa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

20,2/106

65,5/48,7 53,3/33,8

18,4 20,5 33,9




Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHyx KoNekTopa no NOBPLUMHIU KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLWHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area
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MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
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B2a NE 5 - — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % 1 g £ c = o = koju ce cynctutyuwe [kgCO,]
%8 3 = s _ = o g 5 Potential CO, emission reduction depending on the substitut-
o Q o Q. = 2
2509 2 < = S = € 5 £ =)
8 Yo Sy w ;E g 2 3 -C ed fuel [kgCO]
SRR = 52 2 gy s g s8¢
© 9= © @ = s 9 o = oD 9
Se8x 8 =8 g < s 5 3522
ek Se 2o © R $ & £2S 5
EIEo s 5% Eo S5 3= £ ez <cjd
< S o I < =] =5 a ==
$32¢% &2 |23 g 38 |£92 £5235 3
E%":B = E2 -5 &9 82 53828 gé yram rac MazyT
5e&¢ £E S2ESR 2S5 =p= 23352 coal gas heavy oil
Y1 | 285 20 - 240,70 12.035 130.335 55914 28674 66.611
Y212 | 524 20 - 441,62 22.081 230.218 98.764 50.648 77.353

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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yin 53 - 20,2 90 10,1 9.000 10,990

Y212 106 - 20,2 18,0 20,2 18.000 21,979

Y1: YHanpeherbe 1 - lNpBo yHanpeherbe Noapasymesa U3rpafby GOTOHAMOHCKMX CHCTEMA Ha PACMONOXKNBUM KDOBHIM

NOBPLIVHAMa Koje UMajy Hajoosby MPOCTOPHY OpUWjeHTalUujy Ca acnekTa yKymHe rofuilbe nHconauwje. iHcTanmcaHa cHara
doToHanoHcKor cucTema Tpeba Aa obe36ean roavLLby NPOV3BOAY eNeKTPHUHe eHepritje Koja Mokpmraa Ao 50% yKynHe

roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [pyro yHanpebetrbe nofpasymesa vsrpafrby GOTOHAMOHCKUX CMCTEMA Ha PACMONOXUBUM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe

roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering up to 50% of the total annual power consumption in the analysed school building.

12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TonnoTtHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpe6Ha rpejHa cHara TonnoTHe nymne [kW]
Required heating capacity of the heat pump [kW]

B2a

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

65,5 226 48771 258 49 02 7.2
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

Ton/IOTHY KanawLuTET Mymrie y pexuMy rpejarba 3a yCBOjeHO:
a). TonnoTHm drykc Konektopa = 25W/ m?

6). Temnepatypa npwnarofheHa 3a pagujaTopcko rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector = 25W/m

b).Temperature adjusted for radiator heating = 55°C

MaKcymanHa rpejHa noBpLUVHa ObjeKTa Y 3aBUCHOCTV Of
MOBPLUMHE KOjy 3ay31Ma KONEKTOP 3a YCBOJEHO:

a). CneuwidmuHa TonoTHa noTpeba objexta = 75 W/m?

6). EdnkacHocT cuctema auctpumbyuivije =89 %

Maximum heated area depending on the area occupied by the
collector for the adopted:

a). Specific building heat demand = 75 W/m?2

b). Distribution system efficiency =89 %
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Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]

B2a MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
533 2610 88,1 33.862 179 128 81 07
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

TonnoTHU KanuuTeT y pexvimy rpejarba [kW]
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TonnotHn KanauyuTtet nymre ca BepTUKaiH1UM COHAama y 3aB1UCHOCTU

O/} XOPVI3OHTA/THE MOBPLLIVHE IBOPULLITA 33 YCBOJEHO :
a). TonnotHm dykc Konektopa = 50 W/ m?

6). Temnepatypa npunaroheHa 3a paanjatopcko rpejatbe = 55°C
Thermal capacity of the pump with vertical probes depending on the

horizontal yard surface for the adopted:
a).Heat flux of the collector =50W/m
b). Temperature adjusted for radiator heating = 55°C

Makc1ManHa rpejHa noBpLumHa objekTa [m?]

Maximum heated area of a building [m?]
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XOpU30HTaNHa NOBPLUMHA KOjy 3ay31Majy BepTiKanHe coHpe [m?]

Horizontal area occupied by vertical probes [m?]

3aBMCHOCT NOTpe6He enekTpuyHe cHare 1
rpejHe NoBpLUMHe 06jeKTa 3a YCBOjeHO:

a). CneuynduuHe TonnoTHe notpebe = 75 W/ m*
6). COP TonnotHe nymne = 3,4

u). EdukacHocT cuctema anctprbyumje = 89 %

MakcvmanHa rpejHa noBpLUMHa ObjeKTa y3aBI1CHOCTY Of

XOPU3OHTa/IHE NOBPLUMHE ABOPULLTA 3a yCBOjeHOI

a). CneuydmuHa TonnoTHa notpe6a objexTa = 75 W/ m?

6). EbukacHoCT crictema anctprbyumie = 89 %

Maximum heated area depending on the horizontal yard surface

for the adopted:

a).Specific building heat demand = 75 W/m?2
b). Distribution system efficiency =89 %

20000
18000

/

/

16000
14000

/

12000
10000

/
/
/

591.8

2000

0

2000 4000 6000 8000

XOpW30HTaNHa NOBPLUMHA KOjy 3ay3uma konekTtop [m?]

Horizontal area occupied by vertical probes [m?]

Cmatberbe emmcuje CO2 NpUnuKom cynctutyLmje GocunHmux
ropvBa eneKTPUYHOM EHEPrjoM MyTem TOMOTHUX NyMM
CO2 emission reduction due to substitution of fossil fuels by

electrical power via heat pumps
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B2a MotpebaH Pacnonoxusa Moryhu rpejHun EnekTpryHa Emmncuja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauwTet nymne noBplwuHa gsopuwTa | Kanauwtet (kW] eHeprija [kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/al Cﬂf nwyran NIoxybe Np1poAHN rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
533 2610 3949 33.862 17,9 12,8 81 0,7
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I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NOTEHLWJAN 3A KOPULLREKLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTPOLLHbe GrioMace Cpefitber KBanuTeTa oA TONOTHIX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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IpejHa nospwmHa o6jekta [m?]

Heated area [m?]

1500

2000

B2a

NoBpLmHa objekta 575 m?
TonnotHe notpebe objekTa
43,1 kW

Building area 575 m?

Heat demand

of the building 43,1 kW

BpcTa briomace
Biomass type

MotpebaH KanayuTeT KoTna
Required boiler capacity

MoTpebHa eHepryja ropusa
Required fuel energy

MoTpe6Ha konn4mrHa nojeauHe Griomace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[NpsHy nenet Wood pellet 54,4 89,8 184
[psHy 6pukeT Wood briquette 55,7 919 20,5
[psHa ceuka Wood chips 57,0 94,1 339




Application of renewable energy sources in school, gym and kindergarten buildings

Cmatrbetbe emncnje CO, [t/god.]
O, emission reduction [t/p.a]

120
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0

Cmambetbe emucuje CO, ycnea cynctutyumje nojeauHmnX
ropua/eHepruije 6UoMacom cpeaer KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass

0 500 1000

lpejHa noBpLuMHa o6jekTa [m?]
Heated area [m?]

1500 2000

B2a

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
303 25,7 184 48,7
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLwmHa napuene )
Lot area 2877 m

CnobopaHa nospLuvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 1125m

MNoBpLuvHa objekTa 2
Building area 1.130m

YKyrnHa noBpLUKHa paBHOT KPOBa

Total flat roof area 129 m?

YKyrnHa NoBpLUKHA KOCOT KPOBa 5

Total pitched roof area 587 m

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

el

CuTyaLmoHu Nprkas
Layout
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA

c‘tn':|

POTENTIAL FOR THE USE OF REN

7N\

EWABLE SOURCES
7N\

L] L]

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

COJIAPHU KONEKTOPU
SOLAR COLLECTORS

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MakcumanHm rpejHn kanauuTeT 3a pacnonoxmsy NospLunHy AsopuTa (kW]

Maximum heating capacity for the available yard area [kW]

89,6

246,4

32,3 182,3

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 2 e 1A
/‘\ /\ it a0 =

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

47,2/279

128,7/95,8 104,7 / 66,5

36,1 40,2 66,6
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHx KonekTopa no NOBPLUMHM KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLMHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area
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Bpoj KonekTopa Ha KOCOM KpoBy [-]
Number of collectors on the pitched roof

300 | 584,209 |
200 === /"
100 -/ i

0 1

0 500 1000 1500 2000 2500 3000

MoBpLunHa Kocor Kposa [m?]
Pitched roof surface [m?)

