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Use of Renewable Energy Sources through the Installation
of Solar Water-Heating Systems in the Municipality
of Cacak (Serbia)

Koriscenje alternativnih izvora energije instalacijom solarnih
panela za zagrevanje sistema centralnog grejanja punjenog
vodom u gradu Cacku (Srbija)
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NEPIAHWH TOY EPIOY

H evépyeia anoTelel Xwpic apgiBoAia pia Baaoikn npol-
noBeon yia Tnv avanTu€n Tng naykoouiacg oikovouiag Kai
TNV €€a0PANIoN TNG KOIVWVIKNAC EUNKEPIAC, YEyovOC Nnou
KaBIoTA TNV €vePYEIaKn MOAITIKA GNUAVTIKA NApAUETPO
NG €EWTEPIKNAG MONITIKAG KAl TNG MOAITIKAG ao(pAAeiag
OAWV TWV KPATWV.

H evepyeiakn npdkAnon anaitei guvolikr anavrnan, on-
Aadn vEo evepyelakd oUOTNUA BACIOKEVO OTNV AMNOTEAE-
OMaTIKN ouvepyaoia PETAEU Napaywyov Kal Katavahw-
TWV, OTIC NPOCNABEIEC yia TNV AUENaN TNG EVEPYEIQKNC
anodoTIKOTNTAC KAl O€ €va PeyaAo aAua yia Tnv supUTe-
pN XPAON TWV AVAVEWTIHWY NNYWV EVEPYEIAC.

>ToxelovTag npo¢ autn Tnv katelduvan, n revikn Al-
elBuvon Aigubvolg AvanTulakng Zuvepyaoiag (YAAY)
TOoU eAANVIKOU Ynoupyeiou EEwTepikav (YMES) xpnuarto-
doTei, napakoAouBei kai dlsukoAUvel avanTu&iaka npo-
YPAUUATa OTOV TOUED TNG EVEPYEIAC OE XWPEC NPOTEPAI-
0TNTag TNG EAANVIKAG SIKEPOUC KPATIKAG avanTuglakng
ouvepyaoiac. H YAAZ OiaxeipileTal Tnv avanTuglakn Bo-
nBeia (KOIVWVIKEG UMOJOMEG KAl UMNNPETIEC, OIKOVOMIKEG
UNOJOWEC KAl UMNNPETIEC, TOMEIC NAPAywync, NOAUTOUE-
akéC Opaoelc, avlpwnioTIKOG / ENIOTNPOVIKOC TOUEAC),
Kabw¢ eniong Kai OAEC TIC NICTWOEIG NOU NApEXOvTal anod
Ynoupyeia, OpyaviopoUc kai dnuoOcIouc Kal IBIWTIKOUG
QOpEiG evTOG Kal kTOG EANGDOG.

Ano Tnv AMn nAgupad, To KAME, gk Tou pOAoU Tou, PNOpEi
va anoTeAégel T Baon yia Tnv EAada Tou oxediaoyou
Kal TNC EKKIVNONG HEYAAWY NPwTOROUNI®MY AVaVEWTIHWY
Mnyawv Evépyeiag (AME) kai EEoikovopnong Evépyelag
(EZE) yia oAokAnpn Tnv nepioxn Tng N.A. Eupwnng, Tou
Eu&eivou MovTou kal Tng Meooyeiou. Eidika doov apopd
Ta avanTu€iakd npoypaypata Tou YME= (Hellenic Aid),
To KAME anoTtelei gpopea uAonoinong TEToIwV Npoypap-

MATWV OTOV TOWEQ TNG evEPyelag oToxelovTac otn di-
apOPPWON EEEIBIKEUPEVWY MONITIKWV avanTuEiakwy £p-
ywv AME kai EZE ava xopa, HEow E0TIA0UEVWY dPATEDV
UWNANG NPOCTIBEUEVNG TEXVOAOYIKNAG KAl EMIOTNHOVIKNAG
a&iac o Baboc xpovou.

