417.

41. MEDUNARODNI
KONGRES | IZLOZBA

0 GREJANJU HLADENIU
| KLIMATIZACII

Beograd, Sava centar,
30. novembar - 2. decembar 2016.

Generalni pokrovitelj
Pokrovitelj izlozbe
Organizator
Organizacioni odbor

Medunarodni
organizacioni odbor

Nacionalni nau¢ni savet
Programski sponzori
Glavni sponzori
Sponzori

Pocasni odbor

Program ukratko

Sadrzaj
Ko je ko u KGH 2016

kgh

47™ INTERNATIONAL
CONGRESS & EXHIBITION
ON HEATING, REFRIGERATION
AND AIR CONDITIONING

Belgrade, Sava Center,
30 November - 2 December 2016

General patron
Exhibition patron
Organiser

Organizing committee

International organizing
committee

National organizing committee
Program supporters

Main sponsors

Sponsors

Honorary commitee

Program at a glance

Contents
Who is Who in HVAC&R 2016



energynet.rs

gree.rs

[ /L \
|

kza Srbiju ENERGY NET D.0.0. @ ENERGYNET

i uvozni

ivni zastupni

Ekskluz



GENERALNI POKROVITEL]
GENERAL PATRON

7\ ENERGYNET

Ka¢

POKROVITEL]J IZLOZBE
PATRON OF THE
EXHIBITION

(elcomtrade
~ (Widea PDAIKIN

Beograd

DOMACIN
KOKTELA DOBRODOSLICE
WELCOME COCTAIL HOST

@ LG

ORGANIZATOR
ORGANIZER

Drustvo za grejanje, hladenje i klimatizaciju (KGH) Srbije pri
Savezu masinskih i elektrotehnickih inZenjera i tehnicara Srbije (SMEITS),
Kneza Milosa 7a/Il, 11000 Beograd
Tel. 011/3230-041, 3031-696, tel./faks 3231-372
Teku¢i rac¢un broj 255-0007430101000-55
E-mail: office@smeits.rs
www.smeits.rs « www.kgh-drustvo.rs



ORGANIZACIONI ODBOR
ORGANIZING COMMITTEE

Aleksandar Andelkovi¢
Bratislav Blagojevi¢
Bojan Bogdanovié¢
Vladan Galebovi¢
Marko Ignjatovi¢
Dusan Licina
Dimitrije Lili¢

Jovan Mili¢

Nenad Miloradovi¢

Slobodan Pejkovi¢

Zivojin Perisi¢

Dragomir Samsalovié

Biserka Svarc

Marija S. Todorovié¢

Branislav Todorovic,
(President)

Petar Vasiljevi¢

Milovan Zivkovié

MEDUNARODNI PROGRAMSKI ODBOR
INTERNATIONAL PROGRAMME COMMITTEE

Hashem Akbari
Costas Balaras
Marianna Brodatch

Stefano Corgnati
Didier Coulomb

Ioan Silviu Dobosi
Andrea Gasparella
Karel Kabele

Branko Kovacevié

Halvart Koeppen
Junjie Liu

Zoltan Magyar
Farooq Mahboob

Ljiljana Marjanovi¢-Halburd
Jian-lei Niu

Peter Novak

Baris Ozerdem
Branimir Pavkovic¢

Adrian Retezan
Matheos Santamouris
Chandra Sekhar

Jelena Srebri¢
Yuri A. Tabunschikov

Karim Ghazi Wakili

Professor, Concordia University, Montreal Canada
Professor, National Observatory Athens, Greece
AVOK Journal Editor, Professor, Moscow Institute
of Architecture, Russia

REHVA President, Politecnico di Torino, Italy
Director, International Institute for Refrigeration,
France

Member of Board of Directors, REHVA, Romania
IBPSA Board, University of Bozen/Bolzano, Italy
REHVA, Professot, Czech Technical University,
Prague, Czech Republic

President of the Academy of Engineering Sciences
of Serbia, Belgrade

Regional Network Coordinator (ECA), UNEP
School of Environmental Sciences & Technology,
Tianjin University, Tianjin, China

ASHRAE Danube Chapter President, Hungary
President of the ASHRAE Region At Large,
Pakistan

Professor, University College London, UK
Professor, The Hong Kong Polytechnic University,
Kowloon, Hong Kong

Professor, Faculty for Technology and Systems,
Novo mesto, Slovenia

Professor, Bahgesehir Universitesi Istanbul, Turkey
Professor, University of Rijeka, Faculty of
Engineering, Croatia

Professor, Universitatea Politehnica Timisoara,
Romania

Professor, University of Athens,

»Energy & Buildings“ Journal Editor, Greece
Professor, National University Singapore,
Singapore

Professor, University of Maryland, USA

Professor, Moscow Institute of Architecture

(State Academy), President ABOK, Russia

IABB, Institute of Applied Building Physics,
Winterthur, Switzerland



NACIONALNI NAUCNI SAVET
NATIONAL SCIENTIFIC COMMITTEE

Milo$ Banjac
Velimir Congradac
Olvera E¢im-Durié¢

Radomir Foli¢
Zoran Kekovi¢
Milan Kilibarda
Franc Kosi
Miomir Kosti¢
Radivoje Mitrovi¢
Milovan Vidakovi¢

Bozidar Radenkovié¢
Budimir Sudimac

Eva Vanista-Lazarevi¢
Dusan Vukotié¢

Faculty of Mechanical Engineering, Belgrade
Faculty of Technical Sciences, Novi Sad
Faculty of Agriculture, Belgrade

Union of Civil Engineers of Serbia, Belgrade
Faculty of Security Studies, Belgrade
Faculty of Civil Engineering, Belgrade
Faculty of Mechanical Engineering, Belgrade
School of Electrical Engineering, Belgrade
Faculty of Mechanical Engineering, Belgrade
National Organization of Engineers and
Technicians for Directing Fire Risks, Belgrade
Faculty of Organizational Sciences, Belgrade
Faculty of Architecture, Belgrade

UrbanLab, Belgrade

IEC TC 57-WG14 Member,

President KS N057-1SS, Belgrade

PROGRAMSKI SPONZORI
PROGRAMME SUPPORTERS

Republika Srbija, Ministarstvo poljoprivrede i zatite Zivotne sredine
Republic of Srbia, Ministry of Energy, Development and Environmental Protection

rehva Federacija evropskih drustava za grejanje i
BE klimatizaciju - REHVA
Federation of European Heating and
Air-Conditioning Associations - REHVA
(A Medunarodni institut za hladenje (IIR)
iir,/ International Institute of Refrigeration (IIR)
(/I/‘;Q\\\v Program Ujednjenih nacija
\\’l \ 1 / ’y za Zivotnu sredinu - UNEP
i UNEDP - The United Nations Environment
UNEP Programme
Americko drustvo inZenjera za grejanje,
ASHRAE hladenje i klimatizaciju (ASHRAE)

American Society of Heating, Refrigerating
and Air-Conditioning Engineers - ASHRAE

InZenjerska komora Srbije
Serbian Chamber
of Engineers

Medunarodna asocijacija za simulaciju

osobina - dinamike ponasanja zgrada
The International Building Performance

Simulation Association



GLAVNI SPONZORI

GENERAL SPONSORS
Airtrend BOSCH Danfil
Beograd Beograd Beograd
&
EMERSON s
Climate Technologies FENKS BB
Istocna Evropa Beograd, Vréin Nis