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa No NOBPLUKHI PaBHOT KPOBa Y
33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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g 20 (90
82 0
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MosplunHa paBHor Kposa [m?]
Flat roof surface [m?]

1000

B2b NE - . - Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % 1 g £ c = o = - koju ce cynctutyuwe [kgCO,]
58 E % g = s = o £y o Potential CO, emission reduction depending on the substitut-
£¢d 550% S E ; 5 ef_= ed fuel [kgCO,]
c 35 c O rel x — Q 0 C ST o
U 0 = gz S G:J el c > g o 5
ST~ ) 3g & RS L e85
o 5 ®E S = o @ o 3 2 = £ 5
o ©E S E © 3 =
sfcs 2 |5f £- i85 |5=t ge=:%
2 3Es S 2 :3 EE 2 258 QST S
£afsp S5 | fEe8-E 23 $¢é s58:2£ yram rac mazyT
Ses&e £E |GRESK e3 SEs c3is= coal gas heavy oil
Y | - 15 - - - - - -
Y212 | 587 15 - 493,20 24.660 246416 105.712 54212 82.796

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.



Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

60 | | | \ \ \
55 Yhanpeheree 2 (279,474) ]
Kocu kpos Improvement 2 (279,474)
50 Pitched roof 7
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899 |£3832%2 ©f£q022% Irozg® 3325 Iy 88 y 7
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yin 134 - 47,2 22,8 236 21.600 25,606
Y212 279 - 47,2 474 47,2 45.000 51,212

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TorotHe nymne [kW] 3a

Temn. pexunm: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpebHa rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]
B2b MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas
128,7 444 95.846 508 96 05 -14,2
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE

TonnoTHM KanauvTeT nymne y pexxumy rpzejarba 3a YCBOjeHO:

a). TonnotHy dyKc KonexTopa = 25W/ m’
6). Temnepartypa npuarofeHa 3a pagujatopcKo rpejatbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector =25 W/m
b). Temperature adjusted for radiator heating = 55°C

HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

MakcrMarnHa rpejHa MoBpLUMHa ObjeKTa Y 3aBUCHOCTN O
MOBPLUKHE KOjy 3ay31Ma KOSIEKTOP 3a YCBOjeHO:

a). CneupdyyHa TonnoTHa notpeba objekTa = 75 W/m?

6). EpikacHocT cuctema puctprbyLivije = 89 %

Maximum heated area depending on the area occupied by the

collector for the adopted:

a).Specific building heat demand = 75 W/m2
b). Distribution system efficiency =89 %
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XOpW30HTaNHa NOBPLUMHA KOjy 3ay3uMa Konektop [m?] XOpu30HTanHa NoBpLIMHA KOjy 3ay31Ma konektop [m?]
Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]

B2b MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLIMHA BOPULLTa kanaumtet [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity (kW] Electricity C0, [t/p/a] CAr wav yram JIOX yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
104,7 956 323 - - - - -
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TONNOTHY KanuUTeT y pexkumy rpejarba [kW]

TonnoTHM KanawLwTeT Nymre ca BepTVKanH1M CoHpama y
3aBVICHOCT Of} XOPVI3OHTa/THE MOBPLLVHE IBOPYILLITA 33 YCBOJEHO :
a). TonnoTHM $ryKe konekTopa =50 W/ m’
6). Temneparypa npunaroheHa 3a paaujaTopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the

horizontal yard surface for the adopted:

a).Heat flux of the collector = 50 W/m
b). Temperature adjusted for radiator heating = 55°C

/

/

/

/

/

MakcrmanHa rpejHa noBpLumHa o6jexta [m?]
Maximum heated area of a building [m?2)
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XOpW30HTanHa NoBpLUMHA KOjy 3ay31Majy BepTvKanHe coge [m?]
Horizontal area occupied by vertical probes [m?]

3aBUCHOCT NOTPe6He eneKTpUYHe CHare n
rpejHe NoBpLUMHe 06jeKTa 3a YCBOjeHO:

a). CneunduuHe TonnoTHe notpebe = 75 W/ m?
6). COP TonnotHe nymne = 3,4
u). EdpnkacHocT cuctema guctpubyuvje = 89 %

MakcrimanHa rpejHa noBpLLVHa O6jeKTa Y3aBYUCHOCTN Of
XOPV30HTA/HE NOBPLUMHE IBOPUILLITA 33 YCBOjEHO:

a). CneuyidmuHa TornoTHa notpe6a objekta = 75 W/ m?
6). E¢prkacHocT cuctema anctprbyuvje = 89 %
Maximum heated area depending on the horizontal yard surface
forthe adopted:
a).Specific building heat demand = 75 W/m2
b). Distribution system efficiency =89 %
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Cmatbetbe emmncuje CO2 NpUnMKom cyncTutyyje GocnaHux
ropuBa enekTPUYHOM EHepPrijoM NyTem TOMAOTHUX MyMnn
CO2 emission reduction due to substitution of fossil fuels by
electrical power via heat pumps

Dependency between the required electrical capacity 120
and building heated area for the adopted:
a). Specific heat demand = 75 W/m? 100 F
b). Heat pump SOR =34 0@'\’
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Heated area [m?]
B2b MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne MOBPLVHA ABOPULITA kanaumtet [kW] eHepryja [(KWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1pOAHN rac
capacity (kW] [m?] [kWh/p/al : DHS or coal fuel oil natural gas
104,7 956 1823 66.545 353 25,1 16,0 13




Application of renewable energy sources in school, gym and kindergarten buildings

NMOTEHLJAN 3A KOPULLREHLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTPOLWLHbe GrioMace Cpeatber KBanuTeTa of TONNOTHIX NoTpeba objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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3aBMCHOCT NOTPOLLHE BOMace Cpeatber KBanuTeTa of rpejHe NnoBpLUnHe objekTa

Dependency between the average quality biomass consumption and building heated area
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B2b

[NoBpLunHa objekTa
1.130m?

TonnotHe noTpebe objekTa
84,8 kW

Building area 1130 m?

Heat demand

of the building 84,8 kW

Bpcra 6romace Motpe6aH kanaunTeT kota | MoTpebHa eHeprija roprisa MotpebHa KonmumHa nojesnte Griomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHu nenet Wood pellet 107,0 176,5 36,1
[peHu 6prkeT Wood briquette 109,5 180,6 40,2
[peHa ceuka Wood chips 112,0 184,8 66,6
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmatberbe emncuje CO, [t/god.]
CO, emission reduction [t/p.al
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Cmatberbe emmncuje CO, ycnen cynctutyLyje nojeanHmnx
ropvBa/eHepruje 6MoMacom cpearer KBauTeTa

COz2 emission reduction due to substitution of certain
fuels/energy by average quality biomass

0 500 1000

lpejHa noBpLunHa objekTa [m?]
Heated area [m?]

1500 2000

B2b

Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo rop1eo lacoswTO ropnso EnektpuuHa eHepruja
Solid fuel Liquid fuel Gas fuel Electricity
59,6 50,6 36,1 95,7




Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM NofaLy o 0bjekTy
Basic building data

MospLuvHa napuene

2

Lot area 2633m
CnobogHa nospluvHa napuene 3a npumery OV 5
Available lot area for RES implementation 1976 m
MNospLurHa objekTa 5
Building area 255m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKynHa NoBpLUViHa KOCOr KpoBa
Total pitched roof area 281 m
OpraHy3ayroHa Wwema objekTa
Organisational scheme of the building

A

CuTyaumoHu Nprkas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”

PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

24,6 67,4 56,7 273,4

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

. /\ /\ | 1< 14
/'\ /\ | o 1G>
p | QD )
(Y1 e / A L4 ] asl
. /ll 3 - LS vt -
O L ) o
TOMNOTHE NYMMNE BUOMACA
HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENU
"
PHO;— /S,Q/EOLETAlc an Bz:zﬂyx TMn “3em/ba - Boga” nener 6puker ceyka
“air-water" type "ground-water”type pellet briquette chips
Mpoussoprbe enekTpuyHe
::faﬂgéig?wgégzj{fa MoTpe6Hy TonNoTHN KanauwTeT nymne [KW] / MoTpolwtsa enekTpuyHe Konuuure nojeaviHe ApsHe 6romace Cpearber KBanmreta, Koje
KDOBA [m’]p eHepruje 3a NoroH TonnotHe nymne [MWh/god] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr production Required thermal pump capacity [kW]/ Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
[MWh/p/a] / Deployed roof pump drive [MWh/p/a] heating demand [t/p/a]
surface [m?]
4,3/22 29/21,6 23,6/15,1 8,1 9,1 15,0
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MakcrmanaH 6poj MHCTanMcaHyx KoNekTopa no NOBPLUMHIU KOCOT KPOBA Y 3aBMCHOCTU Off
NoBpLWHe KpoBa
Maximum number of installed collectors per pitched roof surface depending on the roof area