XapakTnpioTIkO Napadelyda TETOIWV OPACEWY aAnoTE-
Aouv kai ol Opaceig nou uAonoiBnkav oTo MAdiclo Tou
avanTtuglakol €pyou «Agonoinon EvalakTikwv Mop-
Qwv Evépyeiac pe Tnv eykatdortaon Zuotnuarog HAI-
akwv OepyoouoowpeuTwv 0To Afdo Cacak (KevTpikn
>epBia)» oe ouvepyaoia ue To Anyo Tou Cacak (Tonikd
€T1aipo) kal Tnv eAAnvikr) MKO “E-CONET". KaTa Tn O1ap-
KEla Tou napandvw £pyou (10/2006 - 11/2008) oxedia-
OTNKE KAl KATAOKEUAOTNKE NAIako Bepuikd oloTnua yia
CeaT0 vepd xpnong ot dUo kTipia aTo Cacak, og oX0oAIkd
OUYKPOTNMA Kal OE vnriaywyeio TnG noAnc. Mpoundeu-
TNG TWV anapaiTnTwv NAIGKWV BEPUIKWY CUCTNHATWV
ATav n eMnvikn eTaipeia Stiebetherm A.E., n onoia
Kal OUVEPYAOTNKE We TV TOMIKN Taipeia Elsol yia Tnv
£YKATAOTAGCT TOUC. ZUVOAIKG 40m2 nAIGKWV GUANEKTWV
TonoBeTnONKav o€ kABe KTiplo eEaopaAifovTag Tnv na-
poxn CeaTtol vepou Xpnong KE QINKO Npo¢ To NepIBA-
Aov TpOMo kal evBappuvovTac ENICKENTEC KAl XPrOTEC vVa
£QapPOOOUV NAPOUOIEC TEXVOAOYIEC OTIC KATOIKIEC TOUC,
AKOWN YIa eKNAIOEUTIKOUG KUPIG AOYOUC, TOMOBETNONKE
éva HIkpO nhiakd Bepuikd ouoTnua yia (eoTO VEPO OF
aMo €va vnniaywyeio kai évag oTUAoC GWTIOUoU and
QwTOROATAIKA OTOIXEId OTO OXOAIKO OUYKpOTNWa. Eni-
nAéov, oe EexwpioTn dpacn WEAETNHONKav ol enepBACEIC
€€oIkovounang evépyeiag nou Ba pnopoloav va uhonol-
nBolv o€ AAAa KTrpia dnEOCIoU EVOIAPEPOVTOC TOU Anj-
pou Cacak. O npolinoAoyiouoc nou eykpibnke yia Tic dUo
gykataoTacelc nTav 173.300€ pe 75% XpnuatodoTnon
ano Tnv YAAS kai 25% xpnuatoddTnon ano idioug no-
POUC TOV ETAIPWV.



About Hellenic Aid

The General Directorate for International Development
Cooperation (Hellenic Aid) was established in 1999 of
the Directorate of the Hellenic Ministry of Foreign Affairs
(MFA). It is the most recently established Directorate
General of the Foreign Ministry. Hellenic Aid is mainly
responsible for the supervision, coordination, monitoring
and promotion of emergency humanitarian, food
aid and development activities, as well as aid for the
reorganization and restoration of the infrastructures,
conducted by implementing institutions such as
ministries, universities, NGOs or other players in
developing countries of developing countries.

Hellenic Aid is the competent department in the Greek
Foreign Ministry that coordinates and monitors programs
of humanitarian and development aid.

The Hellenic development policy

Greece takes active part in the international alliance
against poverty and, from 2000 onwards, grows into a
bilateral donor country.

The MFA, through the exercise of policy in international
development cooperation and assistance, undertakes
initiatives and actions that serve the Millennium
Development Goals and are fully compatible
with the Development Assistance Committee (the
principal body through which the OECD deals with issues
related to co-operation with developing countries) and
EU priorities as well as national policy.

Within the context of the new strategy of the MFA,
orientated towards the accomplishment of the Millennium
Development Goals, Hellenic Aid promotes:

- Humanitarian and food aid programmes

- Development programmes, materialized by NGO's,
directed towards the economic and social amelioration
of the populations of developing countries

- Volunteerism and the establishment of new development
NGO's

- Co-operation among national NGO's and respective
organizations taking action in developing countries.

Greece allocates 0,17% of the Gross National Income to
Official Development Assistance to developing countries,
aiming at the 2010 EU target of 0,51%.