BitterFRIGO GILLES ¢ goe

Beograd Beograd Beograd

: o
GroupProtem GRUNDFOS »\ Hydronic Engineering

Beograd Beograd Beograd

O ITN MKlima-Tehnika

GROUP KLIMA M
Beograd, Zemun Beograd Beograd

@ LG ©Lindab mpgisan

IMP Klima
Beograd Beograd Beograd
PORTAL
B "
5 PET-PROM Lifels On SC%I‘IEleEICC!ﬁIC"
Beograd Zajeéar Beograd

SEN=
2
COOLING SYSTEMS

Kragujevac Beograd Beograd



4d -
Ll SoKGD m
SIPATEC INZINJERING
Beograd Beograd Beograd
systemair :Im # Technical
Beograd Beograd Beograd
= 23 TECHNOLOGY 0LIS § termoinzenjeri
=== international services TERM PL 1I terml?n!ﬂfﬁ!”%!&%
Beograd Beograd Beograd
TERMOSISTEM YA
s Jrraco TROX. recuu
Crna Gora Beograd Beograd
Faa ™\
1) \/ai VIEEMANN
UNEP EVaillant S
Francuska Beograd Beograd
[ B
(]
ze
wilo
Beograd Beograd
SPONZORI KONGRESA
CONGRESS SPONSORS
AEROPRODUKT ZRT  Madarska
AKTING  Beograd
ALFA CLIMA  KnjaZevac
ANTIC KLIMATIZACIJA  Beograd
BELIMO AUTOMATION  Beograd
CALEFFI HIDROTERMIKA  Beograd
CIM GAS  Subotica
CWG Balkan  Beograd
DRAVIDIS  Beograd
ELMARK  Beograd
ESOT-INVEST doo Celje,
Ogranak ESOT-INVEST Beograd  Beograd
EURO HEAT  Kragujevac
EUROFRIGO  Beograd
GAS LIDER  Beograd
HALTON FOODSERVICE GmbH  Nemacka
HERZ ARMATUREN  Nova Pazova
INSTALACIJA INZENJERING  Beograd
INTERFRIGO  Beograd
IPROS  Novi Sad



ISOPLUS

IZOLIR
KAN-THERM

KIM TEC

KLIMA DOP
KOMO-YU

KORAJA
OVENTROP

OVEX

PEZOS EXPORT IMPORT
RACIONALIZACIJA ENERGIJE
RADIUS-KELIT
REHAU
TEHNOSAM
TERMO TEC FLEX
TERMOMEHANIKA
TERMOPLUS (CIAT)
TOPTHERM
TRACO INVEST
UNICOM

VIS COMPANY
WEISHAUPT

Beograd
Zrenjanin
Poljska
Beograd
Beograd
Beograd
Loznica
Beograd
Beograd
Novi Sad
Beograd
Austrija
Beograd
Subotica
Zabrezje, Obrenovac
Beograd
Beograd
Becej
Beograd
Beograd
Beograd
Beograd

POCASNI ODBOR
HONORARY COMMITTEE

Bora Antic¢
Dragan Arsenovi¢
Arpad Balog
Dejan Balti¢

Pavle Bani¢
Aleksandar Batini¢
Zoran Biserci¢
Bratislav Blagojevic¢
Dragan BozZovi¢
Vojislav Brajkovic¢
Dragan Brenesel
Srdan Budisin
Zoran Damjanovic¢
Dusan Durkovi¢
Branislav Dzini¢
Milomir Paci¢
Nebojsa Filipovi¢
Bojan Grujicki
Sasa Ili¢

Sasa Jakimov
Sinisa Janjusevi¢
Andrej Jergovi¢
Branislav Jordanov
Sasa Jovié

Bojan Jovovic¢

Ivet Keler

Caba Kern

Natasa Klen

ANTIC KLIMATIZACIJA, Beograd
ELCOMTRADE, Beograd
TOPTHERM, Becej

ISOPLUS, Beograd

SMART BUILDING TECHNOLOGIES, Beograd
DANFOSS, Beograd

VAILLANT d.o.o0. Beograd, Beograd
FENIKS BB, Nis

TERMOSISTEM, Crna Gora
INSTALACIJA INZENJERING, Beograd
IPROS, Novi Sad

TERMO PLUS - CIAT, Beograd
STEELSOFT, Beograd

GRUNDFOS SRBIJA d.o.o., Beograd
MPG KGH, Beograd

DRAVIDIS, Beograd

UNICOM, Beograd

VIESSMANN, Beograd
WEISHAUPT, Beograd

TRACO, Beograd

GGE ESCO, Beograd

SOKO INZINJERING, Beograd

LG ELECTRONICS, Beograd

ALFA CLIMA, Knjazevac
EUROFRIGO, Beograd
AEROPRODUKT ZRT., Madarska
CIM GAS, Subotica

AKTING, Beograd



Stanko Knezevic
Vasilije KodZopelji¢
Goran Koli¢

Zoran Kovljen
Zoran Krsti¢
Mladen Kuparié¢
Bozo Lazi¢

Darko Marinkovic¢
Miljan Markovi¢
Slobodan Markovié
Aleksandar Markovi¢
Pavle Markovski
Miomir Matié
Dragana Mijatovi¢
Vladimir Milidragovi¢
Alen Milovié
Aleksandar Minic
Dusan Misi¢
Biljana Nedeljkov
Srdan Nikodijevié¢
Dragan Obradovic¢
Vlada Obradovi¢

Aleksandar Obradovi¢
Milovan Paunovié¢
Predrag Pazin
Slobodan Pejkovi¢
Darko Perusinovié¢
Stevan Petkovic
Brana Petrovi¢
Cedomir Petrovié
Irena Popovic
Zeljko Protié
Jelena Prstojevic

Slavko Radovanovi¢
Dragana Santovac
Dusan Savi¢
Dragan Senic
Dragan Simonovi¢
Dejan Slepcevi¢
Mirjana Sofrenovi¢
Bojan Sretenovic
Nebojsa Stani¢
Andrej Skorc

Sasa Sumid
Dimitrije Trifunovi¢
Nemanja Tubi¢
Mihailo Vasi¢
Narcis Vodopivec
Zorica Vojinovic¢
Mirko Vojnovié¢
Bojan Vukoti¢
Damir Zili¢

PET-PROM, Beograd

SCHNEIDER ELECTRIC, Beograd
AIRTREND - KOVENT, Beograd
GILLES, Austrija

TECHNICAL SOLUTION, Bograd
ROBERT BOSCH, Beograd
ENERGYNET, Ka¢

TDM, Beograd

KAN, Poljska

KOMO-YU, Beograd

ITN GROUP, Beograd, Zemun
KLIMA M, Beograd

IZOLIR, Zrenjanin

KIM TEC, Beograd

CALEFFI HIDROTERMIKA, Beogmd
ETAZ, Beograd-Vréin

IMI INTERNATIONAL, Beograd
PORTAL, Zajecar

PEZOS EXPORT-IMPORT, Novi Sad
OVENTROR, Beograd

KLIMA DOR, Beograd
TECHNOLOGY INTERNATIONAL SERVICES,
Beograd

ZEHNDER, Nemacka

TERMO PLUS, Beograd
TERMOINZENJERING, Beogmd
FILTER FRIGO, Beograd

GAS LIDER, Beograd

EURO HEAT, Kragujevac

BELIMO AUTOMATION, Beograd
RACIONALIZACIJA ENERGIJE, Zemun
TROX TECHNIK, Austrija

