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Study of the Effect of Cobalt-Doped Niobium and Tantalum lons on Electron-
Transporting Layers of TiO, for Perovskite Solar Cells
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Abstract

Perovskite solar cells represent a promising third-generation solar cell technology, and they

have attracted considerable interest for their potential to compete with Si PV technology. Currently,
perovskite solar cells (PSCs) using Titanium dioxide (TiO,) as the electron-transporting material (ETM)
have gained particular interest. However, an issue occurs at the junction between the ETMs and the

perovskite layer due to charge transfer. Also, high temperature is required in the fabrication process of
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(Energy Innovation)

the electron-transporting layers. The addition of metal ions such as Niobium (Nb>*) and Tantalum (Ta”")

to replace Titanium (Ti*") can potentially solve these problems. Co-doping of the ETMs material from

!

TiO, is therefore a viable idea to reduce such problems and increase the efficiency of solar cells.

Therefore, this study investigates various co-doping ratios of Niobium and Tantalum in Titanium
dioxide. The results reveal that the ratio of 3Nb:2Ta-doped TiO; is the most suitable choice for the
electron-transporting layer. The power conversion efficiency (PCE) of perovskite solar cell that
employed such electron transporting material was as high as 11.05% (3Nb:2Ta doped-TiO,), which is
9.71% higher than that of Pure-TiO,. To gain further insights into the material's properties, X-ray
diffraction analysis and UV-visible spectroscopy were employed, providing valuable information on its

physical and optical characteristics.

Keywords: Low-temperature, Co-doped, TiO,, perovskite solar cells
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<, 1 o @ - v o a ) 4 a 3 saa
Wuegrannlunisihunimuniveliladneninlunisuds i lulagiuwaduasonfinduuuiwessonalndnd
Y & o a & . °o vy vy a ' oA 1 :4' i a
Tanguididnaseu (ETLs) Wu TiO, Masldsuanufisusgselies widlgwiludesnisaelouuszquinm
seudosznintuididnaseusasdumessenalnduardeddaungiingdunsyuiunisnisadresfandui
ddinaseu n1siinlosouvessiglangedidluleifeniNb™) uazunumidu(ma™) drlvununlnmden(m®)
anunsauilugmliibuedned nsusuluagduihddnaseou TioAwduuudAnifiarudululdlunisan
Ygumissnantaziinussandninasswaauatening n15AnwNons1d@1un1stAuTILALANANAY WUIT
8n31d2u 3Nb:2Ta Doped TiO, Aodndiuiiunzauiign lnefiuszdnsnmnisildsundsuaseingidu
wasulniin (PCE) gadie 11.05% Fau1nndn Pure-TiO; 9.71% uenantudsdnuisguandiinisnienineie
N1531A3189N 19 E 8 UUAI8T9E0NG (XRD) Anwinmaudfnisdesiiuvesuasiiamaiin UV-Vis
spectrophotometer wazn1sAnwamuantfmlni iedulszlosldonisWauiwaduasorfindwuuines
sonalne

AdAgy: gaungiien MaiuTiy nnilleulaeenled waduaserinduwuuimassenalnd

unidn

walulagnisudalninnndnunauuivainuate sy Jagduludszmalvemalulagnisudn
Iwfhanndsunasenfindduinddndrulunisudalniigaigaluvssamaluladndsnunaunu [1] wad
wasorfindieindudnmisgunsaldrfalunisudnlnih msfndunasiimuwaduasoriindlunarsgluvuiile
Fuunmulszny waduasenfinduuumeisevalndiuiluwaduaseniindlunguiansuwuulug Ysenousie
Sagtnirlwiiaduuy (Front electrode) uazdiuane (Back electrode) waduasoniing fisufanmossena
Ini (Perovskite layer) Lﬂuia@%u’u@,ﬂaffuLLmLﬁamzﬁumﬁmﬁawmﬁLﬁﬂmauu,aziaauiﬂulﬂé’qi’aq%u’uﬁ'l
Sidnmsau (Electron Transporter layer) LLaﬁa@%uﬁﬂaa (Hole transporter layer)

wadkasefinduuuinessenalndlalinsUszAvgtundusnided 2008 Tnefiusyansnimasand 3.8%
[2] stounldfineiauliiussaninmgetulaonisimunareisidu nisufulsdasadndnuestandugady
was [3] nsialassadandnvestuihdidnasou (4] uaziilea (5] uenandudedinisiandaulnimds
waduasefing [6] savisdsdinsuiuidsutanduindidnaseuldiandu nndoulneenled (7] 39le
oonled [8] uonnilsdinafulanengunsrudduduldun W 1a Wilulutagtuindiinaseufiiu
lnmdeslavenled (9] HavmeilifefuyssdvBnmmauasundauuasorfing undanlih (PCe) Tneunn
waduaseiinduuume fsovlalnddeulitanduiidnnsoudulnmdenlneenles (To,) uitandnanadsd
HaymlunansFes bithandunisideanisulugungigeiliAnaugeeinlunssuiunmsadetagduih
Bidnmsou Waussduluihilan1oz199500 (Voo lslsnnwe [10] avesheuiniiuimesdugadunasy
Weannnsuiuniswiieadnawdn [11] wavn1siindawnesda (Hysteresis) lun1snsaiauseansamnis
wanlili [12] Ssdgydsnanansoutluldlasnisifulessuvessinlangnsddu lullagtunsfulossu
Tavgnsndduiswhfumnnsuiagtuididnaseuiilulnmideulaoonlsd luvisnuideinaidus Co-
doped) voslovoulavgnsuddu [13] fdouitefiAsrdostunaiusnlutanduididnaseuressad
wasofinduuume fsovalnddaliiduiidensnnisfinnuiaulalunsinw Tnesinlangnsudduiignimidy
wagfanulnaiduludesvesnsudleligmuednndeslaesnleduazduilivssansnmgaduldunog
Tulewn wazunumdy esmnanunsauiuasuderinsedfundunurestuindidnaseuilefiuussavsnm
Tunsdeloutsyiliszavsammslninditu (14, 15] wardailessouvediuloifouuazuumauegi 0.64
A uazitlnmidonogi 0.605 A Fefimnulndidssiuinlilulefounasuazununiduannsaunuiisumisves
Tnmdleale

FSAIEIEIMSWADD U@ NNLUGEUEU0

9



10

ﬁ’mi"ﬂumu%’aﬁiéfﬁﬂﬂﬁﬁm:mmasuaamilﬁuiaaaui'wﬁuiwﬂwiuiaLﬁammwmumﬁmLﬁifﬂu
Tnssadrwedlnnidloulneenlufiidnaiunisidiu 5%Nb- -doped Nb:Ta Co-Doped tag 5%Ta-Doped WieAnw
msLﬂaauLLUaﬂmaaiwuaﬁ"LmLw,uaulmaaﬂieummwmmiwmmnamLuuﬁumiﬁmaﬂ% (XRD) ﬂ'liLUaEJ‘L!LL‘UaJ
Qmawmmamamﬂmmmm i’mmmaﬂmauumma"LWﬁ'lﬁuaqmimmawmmumq 9 wennTud i iawens
Sravsmandandsnulnihanadssansamdanlvldnuluanmwndenase

