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Smanjenje emisije Stetnih gasova u atmosferu i time zagadivanje Zivotne sredine se u velikoj meri moze podstaknuti
povecanjem upotrebe obnovljivih izvora energije kao sto je solarna energija, kako u cilju zagrevanja tople vode i grejanja
prostora, tako i u generisanju elektricne energije. U ovom radu je data analiza hibridnog (kombinovanog)sistema sa PV/T
panelom koji omogucuje istovremeno generisanje toplotne i elektricne energije, kao i komponenata prototipa
laboratorijskog sistema za merenje toplotnih i elektricnih parametara ovih sistema. U radu su prikazani rezultati
ispitivanja realizovanih merenja temperature, protoka, dobijene elektricne i toplotne snage u realnim vremenskim
uslovima. Na osnovu analize komponenata sistema i rezultata ispitivanja predloZene su izmene laboratorijskog sistema i

opreme sa ciljem dobijanja preciznijih rezultata merenja.

Kljuéne reéi: PVT solarni panel, toplotne karakteristike, elektri¢ne karakteristike, solarna energija

1. INTRODUCTION

Sa poveéanom potrosnjom fosilnih goriva dolazi do
sve veée emisije ugljen-dioksida u zivotnu sredinu
okolinu, pa danas najve¢i udeo porasta CO; potice iz
ljudskih aktivnosti. Radi smanjenja emisije produkata
sagorevanja fosilnih goriva dosSlo je do veée upotrebe
ekoloski prihvatljivih izvora energije i razvoja novih
tehnologija za dobijanje toplotne i elektri¢ne energije [1].

m Ugalj/treset - 40,8%
Prirodni gas - 21,6%
m Hidro - 16,4%
ENukelarna - 10,5%
mNafta - 4,3%
Drugo (OIE) - 6,3%

Slika 1. Udeo razlicitih izvora energije u proizvodnji
elektricne energije u svetu 2014. godine (23,816 TWh) [2]

Solarna energija se moze koristiti za proizvodnju
elektricne 1 toplotne energije upotrebom solarnih
fotonaponskih (PV) panela i solarnih kolektora (termalni
kolektori).

Upotreba solarnih kolektora je raznovrsna i ima
Siroku primenu od solarnog zagrevanja vode u
domacinstvima, zagrevanju prostora, solarno podrzano
hladenje kao i zagrevanje u industrijskim procesima.
Zhanga i drugi (2012) navode da vise od 90% svetski
instaliranih solarnih kapaciteta Cine solarna toplotna
postrojenja, tako da je to najisplativije tehnologija
obnovljive energije koja ima ogroman potencijal na
globalnom trzistu [2].

Koris¢enje solarne toplotne 1 fotonaponske
tehnologije je uvek u porastu jer ih pokrece stalno
tehnicko unapredivanje i povecana svest o cuvanju
energije i zaStiti sredine. Razvoj ovakvih tehnologija

zasigurno dovodi do smanjenja sagorevanja fosilnih goriva
a samim tim i emisije $tetnih gasova.

PV/T je hibridna tehnologija koja kombinuje
fotonaponsku i solarno-toplotnu tehnologiju u jedan
objedinjen  sistem  zarad povecanja  efikasnosti
fotonaponskih modula hladenjem, odnosno odvodenjem
toplote od celija, a sve uz ustedu prostora na kome se
nalaze [4]. PV/T paneli predstavljaju sistem u kome su
integrisane prednosti obe tehnologije, odnosno moduli koji
su sposobni za istovremenu proizvodnju elektricne i
toplotne energije. Upotrebom PV/T tehnologije dobija se
veca iskoriSenost sunceve energije u poredenju sa
konvencionalnim fotonaponskim ili solarnim kolektorima.

2. OSNOVNI PRINCIP, KLASIFIKACIJA I
KARAKTERISTIKE PV/T KOLEKTORA

Deo solarnog zracenja (talasne duzine izmedu 0,6 i
0,7 um) koji padne na povrsinu PV/T panela apsorbiraju
fotonaponske celije i pretvaraju se u elektri¢nu energiju,
dok se preostalo zracenje uglavnom transformiSe u obliku
toplotne energije [4].