For more Information please visit the website of the
Hellenic Ministry of Foreign Affairs: http://www.mfa.gr

About the Centre for Renewable
Energy Sources (CRES)

CRES was founded in September 1987 by Presidential
Decree. It is a public entity, supervised by the Ministry
of Development, General Secretary of Research and
Technology, and has financial and administrative
independence. Its main goal is the research and
promotion of Renewable Energy Sources (RES), Rational
Use of Energy (RUS) and Energy Saving (ES) applications
at a national and international level, as well as the
support of related activities taking into consideration the
principles of sustainable development

CRES has two main roles: as a Research and Technology
Centre for RES/RUS/ES and as the National Energy
Centre of Greece.

In the framework of its mission, CRES:

- is the official consultant of the Greek government on
matters of RES/RUE/ES;

- carries out applied research and develops innovative
technologies which are technically and economically
viable and environment-friendly;

- organises, supervises and carries out demonstration
and pilot projects, to promote the above technologies,
etc...

Over the years, CRES has participated in over 600 national
and international projects. Through these projects,
CRES has developed co-operation with humerous public
and private organisations, at a national and international
level.

For more information please visit: http://www.cres.gr
About the Municipality of Cacak

The Municipality of Cacak is located in the middle of
Central Serbia, 145km south-west from Belgrade. Cacak
is also the name of the municipality’s capitol and with its
population of ~75.000 habitants it is the biggest town
and the administrative centre of the Moravica District.

Cacak is one of the major economic centres of Serbia. Its
economy is dominated by industrial production. Above
all, by metal-processing, paper production and chemical
industry. The agricultural sector is also well developed
and mainly managed by individual farmers.

The City of Cacak networks with several, so called, sister
cities. One of them is the Greek City of Katerini, located
in Central Macedonia, Greece.

For more information about the Municipality of Cacak
please visit: www.cacak.org.yu




About the Partners

Stibetherm S.A., one of the leading solar manufacturers
in Greece, took place as the general contractor and
as the provider of the solar thermal products for the
projects. www.stibetherm.gr

Elsol, a Serbian constructor company took place as the
local subcontractor and was responsible for the proper
installation of the projects. www.elsol.co.yu

Econet S.A., a Greek consulting company with high
expertise in providing economic and financial services
gave support in the issues of analysis and simulations.
WWw.econet-sa.gr

Targets of the Project

Two of the main targets of the projects were the
development of cooperation in the sector of solar energy
and the research about available potentials of the use of
RES in Serbia. In this framework, the 3 below described
pilot projects took place.

A3rd main topic for CRES was, to made a theoretically
analysis about the improvement of also existing buildings.
The background of the evaluated data based on a choice
of public buildings in the Municipality of Cacak. Find
below a more detailed description of this procedure.

The specific targets of the proposed programme were
the

e Decrease of energy consumption in the public
buildings of the Municipality of Cacak by utilising in
the maximum possible the solar energy.

¢ Creation of the conditions for social, environmental
and economic benefits for the entire population and
mainly the poorest social groups.

¢ Enhancement of the business co-operation between
Greece and Serbia in the field of RES Technologies.

¢ Creation of opportunities for new projects of great
scale solar applications in the Buildings and of RES in
the area.

¢ Broad awareness and acceptance for the application
of RES Technologies

The results of the Programme will contribute in many
sectors of the social and economic life of the people of
Serbia, such as:

« Energy saving and the reduction of the energy imports
(e.g. Oil and Gas) which consequential brings Serbia to
a more independence position from energy-exporting
countries.

e The cost-reduction of warming up domestic water in
public buildings.

e The increase of employment due to the creation
of new business, especially for small and medium
enterprises.

¢ The use and the accustomed to RES also for the private
house sector.

e The protection of the environment and the
improvement of life quality which is attended by the
above measurements.

Further aims for the continuance e.g. in a project-
independent environment are, to

e Create new potential of long term technological and
economic co-operation between Greece and Serbia.

e Contribute the transfer of experience and know how
on solar energy matters and in general to the new
applications - friendly to the environment with direct
results and fiscal benefits.

e Support the broad use of the various forms of RES in
several sectors of the economy, such as in the tertiary
sector, in Industry, in the public administration, in the
housing and agricultural sector etc.