1000

900 /
800 /

700 //
600

500

400 /
300 /

200 }81, 100
100

Bpoj KonekTopa Ha KOCOM KpoBy [-]
Number of collectors on the pitched roof

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area

200
180 /
160 /

140 /

120 y /
100

80 ,/
40 )

Bpoj KonekTopa Ha paBHOM KpoBy [-]
Number of collectors on the flat roof

20 10,0
|
0 : 0
0 500 1000 1500 2000 2500 3000 0 200 400 600 800 1000
2
MoepLmHa Kocor Kposa [m?] MoBpLumHa pasHor kposa [m?]
Pitched roof surface [m?] Flat roof surface [m?]
al = “ — Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
3EQ 8c 3 £ — j nctutynwe [kgCo
ge 28 ¢© E s = vz koju ce cynctutyvwe [kgCO]
582 58 = 8~ = v £y o Potential CO, emission reduction depending on the substitut-
o Q o Q. =
c a9 2 X S S s € 5 £ =]
o ¥ S = ) SRS 3 = 3 -C ed fuel [kgCO]
C v o — c 9 o) x — Q o C S0 O
S O = o I 2 v o c s Il=R=
o Y = o o = 2 Y o x = O0D o
Q90T —~ o Q ® S S & ® < s 2T O
oz E C e 22 3 © 3 g =8 £2EE
o S s e ? © @ 32 T EE s e
SZEo so 5L Ex < 5 3 E gez g
$32¢ &2 23 Z2E ER] == 2 2EXT S
Egéjj =5 E%TEE g9 §§§ 53828 gg yramn rac MasyT
5888 2E S2ESR 2S5 SEs 23352 coal gas heavy oil
Y111 | 146 16 - 123 6.152 67.362 28.898 14.820 22634
Y212 | 146 6 - 123 6.152 67.362 28.898 14.820 22634

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS

’ | | | |
45 . Koc kpoB YHanpeherbe 2 (22,3.8) [——
Pitched roof Improvement 2 (22,38)
PaBaH kpoB L~
4 — >
Flat roof //
o 35 >
=
g _
[
g s 3
[ Q
g v
© >
g % 25 7
E 3 | Yranpeherve 1(11,19)
g 2 2 X Improvement 1 (11,19)
5 o /
S £ s 7 —
e
5 © L~ |
E—2 /
oo 1
228D ~
g=8% / |
o
S o525 "
52880.5 " L
SE% g //
cee
IS\A;‘\
A=A 0
0 25 5 7.5 10 125 15 17.5 20 225 25
PacnonosBea nosplunHa Kposa [m?
Available roof surface [m?]

@l © v T o - .
8E £ 5 z o8 RPN 2e28:w Be -9 S &
[T ° = 2F T I 20 ¢ S S S o a c %) ko
x = C - Q. — © O‘*LD‘ s = c = v
LR S S 5 o £ S £ Sgz3scg @ o = 50 £9 S =
508 ¢ I £ e 25 gzx 2= f o= E< d = =5 S O
o =52 &Y= 2L S53 o= 0c= SIS o= =0 ©4 S 9
QD22 sTTR ¢ El-a] o c sL P O CuU=45= o T v = = =
2252 | 23E5¢ 53853 ¢ t3:fe% Egsot 85 2 |® 8
£3589 |28z22 20822C Irgme® 3I2z S Iy 8¢ 3 3
EER RS 353282 e 25¥s5 8 c© 2222 £3L0=% s EZ¢ TS E
2923 agges taas -5 tea-=5 2Es3¢ £E8 S¢ £89%
§552 |83b=ye $59ZE5z | 2588 §0zts Srgot gog¢
c2&5 |83 < £2f=2°c= X58¢°%2a S38<5 Yo S=20 =

yin " - 45 19 23 1.900 2,304

Y212 22 - 45 38 43 3.800 4,607

Y1:YHanpehetse 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
noBpLMHaMa Koje Majy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acrneKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doTOHanoHCKor cncTema Tpeba Aa obe3bean roanLkby NPOU3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpehetrbe nogpasymesa n3rpastby GOTOHAMOHCKMX CUCTEMA Ha PACTMONOXMBKM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpebHa rpejHa cHara TornotHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C

//
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MoTpe6Ha rpejHa cHara TonnotHe nymne [kW]
Required heating capacity of the heat pump [kW]

al

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

29,0 10,0 21.629 15 2.2 0,1 -3.2
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHY KanauuTeT Nymre y pexkumy rpejatba 3a yCBojeHo:
a). TonnotHm GryKc KonekTopa = 25W/ m?

6). Temnepatypa npunaroheHa 3a pagujaTopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector = 25W/m
b).Temperature adjusted for radiator heating = 55°C

MakcvmariHa rpejHa noBpLUMHa OBjeKTa Y 3aBUCHOCTV O
MOBPLUMHE KOjy 3ay3VIMa KOMEKTOP 3a YCBOjeHO:

a). CneuduyHa ToroTHa notpeba objekta = 75 W/m'
6). EdunkacHocT cuctema auctpubyuivije =89 %
Maximum heated area depending on the area occupied by the
collector for the adopted:

2

350 a).Specific building heat demand = 75 W/m?
b). Distribution system efficiency =89 %
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Xopu3oHTanHa NoBpLUVHa Kojy 3ay3uma konekTop [m?]
Horizontal area occupied by the collector [m?]
3aBMCHOCT NOTPEeBHE enekTpUYHe CHare 1
rpejHe NoBpLUVHe 06jeKTa 3a YCBOjeHO: ,
a). Cneunduyre TonnotHe notpede =75 W/ m Cmatbetbe emmcuje CO2 MPUAMKOM CyncTUTYLmje GOCHHNX
6). COP tonnotHe nymne =34 i 0 ropviBa e1eKTPUYHOM eHEePr1jOM NyTeM TOMIOTHUX MMM
1). EdukacHocT cuctema auctpubyumje =89 % CO, emission reduction due to substitution of fossil fuels by
Dependency between the required electrical capacity electrical power via heat pumps
and building heated area for the adopted:
a). Specific heat demand = 75 W/m? 25
b). Heat pump SOR =34
@). Distribution system efficiency = 89 % Q\%D
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TpejHa nospLunHa objekTa [m?] TpejHa noepLumHa objekTa [m?]
Heated area [m?] Heated area [m?]
C1 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
236 1.680 56,7 15.017 80 57 36 03
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Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

TOMMOTHY KanuUTeT y pexumy rpejarba [kW]
Thermal capacity of the pump in heating regime [KW]

Required electrical capacity of the

MoTpebHa enekTpryHa cHara
heat pump [kW]

TonnotHe nymne [kW]

TonnoTHY KanauyTeT nymrie ca BepTUKalHAM coHaama y
3aBVICHOCTVI OFf XOPU3OHTaJTHE MOBPLUMHE ABOPVILLTA 33 YCBOJEHO :
a). TonnoTHm drtykc Konektopa = 50 W/ m?

6). TemniepaTypa npunaroheHa 3a paanjatopcko rpejatbe = 55°C
Thermal capacity of the pump with vertical probes depending on the
horizontal yard surface for the adopted:

a).Heat flux of the collector =50W/m

b). Temperature adjusted for radiator heating = 55°C
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— [1680,273.4 |

0 2000 4000 6000 8000 10000

XOpU30HTaNHa NOBPLUMHA KOjy 3ay31Majy BepTiKanHe coHpe [m?]
Horizontal area occupied by vertical probes [m?]

3aBMCHOCT NOTPe6He eneKkTpryHe CHare u

rpejHe noBpLUMHe objeKTa 3a yCBOjeHO:

a). Cneyndunure TonnotHe notpebe = 75 W/ m?
6). COP TonnotHe nymne = 3,4

1). EpukacHocT cuctema anctpubyumje = 89 %
Dependency between the required electrical capacity
and building heated area for the adopted:

a). Specific heat demand = 75 W/m?

b). Heat pump SOR =34

¢). Distribution system efficiency = 89 %

2 /
50 A
0 1
0 500 1000 1500
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MaKcumanHa rpejHa nospLumHa o6jekTa [m?]

Maximum heated area of a building [m?]

o

Cmatbetbe emmcuje CO2 [t/god.]
COz emission reduction [t/p.a.]