KLIMA TEHNIKA, Beograd
ESOT-INVEST doo Celje

Ogranak Beograd, Beograd
TEHNOSAM, Subotica

CWG BALKAN, Beograd
INTERFRIGO, Beograd

SENA, Kragujevac

WILO, Beograd

SIDEK INZENJERING, Beograd
SYSTEMAIR, Beograd

OVEX INZENJERING, Beogmd
REHAU, Beograd

SIPATEC d.o.0., Beograd

GROUP PROTEM, Beograd
THERMO TEC FLEX , Beograd
HERZ ARMATUREN, Nova Pazova
KORAJA, Loznica

HALTON FOODSERVICES GmbH, Nemacka
LINDAB d.o.o. Beograd, Beograd
TRACO INVEST, Beograd

VIS COMPANY, Beograd
EMERSON, Istocna Evropa



SREDA - Wednesday

SALA 1/0 - Hall 1/0 ANEKS B < Annex B

00 00 Registracija
09:00~ 09:45 Participants Registration
010 Otvaranje kongresa i izlozbe
10:00~10:30 Opening of Congress and Exhibition
Sesija 1
10:30 ~ 13:30 Plenarna predavanja

Keynote Lectures

13:30 ~ 14:30 Koktel dobrodoslice - Welcome Cocktail
Sesija 2 Sesija 3
14:30 ~ 17:10 Standardizacija 14:30~17:45 Daljinsko grejanje
Standardization District Heating
CETVRTAK - Thursday
SALA 1/0 - Hall 1/0 ANEKS A - Annex A ANEKS B - Annex B
Sesija 4 Sesija 7 Sesija 10
Forum: Poboljsanje energetske efikasnosti Obnovljivi izvori energije Priblizavanje zgradama i gradovima nulte
S unovim tehnologijama hladenja S Solar and other Renewables g emisije (0, — tehnologije i rizici
[aa} o~ =3
7| pogodnim za ocuvanje klimatskih uslovai | = 5 | Approaching Zero O, Emission Buildings and
S ozonskog omotaca = =3 Cities — Technologies and Risks
3 Forum: Improving Energy Efficiency = 3
in Climate and Ozone Friendly Latest
Refrigeration Technologies
Sesija 5 Sesija 8 Sesija 11
2 Srpska regulativa i evropska wr | Projektovanje energetski efikasnih i | o Program za studente, mlade inZenjere i
fFa) JF" gas regulativa ra) zdravih sistema za KGH ) profesionalni razvoj — kombinovano sa
2 HFC Policy & Legislative Options in Serbia L HVAC Systems Design for Energy 2 prezentacijama glavnih sponzora
2 and European “F” gas legislation = Efficiency and Health 2| Students, Young Engineers & Professional
- - | Development Program — Combined with Main
Sponsors Presentations
s Sesija 6 2 Sesija 9 o Sesija 12
) Maine i sistemi za hladenje ~ | Predvidanje i validacija sistema za KGH | <3 Optimizacija i predvidanje energetskog
2 Refrigeration Machines and Systems 2 HVAC Systems Peformace Prediction 2 ponasanja zgrada
2 2 and Validation % | Buildings Energy Performance Optimization
- - - And Predictions
20.00 h Banket - Banquet

PETAK - Friday

ANEKS B - Annex B

Session 13

09:00 ~ 10:40 Analytical and Experimental Methods Advances

Session 14
FORUM: Europe, Asia, Australia, Africa and America Harmonised Rurban Development Needs — HVAC & Cold Chain, Healthy
10:55 ~14:00 | EnergyPlus Buildings, Smart Zero C0, Settlements, Sustainability, Security and ResilienceTowards 5 Continents Cooperation — Science,
Research & Development, Standardization, Certification, Education Engineering & Manufacturing (KGH-SMEITS & ECS, UNEP, UNDP,
IIR, ASHRAE-Danube, REHVA, IBPSHA-Danube, ABOK, Chinese and Australian Engineers)

14.00 h Zavrsetak rada skupa - Congress Closing Ceremony

rewell Lunch




SADRZAJ « CONTENTS

I. PLENARNA PREDAVANJA . Plenary Keynote Lectures

1. VODA KAO RASHLADNI FLUID
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Alexander COHR PACHAI Technology Manager Sabroe Factory by Johnson Controls, Denmark

2. ISTRAZIVANJE PERFORMANSI SISTEMA I OPTIMIZACIJA RETROFITA POSTOJECEG
SISTEMA GSTP U OSTRO HLADNOJ KLIMATSKOJ ZONI KINE
SYSTEM PERFORMANCE INVESTIGATION AND OPTIMIZATION RETROFIT OF AN
EXISTING GSHP SYSTEM IN THE SEVERE COLD ZONE IN CHINA
Ping CUI, Shandong, Haipeng AN, Haiyang JIANG, Shandong Jianzhu University, Jinan, China
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ENERGETSKE EFIKASNOSTI
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EFFICIENCY STRATEGIES
Livio de SANTOLI, Sapienza Universita di Roma, AICARR President

5. STANDARDIZACIJA U PODRUCJU TERMALNE SREDINE
STANDARDIZATION IN THE FIELD OF THE THERMAL ENVIRONMENT
Francesca Romana dAmbrozio ALFANO, Dipartimento di Ingeneria Industriale, Universita degli
Studi di Salerno, Salerno, Italy

ITI. DALJINSKO GREJANIJE . District Heating

6. ULOGA DALJINSKOG GREJANJA U BUDUCIM PAMETNIM ENERGETSKIM SISTEMIMA
THE ROLE OF DISTRICT COOLING IN THE FUTURE SMART ENERGY SYSTEMS
Oddgeir GUDMUNDSSON, Jan Eric THORSEN, Marek BRAND, Danfoss A/S, Heating Segment,
Application and Technology, Nordborg, Danmark

7. GRADEVINSKA RESENJA ZA NISKOTEMPERATURNO SNABDEVANJE TOPLOTNOM
ENERGIJOM
BUILDING SOLUTIONS FOR LOW TEMPERATURE HEAT SUPPLY
Oddgeir GUDMUNDSSON, Jan Eric THORSEN, Marek BRAND, Danfoss A/S, Heating Segment,
Application and Technology, Nordborg, Danmark
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POVECANJE STEPENA KORISNOSTI KOTLA I TEHNO-EKONOMSKA ANALIZA
UGRADNJE UTILIZATORA NA VRELOVODNOM KOTLU SNAGE 116 MW NA TOPLANI
,KONJARNIK“ U BEOGRADU

INCREASING THE BOILER COP AND TECHNO-ECONOMIC ANALYSIS OF
UTILIZATOR IMPLEMENTATION ON 116 MW HOT BOILER IN ,KONJARNIK”
HEATING PLANT IN BELGRADE