Osnovni delovi svakog ravnog PV/T kolektora su
stakleni poklopac, solarne ¢elije, kuéiste i cevni toplotni
apsorber (opciono). Toplotni apsorber ima veoma bitnu
ulogu u funkciji PV/T sistema. On hladi fotonaponske
¢elije 1 tu energiju koristi za zagrevanje vode ili vazduha.
Na ovaj nacin se povecava stepen korisnosti proizvodnje

elektri¢ne energije.
PV cells
PV/thermal ‘
Solar t

Slika 2. Mreza razlicitih tehnologija solarnih
transformacija [3]
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U zavisnosti od vrste koriS¢enog radnog fluida
unutar sistema, PV/T kolektori se mogu klasifikovati u
slede¢e tipove: kolektori koji kao radni fluid koriste
te¢nost, kombinovani te¢nost/vazduh PV/T kolektori i
kolektori koji kao radni fluid koriste vazduh. [5]

Kolektori koji su kori§éeni za testiranje u okviru
laboratorijske postavke su jedan PV/T kolektor i jedan
konvencionalni PV (fotonaponski) kolektor. Slika 3
predstavlja skicu poprecnog preseka PV/T kolektora, gde
su obelezeni njegovi osnovni elementi: 1-staklena povrSina
kolektora, 2-cevi toplotnog apsorbera, i 3-izolacija.
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Slika 3. Poprecni presek testiranog PVT panela

Ukupna efikasnost PVT kolektora je zbir
efikasnosti elektri¢ne konverzije PV panela 7, i toplotne

efikasnosti solarnog kolektora 7, , odnosno:

M, =M+ 11 (1)
gde su toplotna i elektrina efikasnost definisani kao
koli¢nik korisne toplote odnosno elektriéne energije i
suncevog zracenja koje pada na povrsinu kolektora.

Prema tome, toplotna efikasnost konvencionalnog
ravnog solarnog kolektora je definisana kao odnos korisne
prikupljene toplote i ukupne energije suncevog zracenja.

i

M= 2)

gde je P, korisna dobijena toplotna snaga ravnog

toplotnog kolektora, a G ukupna energija solarnog
zracenja na povrsini kolektora. Korisna toplotna se moze
izracunati kao:

B, =iic, (T, -T,) (3)
gde je m maseni protok fluida, ¢, specifi¢ni toplotni
kapacitet fluida, , a 7, i 7, su ulazna i izlazna temperatura
fluida koris¢enog za hladenje, respektivno.

Elektri¢na efikasnost 77, se moze definisati kao:

LV
_tnlm 4)
ﬂel AG
gde I, predstavlja vrednost jaCine struje, V, vrednost
napona pri maksimalnoj snazi PV modula, a 4 - korisna
povrs$ina testiranog panela.

U nastavku rada prikazane su komponente
laboratorijske postavke za merenje toplotne i elektricne
snage PVT panela. Date su osnovne karakteristike
koriS¢enih senzora i opisan koris¢eni merno-akvizicioni
sistem. Prikazani su i ukratko pojasnjeni rezultati merenja
protoka, temperature i snaga. Date su smernice za
poboljsanje postojeceg sistema za merenje.

3. LABORATORIJISKA POSTAVKA ZA TESTIRANJE

Na Fakultetu tehni¢kih nauka u Cacku realizovana
je postavka za inicijalna merenja snage fotonaponskih i
termickih modula (slika 4) [6]. Za ispitivanje su koriS¢ena
dva identi¢na fotonaponska panela (1 i 2), od kojih je
jedan preraden u PVT panel. PV panel je snage 250 W ¢ije
su celije izradene od polikristalnog silicijuma. Paneli su
postavljeni jedan pored drugog pod istom elevacijom od
45° 1 azimutom od 21°. Pri testiranju PVT panela korisé¢en
je otvoren sistem: za probno merenje kori§¢ena je voda iz
vodovoda. Blok Sema ¢itavog sistema za testiranje PV i
PVT panela prikazana je na slici 5.

Elektricno optereéenje oba panela je realizovano
promenljivim otpornicima otpornosti 7,5 Q (Slika 4).

