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Articles

Construction and Simulation of a Water Cooling System Controller
for PV Modules: Some Initial Results

Le Vinh Thang 2, Anatolii V. Schagin 2, Ngo Xuan Cuong ?-*, Nguyen Thi Hong °

aNational Research University of Electronic Technology, Russian Federation
bSchool of Engineering and Technology, Hue University, Thua Thien Hue, Vietnam
¢Faculty of Thermal, Refrigeration and Construction, Hue Industrial College, Thien Hue, Vietnam

Abstract

In recent years, equipment for the use of solar energy has been actively developing in the
world, which provides heat and electricity. In particular, photovoltaic technology using
photovoltaic modules is widely used. This paper focuses on cooling controllers for the surface of
photovoltaic modules to reduce surface temperatures, increase their output power and improve the
performance of photovoltaic systems. The paper presented the design, simulation and construction
of water cooling system controller for photovoltaic modules. The application of water cooling
system controller for grid-connected photovoltaic system with 250 Wp has brought good results.
The experiments were conducted at Central Vietnam, the water cooling system controller is set to
automatically work so that when the surface temperature reaches 40°C, after each operation the
power of the grid-connected photovoltaic system increased significantly. The results also indicate
that the power consumption of the water cooling system controller is much smaller than the
increased power of grid-connected photovoltaic system.

Keywords: water cooling, PV, power increase, performance.

1. BBenenue

B mocieanue rofpl B MHpPE aKTHMBHO pas3BUBAETCSA O0OOpYyAOBaHUE JISI HCIIOJIb30BAaHUSA
COJIHEUHOM SHEPrHH, KOTOpOoe obeclieurBaeT TEILI0 W 3JEKTPOSHEPrHio. B wacTHOCTH, HMIMPOKO
HCIT0Ib3yeTcs (OTORIEKTPHUUECKas TEXHOJIOTHS C UCIIOJIb30BaHHEM (DOTOIIEKTPUUECKUX MOy e
(Shubbak, 2019; Cuong, 2018). [ToBbIIlIeHHE TPOU3BOAUTETLHOCTU (POTOIIEKTPUUECKUX TTaHe el
OBLIO 3aMHTEPECOBAHO BO MHOTHX HCCJIEIOBAHHUAX, TAKUX KaK IMPHMEHEHUE CHCTEM CJIEKEHUS
(Kang et al., 2019; Cuong et al., 2018; Hafez et al., 2018; KbI0oHT, 2013) 1 CHCTEM OXJIAXKIECHHUS
(Nasef et al., 2019; Bayrak et al., 2019). IIpou3BOIUTETHFHOCTh CUJIBHO 3aBUCUT OT TEMIIEPATYPbI
IMOBEPXHOCTU, IO3TOMY OBLIO IIPOBEIEHO MHOKECTBO HCCIEAOBAHUM U TPOAYKTOB CHCTEM
OXJIQKIEHUS IS YJIyYIEeHUs] TIPOU3BOAUTETLHOCTH (hoTOodIeKTpruUYecknx Mosaysu (Sajjad et al.,
2019). CucremMa BOJSHOTO OXJIXKAEHUS HUCIOJIb3YETCS JJIs CHUKEHHS TeMIIEpaTyphl U yaIeHUs
MIBLJIM U TPSI3HU C MIOBEPXHOCTU (DOTOIJIEKTPUUECKUX MOJYJIEH, UTOOBI 3aXBATUTh OOJIbIIIE YHEPTHH.

* Corresponding author
E-mail addresses: ngoxuancuong@hueuni.edu.vn (Ngo Xuan Cuong)
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Takue CUCTEMBI JIOJI?KHBI UX KOHTPOJUIEPHI, CO3/[aBasi TOUHbIE CTPYU BOJbI, pabOTAIOIHE B HY;KHOE
BpeMs1, OTPAaHUYUBASA IIOTEPH SHEPTUU IIPU OXJIAKAEHNU.

ABTOMaTHUeCKasi CHUCTeMa OXJIKAEHHUSA JIOJDKHA MCIOJIb30BaTh KOHTPOJLIEDP, KOTOPBIU
IPUHUMAET CUTHAJIBI OT JIaTYMKa TeMIIEPATyphl M YIPABJIAET ABUTATeJeM BOASHOIO Hacoca JJifd
mojayd BOABI K pacubuiuresasM. KoHTposutlepaMu  MOTYT OBITh ~ MHKPOIIPOIIECCOPHI,
MUKPOKOHTPOJIEPH], KoMIbloTepbl min [IJIK. B sTOoM uccnenoBaHuM HCIOIB3YeTCA APIYHHO
MUKPOKOHTPOJLIEP, HOTOMY YTO 3TO HU3Kasl CTOUMMOCTDb U MPOCTOE MPOTrPAaMMUPOBAHUE.