Vladimir TANASIC, Marko MLADENOVIC, JKP ,, Beogradske elektrane,Beograd

POREDENJE GUBITAKA VODE 1Z TOPLOVODNE MREZE U TOPLANAMA RAZLICITIH
RADNIH PARAMETARA

COMPARISON OF WATER LOSES FROM PIPELINE NETWORK IN HEATING PLANTS
WITH DIFERENT OPERATION MODE

Nenad MILORADOVIC, JKP ,Beogradske elektrane, Beograd

PREMOSCAVANJE RAZLIKE IZMEDU STVARNE I PROJEKTOVANE POTROSNJE
ENERGIJE ZA GREJANJE PRILIKOM BOTTOM-UP MODELIRANJA STAMBENIH
ZGRADA

BRIDGING THE GAP OF ACTUAL AND CALCULATED HEATING ENERGY
CONSUMPTION IN BOTTOM-UP RESIDENTIAL BUILDING STOCK MODELING
Constantinos A. BALARAS, Elena G. DASCALAKI, Kalliopi G. DROUTSA, Simon
KONTOYANNIDIS, Group Energy Conservation, Institute for Environmental Research &
Sustainable Development, National Observatory of Athens, Athens, Greece

PREDNOSTI GREJANJA JAVNIH I STAMBENIH OBJEKATA SISTEMOM TOPLOTNIH
PUMPI (SMMS-E)

ADVANTAGES OF HEATING AND HOUSING FACILITIES HEAT PUMPS SYSTEM
(SMMS-E)

Dragan SOSKIC JP , Toplifikacija, Lazarevac

MOGUCNOSTI INDIVIDUALNOG ISKL]UCENIA SISTEMA DALJINSKOG GREJANJA
POSSIBILITIES OF INDIVIDUAL DISCONNECTION FROM THE DISTRICT HEATING
SYSTEM

Milan MITRIC, Biro ,,Solar”, Pancevo, Srbija

CFD MODELIRANJE HIDRODINAMICKIH POJAVA I PRENOSA TOPLOTE U KANALIMA
PLOCASTIH RAZMENJIVACA TOPLOTE

CFD MODELING OF HYDRODYNAMIC PHENOMENA AND HEAT TRANSFER IN
CHANNELS OF PLATE HEAT EXCHANGERS

Dragan MANDIC, JKP ,,Beogradske elekrane’, Beograd

IV. Poboljsanje energetske efikasnosti u novim tehnologijama hladenja pogodnim
za ocuvanje klimatskih uslova i ozonskog omotaca « Improving Energy Efficiency In
Climate And Ozone Friendly Latest Refrigeration Technologies

14.

12

BUSOTINE ILI TOPLOTNE PUMPE VAZDUH-VODA. STA I GDE KORISTITI?
BOREHOLE INSTALLATIONS OR AIR-TO-WATER HEAT PUMPS. WHAT TO USE AND
WHERE?

Gert NIELSEN, Multiconsult A/S, Nesttun, Norway



VI. RASHLADNE MASINE I SISTEMI « Refrigeration Machines and Systems

15.

AMONIJACNE UNUTRASNJE REVERZIBILNE TOPLOTNE PUMPE/CILERI VAZDUH-
VODA

INTERNAL REVERSIBLE AMMONTIA AIR-TO-WATER HEAT PUMP / CHILLER

Gert Nielsen — Multiconsult A/S, Nesttun, Norway, Carl RASMUSSEN, NH3 Solutions, Roskilde, Denmark

VII. OBNOVLJIVI IZVORI ENERGIJE « Solar and other Renewables

16.

17.

18.

19.

20.

21.

OSNOVNE POSTAVKE STANDARDA ZA OSTVARENJE KVALITETA CVRSTIH
BIOGORIVA IZ SEKUNDARNIH SIROVINA

BASIC QUALITY STANDARDS OF SOLID BIOFUELS FROM WOOD SECONDARY RAW
MATERIALS

Predrag PETROVIC, Institut za opstu fizicku hemiju, Beograd, Marija PETROVIC, Poljoprivredni
fakultet Univerziteta u Beogradu, Beograd

KONCENTRISANI SUNCEVI TOPLOTNI PRIJEMNICI ZA HLADENJE ZGRADA:
PROCENE ZA GRCKU

CONCENTRATING SOLAR THERMAL COLLECTORS FOR COOLING OF BUILDINGS:
AN ASSESSMENT FOR GREECE

Vassiliki DROSOU, 2, Elli KYRIAKI3, Agis M. PAPADOPOULOS3, Argiro DIMOUDIZ2; 1
Laboratory of Environmental and Energy Design of Buildings and Settlements, Democritus
University of Thrace, Dept of Environmetal Engineering, Xanthi, Greece; 2 Centre for Renewable
Energy Sources and Saving, Solar Thermal Systems Dept, Pikermi, Greece; 3 Process Equipment
Design Laboratory, Dept of Mechanical Engineering Aristotle University of Thessaloniki,
Thessaloniki, Greece

EKSERGETSKA OPTIMIZACIJA ZGRADA RAZLICITIM SOLARNIM SISTEMIMA
EXERGY OPTIMIZATION OF BUILDINGS WITH DIFFERENT SOLAR SYSTEMS
Danijela NIKOLIC, Faculty of Engineering, University at Kragujevac, Kragujevac, Serbia

OPTIMIZACIJA GEOMETRIJSKIH PARAMETARA SUNCEVIH PRIJEMNIKA POMOCU
HEURISTICKIH METODA OPTIMIZACIJE

OPTIMIZATION OF SOLAR COLLECTOR GEOMETRIC PARAMETERS USING A
HEURISTIC OPTIMIZATION METHODS

Nenad KOSTIC, Milos MATEJIC, Nenad PETROVIC, Mirko BLAGOJEVIC, Nenad MARJANOVIC,
Faculty of Engineering, University at Kragujevac, Kragujevac, Serbia

MOGUCNOSTI I NACINI KORISCENJA SUBGEOTERMALNE ENERGIJE U BEOGRADU
POSSIBILITIES AND MANNERS OF USAGE OF THE SUBGEOTHERMAL ENERGY IN
BELGRADE

Ivan MATICI, Stevan SAMSALOVIC, S. CURCIC2, Z. GOLUBOVIC3, G. KOVACEVIC4, Z.
MARKOVIC4, I. TANASKOVICS, 1 Faculty of Mining and Geology, University of Belgrade, 2
Unioninvest-Engineering and Projecting, Belgrade, 3 Faculty of Mechanical Engineering, University
of Belgrade, 4 Swiss Term, Belgrade, 5 GeaWater Work, Smederevo, Serbia

ANALIZA I OCENA SOLARNIH SISTEMA BUDUCNOSTI

ANALYSIS AND ASSESSMENT OF SOLAR ENERGY SYSTEMS FOR A SUSTAINABLE
FUTURE

Jasmina SKERLIC, Danijela NIKOLIC, Jasna RADULOVIC, Faculty of Engineering, University at
Kragujevac, Kragujevac, Serbia
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VIII. PROJEKTOVANJE ENERGETSKI EFIKASNIH I ZDRAVIH SISTEMA ZA KGH
HVAC Systems Design for Energy Efficiency and Health

22.