35113378

1. mawdsuasazateagtuidiinasou

arsavaneTaniuiididnaseu TIo, gninieunnlnmifeumaszaaslsd (TICk) TusUuuuronnan
i lunealdienusaasiifioumgfising 0°C lushandufiunndiatu muniulidriuduna 10 min,
Sonansazaneiiin “ansavans A7 (@wmsudadiu Pure-Tio,) ulewdemunzaaelsd (NbsCl wazurumEiny
nzAaslsd (TasC) Tugunsgniiluazanslulenusaruuiansqs Tasarsararsluleifouuasunumauazgn
wenldsauifu Tick lutunouifluuTuadadaunisiia (5%Nb Doped TiO,, 5%Ta Doped-TiO,, 3%Nb:2%Ta
Co-doped TiOz, 2%Nb:3%Ta Co-doped TiO2) 9ntiuldansazans A asluuniuneanased (Benzyl alcohol)
3w 40 ml. figaungd 80°C \Hunan 430 hr. azSenasavasiiin “asavats B” thansavans B wauiule
wfiadines (Diethyl ether) ludns1dau 1.5:13.5 ml dluvsuusnaansfinnudanisvu 4,000 rpm Huian
10 min. nduthazneuiildanmanyusenamnaufuionueannuuianigalidfuseriesdusanily
fadunan 2 hr. figumgiisindt 50°C agldansans “Tio, NPs” gavineyiansazats TIO, NPs wauifu TIPD
sednd 2:14 (mtp) ulidunategtes 24 hr. insdueynaseiniesdudanileidaneuiunld
AU MNNIENINUIT TIO, NPs fildudsannisdaaszinuindu Anatest-TiO, Aifllassaauuu Tetragonal
[16]

2. nsaaaduasinduuuwassandlng

euazeansyaniadeuasthlii (FTO) Meaisiauazensieaisvinauazein (Alconox)
0¥8lau (Acetone) Woanasod (Alcohol) waglelelnnuoa (PA) deiniasduninuisanilednuazriiay
ava iy UV-Ozone antiumsuiadeuasazans fanduthdidnaseutsums 70 pl nyufenauda 1,500
rpm Buian 40 Jundhirlulsiarwdeuiioumgfi 100°C Wunan 30 min. Mnuwdsuasaratenessealns
C50.17FA083Pb(log3Bro17)s t03eailae Csl 25 mg, FAI 97.9 mg, PbBr, 63.3 mg wag Pbl, 248.7 mg. azaiglu DMF
waz DMSO Tudsunu 425 pl wag 95 ul muaRy ﬁwmsazm8LW@§S@W51ﬂﬁmum§au%u ETL #8/m2131157
1,000 rpm 13 3unil ntiudineLEndu 4,000 rom 30 3u9 Tugae 5 3u1¥ gavneyvitnisuen Anisole 180
ut ndhuilulsarwdeuiigungd 100°C Wunan 15 min. Welfasmessonalndivdsuanmiuduidunns
sounadntanduinlealaslinismuuindeussaisasats Spiro-OMeTAD U3anal 50 pl waznyuindoud
ATAE7 3,000 rpm 30 Fundt luduneuaaienisididninsadefiduasueu Tnslduiuiidunsueunada
ASUUTUTEY HTL faou398n 6 bar Tnsfilvinuiauil 50°C avldiwaduasonfinddindomhlunamounmauis
$i9 9)

3. Jandmivairaaduasariinduuumwassenalng

nszanadavansiludin Fluorine Doped Tin Oxide (FTO) #iflannudumiudszana 7-14 Q/mm?,

Inmiflsumasgraslsa (TiCl) (MERCK), luloilounungaanlsn (NbsCl) (299.9% trace metals basis, Sigma-
Aldrich), b N UN1dU LN UAEAAD LA (TasCl) (99.8% trace metals basis, Sigma-Aldrich), Titanium
diisopropoxide bis(acetylacetonate) (TIPD) (75 wt. % in isopropanol, Sigma-Aldrich), Pbl, (99%, Sigma-
Aldrich) Csl (99.999% trace metals basis, Sigma-Aldrich), Lead(ll) Bromide (PbBr,) (>98%, Sigma-Aldrich),
Formamidinium iodide (FAl) (>99.99%, Greatcellsolar Materials), N,N-Dimethylformamide (DMF)
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(anhydrous, 99.8%, Sigma-Aldrich), Dimethyl sulfoxide (DMSO) (anhydrous, 299.9%, Sigma-Aldrich) tae
Spiro-OMeTAD

4. nsnadeuAMaNUAvaswadLasinduuuwasTanalnd

naaounuaNtAvIINsAmilefnyInavesn s ANLaziRuTmveslulefsuuazunumanluunui
Tndenlulasiadng suiiaansfusuarudidslunnfulasganmavdsundadiasadiondn Ingld
wadianaifeuuesssdiing (XRD) vinsmsaaae Uiy 20°-80° (Rigaku, miniFlex I) 3ias1zsinasautiinis
@mﬂﬁuu,aa (UV-Vis spectroscopy) fivsanuendy 200-1,000 nm (Varian, Cary 500) Tudumoumsnsandn
Aruauiinsliihve awaduaserfindlagligpnaaeuuszansnmwaduaseiindiianuduuas 1,000 W/m?
AM 1.5 uagnagaumauvuiunszualniuazussiului 0-v Curve)