MakcvmanHa rpejHa NoBpLUVHa 06jeKTa Y3aBUCHOCTY Of
XOPU3OHTa/HE MOBPLUMHE ABOPYILLTA 33 YCBOjEHO:

a). CneLdmuHa TonnoTHa notpe6a objexta = 75 W/ m?

6). EbuKacHocT crictema anctprbyLivie = 89 %

Maximum heated area depending on the horizontal yard surface
for the adopted:

a).Specific building heat demand = 75 W/m?

b). Distribution system efficiency =89 %
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Cmatberbe emmcuje CO2 NpranKom cynctutyumje GocunHmnx
ropyiBa enekTPUYHOM EHepPrijoM NyTem TOMNOTHUX NyMMn
CO2 emission reduction due to substitution of fossil fuels by

electrical power via heat pumps
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MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne MOBPLVHA ABOPULITA kanaumtet [kW] eHepryja [(kKWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1poAHN rac
capacity [KW) M2 [kWh/p/al h DHS or coal fuel oil natural gas
1.680 2734 15.017 57 36 03




I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

NMOTEHLJAN 3A KOPULLREHLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBMCHOCT NOTPOLWLbE B1IOMAce CPeAtber KBanuTeTa of TONNOTHUX NoTpe6a objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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MoBpLnHa objekta 255 m?
TonnotHe noTpebe objekTa
19,1 kW

Building area 255 m?

Heat demand

of the building 19,1 kW

BpcTa bromace
Biomass type

MoTpe6aH kanaunTeT KoTa
Required boiler capacity

MoTpe6Ha eHepruja ropusa
Required fuel energy

MotpebHa konmumHa nojeute Griomace
Required specific biomass quantity

kw MWh/god MWh/p/a [t/god] [t/p/a]
[NpsHn nenet Wood pellet 241 39,8 8,1
[peHu 6prkeT Wood briquette 24,7 40,8 9,1
[peHa ceuka Wood chips 253 41,7 15,0
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€O, emission reduction [t/p.a]

o

Cmatbetbe emmncuje CO, ycnep cynctutyumje nojefuHmx
ropuBa/eHepruije 6MoMacom cpefer KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa
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OCHOBHM NofaLy o 0bjekTy CuTyaLmoHu Nprkas
Basic building data Layout

MospLuvHa napuene )
Lot area 5.306m

CnobopaHa nospLuvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 2367 m

MNoBpLuvHa objekTa 5
Building area 1.530m

YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /

YKynHa NoBpLIMHa KOCOr KpoBa
Total pitched roof area 1.160m

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

c‘tn':|

O

O

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

CONAPHU KOJIEKTOPU

TOMJIOTHE NYMIE, Tun “3emsba - Boga”
HEAT PUMPS “ground-water”

SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MospLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

51,0

135,0

67,9 3341

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand
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TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

51/275

174,2/129,7 141,8/90,1

48,9 54,4 90,2
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

MaKcrmanaHn 6poj HCTanMcaHx KOEKTOpa Mo NOBPLLMHI KOCOT KPOBA Y 3aBICHOCTU Of MaKcrmanaH 6poj HCTanMCaHx KONEKTopa No MNOBPLUMHI PAaBHOT KPOBA Y
NOBPLUMHE KPOBa 33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per pitched roof surface depending on the roof area Maximum number of installed collectors per flat roof surface depending on the roof area
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2 = — Moryhe cmatberbe emncrje CO, y 3aBUCHOCTY Off eHEpreHTa
8ET 8s 3 E j kaCOJ
g=2 2 3 £ s = vz koju ce cyncutynwe [kgCo,
x 32 3 = s _ = o Iy o Potential CO, emission reduction depending on the substitut-
8383 s & o8 S € 52 2
5% S = © e e 3 > 3= ] ed fuel [kgCO]
S — 25 35 L= a 5 EST o
R s gz = ¢y |5 = 2588
Se% o 2 S8 E e< - TEE D
[ £ =
fefs $% 2% £~ %I |&_¢ S
3553 5 IS 57 59 S=5 e =
2325 S 2 =3 gE 35 25 E 0= =TS
S8EC = S2-= . o 2 5228 gé yram rac MasyT
5e8¢ £E |SC2ESE €8 |2&= £3zE= coal gas heavy ol
Y111 | 305 18 - 257 1.286 135.023 57925 29.705 45.368
Y212 | 305 18 - 257 1.286 135.023 57925 29.705 45.368

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.

Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe
opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHLWJAN 3A KOPULLREHE CONTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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yin 159 / 58,7 27,0 294 25.600 31,884

Y212 275 / 58,7 46,8 51,0 44.400 55274

Y1:YHanpehere 1 - lMpBo yHanpehere nogpasymesa M3rpagtby $OTOHAMOHCKMX CUCTEMA Ha PACMONOXKMBIM KDOBHUM
NOBPLIMHAMa KOje MMajy Hajoorby MPOCTOPHY OpUjeHTalMjy ca acnekTa yKynHe roguikbe Hconauuje. MiHctanvcaHa cHara
doTOHaNoHCKOT cncTema Tpeba Aa obezdbean roaunLlkby NPOU3BOAHY eNekTprUHe eHeprije Koja nokpuea Ao 50% ykynHe

rofMLHe NMOTPOLLHE eleKTPUYHE eHeprije y aHanm3nMpaHoM WKOICKOM O6jeKTy.

Y2: YHanpehetbe 2 — [pyro yHanpeherbe nofpasymesa varpafrby GOTOHAMOHCKUX CMCTEMA Ha PACrONOXUBUM KPOBHMM
noBplWMHaMa Koje 1majy Hajborby MPOCTOPHY OpwWjeHTauujy ca acrnekTa yKynHe rofuiitbe nHconaumje. MiHctanmncaHa cHara
doToHanoHckor cuctema Tpeba fa obe3bean roauiliky NPOM3BOAHY eNeKTpUYHe eHepruje Koja nokpusa 100% ykymnHe

rofuLHe NMOTPOLLHE efleKTPUYHE eHeprije y aHanm3nMpaHoM WKOICKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering up to 50% of the total annual power consumption in the analysed school building.

12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHE TOMJTIOTHUX MYMIMNMA

TOMNIOTHE NYMINE BA3YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnotHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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Required heating capacity of the heat pump [kW]
2 MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha
nymne [kW] enektpuuHa cHara [kW] | [kWh/god] COZ [t/god] (OZ emission reduction [t/p/a] in relation to
Required pump Deployed power [kW] Electricity [kWh/p/al Emission of
capacity [kW] CO, [t/p/al CAr v yram NOX yIbe NPUPOAHW rac
° DHS or coal fuel oil natural gas
174,2 60,1 129.774 68,8 130 06 -19,2




Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TONNOTHM KanaumTeT Mymre y pexumy rpejatba 3a yCBojeHo:

a). TonnoTHy dryKc Konektopa = 25W/ m'
6). Temnepartypa npuarofeHa 3a pagujatopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:

a). Heat flux of

the collector=25W/m

b). Temperature adjusted for radiator heating = 55°C

MakcvimarnHa rpejHa noBpLUMHa ObjeKTa Y 3aBUCHOCTN O

TOBPLUMHE KOjy 3ay3VIMa KONEKTOP 3a YCBOJEHO:

a). CneuydumuHa TonnoTHa notpe6a objekta = 75 W/m?

6). EpvikacHocT cuctema guctprbyuvije =89 %

Maximum heated area depending on the area occupied by the

collector for the adopted:

350 a).Specific building heat demand = 75 W/m2
b). Distribution system efficiency =89 %
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Horizontal area occupied by the collector [m?] XOpW30HTaNHa MOBPLUMHA KOjy 3ay3uMa KonekTop [m?]
Horizontal area occupied by the collector [m?]
2 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLIMHA BOPULLTa kanaumtet [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m? Potential heating god] Emission of
Required pump Available yard area capacity (kW] Electricity C0, [t/p/a] CAr wav yram JIOX yrbe NPUPOAHM rac
capacity [KW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
1418 2012 67,9 - - - - -
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

TONNOTHW KanuuTeT y pexxumy rpejarba [kW]
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TonnoTHM KanaLWTeT Mymre ca BEPTUKA/HVAM COHAaMa y
3aBVCHOCTM Of} XOPV3OHTaJTHE MOBPLLUVHE ABOPVILLITA 33 YCBOJEHO :
a). TonnotHM dryKc KonekTopa = 50 W/ m?

6). Temnepartypa npunaroheHa 3a paanjatopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the
horizontal yard surface for the adopted:

a).Heat flux of the collector = 50 W/m

b).Temperature adjusted for radiator heating = 55°C
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Horizontal area occupied by vertical probes [m?]