KouTpossiep COCTOUT W3 CJIEAYIOIIUX OCHOBHBIX KOMIIOHEHTOB: JIaTUMK TeMIEepaTypHhl,
ApAyrnHO MUKPOKOHTDPOJUIEP, JKUJAKOKPHUCTAUIUYECKUH JUCIUIEH ¢ CcXeMa yIIpaBJIeHUs
JIBUTATeJIeM.

TATHHE
TEeMITEpATYDEI
KK cxeMa
TmHeTIett ApnyuHo YIIPABIIEHHA
IBHT ATCIIEM

Puc. 1. biok-cxema KOHTpoJLIEpa

Ha npuBeeHHBIX BbIIIe OJIOK-CXeMax MbI HAIUIIIEM 0JIOK-CXeMbI aJITOPUTMA YIIPABJIEHUS, C
IIOMOIIIbI0 KOTOPOTO MBI HAIMIIIEM KOJBI JJII MHKPOKOHTPOJIIEPOB Arduino, 3aTeM mepeiieM K
MOZIEJTUPOBAHUIO CHCTEMBI C TIOMOIIBIO ITPOrPaMMHOTO obecrieueHus1 Proteus u y3HaeMm, Kak OHa
paboTaeT. KOHTPOJUIED U, CJIEIOBATEJIPHO, 3aBEPIIUTHh AQJITOPUTM OJIOK-CXEMBI W KOZ JJIA
MHKPOKOHTpoOJIepa. llenpio mpoekTa fABJAETCA CO3JaHHE IIPOCTOr0 HEZOPOTOro KOHTPOJLIEpa,
IIO3TOMY TIPEJIIOYTEHNE OT/IAETCsA JOCTYITHOMY Ha PBIHKE allapaTHOMYy OOEeCHeYeHUI0 U €ero
HU3KOW CTOUMOCTH.

2. Bb100Op KOMIIOHEHTOB

2.1. Ap/IyiHO MHUKPOKOHTPOJLJIEP U KUAKOKPUCTA/UTUUECKUH TUCILIIEN

ApAYyHWHO — 3TO IIPOCTOE B UCIOJIL30BAHUH 3JIEKTPOHHOE YCTPONCTBO C OTKPBITHIM UCXOIHBIM
KOJIOM JIJIsl TIOIKJIIOUEHHs allllapaTHOTO U MporpaMMHOro obecrieueHusi. C ApiyiHO MBI MOKEM
U3MepATh HU3MEHEHUs BHEIIHUX YCJIOBHUM € TOMOIIbI0 PAa3JIWYHBIX AATYUKOB. MBI MOXKeM
HCITOJIb30BaTh aBTOHOMHBIN ADJTyHHO, WJIF MbI MOKEM O0IIAaThCA ¢ TPOTPAMMHBIM 0OecIieueHueM,
3alyllleHHbIM Ha KoMmnbloTepe. B sTom paspene ApaynHo UNO R3 ucmosp3dyerca B KadecTBe
IEHTPIHPHOTO KOHTPOJUIEPA, TOCKOJIBKY OH OTBEYaeT TPeOOBAHUAM TEMBI, TAKMM KaK: MHOTOE
KOJINUECTBO YIIPABJIAIOIINX KOHTAaKTOB; 14 IU(MPOBBIX KOHTAKTOB, 6 AQHAJIOTOBBIX KOHTAKTOB,
pazbem USB, He3aBUCHMBIN pa3beM NUTaHUsA; B Hammuuy; [Ipoctoit B ucnosb3oBanuu (Monk,
2016).

Jucreir — 3TO yCTPOMCTBO, KOTOPOE OTIIPABJIsAeT MHGOPMAIUI0 U3 MUKPOKOHTPOJLIEpa
[I0JIb30BATEJI0, Yepe3 KOTOPHIM I0JIb30BaTesb y3HaeT Heobxoaumyio uHdopmanuio. CeromHs
yerporictBa KK nuciuten (PKUAKOKPUCTA/UIMYECKHE JIUCIUIEM) WUCIOJIb3YIOTC BO MHOTHX
MIPUJIOKEHUSX MUKPOKOHTPOJIJIEPOB.