NANIIVURAZBAUTIUNANITIVY

waduasorinduuumeisenalnddgniinlulodeuuazunundudilulutuindidnaseuiidy
Tnmleulasenled shonszuaunsislugamgiion (<150°0) Faiinszuunsiesenisdunsievinldulnmies
laeenlud shllsdoyanuaudinisluiilasfinmsiinsizsidenind 1 Wethdeyavesmndndiuuiiiasizian
A9 1 neyanui1 Pure-TiO, fiuszavBanlunsivdsundanuiasenfinddundsnulniiiede 8.67% 3
Arnszualniiidnisesiade 15.02 ma/em? fausesulniiineesdanis 0.94 v uarfidflawnninesiadsy
60.98% Tuvausiidlovhnisiivlessuvedlulofouidndru 5%Nb Doped-TiO; awnsaliuseansninnis
Wasundsnuuasoiingidundsnulnin anseualningnamms aussiulniinmsdauasiflauinmesiade
WU 8.91%, 14.91 mA/cm? 0.97 V way 61.75% muasu uazidiovinisiulessusesununduiidndiu
5%Ta Doped-TiO; annsaifiuusyansnmadeiintuiu 9.89% Anszudluindmsasiads 16.41 mAcm’
wsasuliihaeesdnade 0.97 V wazaflaurnmesiadeiiin 62.50% levinisiiusiudidndsu 39Nb:2%Ta
Co-doped TiO; lélansuauszansnmmaiUdsundsnunaserinddundsnulwihiadeiian 10.37% s
wUsBuq 0ft Anszualnindensasiade 16.21 mA/cm’ Aussiuliiinendeaede 0.99 V uavAflaunmes
18y 64.81% daunnandeyanuinAnszualnindnisasanasiidadu 5%Nb Doped-TiO; fid1tfos e1a1dy
wszmaiiidlessuveslulaosfiuniuaumnganauiadaunmdelouuszq Ssaenndosiuauide
84 [17] uandiidiuisdnddimnzausunaiululedouie 0.3% dwonadadumiddeiiidndiu 3%Nb
Doped-TiO2 warnnnaausununeluwaduatefinddunaiuldinfidadiu 3%Nb:2%Ta Co-doped TiO2
finnnszualafingnaeaseiinindndiu 29%Nb:3%Ta Co-doped TiO, wag 5%Ta Doped-TiO; winduls
Usgansangsiigadisanvgainudiuniunislumaduaenfindifiduusie R uaz R iioafae
3%Nb:2%Ta Co-doped TiO, fif1 R, il 12.65 0-cm? WuwslilsiiAnnsgapdenseudlvifuiwaduaseniing
uag Ry, igedia 9,260 -cm? Fafudrigevirlsiliinnnsinandvvesnseuaniesluwad Wumenaivinlida
dndu 3%Nb:2%Ta Co-doped TiO; aziirnsylnindnssasiesniuanduiiuss andamlunisiudeundanu
uasorfindiundsnulniings fefoufudaduiianzauiigalunsusuugsantuindidnnseuifiiugudu
Pure-TiO, \iaifislUszAvinmueawaduasonfinduuumassonalng

] wa ¢ a ¢ s ¢
M99 1 ﬂqmaﬂ,J‘UWWNbLW‘WTUENL"UaaLLﬁ&E]’W]G]EJLLUULWE)iiE]WﬁiﬂW

v & o aa PCE Average FF Jsc Voc Rsh Rs
Qaqw‘u‘u’lmanﬁiau P P P
(%) (%) (mA/cm”) V) (Qcm?)  (Qcm’)
Pure-TiO, 8.65 60.98 15.02 0.94 8,340.6 16.41
5Nb Doped-TiO» 8.91 61.75 14.91 0.97 3,307.8 14.41
3Nb:2Ta Co-doped TiO, 10.37 64.81 16.21 0.99 9,260.11 12.65
2Nb:3Ta Co-doped TiO, 8.81 57.62 16.31 0.94 1,246.01 17.51
5Ta Doped-TiO, 9.89 62.50 16.41 0.96 2,893.28 12.67
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Current density (mAlcm’)

—=— Pure-TiD,
6| —s— 5Nb Doped-TiO,
—a— 3Nb:2Ta Doped-TiO,

3| —v— 2Nb:3Ta Doped-TiO,

PCE (%)

—+—5Ta Doped-TiO,
0.0 0.2 0.4 0.6 0.8 1.0
Voltage (V)

Shb INL:2Ta  INb:3Ta 5Ta

Tioz

SNb

INB:ZTa  2WDATa 5Ta Tio2

SNb. 3IND:2Ta  2Nb:3Ta 5Ta

dl va ! 13 a L4 I3 (3
a1N 1 ﬂmﬂMUWWNbLWW’]C‘IN g YpaadLAIDIRgLUUINeITeNELNA

LﬁamwﬁamiLﬂﬁ"suuﬂawmlma%’wmﬁniunmﬁméwmpﬁﬂnmgmLuumaﬂ%’aa’tﬁﬂﬁz‘? (XRD)
vhunlfifiedneifannd 2 wuiiiedlugiduiievednmdeulaeenledlugiuuveuiva wefiansan
25.25° Faduszuiu 101 9nuamsed 2 fnmsedeuiidntesvesfiniomnnisiailessulansaasiuladey
wavunumnduiivug 0.64 A Falvwaunninsedlessuveslmmiendadian 0.605 A Wunavilsiiszunu 101 8
nsindeuiitdntosludumutiosasain 25.31° (Pure-TIO,) U8 25.01° (3%Nb:2%Ta-Doped) 1losansedl
lospuiinaroszevinsszninnaniia (18] wazdaunsodunaléindnvasueszuiu 101 fidadiu 3Nb:2Ta
Doped TiO, ﬁé’ﬂwﬁuzL’%EnLmauLLasﬁmmmm’fm“ﬁqmdwé’mdau?ﬁu q aansavstiddsnundundniiadalunad

ronmanURnsasloulszgluuinuseynesznituididnaseusazdunessonalng

{11}

Intensity (a.u.)

(200)

i— 5Ta Doped-TiO,
I— 2Nb:3Ta Doped-TiO,
|—— 3Nb:2Ta Doped-TiO,
i— 5Nb Doped-TiO,

|—— Pure-Ti0,

(105)
{211)
{204)

—— 5Ta Doped-TiD,
——— INb:3Ta Doped-TiO,
—— IN:2Ta Doped-TiO,|
——5Nb Doped-TiO,
e P10,

(181

20

40 50 60 70
2Theta (degrees)

(a

20 22 24 26 28 30
2Theta (Degree)

(b)

il 2 (a) NaA3 129 XRD wesiantutididnnseusiausyu 10°-80° waz (b) szunu 101
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M19199 2 Yeyana XRD 1ATILYiLN 2Theta V0458 101

AntuindidnnIou 2Theta (Degree)
Pure-TiO, 2531
5%Nb Doped-TiO; 25.12
3Nb:2Ta Co-Doped TiO; 25.01
2Nb:3Ta Co-Doped TiO; 25.09
5%Ta Doped-TiO, 25.08

dlovinsiiaesias lattice parameter vasTaniuihdidnnsouyndnau Samsiianzsildld Gausss
function lunn5uyy 2Theta Lilens1udann d-spacing Tngldaun1sves Bragg’s Law faaunsdi (1) Mt
M3MAN Lattice constant ilensuiinmsidsundamedasaiauaniio iesanifundn Anatase-TiO, vl
flassaamanidunuy Tetragonal Fsfinuand@innnesuaniisvosnnos a uaz b fawvinfuuasliviity
nnwes ¢ Tasdmnudiszuu (200) uag (009) Tagldaunisil (2) :nn1sisgiangeil 3 asdanaudiuldinie
Wnsinlulewuniidadau 5%Nb Doped-TiO; waz 5%Ta Doped-TiO; Wu31 Lattice constant veaanines a
uay b fimaidsuutasiianasiu 1.0474 A 990 1.0478 A (Pure-TiO,) uazianines ¢ Senfinduiu 9.5762 A
91N 9.5650 A (Pure-TiO,) waznsifusuiidndau 3%Nb:2%Ta Co-Doped TiO; anunsndungldinvuinves
nnwes a uay b Tvweanaadlowfisuiiu Pure-TiO, 990 1.0478 A L8u 1.0477 A mudiy saufswuwannaes
¢ fisdu 9.5750 A 971 9.5650 A (Pure-TiO,) wagiinsifiusaudidnaau 29%Nb:3%Ta Co-Doped TiO, fu1n
ned a, b uay c funiiande 1.0505 A, 1.0505 A uag 9.5978 A muddy Favanuadidrlndidssiy
TA59a$19HENUUY tetragonal 104 TiO, Feanunsnduduldfdlasadmdnvesiansuindiinaseuldiniy
Anatase-TiO2