15t Action Installation and functioning of a solar water-heating system
P Seminar of transfer of specialised technical know-how for the use of solar
2" Action - o
energy in buildings
4 A Evaluation of new large scale projects of solar energy use and energy saving in
31 Action L
the municipality of Cacak
4t Action Evaluation, monthly progress reports for supervision

Tablel: Activities



Technical description of the Solar
Projects

The first installation was realized in a secondary
school (Prehrambeno Ugostiteljska Skola). 40m2 of high-
selective flat-plate- collectors warm up the total volume
of 2m3 of domestic water. This system is a so called
closed system. The solar heated water is transported
from the collectors (producer) to the boilers (water
storage) via a pump. The solar pre-heated domestic

The second installation took place at the ‘Bambi’-
kindergarten. The philosophy of the solar application and
the technical circumstances are similar to the system in
the secondary school, which is described above. The only
difference is that the solar panels at the kindergarten will
reduce the energy-costs in form of oil-savings instead of
electricity as it is the case in the school. The net energy
savings of both installations amounts more or less the
same and are estimated to 45.000 kwh/year which is

adequate to approximately 5.000 L fuel oil.

3rd installation - the Sunce-kindergarten - the existing
circumstances reached a decision to implement a so
called solar Thermosiphon-system. This technology
is long time tested and in successful use all over the
world to heat up domestic water with the power of the
sun. The simple installation, the effectiveness mode of
operation and the trivial technique (working with the

water in the boilers can be used for consumption, e.g.
for the bathrooms and the restrooms. On this way, the
energy costs decrease immensely, especially because the
former method of heating up all the needs of domestic
hot water (dhw) was due to electricity devices. These
electrical devices are still preserved through as a back-
up system, to warm up the dhw in case of a sunless
period. Furthermore, a small Photovoltaic-device which
supplies a light bulb was installed, mainly for educational
issues.

Picture 1:
Pipework in boiler room

Slika 1:
Sistem cevi u prostoriji
za bojlere

natural gravitation, no pump or controller unit required),
are only a few benefits which guarantee the continual
spread of this kind of solar application. For the specific
demands in the kindergarten, a medium device with
3m2 of collector-area and a 200 L boiler on the top was
selected as the appropriate solution to cover the daily

demands of dhw.

Study about common building
topologies

The aim of the analysis was to define the optimum
building envelope configuration for building typologies
common in the Municipality of Cacak. Parametric studies
were performed for typical buildings, testing different
configurations of roof and external wall insulation.
The annual building heating and cooling loads of




each configuration were estimated through dynamic
thermal simulations. A simple economic analysis was
then performed, based on current prices and tariffs,

comparing the energy requirements of each scenario
with the cost of the respective insulation configuration,
so as to identify the most cost-effective solution.

Picture 2: 3-D model used for simulation
Slika 2: 3-D model koris¢en za simulacjiu

Methodology

The Municipality of Cacak proposed fifteen buildings
representative of its existing building stock. Technical
questionnaires, prepared by CRES, were used to collect
data and form the energy profile of each building.
After processing the questionnaires, four buildings,
representing a significant part of the Community’s
building stock were selected for further analysis.
Specifically the buildings selected are:

- The residential complex for the Roma population in
Atenica.

- The residential complex in Obrez.

- The old kindergarten building and the “Branislav
Petrovic” primary school in Slatina.

The climate of Cacak was studied based on data, created
by the weather file generator Meteonorm v. 6.0. Due to
the cold winters and cool summers, reducing the heating
loads of the buildings should be a priority in building
design, while overheating during the summer months
is unlikely to occur. This study therefore focused on
reducing the heat losses through the buildings” shell
through the optimum addition of thermal insulation.
Dynamic thermal simulations were performed testing and
comparing different widths and materials of insulation on

the opaque elements of each building’s outer envelope.



O Grckoj pomoci

Generalni Direktorat za medunarodnu saradnju u oblasti
razvoja (Grcka pomoc¢) je osnovan 1999 od strane
Direktorata Ministarstva Inostranih poslova Grcke (MFA).
To je poslednji osnovani direktorat Ministarstva Inostranih
poslova Grcke. Grcka pomoC je uglavnom odgovorna
za superviziju, koordinaciju, monitoring i promociju
humanitarne pomodi ugroZenima, pomo¢i u hrani i
razvojnim aktivnostima, kao i za pomo¢ u reorganizaciji ili
ponovnom uspostavljanju infrastrukture, kojim rukovode
institucije koje ih implementiraju,kao Sto su ministarstva
univerziteti, NVO-e i drugi subjekti iz zemalja u razvoju,u
zemljama u razvoju.