Ha PucyHke 2 mnoka3aHO, Kak IIOAKJIIOUUTH 16-KOHTaKTHBIA KK-mgucrieii. KoHTakThI,
MOJKJIIOUYEeHHble K ApAyHHO, OTBEYAlOT 3a Ilepefady u npuem uHdopmanuu, nomoras KK-
JIUCIUIEI0 OTOOpakaTh Heobxoaumyro wH@opmanuio. YToObI COXpPAaHUTh KOHTAKTHl pa3beMa Ha
MHUKDPOKOHTPOJIJIEDE, MBI MOXKEM HCIIOJIb30BaTh 4-OMTHBIA PpEXHUM, COKpamas 4 IIOpTa,
MTOIKJTIOUEHHBIX K MHUKPOKOHTPOJUIEPY. B 00miel cyiokHOCTH, 171 MOAKIIOUeHus K Arduino B
COOTBETCTBUM C 3THUM IUIAHOM MBI HCIIOJIb3YeEM 2 KOHTAKTAa MUTAHUA U 6 IMUQPPOBHIX KOHTAKTOB
Arduino.
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2.2, JlaTYMKH U cXeMa YIIpaBJIeHUs JBUTATEIEM

JlaTuMKy WrpaloT Ba)XKHYI0 POJIb B CHCTeME KOHTPOJIJIEPOB, OHU JOJDKHBI paboTaTh
MTPaBWJIbHO U IIPOCTHI B YCTAHOBKE, YTO C/AEJIAeT MMPOEKTUPOBAHKE U MPOTPAMMHUPOBAHUE CHCTEMbBI
oueHb TpocThiM. LludpoBoll gaTyuk Temmeparypbl U BiaakHoctT DHT11 B Hacrosiimee Bpemst
SIBJISIETCSI OYEHbB IIOMYJITPHBIM, IIOTOMY UTO OH JIeIIEBBIN 1 IIPOCTOUN B MOJIyYeHUH JAaHHBIX Yepes
1-IPOBOIHYIO CBsI3b (MdpPoBasi CBSA3b — 1 OIMHOYHASA JIMHUA Mepeladn JaHHbIX). BCTpoeHHbIN B
JIATYUK MPENpPOIeCcOp CHTHajIa MMOMOTaeT IMOJIydaTh TOUHBIE JaHHbIE 0e3 KaKUX-JIu00 pacueros.
Xapakrepuctuku ngaruuka DHT1: Omnpenenenue BiaakHocTH: 20-90 % RH + 5 %(maxkc.);
Omnpenenenue Temieparypsl: 0-50 °C + 2 %(maxkc.); Yacrora onpoca: He 6osiee 1 'y [Tutanue u
I/0 3.5-5.5 B.

YToOBI TOYHO OINpPENESUTh 3HAUEHHE TeMIlepaTypbl (OTOIJIEKTPUUECKOTO MOYJIA,
HEeOOXO/IUMO YCTaHOBHUTH JATYWK, NPUKPEIUVIEHHBIA K ero moBepxHocTtu. Cieayer oOpaTHTb
BHHMaHHE Ha BOJI0- U BJIATOCTOMKOCTh BBIOPAHHOTO JaTYWKa. B Hamied wMojenu OyayT
pacrmoJiaraTbCs Ha 3a/THEH TOBEPXHOCTH (POTOZJIEKTPUUYECKHE MOJTYJIH, OXJIaXKAeHue Oy/IeT BECTUCH
CIIepeH.

JIJIsT TpaBUJIBHOTO KOHTPOJISA OTKPBITUA U 3aKPBITHUS BOASHOHO KjamaHa, Mbl HCIIOJIb3yeM
BOJITHOM 5JIEKTPOMArHUTHBIN KJIallaH B COYETAHWM C JpalBepoM ABurartesieM L1298, koropas
cocTouT W3 2 memned H-mocra MoXeT HOMOYB JIETKO KOHTDPOJIMPOBAaTh CKOPOCTH BpaIlleHUs
JIBUTaTeJIel ITOCTOSTHHOTO TOKa, OOCJIy:KHWBas JABHUTATeJId C HampsbkeHHeM oT 5 B g0 35 B
IIOCTOSTHHOTO TOKAa, MAaKCHMAaJIbHBIA TOK 2 A (MaKCHMAaJIbHBIN ABUTaTes b 70 BT). IToTpebiasemasn
MOIIHOCTh: 20 BT (mipm Temmepartype T = 75 °C). JIji9 HeOOJIBIIUX MTPUMEHEHHH MOJETb MOMKET
HCIOJIb30BaTh L2908 B KauecTBe XOPOIIIeld CXeMbI yIIPaBJIECHHUS.

PaboTta BOASHOTO 3JIEKTPOMAarHUTHOTO KJlallaHa OCHOBaHA Ha Iojiave 3JIeKTposHepruu. [Ipu
IIOMOIIM TI0JaYM TOKa 3allopHAas apMaTypa YCTPOMCTBA OTKPBIBAETCSA WU TEPEKPHIBAET JOCTYII
JUISL BOJIBI.