Bragg’s Law
2d(sin@) =nA (1)
d Ao TEENINTENINTEUIUNEN(d-spacing) (A)
0 Ao yun1siduLeIsI@dnd (°)
A Ao ANBNIAAUYDISIELENTG (1.5406 A)

1 R +K
- = + - (2)
d a C
d Ao TEEMIeTENINTEUIUNEN (d-spacing) (A)
h, k hag | Al SEUUVBINEN
a ey c fa Lattice constant (A)

FSAIEIEIMSWADD U@ NNLUGEUEU0
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M13199 3 Joyan15AsIz9 Lattice parameter 993uthBidnmseu

Lattice parameter

¥
o [

ARTLInBanaTeY a Lattice constant (A) b Lattice constant (A) ¢ Lattice constant (A)
Pure-TiO, 1.0478 1.0478 9.5650
5%Nb Doped-TiO2 1.0474 1.0474 9.5762
3Nb:2Ta Co-Doped TiO, 1.0477 1.0477 9.5750
2Nb:3Ta Co-Doped TiO2 1.0505 1.0505 9.5978
5%Ta Doped-TiO, 1.0474 1.0474 9.5762

FTO

M 3 ANFPVNNENEMIBNEDI9aNIIAUBLANATOULUUABINTIA (a-b) Pure-TiO, ez
(c-b) 3%Nb:2%Ta Co-doped TiO,

Ml 3 MsieseiaIndarewaduatefinduuumessenalndfendosgansmiuuy
Bidnnseuniindoansin (SEM) firdsmens 30,000 wag 50,000 win Immﬁaﬂﬁ%auammmeshqiwdw’a’a@%y’u
118uEnmseuitlinunsiiin (Pure-TiO,) uazn1siiuTmidnaan (3%Nb:2%Ta Co-doped TiO,) Wiawniiua
il iliszansanmgaiian iednminnuanysaivessesrosswiduiidunas Ussdummumuosiy
W wuihitdadau Pure-TIO, Nl 3a uag 3b %éﬁm&;l,ﬁu"l,ﬁ“luu%nmaﬂL%ausiaswﬁw%u*?a@ﬁﬁLﬁﬂmsauﬁ
vmsyuedevasuusuasiilii (FTO) vesnwil 3a fifdnumeliiaiiane niaedeuesarsazasaglsl
annsansouaguliegnaings fudugaunwiesiliiAn trap current density dawalsiansglifiidansasana
TumanduuiiulditansazansluleiDounagunumaniidadan 3%Nb:2%Ta Co-doped TiO, A11150ATOUAGY
#u FTO I#dnd ennanldhamauivesulodouazummduiidmslunmsuiuupnadnuusasazans
Sanlannsaindeuiiuialéftey uasdwhlhdumsdeloussquinasesressain FTO fu ETLs 1fudn
wilsamndianszualniindnisasvesdnaIu 39Nb:2%Ta Co-doped TiO; figsnindnaiu Pure-TiO; uazan
ns¥anumunvestuilduusazuldanumd ol duhdidnaseu 3%Nb:2%Ta Co-doped TiO; fiAu
wugaLUszan 55,25 nm sumessendlng dadutumessenalndiiaumuyszana 495,15 nm uaz
anvheduileaiiaYamdu Spiro-OMeTAD flanumuuseanm 249.27 nm
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dlevhnsinnsanituindunedsedlndanamd ¢ wuidnvazveunsuiidnsidiy Pure-To, 1
é’ﬂwmzﬁuﬁ'sﬁﬁau%ﬂﬂajaﬁwLauaiﬂa@,mﬂm*mL‘i’fmmﬁlumiazﬁuﬁﬁwm%’u?\léuLﬁaﬁwmﬁmwﬁﬁwmm
\nsuvettuildLmeSsenalnduansfnseit 4 Inefuamainaunsi 3 wui fidndusnanilvunaduniiu
gudnanadszana 211.22 nm levihnsidusiulessuvesiulaidenuasunumaunuinvuaduriugudnas
nswadeddniintudu 236.84 nm Feaenndestunanilnihiidadau 39%Nb:2%Ta Co-doped TiO Tien
Uszavisnmgsiign [19] ﬁy’qf‘jmsu,amaafwmmsJm‘wsumﬁuﬁﬁaqmﬂﬂmmmaqﬂi&’ﬁqwaww’lwﬁmy’wmmm
waduasefinduuumessenalndiadanudndudefigainsunnuaudimauaeugadsie

Grain size (nm) =

Grain size Ao R uALgNaInTY (hm)
Acrain Ao NuAveLnsU (nm?)
T Ao AN Pi JA1UsEU (3.1415)

Al 4 mwdﬂaﬁuﬁuﬁa&Jﬂé'mﬁgamiﬂﬁ%Lﬁﬂmauuwdmnim (a) Pure-TiO, (b) 5%Nb Doped-TiO, (c)
39%Nb:2%Ta Co-doped TiO,, (d) 2%Nb:3%Ta Co-doped TiO, wag(e) 5%Ta Doped-TiO
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M15199 4 i ugudnanunsuvesianinessevialng

¥
o o

Yanvuihdianaseu Wurhugudnaansy (nm)
Pure-TiO, 211.22
5%Nb Doped-TiO: 230.67
3Nb:2Ta Co-Doped TiO2 236.84
2Nb:3Ta Co-Doped TiO2 234.22
5%Ta Doped-TiO: 224.63
100 ® —FTO
—— Pure-Ti0,
4 —— 5Nb Doped-TiO,
~ ——— 3Nb:2Ta Doped-TiO,
=z 3 —— 2Nb:3Ta Doped-TiO,
£ @ a? —— 5Ta Doped-TiO,
E 82
E s —FT0 E
= ::::;;::ﬂm, & 1
» — 3INb:2Ta DDDN‘I—TiUl
~—— 2Nb:3Ta Doped-TiO,
— 5Ta Doped-TiO, []
0 300 400 500 600 To0O B0O 900 1000 300 400 500 600 TOO BO0 900 1000 1100
Wavelength (nm) Wavelength (nm)
(@) (b)