Grcka pomoC je kompetentno odeljenje Ministarstva
Spoljnih poslova Grcke koje koordinira i vrSi monitoring
programa humanitarne pomoci ili programa razvoja.

Grcka politika razvoja

Grcka aktivno ucestvuje u medunarodnoj alijansi protiv
siromastva i bede i, od 2000.godine na dalje, izrasta u
bilateralno, donatorsku zemlju.

Ministarstva Spoljnih poslova Grcke,kroz politiku saradnje

i pomodi u medunarodnom razvoju preuzima inicijative i

aktivnosti koje sluze Milenijumskim Ciljevima Razvoja

i u potpunosti su kompatibilni sa Komitetom za pomo¢

u razvoju (nalogodavno telo preko koga Organizacija za

evropsku saradnju i razvoj ( OECD ) reSava pitanja vezana

za saradnju sa zemljama u razvoju) i prioritetima EU kao

i nacionalnim politikama.

Unutar konteksta nove strategije Ministarstva, Inostranih

poslova orijentisanih prema izvrSenju Milenijumskih ciljeva

razvoja, Gréka pomoc¢ promovise:

- Humanitarne programme i programe pomodi u hrani

- Programe razvoja, materijalizovane od strane NVO-
a,usmerene prema ekonomskom i socijalnom pobolj$anju
Zivotnih uslova stanovniStva u zemljama u razvoju

- Voluntarizam i uspostavljanje novih NVO-a za razvoj

- medu nacionalnim NVO-a i pojedinim organizacijama
koje preduzimaju aktivnosti u zemljama u razvoju.

Grcka izdvaja 0,17% Bruto nacionalnog dohotka zvanicnoj
pomodi u razvoju u zemljama u razvoju, sa ciljem da se
dostigne cilj EU 2010. godine od 0,51%.

Za viSe informacija molimo da posetite veb stranicu
Ministarstva Spoljnih poslova Grcke: http://www.mfa.gr

O Centru za izvore obnovljive energije
(CRES)

CRES je osnovan u Septembru 1987. dekretom
Predsednika. Toje drzavno telo koga nadgleda Ministarstvo
Razvoja i Generalni Sekretar za Istrazivanje i Tehnologiju,
finansijski i administrativno nezavisan. Njegov glavni cilj je
istraZivanje i promocija Obnovljivih izvora energije (RES),
Racionalna upotreba energije (RUS) i usteda energije
(ES) i njihova primena na nacionalnom i internacionalnom
nivou,kao i podrska odredenim aktivnostima koje uzimaju
u obzir principe odrZivog razvoja.

CRES ima dve glavne uloge:kao Istrazivacki i tehnoloski
centar za RES/RUS/ES i kao Nacionalni centar za energiju
Grcke.

U okviru ove misije, CRES:

- je zvanitni savetnik Vlade Grcke po pitanju RES/RUE/
ES;

- izvodi primenjena istraZivanja i razvija inovativne
tehnologije koje su tehnicki i ekonomski odrzive i
neskodljive po okruzenje;

- organizuje,nadgleda i vrsi demonstraciju pilot projekata,u
cilju promovisanja gore navedenih tehnologija, itd...

Tokom godina, CRES je ucestvovao u preko 600

nacionalnih i internacionalnih projekata. Kroz ove projekte,

CRES je razvio saradnju sa brojnim drzavnim i privatnim

organizacijama na nacionalnom i internacionalnom

nivou.

Za vise informacija molimo vas posetite: http://www.
cres.gr

0 gradu Cacku

Grad Cacak se nalazi u sreditu centralne Srbije, 145km
jugo-zapadno od Beograda. Calak je takode ime
opstinskog sedista sa oko 75.000 stanovnika i to je najveci
grad i administrativni centar Moravickog regiona.

Cacak je jedan od najvaznijih ekonomskih centara Srbije.
U njegovoj industriji dominira industrijska proizvodnja.
Pre svega,prerada metala,proizvodnja papira i hemijska
industrija. Poljoprivredni sektor je takode veoma razvijen
I uglavnom ga sacinjavaju individualni poljoprivredni
proizvodadi.