3. biok-cxema ajnropurma

W3 ammapaTHBIX CpPEACTB, COEAUHSIONIMX BCE BMECTE, MbI IIOJIydaeM KOHTPOJUIEP, HO
OCHOBHASI 4aCTh BHYTPU KOHTDOJIUPYET BpaIlleHUe JIBUTATesIsA, MOKa3bIiBas MapaMeTphbl MOJIENH,
HeoOXOIUMbIe JIJIsl CTOPOHHEH MPOrpaMMbl. B MUKPOKOHTPOJIJIEPE WU BHYTPU ApayuHo. [Ipexe
YeM MHUCAaTh KOHTPOJbHBIN KOJI, MbI JIOJIKHBI HACTPOUTDH aJITOPUTMBI YIIPABJIEHUsS OJIOK-CXEMaMU
CHCTEMBI.

Biok-cxema anropuTMa yrpaBjeHHs IPOTPAMMHBIM oOecIieueHreM IMoKa3aHa Ha PucyHke 3.
Ha Osnok-cxeme 3Hauenwe T 3To TemIlepaTyphl JaTuyWka, 1O — YCTaHOBJIEHHOE 3HauYeHUeE
TeMIepaTyphl, 3HaueHue t0 — BpeMeHu ycraHoBKU. /lanee cpaBaute T u To. Ecou (T > To), Torma
BKJIIOUHNTE COCTOSTHUS Hacoca B EPUOJT, BpeMeHH t0, 3TO 03HAYAET, YTO APAYUHO MMOIaeT OTKPHITHIE
VIIPaBJIAIONINE CUTHAJIBI Ha CXeMy yIpaBJieHus JiBurateiaeM 1.298. Ecim HeT, HUYEro He Jiesiai.
[Ipoposkas Tako# UKL, cucTeMa Oy/ieT paboTaTh HENTPEPBHIBHO.
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Puc. 3. biok-cxema ajiropuTMa yrpaBjieHUs

4. Pe3yabTaThl U 0O0CY:KIE€HUE

[IporpamMHOe oOOeclieueHHe MPOTPAMMHUpPYETCS C IOMOIbI0 KoMIwissTopa Arduino
Integrated Development Environment 1.8.9. McXoHBIH KOJ CKOMIIHJIUPDOBAH U MOXKET OBITH
3arpy:keH B arduino uno yepe3 USB-kabenb. Ha ocHOBe 6JI0K-CXeMbl aJlTOPUTMa YIIPABJIEHUS W
OIIepaTOpOB, JOCTYIHBIX B IIporpaMMHoOM koze IDE i1 Ap/iynHO, OHUM HalMCaHbl U 3arpy>KeHbl
JUIst paboThI ApAYHHO.

CucteMHBIM KOHTPOJIZIED CHCTEMBI BOJASHOrO oxiyaxkaeHus mozenupyercas PROTEUS 8.7,
9TO OJlHA M3 JIYYIIUX T[porpaMM JJjid MOJIeJIMPOBAHUSA  BJIEKTPOHHBIX  KOHCTPYKITUU.
MopenupoBanue wuHTepdeiica KOHTpoJulepa NoKa3aH Ha Pucynke 4. lleHTpasipHasd dYacTb
MozenupoBanusa — arduino uno, oHa moxakimooueHa K JKK-gucrorero 16x2 depe3 mudpoBbie
koHTakKThl D12, D11, D5, D4, D3, D2. /laTunk TemIepaTypbl UCIIOIb3yeT 5 B Ha Arduino, u cursasn
JIaTYNKA TEMIIEpAaTypbl M BJIAYKHOCTU OTIpaBisierca Ha Arduino depe3 BbiBoA D7. ApayuHo
IepeflaeT CUTHaJ K JpaiiBep asuratesns L298 uepes koHTakTel D8 m D9. Biaromaps stum
CUTHaJIaM JipaliBep JBUTaTesss L1298 OTKpbIBaeT BOASAHOH 3JEKTPOMATHHUTHBIM KJIallaH JJIsd
MIpOTEKaHUsA BOJBI, o0ecreyuBas oxjakJeHue GHOTOIEKTPUUECKOTr0 MOAY/A. B posin BoJSAHOTO
5JIEKTPOMArHUTHOTO KJIallaHa MBI HCIOJIb3yeM MoJjieib 3jiekTpudeckoro pesne (RELAY 12V) B
nporpaMMHOM obecrieueHun Proteus (PucyHOK 4).
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Puc. 4. Cxema MozietupoBaHusa KOHTPOJLIEPa

[Tporpamma HamucaHa B mporpaMMmHoM obecnieuenuu Arduino IDE, koryia Mbl mpoBepsieMm,
OHA TMEPEBOAUTCA B  «IIeCTHAALATEPUYHBIA KoA». IllecTHammaTepuuHbId KOJ,  DTOH
CKOMITJTMPOBAaHHON MPOTPAMMBbI TIEpe/ CUMYJIAIMEN 3arpykaercsi B ApAYWUHO B IpOrpaMMme
Proteus.

