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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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EKSERGETSKA OPTIMIZACIJA ZGRADA
SA RAZLICITIM SOLARNIM SISTEMIMA

EXERGY OPTIMIZATION OF BUILDINGS
WITH DIFFERENT SOLAR SYSTEMS

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

Eksergija, kao mera korisnog rada koji se dobija interakcijom sistema i oko-
line, koristi se za optimizaciju i definisanje raspodele gubitaka u energetskom sis-
temu. Takodje je i u Sirokoj upotrebi za dizajn, simulaciju i evaluaciju performansi
energetskog sistema. U ovom radu je istrazivana srpska porodicna kuéa sa instali-
ranim fotonaponskim sistemom i solarnim kolektorima na krovu. Zgrada ima sistem
elektricnog grejanja. Eksergetska optimizacija (ukljucujuci i sopstvenu eksergiju) je
radena sa glavnim ciljem odredivanja maksimalne vrednosti generisane elektricne
energije. Na taj nacin se minimizira potrosnja primarne energije. Analizirane su
zgrade sa fotonaponskim modulima razlicite ¢elijske efikasnosti. Zgrade su simuli-
rane u okruzenju softvera EnergyPlus, Open Studio plug-in u Google SketchUp-u je
koriS¢en za dizajniranje zgrade, Hooke-Jeeves algoritam za optimizaciju, a
GENOPT softver za izvrdnu kontrolu softvera pri optimizaciji.

Kljuéne reci: eksegija; fotonaponski paneli; solarni kolektori; simulacija;
optimizacija.

Exergy, as a measure of useful work that can be obtained by the interaction
of the system and the environment, is used for the optimization and allocation of
losses in the energy system. It is also widely used in the design, simulation and per-
formance evaluation of energy systems. In this paper it is investigated the Serbian
residential building with photovoltaics and solar collectors on the roof. The building
has electrical space heating. Exergy optimization (including embodied exergy) was
performed with the aim to determine the maximum value of the generated electricity.
On that way, primary energy consumption can be minimized. The residential build-
ings with variable PV cell efficiency are investigated. The buildings were simulated
in EnergyPlus, Open Studio plug-in in Google SketchUp was used for buildings
design and Hooke-Jeeves algorithm for optimization. GENOPT was used for soft-
ware execution control during optimization.

Key words: Exergy; Photovoltaic; Solar collector; Simulation; Optimization.

1. Introduction

The exergy analysis, founded by Carnot in 1824 and Clausius in 1865, is a
method based on the Second law of thermodynamics and the concept of irreversible
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production of entropy. The performances of energy-related engineering systems are
evaluated primarily by using the energy balance. In recent years, the exergy concept
has gained considerable interest in the thermodynamic analysis of thermal processes
since it has been seen that the First law analysis is insufficient for evaluation of
energy performance [1]. Exergy analysis quantifies the loss of efficiency in a pro-
cess that is due to the loss in energy quality.

Solar energy is the most capable of the alternative energy sources. Due to in-
creasing demand for energy and rising cost of fossil fuels, solar energy is considered
an attractive source of renewable energy that can be used for electricity generation
and domestic water heating in residential buildings. Photovoltaic (PV) technology is
an attractive option for clean and renewable electricity generation because it repre-
sents the direct conversion of solar radiation into electricity. Electrical energy can be
treated as totally convertible to work, so the electricity is pure exergy. At the other
side, heating water consumes nearly 20% of total energy consumption for an average
family [2]. So, solar water heating systems are the cheapest and most easily afforda-
ble clean energy available to homeowners that may provide most of hot water re-
quired by a family. Using photovoltaics and solar collectors together, represent a
great opportunity for reducing the consumption of primary energy in residential
buildings.

This paper reports investigations of the exergy optimization, with the major
aim to determine the optimal size of PV panels and solar collectors on the roof, in
order to achieve the maximum amount of exergy. On that way, it can be obtain the
maximum value of exergy efficiency for installed solar systems, and primary energy
consumption will be minimized. The residential building with variable PV cell effi-
ciency is analyzed.

The investigated building was located in Kragujevac, Serbia. The building
is designed with PV panels and solar collectors installed on the roof. Generated heat
energy is used for domestic hot water (DHW) heating. Electricity generated by the
PV may be used for space heating, cooling, lighting, and electric equipment. Ana-
lyzed building has an electrical space heating system. Heating devices operated from
15 October to 14 April next year.

In this paper, the EnergyPlus, Open Studio plug-in in Google SketchUp,
Hooke-Jeeves algorithm and Genopt were used for simulation and optimization.