Grad Cacak je u mreZi sa takozvanim bratskim gradovima.
Jedan od njih je Grcki grad Katerini, koji se nalazi u
centralnoj Makedoniji u Grékoj.




Za vie informacija o gradu Cacku molimo vas posetite:
www.cacak.org.yu

O partnerima

Stibetherm S.A., jedan od vodecih proizvodaca solarne
opreme u Grckoj, zauzima mesto generalnog Izvodaca
Ugovora kao Nabavljac solarnih,termalnih uredaja za
projekte. www.stibetherm.gr

Elsol, srpska gradevinska firma koja je lokalni Pod-
izvodaC i odgovorna za ispravnu instalaciju projekata.
www.elsol.co.yu

Econet S.A., grcka konsalting kompanija sa visokom
ekspertizom u obezbedivanju ekonomskih i finansijskih
usluga, koja daje podrsku za pitanja analiza i simulacija.
www.econet-sa.gr

Ciljevi projekta

Dva glavna cilja projekta bila su razvoj saradnje u oblasti
solarne energije i istrazivanja u vezi dostupnih potencijala
koris¢enja RES u Srbiji.U okviru ovih ciljeva odigrala su se
tri (3) dole opisana projekta.

Treci glavni cilj za CRES bio je, napraviti teoretsku analizu
poboljSanja postojecih zgrada. Pozadina evaluiranih
podataka bazira se na izboru javnih zgrada u gradu Cacku.
U daljem tekstu sledi detaljno opisan postupak.

Posebni ciljevi predloZenih programa bili su

] §manjenje potroSnje energije u javnim zgradama grada
Cacka koriste¢i maksimalno i koliko je to moguce solarnu
energiju.

« Stvaranje uslova za dobrobit Zivotnog okruZenja kao i za

drustvenu i ekonomsku dobrobit ukupnog stanovnistva
a posebno za najsiromasnije drustvene grupacije.

« Unapredenje poslovne kooperacije izmedu Grcke i Srbije
na polju RES tehnologija.

« Stvaranje mogucnosti za nove projekte primene solarne
energije,velike vrednosti na zgradama i RES u regionu.

o Siroka  uverenost i RES

Tehnologija.

prihvatanje  primene

Rezultati Programa ¢e dati svoj doprinos u mnogim

sektorima drustvenog i ekonomskog Zivota ljudi Srbije, kao

Sto su:

e Usteda energije i smanjenje uvoza energije (nafte il
gasa na primer ), Sto ¢e posledicno doneti Srbiji manje
zavisnu poziciju od zemalja izvoznica energije.

* Smanjenje troskova grejanja tehnicke vode u javnim
zgradama.

* Vecu uposlenost usled stvaranja novih poslova,narocito
za mala i srednja preduzeca.

e Upotreba i pristupanje RES takode i za privatna
domacinstva.

» Zadtita Zivotne sredine i poboljSanje kvaliteta Zivota koji
je vezan za gore navedene aktivnosti.

Bududi ciljevi za nastavak,u nezavisnom projektnom
okruzenju su:

o Stvoriti novi potencijal dugotrajne tehnoloske I
ekonomske kooperacije izmedu Grcke i Srbije.

e Doprineti transferu iskustava i know how po pitanju
solarne energije uopste,i novih primena - bezopasnih
po okruzenje sa direktnim rezultatima i finansijskom
koristi.

* Podrska Sirokoj upotrebi razlicitih oblika RES u razlicitim
ekonomskim sektorima, kao Sto su tercijarni sektor,
u industriiji, u javnoj administraciji, u stambenom i
poljoprivrednom sektoru itd...

1. Aktivnost Instalacija i funkcionisanje solarnog sistema za zagrevanje vode

2. Aktivnost Seminar o transferu specijalnog tehnickog know-how za upotrebu solarne energije u zgradama
3. Aktivnost Pronalazenje novih radova u vezi solarne energije,velikog obima u gradu Cagku.