Omnucanue paboThl KOHTPOJUIEPA TOKA3aHO HIDKE.

IIpu ycranoBke temnepaTtypbl Ha DHT Huxke 40°C Ap/iyMHO BBIBOJAUT TOJIBKO JAHHBIE O
TeMIlepaType Ha KUJIKOKPUCTAJUTMYECKUU JIUCIUIEM M HE OTKPbIBAeT U HE 3aKPbhIBAET JIpaliBep
neuratess L298, pese B 3a6;10kupoBaHHOM cocTosTHUH (PHCYHOK 4).

IIpu ycranoBke Temmiepatypsl Ha DHT Bbime 40°C, ApZiynHO BblIaeT CUTHaJI Ha BbIBOZEe D8
Ha BBICOKOM YPOBHE, UTOOBI OTKDPBITH JApAaWBep ABUTATENIsS, Pejie HAXOJUTCA B PA30MKHYTOM
COCTOSIHUM, UTO O3HAYaeT, UTO OXJIAKJeHHe BBINOJHAeTca. Ha KUAKOKPUCTAUIMYECKOM SKpaHe
oTobpaskaercst oTKpbIToe cocTosinue (Coling Status) (PucyHoxk 5).
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Puc. 5. CxeMa MOZieIMpOBaHUA KOHTPOJJIEPA B OTKPBITOM COCTOSIHHE

Ilocse ycnemHoro TeCTUpOBaHUA Ha MOZEJIUPOBAHUM, Mbl U3TOTOBWJIN U IIPOTECTUPOBAIU
KOHTpOJUIep Ha (OTO3IEKTPUUECKON CHCTEME C MOINHOCTHIO 250 Brm. SxcnepumeHT O6buT
IIPOBEJIEH 9 CEHTAOPS 2019 roza B ropojie Jour Xa, mpoBunnus Kyaur Tpu, BeeTHaMm.

Puc. 6. KoHTpossiep cucteMbl BOJSHOTO OXJIXKAEHUS
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Ha PucyHke 7 mOKa3aHbl TeHepUpyeMas MOIIHOCTb (DOTOIJIEKTPUUECKOU CHUCTEMBI C
WCIOJIb30BAHNEM H3TOTOBJIEHHOTO KOHTPOJUIEPA CHUCTEMBI OXJIKJEHUA U MOTpebiseMas
MOIIIHOCTh KOHTpOJUlepa. PucyHOK 8 moOKa3zaHO, UTO MOC/Ie KaXK/IOH oIeparuu KOHTpoJuiepa
MOIITHOCTH  (POTOZJIEKTPUYECKOH CHCTEMBbI 3HAUUTEJIBHO yBeJIMUYUBaeTcsi wu3-3a 3ddekra
pacnpLIeHus TyMaHa Ha pabouyeidl MOBEPXHOCTH (HOTOITEKTPUUECKOTO MOJYJIsl, YTO MPUBOAUT K
CHUIKEHUIO TEMIIEPATYPhl IOBEPXHOCTH (OTOIJIEKTPUYECKOTO MOAYJISA, U K YBEJIHMYEHUIO
reHepupyemMoir MomrHocTH. CO BpeMeHeM TeHepupyeMas MOIIHOCTh YMeEHbIIAJIach W3-3a
MIOBBIIIEHUS TEMIIEPATYPHI Pab0oUell MOBEPXHOCTHU 0] BO3JENUCTBUEM CHJIBHOTO COJTHEYHOTO CBETA.
Korma TemmepaTtypa mmoBepxXHOCTU JocTUTHET 40°C, cUCTeMa OXJIQXKJIEHHS aBTOMATHYECKU
IIPOJIOJIKUT PaboTy.
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Puc. 8. YBennuenre MoOIHOCTH (HOTOIIEKTPUUECKOU CUCTEMBI

5. 3aKJIIoueHue
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KOHTpOJIJIEpA OIITHMAJIbHBIM CII0COOOM. SKCHepHMeHTaﬂbeIﬁ TECT KOHTpPOJIJIEpA YCIIEIIHO.
PESYIII)TaTI)I IIOKa3aJIi, 4YTO IIOCJIE Ka}I(,ILOﬁ orepanmry KOHTPOJJIEpA CHCTEMBI OXJIAXKACHHA
MOIITHOCTDb Q)OTOBHGKTpH‘{eCKOﬁ CUCTEMbI SBHAYUTEJIbHO YBEJIMYHUBAJIACh.
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ITocTpoeHue U MOJAeIMPOBAHUE KOHTPOJ/LUIEPA CUCTEMBI BOAAHOIO OXJIAMKAEHUA JIJIA
doroanexrpuueckux moaysaeri: HekoTropsle nmepBbie pe3yabTaThI