3aBUCHOCT NOTPeBHe eNeKTpUYHE CHare u

rpejHe NoBpLUMHe objeKTa 3a yCBOjeHO:

a). CneunduuHe TonnoTHe notpebe = 75 W/ m?
6). COP TonnotHe nymne = 3,4

). EdrkacHocT cuctema guctpmbyumje = 89 %
Dependency between the required electrical capacity

MakcimanHa rpejHa noBpLumHa o6jexta [m?]

Maximum heated area of a building [m?]

MakcrmanHa rpejHa noBpLUVHa objeKTa y3aB1CHOCTV Of
XOPU30HTa/THe NOBPLUMHE JBOPUILLITA 33 YCBOjEHO:

a). CneuwiduuHa TonnoTHa notpe6a objexta = 75 W/ m?

6). EbnkacHocT cuctema amctprbyumje =89 %

Maximum heated area depending on the horizontal yard surface
forthe adopted:

a).Specific building heat demand = 75 W/m?

b). Distribution system efficiency = 89 %
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2 MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanaywTer nymne noBplwuHa gsopuwTa | Kanauwtet (kW] eHeprija [kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1pOAHN rac
capacity (kW] [m?] [kWh/p/al : DHS or coal fuel oil natural gas
1418 2012 3341 90.101 47,8 34,0 216 18
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Application of renewable energy sources in school, gym and kindergarten buildings

NMOTEHLJAN 3A KOPULLREHLE BUOMACE

POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTPOLLbe GrioMace Cpeftber KBanuTeTa o TONNOTHIX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)

200.0 74

/

&
SN
180.0 ;:§

160.0

140.0

120.0

&
T

100.0

80.0

60.0

40.0

20.0

loauwwtba noTpe6Ha KonvuumHa 6romace, Ha npary objekTa [t/god.]

Annual biomass demand, at the building threshold [t/p.a.]

0.0
0.0 50.0 100.0 150.0 300.0
TonnotHe notpe6e objekta [kW]

Building heat demand (kW]

200.0 250.0

3aBMCHOCT NOTPOLUbE 61IOMace Cpefrber KBanuTeTa Of rpejHe MoBpLUKHE o6jeKTa

350.0
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(@]

[NoBpLunHa objekTa

1.530 m?

TonnotHe noTpebe objekTa
114,8 kW

Building area 1.530 m?

Heat demand

of the building 114,8 kW

Bpcra 6romace Motpe6aH kanaunTeT kota | MoTpebHa eHeprija roprisa MotpebHa KonmumHa nojesvte Griomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHun nenet Wood pellet 1449 2390 489
[psHu 6pukeT Wood briquette 1482 244,5 544
[peHa ceuka Wood chips 151,7 2503 90,2
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmatbetbe emmncuje CO, ycnen cynctutyumje nojeanHNX
ropvsa/eHepruje 6uoMacom cpearer KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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Q2 Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo rop1eo lacoswTO ropnso EnektpuuHa eHepruja
Solid fuel Liquid fuel Gas fuel Electricity
80,7 68,5 489 1296
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Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM MogaLy o o6jexTy
Basic building data

MospLuvHa napuene

2
Lot area 4.268m
CnobopgHa nospluvHa napuene 3a nprmery OU 5
Available lot area for RES implementation 202 m
[NoBpLuMHa objekTa

2
Building area 1915m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area /
YKyrnHa NoBpLUKHA KOCOT KPOBa

¢ 1402 m?

Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CuUTyaluMoHN Npyikas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”

PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

95,2 257,8 58 48,6

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

| /\ PN & ) A

TOMNIOTHE NYMNE BMOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKHN
NAHENU
PHOJE[\\]/EOLETNC ™n Bz:zﬂyx B Tnn “3emsba - Boga” nener 6puker ceyka
air-water” type “ground-water”type pellet briquette chips
HpOVBBOFU—bE enexkTpnyHe
::fa’;zgéig?wgs/gﬁah{a MoTpebHn TonnoTHW kanauutet nymne (kW] / MoTpouwra enektpuyHe Konuunre nojeavHe ApBHe briomace Cpefrper KBanuTeta, koje
KDOBA [m;]p eHepruje 3a NoroH Tonnotxe nymne [MWh/god)] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr roduction Required thermal pump capacity (kW] / Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
MWh/p/a] ’;Dep\oyed roof pump drive [MWh/p/a) heating demand [t/p/a]

surface [m?]

177,5 / HepoBosbHa noBpluvHa

95,2/44 218,1/162,4 ) )
aopuwrTa insufficient yard area

61,2 68,1 112,9
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA

POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcvmanaH 6DOJ NHCTaMCaHNX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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Y1 | 571 30 - 481,40 24070 257.772 110.584 56.710 86.611
Y212 | 571 30 - 481,40 24070 257.772 110.584 56.710 86.612

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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yin 382 - 1433 64,9 "7 58400 77,759

Y212 514 - 1433 874 95,2 78.600 103311

Y1:YHanpehetse 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
noBpLMHaMa Koje Majy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acrneKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doTOHanoHCKor cncTema Tpeba Aa obe3bean roanLkby NPOU3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpehetrbe nogpasymesa n3rpastby GOTOHAMOHCKMX CUCTEMA Ha PACTMONOXMBKM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnoTHe nymne [kW] 3a

Temn. pexunm: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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MoTpebHa rpejHa cHara TonnoTHe nymne [kW]
Required heating capacity of the heat pump [kW]

600

a3

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

2181 752 162429 86,1 16,3 08 -24,0
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnotHY KanauwTeT nymre y pexmvmy T
a). TonnoTHn $nyKc konekTopa = 25W/ m'

pzejarba 33 yCBOjeHO:

6). Temniepatypa npwnaroheHa 3a pagujaTopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a).Heat flux of the collector =25W/m
b).Temperature adjusted for radiator heating = 55°C

MakcmarnHa rpejHa noBpLUVHa ObjeKTa Yy 3aBUCHOCTV Of
NOBPLLVHE KOjy 3ay3ViMa KONeKTOp 3a YCBOjeHO:

a). CneuwidmuHa TonotHa noTpeba objexta = 75 W/m?

6). E¢ikacHocT cuctema auctprbyLve = 89 %

Maximum heated area depending on the area occupied by the

collector for the adopted:

a). Specific building heat demand = 75 W/m?2

b). Distribution system efficiency =89 %
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XOpU30HTaNHa NOBPLUMHA KOjy 3ay3uma Konektop [m?] XOpW30HTanHa NOBPLUMHa KOjy 3ay3uMa konekTop [m?]
Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]

a MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
1775 172 58 - - -




Application of renewable energy sources in school, gym and kindergarten buildings

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

TonnoTHM KanuumTeT y pexxumy rpejarsa [kW]

TonnoTHY KanaLwTeT Mymrie ca BEPTUKAIHIM COHAama y
3aBMCHOCTY Of XOPU3OHTAJHE MOBPLUVHE ABOPULLTA 33 YCBOJEHO :

a). TornOTHI dyKC KonekTopa = S0W/ i MaKcvmanHa rpejHa noBpLUvHa objexTa y3aBicHOCTM O
6). TemniepaTypa npunaroheHa 3a paavjaTopcko rpejarbe = 55°C XOpM3OHTa/He MOBPLUMHE ABOPILLTa 33 YCBOJeHO:
Thermal capacity of the pump with vertical probes depending on the g)' Criewditta TornotHa n0Tp%6a oGjexTa =75W/ m’
horizontal yard surface for the adopted: ). EQukactiocT cvcrema anctpubyuie =89 %
a) Heat flux of the collector = 50\W/m ;\/la?rwwmugﬁ hga{;ed area depending on the horizontal yard surface

. < iy £C° for the adopted:

b).Temperature adjusted for radiator heating = 55°C &) Speciic building heat demand = 75W/m

1400 / b). Distrioution system efficiency = 89%
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Ry

8000 /
/
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/

Thermal capacity of the pump in heating regime [KW]

MaKcymasHa rpejHa nospluMHa o6jexta [m?]

Maximum heated area of a building [m?]

4000 /
172,48.6 2000 172,367.9
0 0

0 ~ 2000 4000 6000 8000 10000 O 2000 4000 6000 8000 10000

Xopu3oHTanHa noBpLUNHa KOjy 3ay3umajy B?pTVIKaI‘IHe coHge [m?] Xopu3oHTanHa NOBPLLIMHa Kojy 3ay3vma KornekTop [m?]