Merenje elektricne i toplotne snage ostvareno je
pomoc¢u odgovarajuéih senzora i merno-akvizicionog
sistema sa softverom. Merenje jednosmernog napona je
obavljeno akvizicionom karticom NI 9225, a struja
karticom NI 9227 (Slika 4).

Za indirektno odredivanje toplotne snage PVT
panela potrebno izmeriti protok i temperature vode na
ulazu i izlazu PVT panela. Protok je meren pomocu
turbinskog protokomera SIKA VTH 15 MS-41
(slika 6 (3)). Ovaj protokomer moze meriti protok vode u
opsegu 0-20 litar/min. Na izlazu protokomera se dobija
strujni signal u opsegu 4-20 mA, ¢iji vrednost linearno
zavisi od navedenog opsega protoka. Temperatura na
ulaznom i izlaznom kraju cevi merena je pomocu
termopara tipa T koji u prikljuénom kuéistu ima ugraden
strujni transmiter sa strujnim izlazom u opsegu 4-20 mA.
Ovaj strujni opseg linearno zavisi od temperaturnog
opsega termopara. Sva tri strujna signala za izmerene
temperature i protoka vode kroz PVT panel se dovode na
akvizicionu karticu NI 9203. Akvizicione kartice NI 9225,
9227 1 9203 su postavljene na CompactDAQ Ethernet
chassis cDAQ 9184 preko koje se vrsi snimanje podataka
na racunaru.

Slika 4. Testirani PVT i Vaneli i merno-akvizicioni sistem

(1 — hibridni PVT solarni panel, 2 — PV solarni panel, 3 — otpornici, 4 — akvizicione kartice, 5 — racunar)

Vujici¢, V., Dragicevic, S., Marjanovic, M., Suéurovié, M., Bozié, M., Rosi¢, M.
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Slika 5. Blok dijagram sistema za testiranje

Slika 6. Korisceni termoparovi ( i 2) i merac protoka (3)

Za obradu i prikaz Zeljenih veli¢ina koriS¢en je
LabVIEW program. Program pruza mogucénost da se
izmereni strujni signali prikazu u odgovaraju¢im
veli¢inama: struja, napon, elektricna snaga, temperatura,
protok, toplotna snaga. Izmerene vrednosti se predstavljaju
brojcano i graficki kao funkcija vremena.

4. REZULTATI MERENJA PROTOKA,
TEMPERATURA I SNAGA PVT PANELA

Da bi se odredila toplotna snaga PVT panela
potrebno je izmeriti protok i temperaturu vode na ulazu i
izlazu krajevima PVT panela. Merenja prikazana u ovom
radu su realizovana 18. avgusta 2018. godine u periodu od
8:25 do 15:20 casova. Na slici 7 prikazani su rezultati
merenja protoka vode. Primetno je da protok nije bio
konstantan tokom ¢itavog merenja. Na pocetku je iznosio
180 /h da bi na kraju merenja iznosio 145 I/h. Srednja
vrednost protoka vode za posmatrani period je iznosila oko
150 /h. Razlog odstupanja vrednosti protoka tokom
merenja je promena pritiska vode u vodovodnom sistemu
na koji je PVT panel prikljucen.

Na slici 8 prikazani su rezultati merenja
temperature vode na ulazu (Ti) i izlazu (T2) PVT panela.
Na pocetku merenja temperature su bile identicne i
iznosile 22°C da bi se zatim snizile za 1°C. Razlog
pocetnog smanjenja temperature vode je dotok hladnije

vode iz vodovodnog sistema. Temperatura na ulazu panela
se zatim ustaljuje na vrednost od 21°C. Zatim, temperatura
vode na izlazu panela pocinje postepeno da raste. Izlazna
temperatura direktno zavisi od intenziteta suncevog
zracenja. Obzirom na orijentaciju panela, odnosno azimuta
intenzitet zracenja se povecavao sa vremenom. Znatne
oscilacije u temperaturi su posledica povremenog
nailazaka oblaka tokom merenja. Maksimalna temperatura
vode na izlazu PVT panela je ostvarena u 13:30 i iznosila
je 29°C.