Jle Bunb Txanr 2, Anarosuii B. [IJarun 2, Hro Csaa KeioHr -, Txu Xonr HryeH ©

a HanmoHa/IbHBIH HccyieioBaTeIbckuil yuuBepeuteT « MUDT», Poccuiickasn ®eneparus
bIIIkoJia TEXHUKHU M TEXHOJIOTHH, XI03CKUN YHUBEPCHUTET, BheTHAM
¢ [IpoMBIIIIZIEHHBIN KOJUIEMK X103, BheTHamM

AHHOTamuA. B mociegHme roAbl B MUpPE aKTHUBHO pas3BUBaeTcs 00OpyAOBaHHUE JIA
HCIIOJIb30BAHMA COJIHEYHOM SHEPTUH, KOTOpOe O00ecHeuyrBaeT TEImI0 U 3JIEKTPUUYECTBO.
B wacTHOCTH, IIHUPOKO HCHOJIB3YEeTCA (POTOIIEKTPHUUECKAA TEXHOJIOTHS C HCHOJIb30BAaHUEM
doToaekTpuyecKuX MOAyJiel. 3JTa CTaThA IIOCBAINEHA KOHTPOJUIEPY OXJIAXKIAEHUSA JJIA
MMOBEPXHOCTH (POTOIJEKTPUUYECKUX MOAYJIeH [Jid CHUW)KEHUS TEeMIIEPATYyPhl IIOBEPXHOCTH,
YBEJIMUEHHs MX BBIXOAHOH MOIIHOCTH H YJIYUIIEeHHUS IIPOU3BOJUTEIFHOCTH (HOTOIJIEKTPUUECKHX
cucreM. B pabote mpezcTraBiieH IPOEKTHPOBAHUE, MOJIEJIMPOBAHUE U IOCTPOEHHE KOHTPOJUIEPA
CHCTEMBI BOJSIHOTO OXJIAXKJAEHUA AJs (GOTORJIEKTPUUECKUX Moayseld. [IpuMeHeHne KOHTpoJLIepa
CHCTEMBI BOASHOIO OXJAXKAEHHUS IS IIOJK/IIOYEHHOH K ceTH (POTOBJIEKTPUUYECKON CHCTEMEBI C
MOIIIHOCTBIO 250 BT maso xopoire pe3yabTaTbl. JKCIEPUMEHTHI ITPOBOAWINCH B LleHTpasibHOM
BreTHaMe, KOHTPOJLJIEDp CHCTEMbBI BOJSIHOTO OXJIAXKIAEHHSA HACTPOEH Ha aBTOMATHYECKYI0 PaboTy
IIpU TeMIlepaType MOBEPXHOCTH BbIIIe 40°C, MMOce KaKA0HW OmepaIiui MOIITHOCTD MOKII0UeHHOU
K ceTH (pOTORJIEKTPUUECKON CHUCTEMBI 3HAUUTEIBHO BO3pacTaeT. Pe3ysibTaThl Tak:Ke ITOKa3bIBAIOT,
4TO moTpebsisieMass MOIHOCTh KOHTPOJJIEPA CUCTEMBI BOSHOTO OXJIAK/IEHUs HAMHOTO MEHbIIIE,
YyeM yBeJIMUYeHHas: MOIHOCTD ITOAKJII0YEHHOU K ceTU (POTORIEKTPUIECKON CHCTEMBI.

KirroueBbie ¢J10Ba: BOAAHOE OXJIaKAeHNe, PV, yBendeHne MOIITHOCTH, POU3BOAUTETBHOCTD.
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Extraction and Optical Characterization of the Active Ingredient
in Solanium Melongena Extract
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Abstract

In carrying out the experiment, first liquid extract was obtained from Solanium Melongena
leaves using solvent extraction method at room temperature of 300K with acetone solvent.
The liquid extract was concentrated to a certain degree using a rotary evaporator and the
concentrated extracts were afterwards analyzed using a Hewlett-Packard 6890 gas
chromatography mass spectrometer. Following additional analysis of the extract, it was observed
that Solanium melongena extract contains 2, 3, 5, 6-tetraisopropylpyrazine (5.15 %),
6-octadecenoic acid (33.84 %), 1-(hydroxymethyl)-1, 2-ethanediyl ester (2.60 %) and stearic acid
(20.68 %) as the active ingredients. The result of optical characterization using a Jenway 6405
UV-Visible spectrophotometer revealed that Solanium Melongena extract has optical band gap
range from 1.10eV to 1.20eV.

Keywords: Solanium, melongena, extract, active, Ingredients, optical.