23.

24.

25.

ODRZIVO PROJEKTOVANA KLIMATIZOVANA DZAMIJA RADI TOPLOTNE
UGODNOSTI

SUSTAINABLE DESIGNED AIR-CONDITIONED MOSQUE FOR THERMAL COMFORT
Redhwan N. AL-GABRI1, and Essam E. KHALIL2; 1 Cairo University, Cairo, Egypt; 2 Department
of Mechanical Engineering, Cairo University, Cairo, Egypt
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ANALIZA I OCENA
SOLARNIH SISTEMA BUDUCNOSTI

ANALYSIS AND ASSESSMENT OF SOLAR ENERGY
SYSTEM FOR A SUSTAINABLE FUTURE

Jasmina SKERLIC, Danijela NIKOLIC i Jasna RADULOVIC
Faculty of engineering, University at Kragujevac, Serbia,
jskerlic@kg.ac.rs, danijelan@kg.ac.rs, jasna@kg.ac.rs

Energetski resursi i njihova upotreba povezani su sa odrzivim razvojem. U posti-
zanju odrzivog razvoja, vaznu ulogu igra povecanje energetske efikasnosti procesa u
kojima se koriste odrZivi izvori energije. Eksergetska analiza se uveliko koristi u projek-
tovanju, simulaciji i proceni karakteristika sistema za solarnu energiju. Solarna energija
Jje Cista, ima je u izobilju i lako je dostupna obnovljiva energija. Snaga Sunca koja dos-
peva na povrsinu zemlje 1.8x10" MW, §to je mnogo puta vece od sadasnje stope svih
energetskih potreba. U ovom radu data je eksegetska analiza solarnog sistema. Detaljna
energetska i eksergetska analiza obavlja se kako bi se izracunali toplotni i elektricni
parametri tipicnog solarnog kolektora. Pored toga, izvedena je modifikovana jednacina
za eksergetsku efikasnost kolektora u pogledu projektnih i klimatskih parametara. U tom
pogledu su dati opsSti odnosi izmedu energije i eksergije. Ovo vrlo korisno znanje je
takode neophodno za utvrdivanje energetske efikasnosti i/ili moguénosti ocuvanja ener-
gije, kao i za formulisanje pravih strategija drZave za upravljanje energijom i eksergi-
jom.

Kljuéne reci: analiza; efikasnost; eksergija; obnovljiva energija; solarna, odrZzi-
vost

Energy resources and their utilization relate to sustainable development. In atta-
ining sustainable development, increasing the energy efficiencies of processes utilizing
sustainable energy resources plays an important role. Exergy analysis has been widely
used in the design, simulation and performance evaluation of solar energy systems. Solar
energy is clean, abundant and easily available renewable energy. The power from the
sun intercepted by the earth is about 1.8x10™ MW, which is many times larger than the
present rate of all the energy consumption. This paper reviews exergetic analysis of
solar energy system. A detailed energy and exergy analysis is carried out to calculate the
thermal and electrical parameters, tipical solar collector. Further, a equation for the
exergy efficiency of a collector is derived in terms of design and climatic parameters. In
this regard, general relations between energy and exergy are given. This very useful
knowledge is also needed for identifying energy efficiency and/or energy conservation
opportunities, as well as for dictating the right energy and exergy management strategies
of a country.

Key words: analysis; efficiency; exergy; renewable energy; solar; sustainability.
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Introduction

Long-term potential actions for sustainable development are needed if we
want to achieve solution to environmental problems that we face today. In compari-
son to conventional energy sources, renewable energy sources are inexhaustible and
offer many environmental benefits At the moment conventional sources meet most
of the energy demand, however the role of renewable energy resources and their
current advances have to take more relevance in order to contribute to energy supply
and support the energy conservation (or efficiency) strategy by establishing energy
management systems. Numerous benefits including a decrease in external energy
dependence; a boost to local and regional component manufacturing industries;
decrease in impact of electricity production and transformation; promotion of regio-
nal engineering and consultancy services specializing in the utilization of renewable
energy; increase in the level of services for the rural population, etc. are offered by
use of renewable energy, Dincer [1] reported the linkages between energy and
exergy, exergy and the environment, energy and sustainable development, and
energy policy making and exergy in detail. With the aim to highlight the importance
of the exergy and its essential utilization in numerous ways he provided the
following key points: (a) it is a primary tool in best addressing the impact of energy
resource utilization on the environment. (b) It is an effective method using the con-
servation of mass and conservation of energy principles together with the second
law of thermodynamics for the design and analysis of energy systems. (c) It is a
suitable technique for furthering the goal of more efficient energy-resource use, for
it enables the locations, types, and true magnitudes of wastes and losses to be deter-
mined. (d) It is an efficient technique revealing whether or not and by how much it is
possible to design more efficient energy systems by reducing the inefficiencies in
existing systems. (e) It is a key component in obtaining a sustainable development.
Although it does not make the world ‘ready’ for the future generations, sustainable
development establishes a basis on which the future world can be built. It may be
said that a sustainable energy system is a cost-efficient, reliable, and
environmentally friendly energy system that effectively utilizes local resources and
networks. As opposed to a conventional energy system, it is not ‘slow and inert” but
it is flexible in terms of new techno-economic and political solutions. An exergy
analysis (or second law analysis) has proven to be a powerful tool in the simulation
thermodynamic analyses of energy systems. Exergy analysis method is used to
detect and to evaluate quantitatively the causes of the thermodynamic imperfection
of the process under consideration. It can, therefore, indicate the possibilities of
thermodynamic improvement of the process under consideration, but only an eco-
nomic analysis can decide the expediency of a possible improvement. The concepts
of exergy, available energy, and availability are essentially similar. Exergy is also a
measure of the maximum useful work that can be done by a system interacting with
an environment which is at a constant pressure and temperature. Many authors dealt
with renewable energy resources in terms of exergetic aspects. They also compared
renewable and nonrenewable energy sources. Their conclusion is that some of the
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systems seem to have high efficiencies, and in some cases they are greater than the
efficiency of systems using non- renewable energy sources [2, 3].

This paper reviews exergetic analysis of solar energy system. A detailed
energy and exergy analysis is conducted to calculate the thermal and electrical
parameters, typical solar collector. Further, a modified equation for the exergy
efficiency of a collector is derived in terms of design and climatic parameters. In this
regard, general relations between energy and exergy are given. This  very useful
knowledge is also needed for identifying energy efficiency and/or energy conserva-
tion opportunities, as well as for dictating the right energy and exergy management
strategies of a country.