2. Simulation softwares

EnergyPlus software simulates the energy use in a building and energy be-
havior of the building for defined period. In this study, the version 8.1.0 was used.
EnergyPlus is made available by the Lawrence Berkley Laboratory in USA [3] and it
has been tested using the IEA HVAC BESTEST E100-E200 series of tests [4]. For
PV electricity generation, EnergyPlus uses the different component, like PV array
and inverter [5].

Open Studio plug-in in Google SketchUp software is a free 3D software
tool that combines a tool-set with an intelligent drawing system [6]. The software
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enables to place models using real world coordinates. The OpenStudio is free plug-
in that adds the building energy simulation capabilities of EnergyPlus to the 3D
SketchUp environment. The software allows to the user to create, edit and view
EnergyPlus input files within SketchUp.

GenOpt is an optimization program for the minimization of cost function
evaluated by an external simulation program. GenOpt serves for optimization prob-
lems where the cost function is computationally expensive and its derivatives are not
available or may not even exist. It can be coupled to any simulation program that
reads its input from text files and writes its output to text files. GenOpt is written in
Java so that it is platform independent. It has a library with adaptive Hooke-Jeeves
algorithm [7].

Hooke—-Jeeves optimization algorithm is used for the optimization, and it is
direct search and derivative free optimization algorithm [8]. In this algorithm, only
the objective functions and the constraint values are used to guide the search strate-
gy. The main advantage of this algorithm is reducing the compute time.

3. Weather conditions

The investigated residential building was located in the city of Kragujevac,
Republic of Serbia. Its average height above sea level is 209 m. Its latitude is 44°10
N and longitude 20°55 E. The time zone for Kragujevac is GMT + 1.0 h. In the city
of Kragujevac summers are very warm and humid, with temperatures as high as
37°C. The winters are cool, and snowy, with temperatures as low as -12 °C. The
EnergyPlus uses weather data from its own database file.

4. Building model in energyplus software

The modeled residential building is shown in Figure 1. The building has the
south-oriented roof with a slope of 37.5°, and PV array and solar collectors installed
on the roof. The building has two floors and 6 conditioned zones. The total floor
area of the building is 160 m? and total roof area 80.6 m?. The windows are double
glazed. The concrete building envelope, roof, and the floor were thermally insulated
by polystyrene. In this investigation, the polystyrene thickness was 0.15 m. Air tem-
peratures in the heated rooms are set to 20°C from 07:00-09:00 and from 16:00-
21:00, and to 15°C from 09:00-16:00. The simulation time step is 15 min.

The PV system consists is an on-grid system. The life cycle of PV array is
set to 20 years, the embodied energy of PV panels is set to 3.75 GJ/m* [9, 10], and
the embodied exergy of PV panels is set to 5 GJ/m? [11]. The PV panel is represent-
ed by the mathematical model of Photovoltaic:Simple from EnergyPlus [4]. The life
cycle of solar collectors is also set to 20 years, the embodied energy of solar collec-
tors is set to 2.75 GJ/m? [11], and the embodied exergy of solar collectors is set to
3.8 GJ/m? [11].

The main part of exergy (i.e. electricity) obtained from PV array (Ex pv), is
consumed for electrical space heating in the building. Additionally, electricity was
consumed for lighting, domestic hot water (DHW) and appliances. Exergy obtained
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from solar collectors is marked by E, koL and it is equal to the sum of exergy of the
end consumers: shower (Ex. snow), Sink (Ex. sink), cloth washing machine (Ex cw)
and dish washing machine (Ex pw):

Ey, ko= Ex, svow* Ex sink + Ex, cw + Ex, pw

Figure 1 — Modeled residential building

Shower and sink required lower water temperature, so it is necessary to mix
water from DHW system with cold water. In the exergetic optimization considered
exergy of cold water is added to the exergy calculation.

Sun exergy (Ex sun) is calculated based on the value of the mean annual insu-
lation at the city of Kragujevac, Serbia (1=1447.85 kWh/m?) [11].

5. Optimization procedure

Through exergy optimization, the maximum value of the exergy efficiency of
the system of photovoltaic panels and solar collectors is determined. The maximum
exergy efficiency is achieved at the optimal size of PV array and solar collectors,
which is given by the roof area covered with PV array in the optimization code (val-
ue y). The value y exists in the calculated total exergy of PV system and solar col-
lectors. Objective function in optimization procedure is exergy efficiency without
embodied exergy:

_ Ex.pv-koL
e
X,SUN

where: Ex sun — Sun exergy (J), Ex pv-koL (J) — exergy obtained by PV array and
solar collectors, and it is equal to the sum of exergy obtained by the PV array (Ex pv)
and exergy obtained by the solar collectors (Ex koL), i. €.