Kao rezultat izmerenih temperatura i protoka
dobijene su vrednosti za toplotnu snagu panela. Na slici 9
prikazane su toplotna i elektriéna snaga za posmatrani
vremenski period. Obzirom da toplotna snaga direktno
zavisi od razlike temperatura (Sto se moze videti iz izraza
(3)), dijagram promene snage je po obliku identi¢an
dijagramu promene temperature T>. Maksimalna toplotna
snaga je iznosila 1396 W u 13:30 casova. Dobijena
elektricna snaga koja se predaje otpornicima je znatno
manja od toplotne. Takode, promene elektricne snage u
vremenu su znatno brze u odnosu na promene toplotne
snage. Zbog toga su primetne Ceste oscilacije u elektri¢noj
snazi. Promena toplotne snage je znatno inertnija zbog
nemogucnosti da se temperatura PVT i vode naglo
promeni.

180 o
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160 o

Q (I/h)

150 o

140

' 9.‘15 10?05 ' 10?55 ' 11‘45 12?35 ' 13?25 ' 14?15 ' 15?05
t (h:m)
Slika 7. Rezultati merenja protoka vode PVT panela

Razvoj laboratorijskog sistema za merenje karakteristika fotonaponsko-termickog panela



IMK-14 — Istrazivanje i razvoj u teSkoj masinogradnji

30 1 1 1 1 1 1 1 1 1
T2
28 4
—~ 264
(&)
o
L0}
kS
N 24
b
224
204
T T T T T T T T T
9:15 10:05 10:55 11:45 12:35 13:25 14:15 15:05
t(h:m)
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Slika 9. Izmerena toplotna i elektricna snaga PVT panela
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5. MOGUCNOSTI ZA POBOLJSANJE PERFORMANSI
POSTAVKE ZA TESTIRANJE

Realizovana i testirana oprema za merenje snage
PVT panela ima mogucnosti za poboljSavanje svojih
performansi. Kada je u pitanju napajanje panela vodom,
moze se zakljuciti da je znatno praktiCnije primeniti
zatvoreni sistem sa cirkulacionom pumpom. Na taj nacin
je moguce odrzavanje priblizno konstantne vrednosti
protoka vode, koja se mozZe podesiti na zeljenu vrednost.
Takav sistem bi morao da poseduje izmenjivac toplote
kako bi se toplotna energija Sto efikasnije odvodila.
Takode, primena termoparova koji imaju odredenu tac¢nost
(u ovom slucaju *+1°C) bi trebalo zameniti Pt100
senzorima najbolje klase ¢ime bi se znatno povecala
tatnost merenja temperature. Naravno, jedina mana
koris¢enja ovakvih senzora je znatno visa cena.

Sto se ti¢e elektriéne snage, njeno merenje u ovom
sluéaju ima zadovoljavajute Kkarakteristike. Medutim
koris¢éenje elektricnih otpornika ne moze obezbediti
maksimalnu elektricnu snagu panela. U ovom delu
poboljsanje se moze posti¢i koriS¢enjem invertora koji ¢e
obezbediti maksimalnu elektricnu snagu na izlazu panela
za razlicite intenzitete zracenja sunca.

6. ZAKLJUCAK

Sve veée koris¢enje Sunca za proizvodnju
elektricne i toplotne energije zahteva bolje poznavanje
PVT panela i njenih karakteristika. Zbog toga je
neophodno merenjem odrediti karakteristike panela. Ovaj
rad je prikazao jednu eksperimentalnu postavku za
odredivanje toplotne i elektricne snage koja se moze dobiti
sa PVT panela. Takode, postavka moze istovremeno
izmeriti i elektri¢nu snagu PV panela, kako bi se uporedile
njihove karakteristike. Modifikacija PV panela i
ugradivanjem cevi za zagrevanje vode dobija se PVT
panel koji moze proizvoditi i znatnu kolic¢inu toplotne
energije. Prikazani rezultati pokazuju izmerene vrednosti
temperature i protoka vode PVT panela. Na osnovu tih
parametara izracunata je i toplotna snaga PVT panela. Rad
je pokazao i odredene mogucnosti za poboljSanje postavke
kroz promenu tipa senzora za merenje temperatura vode
kao i eventualnog koris¢enja zatvorenog sistema sa
izmenjivacem toplote. Pokazalo se da primena otvorenog
sistema napajanja vodom iz vodovodne instalacije bez
regulacije protoka dovodi do znatnih promena protoka
vode.
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The emissions of harmful gases into the atmosphere, air pollution and global warming can be greatly reduced by
increasing the use of renewable energy sources such as solar energy to heat domestic hot water, space heating and
generating electricity. This paper describes the systems of combined (hybrid) PV/T panels that can simultaneously generate
both heat and electricity, as well as the characteristics of the PV/T panel. A prototype of the laboratory setting for the
examination of these systems along with the used components is also shown. The temperature, fluid flow rate values,
obtained heat and electric gain are also presented. Deficiencies and proposed changes in the laboratory setup and used
equipment were laid out, in order to improve the accuracy of the measurements.