Energy and exergy modeling

Dincer et al. [4] reported that, to provide an efficient and effective use of
fuels, it is essential to consider the quality and quantity of the energy used to achieve
a given objective. With regard to this, the first law of thermodynamics deals with the
quantity of energy and asserts that energy cannot be created or destroyed, whereas
the second law of thermodynamics deals with the quality of energy, i.e., it is concer-
ned with the quality of energy to cause change, degradation of energy during a pro-
cess, entropy generation and the lost opportunities to do work. To be more specific,
the first law of thermodynamics is concerned only with the magnitude of energy
with no regard to its quality; whereas the second law of thermodynamics asserts that
energy has quality as well as quantity. By quality, it means the ability or work
potential of a certain energy source having certain amount of energy to cause chan-
ge, i.e., the amount of energy which can be extracted as useful work which is termed
as exergy. First and second law efficiencies are often called energy and exergy effi-
ciencies, respectively. It is expected that exergy efficiencies are usually lower than
the energy efficiencies, because the irreversibilities of the process destroy some of
the input exergy. Exergy is the expression for loss of available energy due to the
creation of entropy in irreversible systems or processes. The exergy 10ss in a system
or component is determined by multiplying the absolute temperature of the surroun-
dings by the entropy increase. Entropy is the ratio of the heat absorbed by a substan-
ce to the absolute temperature at which it was added. While energy is conserved,
exergy is accumulated. Exergy analysis provides a method to evaluate the maximum
work extractable from a substance relative to a reference state (i.e., dead state). It
should be noticed that exergy is always evaluated with respect to a reference enviro-
nment (i.e. dead state). When a system is in equilibrium with the environment, the
state of the system is called the dead state due to the fact that the exergy is zero [3].

Simulation softwares

Simulation Software — EnergyPlus: In this study, the building energy simula-
tion software EnergyPlus (Version 7.0) was used to predict solar energy and electri-
cal energy use in solar installation for heating of DHW in several cities in Serbia.
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Then, the solar fraction was determined for its different design, installation and
operation parameters. EnergyPlus is made available by the Lawrence Berkley
Laboratory in USA [5]. Its development began in 1996 on the basis of two widely
used programs: DOE-2 and BLAST. The software serves to simulate building
energy behavior and use of renewable energy in buildings [6]. The renewable energy
simulation capabilities include solar thermal and photovoltaic simulation. Other
simulation features of EnergyPlus include: variable time steps, user-configurable
modular systems, and user defined input and output data structures. The software
has been tested using the IEA HVAC BESTEST E100-E200 series of tests [7].
Modeling of the SDHWS in EnergyPlus environment required models of different
components embedded in EnergyPlus such as that of flat-plate solar collector, stora-
ge tank, tempering valve, and instantaneous water heater [8]. Water in the storage
tank was heated by solar energy and water in the instantaneous water heater by
electricity.

Genopt Software: GenOpt is an optimization program for the minimization of
a cost function that is evaluated by an external simulation program [9]. It has been
developed for optimization problems where the cost function is computationally
expensive and its derivatives are not available or may not even exist. GenOpt can be
coupled to any simulation program that reads its input from text files and writes its
output to text files. The independent variables can be continuous variables (possibly
with lower and upper bounds), discrete variables, or both, continuous and discrete
variables. Constraints on dependent variables can be implemented using penalty or
barrier functions. GenOpt has a library with local and global multi-dimensional and
one dimensional optimization algorithms, and algorithms for doing parametric runs
[10]. An algorithm interface allows adding new minimization algorithms without
knowing the details of the program structure. GenOpt is written in Java so that it is
platform independent. The platform independence and the general interface make
GenOpt applicable to a wide range of optimization problems. GenOpt has not been
designed for linear programming problems, quadratic programming problems, and
problems where the gradient of the cost function is available. For such problems, as
well as for other problems, special tailored software exists that is more efficient.

Optimization Algorithm: For optimization, the Hooke-Jeeves algorithm is
used together with EnergyPlus simulation. These two programs are connected toget-
her by using Genopt software [9]. In this research, the adaptive precision Hooke-
Jeeves algorithm is used. Hooke Jeeves algorithm is a direct search algorithm [13].
In direct search methods, only the objective functions and the constraint values are
used to guide the search strategy. The methodology of search is given in [11, 13] in
sufficient details. The used Hooke Jeeves algorithm is the adaptive precision algo-
rithm. This algorithm progressively increase the precision of the approximating cost
functions as the sequence of iterates approaches a stationary point. In addition, the
algorithm only accepts iterates that reduces the cost sufficiently. It reduces the com-
putation time up to a factor of four compared to the standard Hooke—-Jeeves algo-
rithm.
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Mathematical model

To obtain performance of SDHWS, the operation of the SDHWS was inves-
tigated by using simulation and optimization. The mathematical model was develo-
ped in EnergyPlus simulation environment and the optimization was performed by
using Hooke-Jeeves search algorithm.

This part of the paper provides the mathematical model used to simulate the
energy behavior of SDHWS and different parts of its installation: solar collector,
thermal tanks (storage & heaters), tempering valve, and SDHWS-control devices.

EnergyPlus Model for SDHWS: The SDHWS heats DHW by using solar
and electric energy. The DHW is used as water for sink, bath, shower, dish washing
and cloth washing. The SDHWS is schematically shown in Fig.1 in EnergyPlus
environment. The SDHWS consists of the following main elements explained
separately in the text below: the solar collector, storage water tank, instantaneous
water heater, tempering valve, and temperature controls. These elements are located
in two inner loops of the SDHWS: the solar loop and the use loop. The solar loop is
a loop through the solar collector. The use loop is a loop for DHW consumption.
The solar loop consists of the solar collector, water pump, and spiral pipe heat
exchanger (inside the hot water storage tank). The use loop consists of the splitter,
storage water tank, instantaneous water heater, tempering valve, and mixer. Inside
the solar loop, the solar collector captures solar energy. This energy heats water that
flows through the solar collector. Furthermore, the hot water heats DHW in the
storage water tank. In the use loop, the cold DW reaches the splitter. From the split-
ter, the DW may go to the storage water tank or to the tempering valve. In the stora-
ge water tank, DW is heated from the solar loop via the spiral pipe heat exchanger.
From the storage water tank, the hot water goes to the instantaneous water heater
where can be additionally heated. Then the hot water from the instantaneous water
heater and the cold water from the tempering valve go to the mixer and after that as
DHW to the consumers. The water temperature in the storage tank may be higher or
lower than the needed (hot-water set-up) DHW temperature. If this water temperatu-
re is higher than the needed DHW temperature, then this water temperature is
lowered in the mixer by using the cold DW through the tempering valve. If this
water temperature is lower than the needed DHW temperature, this water is heated
by electric energy in the instantaneous water heater to the needed DHW temperature.
The investigated solar collector is of flat plate type.

Surface geometry. Calculations require that the solar collector surface is
described geometrically. Here, the solar collector is placed to the building roof. The
solar collector is rectangular in shape with its length designated as (a) and its width
as (b). The building height is designated as h. Finally, the solar collector surface is
described by the coordinates of their vertices 1, 2, 3, and 4 in a three dimensional
Cartesian coordinate system. This right-hand coordinate system has the X axis poin-
ting east, the Y axis pointing north, and the Z axis pointing up that is characteristics
of EnergyPlus Cartesian coordinate system. The vertices are recorded in counter-
clockwise sequence (as the surface is viewed from outside its zone).
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The solar collector is south facing. Its tilt angle (5) is the angle between the
Z-axis and the normal to the surface of the solar collector (or between the solar col-
lector surface and the horizontal). The convention assumed here is that -90°<$<90°.
The surfaces with positive S face south and with negative g face north. Its azimuth
angle (Y) is defined as the displacement angle between the projection on a horizon-
tal plane of the normal to the collector surface and due north. The convention assu-
med here is that -180°< }/ <180°.