Ex,pv-koL = Ex,pv + Ex koL

It is also calculated the exergy efficiency with embodied exergy:

4 ¢ 47" INTERNATIONAL HVAC&R CONGRESS AND EXHIBITION



_ Ex.pv-koLEE
NXEE= T E
X,SUN

where: Ey pv-koL e (J) — exergy obtained from PV array and solar collectors, with
their embodied exergy. This value is equal to the subtraction of exergy obtained by
the PV array and solar collectors (Ex pyv-koL) and embodied exergy of PV array
(EEpy) and solar collector (EExo,), i. €.

Ex,pv-koL,ee = Ex,pv-koL —EEpy —EEkoL

Through the exergy optimization, it is also calculated some other parameters,
which can be very useful as a valid indicators of the exergy flows in the analyzed
solar systems. They are ratios between required and obtained exergy e, and ey ee
(without and with embodied exergy of solar systems):

Ex,pot Ex.pot

€x €x EE

Ex pv-koL Ex pv-koL,EE

where: Ey por — total consumer exergy (J) (sum of needed exergy of all consumers,
yearly). Ratios of required and obtained exegy should be as small as possible.

In the proces of exergy optimization, it is calculated total electricity con-
sumption Eg (GJ), primary energy consumption (GJ), generated finaly and primary
energy (GJ), and avoided operative primary energy Epriv. Avoided operative pri-
mary energy consumption due to operation of the solar systems (J) is [12]:

Eprim=ReL(EpvtEcoL)-Cm((Eem, pv + Eem, coLr) Cinst)-CmiEem, 1s0
where: Rg. = 3.04 — primary conversion multiplier; Ep, — yearly electrical energy
generated by PV array (J); EcoLL — Yyearly heat energy generated by solar collectors
(J); eem, pv — PV array embodied energy (J); Eem, coLL — Solar collectors embodied
energy (J); Cm=1/LC; where LC is life cycle of PV and solar collectors, in years,
Cmi=1/LC\s0; Where LC,so is life cycle of thermal isolations, in years, gem, 1s0 — iNsu-
lation embodied energy (J) [12] and C;.s — coefficient of instalation and maitenance
of solar systems during their life cycle [13].

6. Results and discusion

Exergy optimization (including embodied exergy) was performed with the
aim to determine the maximum value of the exergy efficiency. The residential build-
ing with electrical space heating and with variable cell efficiency of PV array was
analyzed. The first case is the PV array with 12 % of cell efficiency, the second case
is the PV array with 14 % and the third case is PV array with 16 % of cell efficiency,
respectively. Total annual energy consumption of the building was 68.36 GJ (final
energy), i.e. 207.81 GJ (primary energy). The results obtained by exergy optimiza-
tion are shown in Table 1.
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Table 1 — The results obtained by exergetic optimization, for residential building
with varieble cell efficiency of PV array

PV cell efficiency

12 % 14 % 16 %
nx — exergy efficiency without embodied exergy (%) 12,64 14,71 16,78
nx e — exergy efficiency with embodied exergy (%) 7,63 9,71 11,78
ey — ratio between required and obtained exergy 1,075 0,9236 | 0,8095
(without embodied exergy)
ey, gr — ratio between required and obtained exergy 1,78 1,4 1,153
(with embodied exergy)
Ex ror — total consumer exergy (GJ) 54,45 54,45 | 54,45
Ex pv-koL — €xeegy obtained by solar systems (without | 50,65 58,96 | 67,26
embidied exergy) (GJ)
Ex pv-koL, g — €Xeegy obtained by solar systems (with 30,6 38,91 | 47,21
embidied exergy) (GJ)
Eg — Total electricity consumption (GJ) 68,36 68,36 | 68,36
EeLpriv — Primary energy consumption (GJ) 207,81 207,81 | 207,81
Fraction of PV panels on the roof (%) 98,75 98,75 | 98,75
Generated energy (GJ) 55,68 64,42 | 73,17
Generated primary energy (GJ) 169,27 195,85 | 222,43
Erriv— avoided operative primary energy (GJ) 149,02 175,6 | 202,18
Building type (without embodied energy) NNEB NNEB | PNEB
Building type (with embodied energy) NNEB NNEB | NNEB