Horizontal area occupied by vertical probes [m?] Horizontal area occupied by vertical probes [m?]
MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTet nymne NOBPLIMHA ABOPULITA kanaumtet [kW] eHepryja [(kKWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/al Cﬂf nwyran NIoxybe Np1poAHN rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
1775 172 48,6 - - - - -
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I'IpwmeHa 0OHOBIBMBIX 13BOpa eHepruje Ha 3rpafjamMa WKona, d)MCKyﬂTypHVIX Cana n NpeawKoncknx yctaHoBa

POTENTIAL FOR THE USE OF BIOMASS

NMOTEHLJAN 3A KOPULLREHLE BUOMACE

3aBUCHOCT NOTPOLWHbe GrioMace Cpeftber KBanuTeTa o4 TONNOTHIX NoTpeba objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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00
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[NoBpLurHa objekTa

1.915 m?

TonnotHe noTpebe objekTa
143,6 kW

Building area 1915 m?

Heat demand

of the building 143,6 kW

Bpcra 6romace Motpe6aH kanaunteT kota | MoTpebHa eHeprija roprisa MotpebHa konmumHa nojeute Griomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHu nenet Wood pellet 1813 299,2 61,2
[psHn 6pukeT Wood briquette 1855 306,1 68,1
[psHa ceyka Wood chips 1899 3133 1129
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Application of renewable energy sources in school, gym and kindergarten buildings

Cmarberbe emncuje CO, [t/god.]
O, emission reduction [t/p.a.]

200 &
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Cmatberbe emmncuje CO, ycnen cynctutyuyje nojeanHnx
ropvBsa/eHepruje 6MoMacom Cpearer KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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IpejHa noBpLunHa objekTa [m?]
Heated area [m?)

a

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
101,0 85,7 61,2 162,2
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

OcHOBHM MoaaLm o objekTy CuTyalyoH Nprikas
Basic building data Layout

MospLuvHa napuene
Lot area

14.670 m?

CnobogHa nospluvHa napuene 3a npumery OV
Available lot area for RES implementation

11.508 m?

[NoBpLMHa objekTa
Building area

1450 m?

YKyrHa NOBPLUMHa PaBHOT KPOBa
Total flat roof area 1.002 m?

YKynHa noBpLIMHa KOCOr KpoBa
Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

—
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

c‘tn':|

O

O

OOTOHAMNOHCKN NAHENN
PHOTOVOLTAIC PANELS

CONAPHU KOJIEKTOPU

TOMJIOTHE NYMIE, Tun “3emsba - Boga”

HEAT PUMPS “ground-water”

SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHe (Konektopw)

MakcumanHn ﬂOTeHLLI/\JaJ'I nponssogme

€eneKTPUYHeE eHeprije 3a onT1Mano
pacnonoxuse nospLunHe kposa [MWhe/

god]

Maximum potential for power generation for
optimum available roof surfaces [MWhe/p/a]

MaKcrmanyu noTexuUmjan Npov3eoaHe
TONNOTHE eHepruje 3a onTVMano
pacnonoxuse nospLuvHe kposa [MWh /

god] ‘
Maximum potential for heat generation
for optimum available roof surfaces
[MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MospLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

79,1

257,3

330,1 607,5

KOPULIREHE OBHOBJbUBUX U3BOPA - nogmupetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

L /\ /\ e e 1 A
/\ /\ | I | I |t oC) =

1 L1 (I ‘ —

(=] =]

TONNIOTHE NYMNE BUOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKN
MAHENN "

PHO;— /S,Q/EOLETAlc Twnszzsaﬂyx B "N “3emsba - Boga” nenet 6p|/|KeT ceuka
“air-water” type ‘ground-water”type pellet briquette chips

[Mpounssoarbe enekTpuyHe
eHepruje [MWh/god] /
AHraxoBaHa NnoBpLInHa

KpoBa [m?]
Power production
[MWh/p/a] / Deployed roof
surface [m?]

MNoTpebHy TonnotHu KanauwTeT nymne [kW]/ MoTpoltba enekTpuyHe
eHepruje 3a noroH TonnotHe nymne [MWh/god]
Required thermal pump capacity [kW] / Electricity consumption for the heat
pump drive [MWh/p/a]

Konuuure nojeavHe ApsHe 6romace Cpearber KBanmreTa, Koje
noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Quantities of specific biomass of average quality, meeting the building
heating demand [t/p/a]

65,6 /749

165,1/122,9 134,4/85,4

46,3 51,6 85,4
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLIREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

Makcvmanax 6p0j NHCTaNMCaHMX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of Makcvmanax 6DOJ WHCTanncaHmnx KONeKTopa rno NoBpLUnHM PpaBHOT KPOBa Yy
NOBPLUMHE KPOBa 33BVCHOCTM OZ NOBPLUMHE KPOBa
Maximum number of installed collectors per pitched roof surface depending on the roof area Maximum number of installed collectors per flat roof surface depending on the roof area
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Number of collectors on the pitched roof
Bpoj KonekTopa Ha paBHOM KpoBy [-]
Number of collectors on the flat roof
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MospuwwHa kocor Kposa [m?] MoBpLwmHa pasHor kposa [M?]
Pitched roof surface [m?] Flat roof surface [m?]
D2 NE - . - Moryhe cMarberbe emrcuje CO, y 3aBUCHOCTV O eHepreHTa
E -2 % 1 g £ c = o = - koju ce cynctutyuwe [kgCO,]
58 E % g = s = o £y o Potential CO, emission reduction depending on the substitut-
c a9 2 X = S s € 5 £ =]
o ¥ o S = ) g £ 3 3 3 ed fuel [kgCO]
cC = 0 c © o) x Q o C =0 o
5062 = I = [T = s ISl=e=
o Y = o o = =~y o x = O0D
223 T 2 =8 g e £ A sz
o o c 5 o % T = © —
£2¢e Se |EE Eo iz S E §as3%¢
£32¢ &2 3 Z2E ] =2 8T s S
S8EC = S2.= 4 o Iga 5228 g§ yrarmb rac MasyT
5888 2E S2ESS 2S5 SEs 23352 coal gas heavy oil
yin | - 1.002 44143 22072 257.354 110405 56.618 86.471
Y212 | - - 1.002 44143 22072 257.354 110405 56.618 86.471

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.

Y2: YHanpehere 2 — [NokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe
opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.

12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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Application of renewable energy sources in school, gym and kindergarten buildings

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX
CUCTEMA
POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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Y1 / 375 65,6 28,7 328 27.200 35577

Y212 / 749 65,6 57,3 65,6 51.500 71,154

Y1:YHanpehete 1 - lNpBo yHanpehere nogpasymesa 13rpagtby GOTOHAMOHCKMX CUCTEMA Ha PACTIONOXKMBIM KDOBHUM
NoBpLWHaMa Koje MMajy Hajbosby MPOCTOPHY OpWjeHTaLUMjy Ca acreKTa YKyrnHe roguiltbe MHconauvje. MiHctanmcaHa cHara
doToHanoHCKor cncTema Tpeba Aa obe3bean rognLkby NPOM3BOAHY eNekTpUUHe eHeprije Koja nokpuea Ao 50% ykynHe
roAvwH-e NoTPOLWHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [lpyro yHanpeherbe nogpasymesa n3rpaftby GOTOHAMOHCKMX CUCTEMA Ha PACMONOXMBIM KPOBHUM
NoBpLIMHaMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe rogulhe MHconauuje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenn rofauilkey NPOM3BOAHY efeKTpuuHe eHepruje Koja nokpusa 100% ykynHe
roAvWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3npaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.
12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering 100% of the total annual power consumption in the analysed school building.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHLMJAN 3A KOPULWLREKE TOMJTIOTHUX MYMNA

TOMNOTHE NYMINE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnotHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Bopa 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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D2 MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emucuja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a] in relation to
Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of
capacity [kW) €O, [t/p/al CAr unn yrams NOX ysbe MPUPOAHN rac
DHS or coal fuel oil natural gas
165,1 56,9 122.988 65,2 123 06 -18.2




Application of renewable energy sources in school, gym and kindergarten buildings

TOMMOTHE NYMMNE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonnoTHM KanauuTeT nymre y pexkumy rpejarba 3a yCBojeHo:
a). TonnotHm GryKc KonekTopa = 25W/ m?
6). Temnepartypa npurarofeHa 3a pagujatopcko rpejarbe = 55°C

Thermal capacity of the pump in the heating regime for the adopted:

a).Heat flux of the collector=25W/m
b).Temperature adjusted for radiator heating = 55°C

MakcvimanHa rpejHa noBpLUMHa ObjeKTa Y 3aBUCHOCTN Of
MOBPLLMHE KOjy 3ay31IMa KONEKTOp 3 YCBOjeHO:

a). CneumduuHa TornnoTHa notpebda objekta = 75 W/m'
6). EpvikacHocT cuctema puctprbyuvije =89 %
Maximum heated area depending on the area occupied by the
collector for the adopted:

2

a). Specific building heat demand = 75 W/m2
700 b). Distribution system efficiency =89 %
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6). COP TonnotHe nymne = 3,4 ropvBa eNneKTPUYHOM eHeprijoM nyTem TOMIOTHUX NyMMn
u). EdunkacHocT cuctema guctpubyumje = 89 % CO, emission reduction due to substitution of fossil fuels by
Dependency between the required electrical capacity electrical power via heat pumps
and building heated area for the adopted: 70
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1344 9.782 3301 85.390 45,3 323 20,5 17




INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
HEAT PUMPS "GROUND- WATER"VERTICAL PROBES

3aBWCHOCT NOTpeGHe eneKkTprYHe cHare 1

rpejHe NOBpLUMHE 06jeKTa 3a YCBOjEHO:

a). CneunduuHe TonnoTHe notpebe = 75 W/ m*

6). COP TonnotHe nymne = 3,4

). EdprkacHocT cnctema gnctpubyumje = 89 %
Dependency between the required electrical capacity
and building heated area for the adopted:

a). Specific heat demand = 75 W/m?

b). Heat pump SOR =34

¢). Distribution system efficiency = 89 %
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D2 MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha
KanaumTeT nymne NOBPLUMHA ABOPMLITA kanaumtet [kW] eHepryja [(KWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] [m?] Potential heating god] Emission of
Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wn yrarm NOX yrbe Np1pOAHN rac
capacity [kW] (™ [kWh/p/al ’ DHS or coal fuel oil natural gas
1344 9.782 607,5 85.390 453 323 20,5 1,7

364



Application of renewable energy sources in school, gym and kindergarten buildings

NMOTEHLJAN 3A KOPULLREHLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT NOTPOLLHbe GrioMace Cpefiber KBanTeTa O TONNOTHIX NoTpeba objekTa (pauyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m2)
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Dependency between the average quality biomass consumption and building heated area
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D2

[NoBpLunHa objekTa

1.450 m?

TonnotHe noTpebe objekTa
108,8 kW

Building area 1450 m?

Heat demand

of the building 108,8 kW

Bpcra 6romace Motpe6aH kanaunTeT kota | MoTpebHa eHeprija roprisa MotpebHa KonmumHa nojesvte Griomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHun nenet Wood pellet 1373 226,5 46,3
[peHu 6prkeT Wood briquette 1404 2317 516
[peHa ceuka Wood chips 143,8 2372 854
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I'IpwmeHa 0OHOBIBMBIX 13BOPa eHepruje Ha 3rpafiama LLKona, d)MCKyﬂTypHI/IX Cana n NpeawKoncknx yctaHoBa

Cmarbetbe emucuje CO, ycnen cynctutyumje nojeauHmnx
ropua/eHepruije 6UoMacom cpeaer KBanuTeTa

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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Cmarberbe emncuje CO, [t/god.]
O, emission reduction [t/p.a.]
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lpejHa noepLumHa objekTa [m?]
Heated area [m?]

D2 Cmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HasefeHor roprisa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo rop1eo lacoswTO ropnso EnektpuuHa eHepruja
Solid fuel Liquid fuel Gas fuel Electricity
76,5 64,9 46,3 1228
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Application of renewable energy sources in school, gym and kindergarten buildings

OCHOBHM MogaLy o o6jexTy
Basic building data

MospLuvHa napuene

2
Lot area 4069 m
CnobogHa nospluvHa napuene 3a npumery OV 5
Available lot area for RES implementation 745m
[NoBpLuMHa objekTa 5
Building area 2165 m
YKyrnHa noBpLUKHa paBHOT KPOBa
Total flat roof area 1435 m?

YKymnHa NoBpLIMHa KOCOr KpoBa
Total pitched roof area

OpraHu3aLvoHa Wema objekTa
Organisational scheme of the building

CwTyaLmoHm npukas
Layout
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

NOTEHUWJAJ 3A KOPULWLREHLE OBHOBJbUBUX N3BOPA
POTENTIAL FOR THE USE OF RENEWABLE SOURCES

e 7N\ <\
o o 4a C

TOMJIOTHE NYMIE, Tun “3emsba - Boaa”
OOTOHAMOHCKW NAHENA CONAPHU KONEKTOPU HEAT PUMPS “ground-water”

PHOTOVOLTAIC PANELS SOLAR COLLECTORS

XOpW30HTaNHe CoHpe (KonekTopu) ‘ BepTukante coHge (Konektopw)

. Makcmmannsm I'IOTeHLLI/\JaJ'I npounssome
Makcrmantum noTeHumjan Npon3BoaAHe N
N TONNOTHE eHeprvje 3a onTumano

€eneKTPUYHe eHeprije 3a onT1Mano
pacnonoxuse nospLuvHe kposa [MWh /
pacnonoxuse nospLunHe kposa [MWhe/ god] ¢

god] M .
. . N aximum potential for heat generation
Maximum potential for power generation for .
for optimum available roof surfaces

optimum available roof surfaces [MWhe/p/a] (MWhe/p/a]

MaKcvmanHm rpejHu KanaumTeT 3a pacronoxXmsy MoBpLunHy Asopuiuta (kW]
Maximum heating capacity for the available yard area [kW]

107,0 348,1 214 121,5

KOPULWREHE OBHOBJ/bUBUX U3BOPA - nogmunpetre notpeba objekra
USE OF RENEWABLE SOURCES- meeting building demand

| /\ PN & ) A

TOMNIOTHE NYMNE BMOMACA

HEAT PUMPS BIOMASS
OOTOHAMNOHCKHN
NAHENU
PHOJE[\\]/EOLETNC ™n Bz:zﬂyx B Tnn “3emsba - Boga” nener 6puker ceyka
air-water” type “ground-water”type pellet briquette chips
HpOVBBOFU—bE enexkTpnyHe
::fa’;zgéig?wgs/gﬁah{a MoTpebHn TonnoTHW kanauutet nymne (kW] / MoTpouwra enektpuyHe Konuunre nojeavHe ApBHe briomace Cpefrper KBanuTeta, koje
KDOBA [m;]p eHepruje 3a NoroH Tonnotxe nymne [MWh/god)] noamupyjy notpebe objekTa 3a rpejarbem [t/god]
Powepr roduction Required thermal pump capacity (kW] / Electricity consumption for the heat Quantities of specific biomass of average quality, meeting the building
MWh/p/a] ’;Dep\oyed roof pump drive [MWh/p/a) heating demand [t/p/a]

surface [m?]

200,7 / HepoBosbHa NoBpLINHA

107 /1220 246,5/183,6 ) )
aopuwrTa insufficient yard area

69,1 77,0 127,6
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Application of renewable energy sources in school, gym and kindergarten buildings

NOTEHUWJAN 3A KOPULLhREHE COJTAPHUX KOJIEKTOPA
POTENTIAL FOR THE USE OF SOLAR COLLECTORS

noBpwnHe KpoBa

MakcvmanaH 6DOJ NHCTaMCaHNX KOSIeKTOPa Mo NOBPLUMHK KOCOI KPOBa Y 3aBUCHOCTW Of

Maximum number of installed collectors per pitched roof surface depending on the roof area

MakcumanaH 6poj MHCTaNMCaHWX KONeKTopa no NOBPLUVHI PaBHOT KPOBa Y
33BVCHOCTM O/ NOBPLUMHE KPOBa
Maximum number of installed collectors per flat roof surface depending on the roof area
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yin | - 1.355 597,03 29.852 348.069 149.322 76.575 116,951
Y212 | - 1.355 597,03 29.851 348.069 149.321 76.575 116,951

Y1: YHanpeherse 1 - MNokpreeHocT 100% NOBPLIMHE KPOBOBA jyXHe, jyroMCTOUYHE 1 jyro3anaHe opunjeHTaumje.
Y2: YHanpehere 2 — [MokpueeHocT 100% MOBpPLIMHE KPOBOBA jyXHe, jyroMCTOUHe, jyro3amagHe, WCTOYHe 1 3amnagHe

opwjeHTauuje.