1. Introduction

Dye-based solar cells have been established to represent a more cost-effective alternative to
traditional solar cells. In these cells, a dye is used in place of a semiconductor to trap the light
(Bach, 2012). Dye has received great attention due to its environment stability, ease of preparation
and its optical and electrical properties. The dye’s color result from absorbance of light in the
visible region of the electromagnetic spectrum due to the delocalization of electrons (Aziz,
El-Mallah, 2009). Another way to improve the light harvesting in thin films is to use natural dyes
obtained from plant parts like leaves, flowers or fruits with high extinction coefficients (Schmidt-
Mende et al., 2005; Ute, 2009). This was the motivation for analyzing the active ingredients in
natural dye obtained from Solanium melongena leaves. Knowledge of the optical constants of the
materials (optical band gap and extinction coefficient) is vital in order to scrutinize the atomic
structure, electronic band structure and electrical properties of the dye. The refractive index
provides information about the chemical bonding and electronic structure of the material
(Al-Mansaf, 2011).

A brief note on solanum melongena

Solanum melongena belongs in the plant family Solanaceae (for which belongs tomato,
potato, nicotine and the poisonous deadly nightshade plant) (Fern, 2019; Gowda, 2016). It is
commonly known as eggplant or aubergine. Melongena is a Latin word derived from the Italian
word 'melanzane’, meaning 'mad apple' (KSP, 2019). This plant was first domesticated in India, but

* Corresponding author
E-mail addresses: efurumibe.ezinna@mouau.edu.ng (E.L. Efurumibe)
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is now cultivated worldwide and is a popular ingredient in many traditional dishes. The Plant can
grow up to 2 metres tall with a long taproot which extends deep into the ground (KSP, 2019).
The stems and leaves are thickly covered with star-shaped hairs and sometimes they give tingling
sensation of mild discomfort when touched. The leaves (which is between 6-10 cm long) are
arranged alternately along the stem and that by nature. The plant is an important vegetable crop of
tropical and temperate parts of the world (Randhawa, Singh, 2016).

Analytical methods

In carrying out the study, first literature review of the study was carried out, followed by
preparation of the materials needed for the experiment. Afterwards, the extraction of dye pigment
from Solanium melongena leafs was carried out following Rodney (1990) solvent extraction
method. The extract from Solanium melongena (already mixed with acetone) was subjected to
rotary evaporation for hours using a rotary evaporator. This was done to separate the solvent
(acetone) from the extract. The evaporator operated by first raising the temperature of acetone to
between 40°C and 45°C (which is the boiling point of acetone). The concentrated extract obtained
was placed in a sealed sample bottle for analysis.

The next thing that was carried out in the experiment was the analysis of the concentrated
extract. This analysis was performed using a Hewlett-Packard 6890 gas chromatograph equipped
with a Hewlett-Packard 5973 mass selective detector. Identification of the active ingredients in the
concentrated dye extract was done by comparison of their relative retention index and mass spectra
with those of NISTo5s library data (McNair, Bonelli, 1969).

Following the analysis (which was meant to determine the active ingredients in the dye
extract) was the characterization of the liquid dye extract. The liquid extract was characterized for
absorbance and transmittance using a Jenway 6405 UV-VIS spectrophotometer. Other properties
which include absorption coefficient, extinction coefficient, refractive index, reflectance, band gap
and optical conductivity were determined.

The following formulae were employed in the calculations:

R=1-(A+T) (1)
Where R is the reflectance, A and T are the absorbance and transmittance respectively.
a=2 (2)

A

Where a is the absorption coefficient, A is the absorbance and A is the wavelength of the
incident radiation (Pankove, 1971).

K==2Z=Z
27 (3)

Where K is the extinction coefficient, a is absorption coefficient and A is the wavelength of the
incident radiation.

_ (1+\ﬁ
n —(1—JR_) (4)

Where n is refractive index, R is the reflectance (Robinson, 1952).

o(op) =" )

Where o is optical conductivity, n is the refractive index and c is the speed of light

2. Discussion and results

The result from extraction shows that the extract from: Solanium melongena possesses a
green colour suggesting chlorophyll pigment present. The chromatogram of the Solanium
melongena extract taken from the gas chromatograph-mass spectrometer is shown in Figure 1.
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Fig. 1a. GC-MS chromatogram result of Solanium melongena extract

Figure 1a shows the chromatogram of Solanium melongena extract. Here, there were some
minor unidentified peaks in the GC-MS spectrum but the compounds found in abundance were 2,
3, 5, 6-tetraisopropylpyrazine, 6-octadecenoic acid, 1-(hydroxymethyl)-1, 2-ethanediyl ester and
octadecanoic acid (stearic acid).

Figure 1b indicates the structure of the identified molecules and their percentage
composition.