4. Aktivnost Evaluacija,mesecni izvestaji o progresu za nadzor

Tabelal: Aktivnosti



Tehnicki opis solarnih projekata

Prva instalacija realizovana je u srednjoj Skoli
(Prehrambeno  Ugostiteljska  Skola). 40m2  visoko
selektivnih ravnih kolektora koji zagrevaju do 2m3
tehnicke vode. Ovaj sistem je takozvani zatvoreni sistem.
Solarno zagrevana voda se transportuje od kolektora
(proizvodac) do kotlova (skladistenje vode ) pumpom.
Solarno pre-zagrejana tehnicka voda u kotlovima,moze se
upotrebiti za potrosnju,na primer za kupatila i toalete. Na
ovaj nacin se znatno smanjuju troskovi energije,posebno
zbog prethodnog nacina na koji se zagrevala tehnicka
voda (dhw) elektri¢nim uredajima. Ovi elektriCni uredaji

su sacCuvani kao podrska, za zagrevanje dhw u slucaju
perioda bez sunca. Dalje, instaliran je mali Fotonaponski -
uredaj koji snadbeva malu sijalicu,uglavnom u obrazovne
svrhe

Druga instalacija bila je u vrticu Bambi Primena solarnih
uredaja i tehnicke okolnosti su sli¢ne sistemu u srednjoj
Skoli koji je ve¢ opisan. Jedina razlika je ta Sto Ce solarni
paneli u vrticu smanjiti troskove energije u formi ustede
nafte umesto elektricne energije,kao Sto je to bio slucaj u
Skoli. Neto usteda energije obe instalacije je veoma sli¢na
i procenjena je na 45.000 kwh/a Sto je ekvivalentno 5.000
L te¢nog goriva.

Picture 3: Collector installation
Slika 3: Instalacjia kolektora




Treca 3" instalacija - vrti¢ Sunce — postojece okolnosti
dovele su do instalacije takozvanog solarnog Termosifon-
sistema. Ova tehnologija je dugo vremena testirana
i uspesno se upotrebljava Sirom sveta za zagrevanje
tehnicke vode suncevom energijom. Jednostavnost
instalacije, efikasan nacin rada i prosta tehnika (radi po
principu prirodne gravitacije, nema potrebe za pumpom ili
kontrolnom jedinicom ), su samo nekoliko prednosti koje
garantuju kontinuirano Sirenje ove vrste primene solarnih
uredaja. Za specificne zahteve u vrticu Sunce, srednji
uredaj sa 3m2 povrsine kolektora i kotlom od 200 L na
vrhu,izabran je da zadovolji dnevne potrebe za dhw.

i hladenje zgrada razlicitih konfiguracija su procenjivani
kroz dinamicke termo simulacije.Tada su izvodene
jednostavne ekonomske analize,bazirane na trenutnim
cenama i tarifama,uporedujuéi zahteve za energijom u
svakom scenariju sa cenom odgovarajuce konfiguracije
izolacije, tako da se identifikuje naj efikasnije resenje po
pitanju troskova.

Metodologija

Grad Cacak,predloZio je petnaest reprezentativnih zgrada
od svih postojecih. Tehnicki upitnici, pripremljeni od strane
CRES-a,bili su upotrebljeni da
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bi se prikupili podaci i formirao

energetski profil svake zgrade.
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Diagram 1: Monthly averages for temperature and radiation
Dijagram 1: Mesecni prosek temperature i zracenja

na bazi podataka dobijenim
uz pomo¢ Meteonorma V.
6.0.Zbog hladnih zima i svezih
leta,smanjenjeutroskaenergije
potrebne za zagrevanje zgrada

Studija uobicajene tipologije zgrada

Cilj ove analize bio je da definise optimalnu spoljasnju
konfiguraciju zgrada za tipologiju zgrada uobicajenu za
grad Cacak.Izvedene su studije parametara za tipicne
zgrade,testiraju¢i  razliCite konfiguracije krovova i
izolaciju spoljnih zidova. Godisnji troskovi za zagrevanje

trebalo bi da bude prioritet pri
konstrukciji zgrada,jer je prilicno nemoguce da dode do
preteranog zagrevanja tokom leta. Ova studija se zbog
toga fokusira na umanjenje gubitaka toplote kroz spoljne
zidove zgrade,optimalnim dodavanjem termo izolacije.
Izvedene su dinamicke termo simulacije testirajuci i
uporedujudi razlicite Sirine materijala i razlicite izolacione
materijale na gradevinskim elementima od opeke,poput
onih u spoljnim zidovima zgrada.
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