Keywords: PVT solar panel, thermal performance, electrical performance, solar energy

1. INTRODUCTION

Increased fossil fuel consumption has led to
continuous rising carbon emission to the environment,
which has produced about three-quarters of the increase in
CO, from human activity over the past 20 years.
Therefore, there is a need to focus on more
environmentally friendly energy sources and conversion
technologies to reduce emissions levels and global
warming [1].

u Coal/Peat - 40,8%

Natural Gas - 21,6%
mHydro - 16,4%
m Nuclear -10,5%

m0il-43%

Others (Renewables) - 6,3%

Figure 1. World electricity generation in 2014
(23,816 TWh) by source [2]

Solar energy can be utilized in many ways
including solar photovoltaic (PV) panels and solar
(thermal) collectors.

Solar thermal can be utilized in various purposes
including domestic hot water generation and space
heating, solar assisted cooling and industrial process
heating. Zhanga et al. (2012) states that it is representing
more than 90% of the world-installed solar capacity. It is
one of the most -cost-effective renewable energy
technologies and has huge market potential globally. [3].

The ever-growing use of both solar thermal and PV
(photovoltaic) technologies which is driven by the
continuous technical improvements and increased
concerns of energy saving and environment protection.
This development of these technologies would certainly
contribute to significant reduction of fossil fuel
consumption and carbon emission.

PV/T is a hybrid technology combining PV and
solar thermal technology into a single system in order to
enhance the solar conversion efficiency of the module by

cooling the PV cells and better utilization of space. A
PV/T panels can simultaneously generate electricity and
heat, and therefore represent a system in which are
integrated advantages of both PV and solar thermal
technologies. The use of PV/T technology result in a
greater overall conversion rate of the Sun energy
compared to a conventional PV or solar thermal collector,
thus enabling more efficient use of solar energy.

2. BASIC PRINCIPLE, CLASSIFICATION AND
PERFORMANCE OF PV/T COLLECTORS

A part of the solar irradiation (within the
wavelength from 0.6 to 0.7 um) that falls on the PV/T
panel’s absorbing surface is absorbed by the PV cells and
converted into electricity, while the remaining irradiation
is mostly transformed in the form of thermal energy [3].

The basic parts of every flat plate PV/T collector
are a glass cover (glazed or unglazed), solar cells,
encapsulated materials and the absorber collector
(optional). The collectors' absorber has a significant
function in the PV/T system,; it cools down the PV cell and
uses the waste thermal energy to produce hot water or hot
air. In this way the efficiency of the PV module increases

significantly [4].
’
Solar thermal

Figure 2. Network of different solar conversion
technologies [3]

Solar Energy

Flat plate PV/T collectors can be classified into the
following categories, depending on the type of working
fluid used: water PV/T collectors, combined water/air
PV/T collectors and air PV/T collectors. [3]

The collectors used for testing within the laboratory
setup are one PV/T and one conventional PV collector. A
Figure 3 represents a cross section of a PV/T collector, in

*Corresponding author: Faculty of Technical Sciences Cagak, Svetog Save 32000 Cagak, milan.marjanovic@ftn.kg.ac.rs
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which its basic elements are numbered: 1-collectors glass
surface, 2-heat absorber pipes, and 3-insulation.
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Figure 3. A cross section of a used PV/T panel