MR 5 (a) nadnTevRuantinisdosiureuas (b) nalinTsinsgedulasvetuian FTO/ETLs

nnmit 5 Fudunmuanswansdosiuuazganiuvestuihdidnnseuiignuyuadevasuunsyan
indeuansihluih (FT0) lngldernafiguugiivendu baseline nadoufiarmeniadudaus 270-1,100 nm a1
Al 5a wanslilfiuinauasTRnisdesiuvesndnaanlndiAssiu uasiifosaznisdestulszanas 80% sl
nsdewiugegalutIsaueAdu 550-815 nm Tasiinsdesiiugeaauszana 76.30-83.57% Tsiiedn
dndnfemsdestuiigranusoliuaseriinddowiulussagfunessonalnifadufugnnduuadsd deow
Amsdeshutansuihdidnaseunndadiusnmeanisganduainannis @) namd sb wailldfinnuduiug
AuuAMsdeity LLasﬂ'wmi@mﬂﬁusuaﬁaa%guﬁﬁl,ﬁﬂmau TneAuniliainaunis (5) anunsailumesing
FENINLOUNANU %38 Energy gabs (E) Teanaunas (6)

AUN19398ATNIEDINIU Transmittance percentage (%T)

I
%T =—X100 (4)
I

0

| fD AMUIULETIEENUINEIRINHIUAINA
lo A ANUTLENBUEUAINANS
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AUNTNNIYANTUYBILEY Absorbance (A)
A=2—log%T (5)

Y
o a

diethuanseanduvesuatiuianduindidnaseunningizd Ol myosrinseninuaunduieds
Tauc’s plot Meauns (4)

(@hv)”" = Alhv — E) 6)

Ol fe Anduusedntnsganauwa

Ao AAITITOILNAIA (6.625x10™ J-s)
= =

o Anudveslinou

PSP o

fio m‘mJﬁauﬁmazmﬁamaqaLﬁﬂmaummﬁmﬁ AANAY 2

)>.<<D_

Ao AnsiTuegiUTan
E, A9 999UAUNSNU

PMNAMNEUN UV Tauc's plot method Tasnmualiunu y=(athv)’ wag x=hv yilideainidudn
Auunundanulnneu (xaxis) s daidunsIausaUseaulamYasinssAundsnudanmi 6a [20] Teya
1NA5199 5 levihmsiadluledeutazununiduasluduiindidnnseuinliseiudeainandsnuanadann 3.59
eV (Pure-TiO) lneflovinnisiiundnaiu 5%Nb Doped-TiO, wae 5%Ta Doped-TiO, SAUTBITNNANIUANAT
Ju 3.52 eV uay 3.51 eV aud i Lazasasmgaiidnainunisiiiusiu 29%Nb:3%Ta Co-Doped TiO fif1 3.38
eV Fsfonsniulvawihlidgmlunsiedeuivedidnaseuludestu FTO vinlvian Voc dasanlutagduii
a PN A o a a1 A & a a = 54
ddnaseuyndndiuivinisiiulessudidf 0.96 V idunainaniinnisgadelessuretlulealen (ND™) uax
wnundu(T2’) WidulnedeuT®™) Wnefdadrunlseaudeinamdsnumaigauiuwaduasoiinduuuines
soalnduniignfe 3%Nb:2%Ta Co-doped TiO, FalsrAutesinandanuedil 3.43 eV FuduszAugesinm
WILNZAUABN1SARUNIVBINTELADANATOUTENINTULNBIANATE U AR LAt Ainduuuwassanalng [21]
= & a o =~ a = a a a | & 3 Y & o a g v & A
Jadudndadenilsiuandandeuivedidnaseusenintumessenalndlugviantuihdidnaseulidusdi9d
Fadanalyien Voc vesdadiunisidusiudnaniiaigananiis 0.99 V vilviussavnsnmvesgaduasenfindiiuy

g aa

f15199 5 S¥AUTRIINNEINUTeTanTuLNBdnnsoU

]

“a@%”uﬁﬁl.ﬁnmau Energy band gaps (eV)
Pure-TiO, 3.5870
5%Nb Doped-TiO; 3.5222
3Nb:2Ta Co-Doped TiO; 3.4284
2Nb:3Ta Co-Doped TiO; 3.3842
5%Ta Doped-TiO; 3.5125
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nan1sinTeinuandiuasiasmaia Photoluminescence Wiofnunfaninudsuulasianduin
Sudnasouiiiinadefagtumessonalnduaznatinsziainami 6b Wevnisasaatanuiriidadau
3%Nb:2%Ta Co-doped TiO, dA1A110L Photoluminescence @167‘171?191 n"57iAaudy Photoluminescence
iuansdstumessonalndiignnazduainndsulinousazaiendsusenunldie nafoaunsonen
Sinmsouuarlealdd Inefdadouninnisanuanysaivessosromeisenalndfutantuiididnnseu
wanseonianisaieleuyseq (charge transfer) IdAtudsnalidan Jo funtu (221 Mmaiusuiidadau
396Nb:2%Ta Co-doped TiO; #A1 16.21 mA/cm? aunnnindnaiu Pure-TiO, Aififn 15.02 mA/cm? vinlvian

s

UseAnS N neawaawasa1 indauu

5Ta Doped-TiO, [ ——Pure-TiO,
——— 5Nb Doped-TiD,
= . | ~—— 3INb:2Ta Doped-TIO,
INE:ITa Doped-TiO, y 2N 3Ta Dopﬁd-'ﬂoz
A - ——— 5Ta Doped TiO,
= 3 ¥
w | T 3NB:2Ta Doped-TiO, l &
3 oy
g P B
= 5
S5Nb Doped-TiO, !/ E
v -
- — 2.
!’m--l'-ﬂ2 /
30 32 34 :;“e;ay l:\:l 42 44 46 600 650 700 750 800 850 900
Wavelength (nm)
(a) (b)

a 5 [ & o a a a '3 wa ¥ a .
2N 6 (a) Tauc’s plot VBIIANTUUIBLANATIU (D) NMTUATIZRAMANUALAINIELALA Photoluminescence

MeaTedunAnlun1sesniuUNIIRRNRULLHIYAGLAIDTIndLUUImBIToNalnd Wodunnainwad
wasenfinduuundniael Wewaduasenfindvinisvaaeulsednsanwadifeasiiussansainegi 26.10% e
° v I '3 a ¢ =% aa a | v o g w a a 1l &
insafadunnagaduasninduuuninddneuneimuiddadevinlviusedvinnanamneg 20.38% 1Uu
auyAguladlunisysenevunwaduaserinddnisgayideusednsamds 21.92% luhusaderiudliewad
a ¢ s saa a a P =) < s A ¢ s 3
wasenfinduuuimessealndniiuszavaniney 10.37% Wevseneuluuniwaduasenfinduuuinessenalng
v liUseAnS awanaande 8.10% wWisvinsusediuanuandnandsauludily 1 U vuiuivuin 1,000 m?
UShadnendenasnunauny unInendewld lnglddeyarinuiuiidneriindsieiundedeiiou w.a.
2562 o4 aninTadaguduInTivinigi 7 Jmdnedlvd [23] 31nN159188900NRUULHLAA KA NS UY
wossenalnadudazwadiiufisunas 16 mm’ suduseswofuuuuouiu 4,778 Cell uazsanuuaynsu 57
Cell vilamdsluivihgegan 452.67 W inseualuiingaan 10.88 A uaguseiuluiingean 41.60 V lngunawad
waeoAinguuuinessenalndfivuin 4.36 m? 91nN15ANA 7 Saemanannasuliinvewwaduaseniing
Wosdunuiunawaduaseinduuumessenalniaunsofndsluniudiladiuau 220 panel Andunufisunas
WA 959.2 m? 31NA5199 6 WU Tuusaziieunisnaandsnuliindulunumanudusidenfing waglu 1
year Wnwaanaiofinduuuinessenalndaansandanasnuluiile 126.73 MWh/year
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M1519% 6 Toyandsnulnihveswaduasoinduuumeisenalng