[1:Improvement 1 - 100% coverage of the roof surface of South, Southeast and Southwest orientation.
12:Improvement 2 - 100% coverage of the roof surface of South, Southeast, Southwest, East and West orientation.
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

MNOTEHUWJAN 3A KOPULWIREHE COJTAPHUX ®OTOHAMOHCKUX

CUCTEMA

POTENTIAL FOR THE USE OF SOLAR PHOTOVOLTAIC SYSTEMS
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Y11 / 899 157,7 68,8 789 61.900 85,567

Y212 / 1220 157,7 933 107,0 83.900 116,149

Y1: YHanpeherbe 1 - lNpBo yHanpeherbe Noapasymesa U3rpafby GOTOHAMOHCKMX CHCTEMA Ha PACMONOXKNBUM KDOBHIM

NOBPLIVHAMa Koje UMajy Hajoosby MPOCTOPHY OpUWjeHTalUujy Ca acnekTa yKymHe rofuilbe nHconauwje. iHcTanmcaHa cHara
doToHanoHcKor cucTema Tpeba Aa obe36ean roavLLby NPOV3BOAY eNeKTPHUHe eHepritje Koja Mokpmraa Ao 50% yKynHe

roavWH-e NoTPOLHe eNekTpUUHe eHeprije y aHanm3nmpaHoMm WKOMNCKOM ObjeKTy.

Y2: YHanpeherbe 2 — [pyro yHanpebetrbe nofpasymesa vsrpafrby GOTOHAMOHCKUX CMCTEMA Ha PACMONOXUBUM KPOBHUM
NoBpLIMHAMa Koje MMajy Hajoosby MPOCTOPHY OpuWjeHTaLMjy ca acnekTa yKyrnHe roagulhbe MHconaumje. MHcTanmncaHa cHara
doToHanoHCKor cucTema Tpeba Aa obesbenm rofanilkey NPOM3BOAHY eNeKTpuuHe eHepruje Koja nokpusa 100% ykynHe

roavWH-e NoTPOLHe enekTpUUHe eHeprije y aHanm3nmpaHoMm WKONCKOM ObjeKTy.

[1:Improvement 1- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure
annual power generation covering up to 50% of the total annual power consumption in the analysed school building.

12:Improvement 2- Improvement 1 implies construction of photovoltaic systems with available roof surfaces with best possible
spatial orientation from the perspective of total annual insolation. The installed photovoltaic system capacity needs to ensure

annual power generation covering 100% of the total annual power consumption in the analysed school building.




NOTEHLWJAN 3A KOPULWLREKE TOMJTIOTHUX MYMMNA

Application of renewable energy sources in school, gym and kindergarten buildings

TOMNOTHE NYMMNE BA34YX-BOAA
POTENTIAL FOR THE USE OF HEAT PUMPS
HEAT PUMPS "AIR- WATER”

MoTpe6Ha rpejHa cHara TonnotHe nymne [kW] 3a

Temn. pexum: Basgyx 0°C/ Boga 50/55°C

Required heating power of the heat pump [kW] for
temp. regime: Air 0°C/ Water 50/55°C
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Required heating capacity of the heat pump [kW]

D3

MoTpebaH kanauywtet AHraxoBaHa EnektpuuHa erepruja | Emncuja Cwmarbetbe emncuje CO, [t/god] y oaHocy Ha

nymne (kW] enekTpuyHa cHara [kW] | [kWh/god] CO, [t/god] CO, emission reduction [t/p/a. in relation to

Required pump Deployed power [kW] Electricity (kWh/p/al] Emission of

capacity [kW) O, [t/p/al CAOr unn yrams NOX ysbe NPUPOAHW rac
DHS or coal fuel oil natural gas

246,5 85,0 183.634 97,3 184 09 -27,2
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INprMeHa OOHOB/BYBIX 3BOPa EHEPrYje Ha 3rpadama WKona, GUCKYNTYPHIX Cana 1 NPeALIKONCKYX YCTaHOBa

TOMMOTHE NYMINE 3EMJbA-BOJA: XOPU3OHTAJIHE COHAAE
HEAT PUMPS “GROUND- WATER"HORIZONTAL PROBES

TonoTHY KanawLuTET Mymrie y PeXUMY rpejatba 3a yCBOjeHO:
a). TonnoTHm dnykc Konektopa = 25W/ m?

6). Temnepatypa npunaroheHa 3a paaujaTopcko rpejarbe = 55°C
Thermal capacity of the pump in the heating regime for the adopted:
a). Heat flux of the collector =25 W/m
b).Temperature adjusted for radiator heating = 55°C

MaKcvimanHa rpejHa NoBpLUVHa 0bjeKTa Y 3aB1CHOCT Of

NOBPLLMHE KOjy 3ay31IMa KONEKTOP 3 YCBOjeHO:
a). CneuydmuHa TonnoTHa notpe6a objexta = 75 W/m?
6). EbrkacHocT cuctema puctpubyumje =89 %
Maximum heated area depending on the area occupied by the

collector for the adopted:

a).Specific building heat demand = 75 W/m?

b). Distribution system efficiency =89 %
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Horizontal area occupied by the collector [m?] Horizontal area occupied by the collector [m?]
D3 MoTpebaH Pacnonoxvisa Moryhu rpejHn EnextpuuHa Emncrja Cwmarberbe emncuje CO, [t/god] y oaHocy Ha
KanauuTeT nymne NOBPLLMHA BOPULLTA kanaumteT [kW] eHepryja [(kWh/ Co, [t/god] CO, emission reduction [t/p/a] in relation to
[kw] m? Potential heating god] Emission of
Required pump Available yard area capacity [kw] Electricity C0, [t/p/a] CAr vav yram TIOX yrbe NPUPOAHM rac
capacity [kW] [m?] [kWh/p/al DHS or coal fuel oil natural gas
200,7 633 214 - - - - -
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HEAT PUMPS "“GROUND- WATER"VERTICAL PROBES

TOMNNOTHE NMYMINE 3EMJbA-BOA: BEPTUKAJIHE COHAE
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a). TonnotHm GryKc KonekTopa = 50 W/ m?
6). Temnepatypa npunarofeHa 3a pagujatopcko rpejarbe = 55°C
Thermal capacity of the pump with vertical probes depending on the

horizontal yard surface for the adopted:

a).Heat flux of the collector = 50 W/m
b). Temperature adjusted for radiator heating = 55°C
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D3

MoTpebaH Pacnonoxwea Moryhu rpejHn EnexktpnyHa Emuncrja Cmarberbe emncuje CO, [t/god] y oaHocy Ha

KanauuTet nymne noBpLWVHa ABOpUWTa | KanauwteT (kW] eHeprija [kWh/ CO, [t/god] CO, emission reduction [t/p/a] in relation to

[kw] [m?] Potential heating god] Emission of

Required pump Available yard area capacity [kW] Electricity CO, [t/p/a) CAr wm yram NoX yrbe NPVPOAHK rac
capacity (kW] (™7 [kWh/p/al ’ DHS or coal fuel oil natural gas
200,7 633 1215 - - - -
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NMOTEHLJAN 3A KOPULLREHLE BUOMACE
POTENTIAL FOR THE USE OF BIOMASS

3aBUCHOCT MOTPOLLHbe GrioMace Cpeftber KBanuTeTa o4 TONNOTHIX NoTpeba objekTa (padyHato 75 W/ m?)
Dependency between the average quality biomass consumption and building heat demand (calculated 75 W/m?)
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D3

[NoBpLurHa objekTa
2.165m?

TonnotHe noTpebe objekTa
1624 kW

Building area 2165 m?

Heat demand

of the building 162,4 kW

Bpcra 6romace Motpe6aH kanaunTeT kota | MoTpebHa eHeprija ropriea MotpebHa konmumHa nojeute Griomace
Biomass type Required boiler capacity Required fuel energy Required specific biomass quantity
kw MWh/god MWh/p/a [t/god] [t/p/a]
[psHn nenet Wood pellet 1142 96,9 69,2
[peHu 6prkeT Wood briquette 770 770 77,0
[peHa ceuka Wood chips 2146 354,2 1276
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Cmatbetbe emmncuje CO, ycnen cynctutyumje nojeAnHNX
ropuBa/eHepruje 6MoMacom cpefber KBanuTeta

CO2 emission reduction due to substitution of certain
fuels/energy by average quality biomass
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D3

Cwmarberbe emncuje CO, [t/god] y cydajy cyncTuTyumje HaseeHor roprsa/eHeprije 6uomacom cpefrser eHepreTckor noterumjana (4,5 MWh/t), y noctpojetsy cpearber
cTeneHa KopucHocTH (77%)

CO, [t/p/a] emission reduction in case of substitution of the said fuel/energy by biomass of average energy potential (4,5 MWh/t), in the plant of medium efficiency level (77%)

YspcTo ropnso TeyHo ropreo lacoswTO ropnso EnextpuuHa eHepruvja
Solid fuel Liquid fuel Gas fuel Electricity
114,2 96,9 69,2 1834
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