The total efficiency of a PV/T collector is sum of
the electrical efficiency 7, and the thermal efficiency 7, ,
or as follows:
My =My T (1)
Where thermal and electrical efficiency are defined
as the ratios of gained heat an electricity to the irradiation
that falls on the surface area of the collector’s plate [5].
Therefore, the thermal efficiency of the steady state
conventional flat plate solar collector is defined as the
ratio of useful heat collected to the total energy:
P

th

2)
G

is useful heat gain of a flat-plate thermal

U
P,

th
collector, and G is a total solar radiation on a collector’s
surface. Useful heat gain is available as:

ch :mcp (]; _7‘1) (3)

where m is the mass flow rate of heat transfer fluid, c, is

where

the specific heat of the transfer fluid, and 7, and 7, are the

outlet and inlet cooling fluid temperatures, respectively.
The electrical efficiency 7, can be defined as:

1V

_tm'm
My =

e “4)

where 7 is the value of current, 4 is the aperture area of
the tested system, and V, is voltage at the maximum

power point of PV module operation.
Laboratory components for measuring the heat and
power of the PV/T panel are presented further in the paper.
The basic characteristics of the used sensors are
described as well as the used measurement and acquisition
system. The results of the measurement of flow,
temperature and power are briefly explained, and

Figure 4. Testing P

-

— e
3% rhii,l

VT and P panels and data acquisition system

guidelines for improving the existing measurement system
are also given.

3. LABORATORY TEST SETUP

An initial laboratory test setup for measuring the
heat and electrical gain of the thermal and PV panels is
realized at the Faculty of Technical Sciences Cacak
(Figure 4) [6]. A two identical PV panels of which one is
upgraded to PV/T panel, are used for testing (1 and 2,
Figure 4). PV panels are rated at 250 watts of electrical
power, whose cells are made from polycrystalline silicon.
They are placed next to each other at the exact same angle
elevation of 45° and azimuth of 21°. A water from the
water supply is used as a transfer fluid for PV/T panel test
measuring which is an open system. Block diagram of the
testing system for PV and PVT panels are shown in
Figure 5.

The electrical load of both panels is realized by
variable resistance resistors with resistance of 7,5 Q
(Figure 4).

A measurement of electrical and thermal power
was achieved by using the appropriate sensors and data
acquisition system with corresponding software. The DC
voltage and current measurements were collected with the
acquisition cards NI 9225 and NI 9227 respectively
(Figure 4).

In order to determine the thermal power of the
PV/T panel indirectly, it is necessary to measure the flow
rate and the inlet an outlet water temperature of the panels.
The flow rate was measured using a turbine flowmeter
SIKA VTH 15 MS-41 (Figure 6 (3)). The measuring range
of a used flow rate meter is 0-20 liters/min. The output of
the sensor is a current signal from 4 to 20 mA which is in
linear dependence on the specified flow rate through the
panel. At the inlet and outlet pipes, two type T
thermocouples are placed for measuring temperatures. A
built-in current transmitter with a current output in the
range of 4-20mA is in the thermocouples terminal box.
This current range is linearly dependent on the temperature
range of the thermocouples. All three mentioned signals of
the measured temperatures and flow rate are connected to
the NI 9203 acquisition card. NI 9225, 9227 and 9203
acquisition cards are places on a CompactDAQ Ethernet
chassis cDAQ 9184 through which data is collected on a
computer.

-

(1 — hybrid PVT solar collector, 2 — PV solar collector, 3 — resistors, 4 - acquisition cards, 5 — computer)
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Figure 5. Block diagram of the testing system

Figure 6. Used thermocouples (1 nd 2) and flowmeter (3)

A LabVIEW software was used to process and
display the measured values. The software provides the
ability to display measured signals as current, voltage,
electrical power, temperature, flow rate, thermal power.
Measured values are represented numerically and
graphically as a function of time.