- AANUNSIFonfing WEMU R Bl E
Wau (MJ/m? -day) (MWh/month)

unIAY 13.530 9.05
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Abstract
This study presents an assessment of solar rooftop power generation potential, focusing on the
influence of installation height within a 10-kilowatt solar car park located adjacent to the Amazon coffee

EV

shop, near Rajamangala University of Technology Thanyaburi. The primary objective is to analyze
variations in temperature and energy output across different installation heights. The study has three PV
module panels installation levels: Level 1 at a height of 2.5 meters; Level 2 at 3 meters; and Level 3, at
3.5 meters, resulting in a three-tier installation configuration. To conduct this assessment, a combination
of simulations using the PVsyst program and on-site test results were employed. The findings indicate
that the temperature beneath the panels at the 3.5-meter height level is higher than that under the 2.5-
meter panels. The results obtained from this study serve as supporting data for the analysis of investment

and economic feasibility for the construction of the 10-kilowatt solar car park building.

Keywords: Evaluation, Solar Rooftop Power Generation, Effect of Installation Height
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Abstract
The objective of this research is to design and construct a vintage wardrobe equipped with a
UVC light system controllable via a smartphone. The vintage wardrobe has a structure measuring 100
cm in width, 60 cm in length, and 150 cm in height. This wardrobe is designed to manage and control
the drying of clothes through smartphone operation. The study involves a three-day assessment of the

vintage wardrobe dryer's performance, focusing on the comparison of internal and external temperatures

as well as humidity levels. Additionally, this research investigates the physical characteristics of clothing
items dried in the vintage wardrobe in comparison to traditional drying cabinets and natural drying

methods. The results indicate that the vintage wardrobe maintains an average internal temperature of
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(Energy |nnovation)

33.5°C, while the external temperature averages 29.7°C, with humidity levels at an average of 90.3%.
The clothing items dried in the vintage wardrobe did not become crisp but remain soft and retain their

EV

original color, unlike items dried through natural methods, which tend to become rigid, lose their color
vibrancy, and acquire a crisp texture. Therefore, using the vintage wardrobe for drying clothes proves to

be effective in preserving the physical appearance and quality of the fabric, making it suitable for vintage

and regular clothing drying application.

Keywords: wardrobe, UVC lamp light, vintage clothes, smartphone
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Abstract
This research presents the design and development of solar lawn mowers. The primary
objectives include cost reduction, mitigation of air and noise pollution, and the replacement of fossil
fuel-dependent mowers with eco-friendly solar alternatives. The solar lawn mower's dimensions are 100

cm width, 165 cm length, and 145 cm height, incorporating a manual switch for operational control, two

12 Volt 40 Watt solar panels, and two 12 Volt 6.5 Ah batteries for continuous usage. Through
experimental trials, the performance of the solar lawn mower was evaluated, demonstrating its capability

to efficiently cut grass on both flat surfaces and hills. The machine exhibited a cutting duration of

3
;
:
=
=]

G
=
7]
2
a
=

(Energy Innovation)

approximately 1.30 hours. In addition, the solar panel's charging system can fully charge both batteries
in 2.30 hours. The findings suggest that the developed solar lawn mower effectively replaces oil-based

EV

ones, offering cost savings, while reducing air and noise pollution. Its versatile functionality allows for

efficient grass cutting in various settings such as at the schools and communities.

Keywords: lawn mower, solar energy, solar panel
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Abstract
In the development of a wind farm, besides assessing the potential of wind energy sources, it
is also essential to study the optimum location of wind turbines to maximize the power generation. In
this research, an Ant Colony Optimization Algorithm (ACO) has been applied to determine the
optimum wind turbine generator locations, comparing the outcomes with those generated by the GH

]
F
:
=
=3

G
=2
7]
=
a
=

(Energy Innovation)

!

WindFarmer program, a tool commonly used for wind farm design.

The ACO is a conceptual algorithm based on the foraging behavior of ants that has been
studied in complex terrain for the Rom Klao wind farm in Mukdahan province. The CFD model and
long-term wind data from 1985-2015 were used to assess the wind potential of the study area. In this
research, there will be 13 wind turbines (Gamesa G126) with a nominal capacity of 2.5 MW, a hub
height of 100 m, and a rotor diameter of 126 m. The results show the Rom Klao wind farm has an
average annual wind speed ranging from 3.53 - 5.42 m/s. Comparing the net annual energy production,
wake loss, and capacity factor (C.F.) values of ACO and the GH WindFarmer showed differences, with
ACO vyielding 25.70 GWh/year, 13.74%, and 9.03% respectively, and GH WindFarmer showing 30.75
GWh/year, 10.88%, and 10.80% respectively. Notably, the ACO method requires approximately twice
the time taken by the GH WindFarmer program.

Keywords: Ant colony optimization algorithm (ACO), Wind farm, Wake loss, CFD model
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mavarhsuisiuatuenandesiinudnanmussunasmasnuanudiddndudeadinwiuniaes
fuuauiimunzaunielinfudsiuanamsondnlifildgean nuidsiiiauedaneifiunismaniied
WMz aULUUBIUITANLA (Ant colony optimization algorithm, ACO) ungaelun1suisunusvesiswiuas
Wisuiiisuiuuuusiass GH Windrarmer dadusenduasitlélunisesnuuuriiudsiuan Tag ACO 1Ty
funeuisiitumdnnnngfnssumamomsvesun slusmAfetldvhmsinuniugiussmawuadududouly
fuivhdutefuausannd Sorfannams vun 10x10 km? Taglduuudiaes CFD lunisussidadnenmaes
unasansaniuToyaauszere1inaus wa. 2528-2558 Tngldieiuaunanliiigy Gamesa G126 1A 2.5 MW
ATIgeAUSnaIsEILTAY 100 m duuAuEnadMTyY 126 m $1uau 13 Fu 9Inn15ATenud Audinis
fotuausindnfionsnsauadonediidous 3.53-5.42 m/s 110l ACO Tumsmdumisyaaieiuay wud
wislnignAse ity 25.70 GWh/year nsgayideiiosann wake winfu 13.74% CF. iy 9.03%
wazilodiassdiie GH WindFarmer wuinndsnulwilngndsiedwinfu 30.75 GWh/year nsgapdeiilosnin
wake 1WA 10.88% C.F. Wiy 10.80% uaziiloiuiouifisunarildlunisdassmuin ACO Téanunn
wWuUIIaes GH WindFarmer Ussnay 2 L