The surface of the solar collector is rectangular and defined by 4 vertices.
Vertex 1 has coordinates: x; = b cos g sin ¥, y1 = b cos f cos V, z; = b sin § + hy,.
Vertex 2 has coordinates x, = 0, y, = 0, Z, = hy,. Vertex 3 has coordinates: X3 = a cos
V,y3=bsin Y, z3 = hyp. Vertex 4 has coordinates: X, = b cos fsin V' +acos V, ys =
b cospfcos Y+asiny, z,=hy, + bsin g

Calculation of energy consumption: Calculation of energy consumption
during the calculation period gives two electrical energies E and R consumed for
DHW production. The energy E is consumed by the electric heater when the solar
collector is present and operating, and energy R is consumed when no solar collector
is employed. The objective function is the performance of the installation is evalua-
ted by calculating the solar fraction (f) by:

f=100 (R-E)/R=f (8; Vi)

If f =f; is larger, the SDHWS better protects the environment. Variable f; is a
function of tilt g; and azimuth angle ;.

It should be maximized in the constrained region of £ and V;. As a result of
the optimization, we obtain the maximum solar fraction fi ma, and the optimum tilt
Biopts and optimum azimuth angle ¥; opt.

Mixer

Instantaneous Tempering
water heater valve

Solar Collector
L -
Solar loop | Storage water tank

Use loop

Figure 1 - Schematics of SDHWS for heating of DHW (adapted from [8])
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Each solar collector that stays at optimal position generates the highest amo-
unt of heat from the incident solar energy. Then, the SDHWS uses this heat for the
DHW heating instead of the electrical energy from the electricity network. This
means that such a SDHWS avoids use of the highest amount of electrical energy
from the electricity grid for the DHW heating. In addition, this avoids the highest
amount of electrical energy generation by the national power plants.

If the solar collector of a SDHWS does not stay at the optimum position due
to some reason, then it will generate smaller amount of exergy for the DHW heating
than the maximum amount it would generate when it stays at the optimum position.
As the heating of DHW uses the electrical energy, the SDHWS will use more elec-
trical energy for the DHW heating than that when the SDHWS has its solar collector
at the optimum position [14, 15].

For this case, the deficit solar fraction is defined as

D. :100'(fi,tot - 1Ei,max) .

1)
I 1:i,max
For this case, the deficit in avoided exergy is defined as
100-(E,; - E
DEXi — ( X1 |,ma><) ) (2)

Ei,max

Solar Collector (Thermal Performance): Solar Collector is of Flat Plate
type produced by, Alternate Energy Technologies (AE-32) with length of 3.66 m
and width of 2.43 m, A = 8.89 m? = gross area of the collector.

Exergy analysis: The Solar system for sanitary water heating is the most
popular way of using the solar energy due to its technical feasibility and cost
efficiency in comparison with other types of the solar energy use. The maximum
value of the exergy level of efficiency of the solar heating system SWH is determi-
ned through the exergy analysis. The maximum exergy efficiency level is achieved
corresponding the maximum solar intake when the solar collector is optimally posi-
tioned.

The exergy efficiency rate 7, is the aim function in the optimization process,
and is given by the equation (8.6) [92, 93, 94]:

E

X,con
My =—— ©)
” EX,C

Where:
Excon — €Xergy obtained from the consumers (tap, shower, dishwasher and the

washing machine [J];

E, c— The Sun exergy [J].
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The Sun exergy is calculated based on the mean annual insolation value for
Belgrade | = 5.22 J/m? and in the case of six months estimations, for the period
between 15" April and 14™ October the value | = 1.328 J/m? is used, whereas the
period between 15™ October and 14™ April has the value of | = 3.724 J/m? estimated
based on the mean daily insolations according to the months in question.

The exergy of the end consumers refers to the shower Ejsnowers SINK Ex sinks
washing machine Ey yashmach. And the dishwasher E, gishwas: Due to the lower water
temperature necessary for the use of the shower and dishwasher, it is necessary to
mix it with cold water, thus in the exergy optimization the exergy of cold water is
taken into consideration which is added to the system E, ., qw. The cold water exergy
is calculated for the mean annual cold water temperature values of the cold water
which is used in the house and which is 14.72 °C. The temeparature differences are
smaller in the six months® estimations for the period between 15" October and 14™
April, and bigger for the period between 15" April and 14™ October .

The exergy obtained through the solar collector in the sanitary water heating
system Ey con = Ex. consumer €0UAIS the total of the ened users™ exergies:

Ex,con = Ex,shower + Ex,sin k + Ex,wash.mash + Ex,dishwas . (4)

The solar receiver exergy efficiency represents the ratio between the exergy
of the solar collector E, s ¢ @and the solar exergy, and is given in the equation (5):

Ex,sol.col

Msol.col = TC (5)

The exergy of the solar collectors Ey so1.co1 IS given in the equation (6):

T
Ex sol.co :Cp‘m'{(Tcol _TO)_To'|n ch_OI:|’ (6)
0

In which is: T¢ = 323 [K] ( defined as the input database of EnergyPlus), m -
mass flow of the solar receiver [kg/s], T, — the temperature of the surroundings /
environment [K], C,= 4186 [J/kgK].

The exergy at the exit of the accumulation boiler can be represented by the
equation (7), supposing that the value of the boiler temperature is linear.

T, -T Tout_lJ_Tout'Cp'm'TO.InTin,(7)

Exyt:Cp-m-('Z‘M—Toj—cp-m-To{ln 7 T
0 in " to

ut out

Where: E, — is the exergy at the exit of the accumulation boiler [J], Ti, — the tempe-
rature at the entrance to the accumulation boiler [K], T, —the temperature at the exit
from the accumulation boiler [K].

The boiler exergy E,ank represents the total exergy at the exot from the boiler
and the electric energy, where the electric energy E, which is used for the heating of
water in the boiler when the temeperature drops under the set value.
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Ex,tan k = Ex,t + Ee . (8)

The ratio between the necessary and obtained exergy e,, of the solar system is
defined:

ex, needed
g, = 9)

ex,obtained

The ratios between the necessary and obtained exergy on the USers e, uompesua
and ey obtained = Ex.con = Ex, consumer» ShOUld be as small as possible, because in this case
the obtained exergy is bigger [16].

Simulation and optimization

For simulation and optimization to run, it is necessary to know the hot water
consumption and climate.

Hot Water Consumption: This installation generates four different types of
hot water: that of tap, shower, dish-washer, and cloth-washer. Regarding its applica-
tion, the water would be heated to two temperatures: 43.3 (tap and shower with the
maximum flow rate of 0.0000945 m%s) and 50°C (dish and clothes washer with the
maximum flow rate of (0.000063 m?/s). For water with lower temperature and for
water with higher temperature used in dish washer, the daily schedule is the same for
each day throughout entire summer. The cloth washer operates only on Sunday. For
water with higher temperature used in the cloth washer, the daily schedule is the
same for each Sunday throughout the entire summer.

Weather data:The investigated SDHWS is located in the city of Belgrade.
Their meteorological data are used in the form of EnergyPlus weather files. These
are either measured by the meteorological stations or calculated by the software
Meteonorm for sites where data from meteorological stations are not available.