4. RESULTS OF THE MEASURED FLOW,
TEMPERATURE AND POWER OF THE PV/T PANEL

In order to determine the thermal power of the
PV/T panel, it is necessary to measure the flow and inlet
and outlet temperatures of the PVT panel. The
measurements shown in this paper were carried out on
August 18, 2018 in the period from 8:25 to 15:20. A
figure 7 shows the results of water flow measurement. It is
can be seen that the flow rate was not constant throughout
the measurement. Initially, it was measured at 180 I'h and
at the end of measurement it reached value of 145 I/h. A
mean water flow rate for the observed period was around
150 Vh. The reason for the deviation of the flow value
during the measurement period is the change of water
pressure in the water supply system to which the PV/T
panel was connected directly.

A figure 8 shows measured water temperatures at
the input (T1) and the output (T>) of the PVT panel.

At the beginning of the measurement, the
temperatures were identical at the value of 22 °C, then
they were decreased by 1 °C The reason for the initial
decrease in water temperature is the inflow of the cooler
water from the water supply system. After that, the inlet
water temperature then settles to a value of 21 °C. Then,
the outlet water temperature starts to gradually increase.
Outlet temperature directly depends on the intensity of the
solar irradiation. Considering the orientation of the panel,
azimuth, the intensity of irradiation was increasing with
time. Occasional clouds results in significant oscillations
in temperature. A maximal outlet water temperature is
achieved in 13:30 at the value of 29°C.

A thermal power of a PV/T is determined as a
result of measured temperatures and flow rate of water.
Calculated thermal (Pu) and electrical power (P) are
shown in the figure 9. Since the heat power directly
depends on the temperature difference (as can be seen in
formula 3), and the inlet temperature 7; is held fairly
constant, the thermal power diagram is shaped identically
as the temperature diagram 7. The maximum heat output
was 1396 W at 13:30 (3). The electrical power delivered to
the resistors has considerably lower value than the thermal
power. Also, the electrical power value changes much
faster than the thermal power. This is the reason why
frequent oscillations in electrical power are noticeable.
The change in thermal power is significantly more inert
due to the heat capacity of the materials through which the
heat is conducted.

180 4

170

160

Q (I/h)

150 4

140

T T T T T T T T T
9:15 10:05 1085 1145 1235 13125 14:15 15:05

t (h:m)
Figure 7. Flow rate measured values of the PV/T

A laboratory system development for measuring characteristics of photovoltaic-thermal panel
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Figure 8. Inlet (T1) and outlet (T>) water temperature of
the PV/T
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Figure 9. Determined heat and electrical power of the
PV/T

5. POSSIBILITIES FOR IMPROVING THE
PERFORMANCE OF THE TEST SETUP

This test setup for obtaining the power of PV/T
system has the ability to improve its performance. Then it
comes to the used fluid from the water supply, the more
convenient solution is to apply a closed circulation pump
system. This way a water flow rate can be held at constant
value, and can be changed to desired value easily. Such
system should have a heat exchanger in order to make the
heat energy transfer more efficient. In addition, to increase
the accuracy of the temperature measurement, the use of
thermocouples having a certain accuracy (in this case
+ 1°C) should be replaced by the Pt100 sensors. Of course,
the only drawback to using such sensors is a significantly
higher price.

As far as the electrical power is concerned, the
accuracy of the measurement in this case is satisfactory.
However, the use of electrical resistors cannot provide the
maximum electrical power of the panel. This part can be
improved by using an inverter that will provide maximum
electrical power at the output of the panel for different sun
irradiation intensity.

6. CONCLUSION

Increasing the utilization of the Sun’s energy for
production of electricity and heat requires a better

knowledge of PV/T panels and its characteristics.
Therefore, it is highly necessary to determine the
characteristics of the panel. This work presents an
experimental setup for determining the heat and electrical
power that can be generated from the PV/T panel; In
addition, this setup is capable of measuring the electrical
power of an identical PV panel at the same time, which
gives  opportunity to compare their electrical
characteristics.  Modification of PV  panel and
incorporation of heat pipes provide a PV/T panel that can
produce a significant amount of heat. The results shown in
this paper are the measured values of the temperature and
water flow of the PVT panel, based on which the thermal
power of the PV/T is calculated. Also, the possibilities for
improving the setup by changing the type of sensor for
measuring the water temperature as well as the possible
use of a closed system with a heat exchanger are also
presented in this paper. It has been shown that the use of
an open water supply without flow regulation can lead to
significant changes in the flow rate.
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