v
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°o o w aa a s v W a A °
A8 gUyZ PUADUITDMUNUANUA WITUNIUAN miQEUuLaEJLUENmﬂ wake kuulaa9 CFD

uni

dmsudnenismdanuanvesUszmelnetugninteglunaeifin mndoyaunuiidnenimndanuan
Favilaonsuianndsnunauuiazeydnsndanu nuinwsemdlnesianiiaudoutise lnefianugs 90
m fuidlugvesuszimaiisnsniiauaioagil 4-5 m/s [1] visiuiivesniang fusenideanielnsianis
U%mmmauﬁsmqﬂﬂsw ﬁﬁ’ﬂmwwwé’wmamﬁﬁﬂjﬂﬁuﬁguq sullUdeiuiinuuunedmeasinedous
SrTaunsassssusvadiy dusandiidiuinsiaurinsutotuay venaindesiildrmuniaunds Suies
ailafednuaznivsema Ussamveanslifiuuasadfnnuian Sadussduszneuiididy lunmsianivhiu
fafuan dmsumsiaurhfusaiusnsidudesdnuuasyssfiadnenmundeay dWeussidlaiiiuiinie
sumislafimnzauiunsiadataiuay 9annsAnwves Mohamed wazaniz [2] Iadnwmsumisvesioty
aufineaslurhsufeuauanuesiviu lulssmaneadSe Tngldlusunsy WASP Ussifiufneninuvasas uay
14TUsunsu GH WindFarmer Tunnsusuniwestsiuay Sosufiuauimdmnisnanindariitu 10 Mw
MnnsAnEmUIRURARNE TSRS 1S auadY 5.7 m/s wasndsnuliiiiniundnldvindu 21.80 GWh/year
winda1nld GH WindFarmer wassulwindinhsundaldvinfu 22.10 GWh/year waz Gonzalez-Longatt uay
anz [3] vhmsuseufnenmuvasanluussmaniusgioan Tngldgadeyanisdannnisalaudituiinl fvesami
nflowingrdeud we. 2548-2550 Tnelddoyannuifuazfiansanainiannay 32 uvs uagldeonyiuag
OpenWind lunsuszifiufne nnunasas wudﬂﬁuﬁﬁmmzauagmqmmmﬁa Faannsonaundulasinis
wruandondudiitensnanndnuandmsulsliiundniaruudendeaedway i Bousoansds

PnnddeieiunanddidiuinnisfinusarUsadauunaauavannsamiumisesiuiuaufianinsg
wanlnliilFgafian Failvanunsoeenuuurisufiuay dafunuitediimgusradioniunisdiomngay
vosfsiuaulnelddanesfiunismaniizfivasauuuueaidiauun (Ant colony optimization algorithm,
ACO) TnovhmsiFsuifiuawdsnulwihiindalsgvdsney msgayderdosnin wake ArUszavinimnisudn
Tnhanmdanuay (CF) waznanfildlumssaeadfiowSsufisufuuuuitass GH WindFarmer
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TusmAfeilfidonituiivutatuauiung Smiaunans tnedvuafuiidnwinfu 10x10 km?
nanssannil 1 uazldisiuay Gamesa G126-2.5MW v 2.5 MW annsigaguinansdiumay 100 m téusiu
Audnansdiumy 126 m Aauaniiuviinuuazngayineudisnsisiag 3 m/s uaz 25 m/s auaiu 1duld
dauansanind 2 (4] S 13 fu Tnewsudviuanimmanindeegd 32.5 MW uarlddeyanuszeren
faust WA, 2528-2558 TngIuTaya MERRA A1ge 50 m o fumila 16° 22' 49.206" N 104° 24' 51.1632" E
Wedangifiansuazanudiausensuanuadhyaddaiunisuanuemnadiisnidunsldinneideya
sadifvesan mindwesvesniswanwadhiyadusznausie w15 fimes3use (Shape parameter,k) 1y
msilmesiiuansdnuaznisnszarsvedoyaninuiaan (v) ilddesuansifinuiiiaudinvesnin
AuEIaNge warmnsllmessedu (Scale parameter, o) Wumsfiwesidiusiuanuiiauads fanu
autedeiiangs Anazannaslue [5]
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WUUTIaeITEAUAUGLTLaY (Digital Elevation Model, DEM) wu1a 10x10 a1seilam uagldlusunsy Arcgis
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msUszdiadnenimundsauluiiuiinsufotuausund Smiaynamng Seddnvasgiivssmeauy
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Sanasfiunsmanieiivinzausuuataniiauug (Ant colony optimization algorithm, ACO)

suifvuisoraundauungnitmunlae Dorigo wagany [7] Tl 1992 TnefiuulAnainnisidgunuy
NANITUMIMDMITVRI I UALLN Teoduanuaasiumenmanduindsds lusaeiiiumemsogiu un
wvdevansiadiisonin Alsluu ezmLﬂumsLﬂwi%”lumiaamssumwmmaﬂu wilelotadnsadug aalude
wndsomsléognagnites [8] Uinamesllsluuiiunudesszriemaastuag fussssmanasUinmusuas
81919 [9] M3UTes ACO SLumsLm*‘f]zymmimmLmuwaqﬂwuaﬂumimwuamLLammmww 5

1. Initialization;
Set the initial values: Number of turbines N, Number of ants

Generate initial solution:  Randomly locate each turbine with respect to
assumptions six and eight and compute Pup; and totalPup: as the optimal
solution

2. Compute Vel_defi ci Pi, and Py
3. sel best=F;
4. for iter=1 to Maxlter
5. compute m: and number of ants Tant; for each turbine proportional with m:
if best # total Pup; or iter # Maxlter
for cach turbine i=17 1o Ni
for ant=1 1o Tant;
re-locate urbine f randomly with respect to assumptions six and eight
end
re-compute (2)
il Pr= bhest
best = Prand update farm by new best rbine locations
end
end
re-compute (3)
else
sToP

P 15 the solution and turbine locations (fizrm) give the optimized layout

AN 5 11591199889 ACO Tunsmsuuavasnaiuay [9]

HaN153I98uaaNUTENAN1INY

dloundoyaauszereniiaud we. 2528-2558 angiudoua MERRA Tuitufinisufeiuausuind,
Fm¥nunamns vinisuszfiadnenmieuuusiass CFD wud Aimfiflanuilunisiedeuiivesauunndige
ENE) egninafirnsJueeni@uanile (EN) nuiirnziueen () sesawnfeiianyiueanideanile (EN) uay
nefunnideosld (sw) Taafiaaudiindu 22.76% 20.06% uaz 13.61% auddu wanafennd 8 waziile
RIGERE ‘Viaamammﬂmmmmwumuhyaa‘ (Weibull distribution) Tngdin1sdinesgusravindu 2.63 uag
wsdlimessEAuWinAy 4.8 m/s uardnssiamadewint 4.22 m/s uanafannd 9

msuszfiafnenmunasanlaglilusunsy Windsim faemadia CFD wun 10x10 km? uamasanini
10 wuh Snsusrauiadsedvesiuiiinueglutag 3.14-6.45 m/s wawiiolzadludeituiinisuiviuausy
1né Ui Shsusrenedeeleglutag 3.53-5.42 m/s uamafan i 11

vhsufwiuaudihdsndnindaegil 32.5 MW Uszneufefeiuausiuau 13 #u annmsld ACO Tums
wsumisesiaiuan wudmdanuliihiindeldseTviniu 29.80 GWh/year wdsnulwihansisetnindy
25.70 GWh/year Msgaytdenilosann wake infu 13.74% CF. wirdu 9.03 % wagldnanlumsdiasaviniy 7
2l 36 W7 Fasumisvesiaiuasuansdaninil 12 uazidlediaosne GH WindFarmer wud1 wdssulyiding