Belgrade has the average height above sea-level of 99 m. Its latitude is
44.82°N, longitude 20.27°E, and time zone GMT +1.0 Hours.

Results and discusion

By the use of the exergy optimization the maximum value of the exergy
efficiency degree of the solar system for heating the SWH is determined. The
maximum exergy efficiency degree, analogous to the maximum value of the solar
share in the function of the slope and azimuth angle, is achieved by placing the solar
receiver to the optimum position. The values of the solar shares as the function of
the aim with the exergy optimization are the same as with energy optimization.

The deficit of the avoided exergy in the function of the deviation of the slope
angle and azimuth at the optimum slope angle and azimuth for Belgrade is shown in
fig 2. Figure 2 shows that when B, and Y, departs below B, o, and Y, o, for Ap, and
AY,,the avoided exergy is lower than that when B, u Y, departs above B, o, and Yo op
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for AB,, respectively AY, [17]. Analyzing the maximum exergy on the annual level
for the solar systems for heating DHW with SC#1, SC#2 for Belgrade, the difference
of the maximum values of the avoided exergy for the solar system for heating SWH
with SC#2 in comparison with SC#1 is obtained. For SC#2, the difference is by 7 %
higher in comparison to the achieved results with the stationary receiver. The
analyzed solar systems for heating DHW with SC#1 is the immobile stationary solar
receiver which operates on one slope angle throughout the year. The values 8 = fopt
= 28.75° and Vop = 25° and thus f = f,,,, = 35.8 % are given for Belgrade, Serbia.

/

25

N
o

] ?:Eargerang es (annual de iCif)

=+=Smallerangles (annual uey/

—

0 5 10 15 20 25
Departure angles from the optimal position solar collector, deg

-
w

i
o

Deficit in avoided exergy, %

w

Figure 2 - Deficit avoided exergy versus departures angles from the optimal positi-
on of the solar collector for SDHWS in Belgrade, Serbia

As one of the important indicators of the exergy flows in the analyzed solar
system is the ratio of the necessary and obtained exergy as has been mentioned befo-
re. The figure 3 shows the values of the necessary and obtained exergy for the solar
systems for heating DHW with SC#1, SC#2 in the function of the number of the
optimum slope angle and the optimum azimuth angles. Thus, we have that the solar
system for heating DHW with SC#1, the value of the necessary exergy is 4.6 times
bigger than the value of the obtained exergy. For the solar system for heating DHW
with SC#2, for the period X-1V when we have the work SC#2 October to 14th April,
the value of the necessary exergy by 5.89 times bigger than the value of the obtained
exergy, and for the solar system for heating DHW with SC#2 for the period from
IV-X when we have the work SC#2 from 15th April to 14th October, by 4.3 times.
The striving is to reduce this ratio in order to obtain the bigger exergy values.

By the use of the additional analysis due to the changes in the warm water
consumption, the temperature of the hot water in the boiler, the consumption timeta-
ble, i.e. the consumption of the hot water by the end consumers can influence the
reduction of this ratio and on the obtaining the optimum values of the exergy
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exploitation degree of the solar system. The exergy exploitation degree, 1y for the
investigated solar system at the already set conditions (the consumption of the hot
water, the timetable of the hot water consumption, the set hot water temperature) has
the value of 1.3 % for the solar system for heating DHW with SC#1. The exergy
degree of exploitation of the system is somewhat bigger than when compared with
Xiaowu and Ben [17] investigated solar system. As can be noted Xiaowu and Ben
exergy efficiency degree takes the value of 0.77 %. Their value is somewhat smaller
due to the bad quality of the exit energy. The accumulation boiler shows great
exergy loss due to the mixing of water and is perhaps possible to redesign in other to
reduce the unnecessary mixing. It is possible to increase the exergy efficiency of the
system for heating DHW by the change of the dimensions of the receiving solar
panel as for example in [17]. The exergy efficiency of the system for DHW can also
be increased by the increase in the number of coverings. By maximizing the solar
share in this doctoral dissertation, with the maximum solar receiver efficiency it is
possible to obtain bigger values of the exergy efficiency of the solar system for
DHW. Taking into consideration the exergy flows in the research, exergy efficiency
of the DHW system, when we predominantly use SC#2, is even better.

3500

3245

3000 -

u Needed exergy
2500

u obtained exergy

2000 -

1500 -

Exergy, MJ

1000 -

500 -

(annual) (IV-X) (X-1v)

Figure 3 — Needed and obtained exergy optimizing the solar system for heating
DHW with SC#1, SC#2

Conclusion

To use SDHWS with benefit, it has to be optimally designed, installed, and
operated. In this paper, it is analyzed how the SDHWS can be optimally installed by
using EnergyPlus software with the modified Hooke Jeeves direct search
methodology. As an example, Hooke-Jeeves algorithm is used to obtain the
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maximum amounts of these performances for different SDHWS as a function of
number of optimum positions of the solar collector in SDHWS during year for the
city of Belgrade, Serbia.

By the exergy optimization the maximum exergy exploitation degree, analo-
gus with the maximum value of the solar share in the function of the slope angle and
azimuth, is achieved by positioning the solar collector to its optimum position. The
energy degree of exploitation, 7, for the analyzed solar system, according to the
beforehand set tasks (the hot water consumption, the hot water use schedule, the set
warm water temperatures) has the value 1.3 % for the solar heating system for SWH
with SC#1.
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SAMSUNG DVM S
mudra efikasnost za
pametan biznis

Celling Air Conditioner— komercijani split sistemi za
klimatizaciju stanova, kancelarija i poslovnih prostora
Free Joint Multi- multi split sistem koji predstavija

kombinaciju jedne spoljne i do 5 unutrasnjih jedinica

koje se mogu koristiti za klimatizaciju vide prostorija.
DUMsystem~ centralni sistemklimatizacije baziran
i
na digitalnoj hibridnoj tehnolagiji, za velike komercijalne i poslovne zgrade

EHS - toplotna pumpa vazdu

ZFLUX PRO

EFIKASNA RESENJA

Svetska Top Klasa Maksimalan kapacitet:
Energetske Efikasnosti jedne jedinice 22HP, modula 88HP

DVM § Je dostigao najvece svetske vrednosti koeficijenata DVM S obezbeduje najvedi svetski kapacitet {jedna jedinica Distributer sistemskih klima uredjaja SAMSUNG
efikasnosti usvajanjern dvostrukih inverterskih kompresora 22HP, modul - jedinica 38HP] i ekonomiénost pri instalaci)i sa Majora Zorana Radosavljeviéa 370b, Batajnica
i dvostrukih vijéanih kompresora. hajmanjom povr3ihom osnove i najmanjom tezinom. Tel.: 011/6557-837; 011/6557-838

E-mail: office@flux.rs; wwwiflux.rs




Prvi svetski fotonaponski VRF sistem

NO WASTE
Five operation modes can be switched at real time to supply residual power to
the national grid.

NO ELECTRIC CHARGE
Adopt photovoltaic power generation for perfect combination of photovoltaic
power and home appliances. The photovoltaic VRF system is not just an engine
that runs on power but also a machine that provides it.

NO WORRY

Reliable operation with inverter technology for wider application range.
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