I
A B

l l\i\_‘ = \V/ / \OH

'\ l Re ., 588

=l | i
2, 3, 5, 6-tetraisopropylpyrazine (5.15 %) Octadecanoic acid (stearic acid 20.68 %)

.
AAAAAAAA ‘\rvv\,W\N
: 11

NN NN ‘\E-,.""‘v"‘\.fﬂ\m

6 — Octadecenoic acid (33.84 %) 1-(hydroxymethyl)-1,2-ethanediyl ester (2.60 %)

Fig. 1b. the structure of the identified molecules
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The optical absorbance/transmittance of the extract were studied in the wavelength range of
300-1000 nm.

Figure 2 shows a plot of absorbance versus wavelength for Solanium melongena extract.
The plot reveals a high absorbance value of 0.9 throughout ultraviolet and Visible regions which
later drop to approximately 0.68 at the near infrared region. The high absorbance value in the
visible region makes solanium melongena extract useful as dye sensitizer for solar cell fabrication.
This result is similar to those of the dye sensitizers by other natural dyes in previous works (Sofyan
et al., 2013; Anthony et al., 2013).

Figure 3 shows the plot of spectral transmittance for Solanium melongena extract. The figure
reveals a low transmittance of about 15 % throughout the ultraviolet and visible regions and a fairly
moderate transmittance of about 22 % in the near infrared region at the peak of about 800 nm.
The low transmittance in the visible region makes Solanium melongena extract useful for film
application as window coating in cold region of the world.

0.9
0.8
0.7

0.6
0.5
0.4
0.3
0.2
0.1
0 T T T T T

0 200 400 600 800 1000 1200

absorbance

wavelength(nm)

Fig. 2. Plot of absorbance against wavelength for Solanium melongena extract
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Fig. 3. Plot of transmittance against wavelength for Solanium melongena extract
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Figure 4 indicates the extract reflectance (R) as a function of wavelength A. A close
observation of the graph shows that solanium melongena extract has very low reflectance value of
about 0.04 in the visible region and 0.12 in the near infrared region. This makes it useful in thin
film application as anti-reflection coatings.

The plot of absorption coefficient squared a2 versus photon energy for Solanium melongena
extract is shown in Figure 5. From the graph, the value of the band gap energy was found to be
1.20eV. This was obtained by extrapolating the straight part of the graph to a point where a2 = o.
It is in close agreement with the result of In Chung (2012) who reported a band gap range of 1.30eV
for ruthenium dye.

Figure 6 shows a plot of the extinction coefficient (K) against wavelength. From the graph
Solanium melongena shows a high extinction coefficient value of about 0.070 throughout the
ultraviolet and the visible region. This high extinction coefficient value makes it useful for dye
sensitizers. This agrees well with Schmidt-Mende, and Gritzel (2005) and Ute (2011) that a dye to
be used in the fabrication of DSSC must have a high extinction coefficient.
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Fig. 4. Plot of reflectance against wavelength for Solanium melongena extract
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Fig. 5. Plot of absorption coefficient squared a2 against photon energy E (hV)
for Solanium melongena extract
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Fig. 6. Plot of extinction coefficient vs wavelength for Solanium melongena extract

Figure 7 is a plot of refractive index versus photon energy for Solanium melongena extract.
From the graph it is indicated that the refractive index increases as photon energy increases.
A peak value of 2.0 is observed at 1.5eV and 2.0eV respectively. This high refractive index makes
Solanium melongena extract useful in solar cell and anti-dazzling coatings.

Figure 8 shows the plot of optical conductivity versus photon energy for Solanium
melongena. From the graph it is observed that the optical conductivity increases with increasing
photon energy. A further observation reveals that the optical conductivity of Solanium melongena
extract when photon energy is 2.0€V it increases from 0.0004 at 1.5eV to 0.0005 which later drop
to zero at 2.3eV. This is in agreement with the theory of semiconductor which explains that optical
conductivity of a doped semiconductor increases as photon energy increases (Sze, 1969).
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Fig. 7. Plot of refractive index vs photon energy for Solanium melongena extract
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Fig. 8. Plot of optical conductivity against photon energy for Solanium melongena extract

3. Conclusion

Based on the results of research and discussion on the extraction and optical characterization
of the active ingredient in Solanium melongena, it can be concluded that the extract from Solanium
melongena contain pyrazine dye, 6-octadecenoic acid, 1-(hydroxymethyl)-1,2-ethanediyl ester and
stearic acid as the active ingredients. These active ingredients composition portray the leaf extract as
good source of dye for dye-sensitized solar cells (DSSCs). From the optical characterization, the
extract showed very high absorbance, low transmittance, low reflectance, and high extinction
coefficient. These makes it further useful as dye sensitizer material (and it can be employed in the
fabrication of dye-sensitized solar cell). The extract can also be used in warm-coating and as anti-
reflection coating. A band gap range of about 1.20eV was obtained from Solanium melongena extract
and as a result, it can serve as semiconductor with high electrical properties.
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