Acording the Table 1, it can be concluded that with the increasing of PV cell
efficiency, there is a significant increase in both the exergy efficiency (with and
without embedded exergy). Exergy efficiency ny for PV cell efficiency of 12%, 14%
and 16% are 12.64%, 14.71% and 16.78%, respectively, while the exergy efficiency
nxee for the same values of PV cell efficiency are 7.63%, 9.71% and 11.78%,

respectively. Preview of these two exergy efficiency is given in Figure 2.
20

15 /
/

10 "

/

Exergy efficiency (%)

12 14 16
PV cell efficiency(%)

—+-nx -=nx, EE

Figure 2 — Exergy efficiency for building with defferent cell efficiency
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Ratio between required and obtained exergy e, and e, ge (with and without
embodied exergy), decreases with increasing PV cell efficiency. For PV cell
efficiency of 12%, 14% and 16%, the ratio of required and obtained exergy (without
embodied exergy) is 1.075, 0.9236 and 0.8095, respectively, while the ratio between
required and obtained exergy calculated with embodied exergy is 1.78, 1.4 and
1.153, respectively. It can be concluded that with the implementation of PV module
with cell efficiency of 14% and 16%, can be achieved the values of ratio between
required and obtained exergy which is less then 1 (e, <1). This means that installed
solar system generates more exergy than required exergy of all consumers in the
building (without embodied exergy). The graphical representation of the required
and obtained exergy for different PV cell efficiency is shown in Figure 3.

2

15 \
\\.

\

0,5

Ratio of required and obtained exergy (-)

12 14 16
PV cell efficiency (%)

——ex —#-ex, EE

Figure 3 — Ratio between required and obtained exergy for building
with defferent cell efficiency

Required exergy of all building consumers and exergy obtaned from solar
systems (with or without embodied exergy) for different PV cell efficiency and
electric heating system, are graphically shown in Figure 4. With PV cell efficiency
increasing, exergy obtained from the solar system increases too. Required exergy in
all the cases was the same — 54.45 GJ. Fraction of PV panels on the roof is the same
for all the values of PV cell efficiency — 98.75 % (79.6 m2 of PV array and 1 m? of
solar collector). On this way, it can be generated 169.27 GJ of primary energy, while
the avoided operative primary energy is 149.02 GJ annually.

Figure 5 represent total electricity consumption, primary energy consum-—
ption, generated primary energy and avoided operative primary energy consumption
in building with different cell efficiency of PV array.

By using the PV array with 12 % and 14 % of cell efficiency, building will be
NNEB (building type approach with and without embodied energy). By using the
PV array with 16 % of cell efficiency, it is possible to achieve the concept of positi-
ve-net energy building (PNEB) without embodied energy of installed solar systems
and insulation. If it is taken into account, the building is negative-net energy buil-
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ding (NNEB). With 16 % PV cell efficiency, it is generated 222.43 GJ of primary
energy, which is more than the energy demands of the building (207.81 GJ).
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0 -
12 14 16
PV cell efficiency(%)

M Obtained exergy (with embodied exergy) H Obtained exergy (without embodied exergy)
W Required exergy

Figure 4 — Required and obtained exergy for building with defferent cell efficiency

250

Energy (GJ)

PV cell efficiency(%)

m Final energy consumption M Primary energy consumption
m Generated primary energy m Avoided operative primary energy consumption

Figure 5 — Total electricity consumption, primary energy consumption, generated
primary energy and avoided operative primary energy for buildings with different
cell efficiency of PV panels (Yearly values)

7. Conclusion

In this paper exergy optimization was performed with the major aim to de-
termine the maximum value of the exergy efficiency (without and with embodied
exergy). On that way, the maximum value of the generated electricity can be
achieved, and also primary energy consumption can be minimized. All considered
buildings had electric heating system.

By using PV modules with greater cell efficiency (14% and 16%) it is possi-
ble to generate significantly greater amount of electrical energy compared with PV
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modules of cell efficiency 12%. With the increasing of PV cell efficiency, there is a
significant increase in both the exergy efficiency (with and without embedded
exergy).

Ratio between required and obtained exergy ex and e, ge (with and without
embodied exergy), decreases with increasing PV cell efficiency. If the values of
ratio between required and obtained exergy is less then 1 (e, <1, case without embo-
died exergy), then installed solar system generates more exergy than required exergy
of all consumers in the building.

By using the PV array with 14 % and 16 % of cell efficiency, building can
produce more electricity, so the concept of PNEB can be achieved with PV cell
efficiency of 16 % (approach without embodied energy).
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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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