—
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HanlAs18UWIniY 34.501 GWh/year wasulnfingnssnediviniu 30.75 GWh/year n1sgayideiilodain wake
WiniU 10.88% C.F. winiu 10.80% warldiianlunissnasawinnu 3 9akud 14 Uil Fasumieunaiaiuaunany
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A15199 1 S19azLdunNan1SINananig ACO

Wind speed Gross AEP Net AEP Wake loss
Turbines C.F. (%)
(m/s) (GWh/year) (GWh/year) (%)
1 4.07 2.48 2.03 18.13 9.27
2 3.88 2.06 1.80 12.86 8.19
3 4.05 2.47 2.05 17.19 9.34
a4 3.92 2.21 1.69 2351 7.71
5 3.95 2.25 1.35 40.05 6.16
6 3.75 1.94 1.82 5.84 8.32
7 3.78 1.96 1.76 9.82 8.05
8 4.07 2.51 1.89 24.42 8.64
9 3.86 2.18 2.11 2.99 9.63
10 3.84 2.09 1.64 21.41 7.49
11 4.09 2.60 2.57 1.00 11.74
12 3.95 2.32 2.25 3.06 10.27
13 4.13 2.74 2.74 0.22 12.48

A1519% 2 SYaLLBYANANITIAB9RE GH WindFarmer

Wind speed Gross AEP Net AEP Wake loss
Turbines C.F. (%)
(m/s) (GWh/year) (GWh/year) (%)
1 4.06 2.53 2.43 3.72 111
2 4.02 2.52 241 4.40 11.01
3 4.05 2.51 2.12 15.79 9.66
a4 a.17 2.79 2,77 0.72 12.64
5 4.15 2.70 2.57 4.93 11.71
6 4.02 2.43 1.88 22.63 8.58
7 4.03 241 2.16 10.33 9.87
8 4.25 2.90 2.47 14.94 11.27
9 4.22 2.81 2.10 25.40 9.57
10 4.06 2.54 2.50 1.54 11.41
11 4.35 3.12 2.36 24.33 10.77
12 4.07 2.49 2.24 10.02 10.2
13 4.14 2.75 2.74 0.18 12.52
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Abstract
This paper presents the design of a compressed air production system utilizing floating solar
cells with a 3-kiloTma capacity, installed and tested in the Khlong Si area of Pathum Thani Province.

The article outlines the design process and analysis of energy derived from solar measurements. The
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(Energy Innovation)

aim is to conduct an initial assessment of power generation potential. This involves comparing

electricity generation between the PVsyst-Simulation in Solar Energy Analysis program and the actual

!

power generation from the system. From the installation and system commissioning, it was observed

that the solar energy generated was approximately 11 units per day. Comparative analysis with
program calculations revealed a 10% difference. This variation, however, proved sufficient to power

the air compressor, producing compressed air at 8 U135s, with a capacity of 500 liters per minute.

Keywords: floating solar cell, Air compressor, PVsyst — Simulation
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Aladash  Aladnen °C Aladash  Aladndh  Aladn  Aladadh  ratio
/m’ /m’ /m’ /m’ gh
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June 143.0 85.64 29.37 133.0 125.1 320.9 312.0 0.782
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Abstract

This article presents the design and testing of a 5 kW compressed air turbine prototype intended
for managing compressed air through wind energy to replace the use of electrical energy from the

compressed air system. The design specifications reveal a propeller diameter of 6.5 meters, featuring 4
propellers, with a height of 18 meters from the ground to the center of the propeller.

From the installation of the compressed air wind turbine, it was observed that the turbine

LonssuaCcn

produced an average pressure of 5.80 bars, generating an average flow rate of approximately 696.10 liters
per minute. This translates to an estimated annual electricity cost savings of around 350,000 Baht.
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Utilizing wind energy harnessed by the specially designed compressed air turbine, this system is

NLAGE MM

engineered to generate torque efficiently at low wind speeds within the country, serving as a power

source for the compressed air system instead of relying on electrical energy from pump motors.

Keywords: Air Compressor Wind Turbine, Low wind speed Wind Turbines, Design of Wind Turbine
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Abstract

This paper introduces a prototype battery monitoring system using a wireless sensor network
to monitor the temperature, voltage, and current status of 12-volt or 24-volt DC batteries within solar
cell systems. Given the widespread use of solar energy, maintaining the health of the battery storage
system is crucial. When charging or discharging, batteries undergo temperature fluctuations that can
potentially damage solar cell equipment or even lead to fire incidents. Most often, these issues result
from power usage surpassing the specified ratings or overcharging the battery beyond its capacity,
resulting in heat accumulation and potential combustion that may damage materials within the solar
cell system. Therefore, this research aims to develop a prototype battery monitoring system utilizing a
wireless sensor network. The system uses an Arduino microcontroller ESP 8266 to manage operations
and connects to ACS712 for current measurement, a voltage measurement module, and a temperature
sensing module DHT11. Using programming language, the system monitors the battery status within
the solar cell system, including temperature, voltage, and current usage. A fixed sensor node is placed
on the solar cell battery to monitor and trigger alerts for overheating or abnormal power consumption
that exceeds defined thresholds. Additionally, the system is configured to notify administrators
promptly via the LINE application in case of abnormalities. During the actual trial installation, the
prototype system effectively alerted about abnormal temperature, voltage, and current usage. It
successfully communicated with administrators via the LINE application, providing accurate, efficient
monitoring, and quick responses, thereby averting potential damage or fire incidents within the solar
cell system.

Keywords: Wireless Sensor Network, Solar Systems, Notify via LINE application, Sensor Node
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Abstract
This research focused on assessing the quality of bamboo-activated carbon produced using the

White Dragon charcoal furnace. This furnace stands at 68 centimeters in height and 40 centimeters in

width, has an air vent at the top and a fuel-filling hole at the bottom, and designs to be compact and
lightweight with a capacity to hold 6-7 kg of bamboo. The internal temperature of the furnace was
continuously monitored throughout the process. The charcoal burning process took approximately 2
hours, reaching a maximum temperature of 800-900 degrees Celsius before each refueling. Eucalyptus
wood was refueled in varying amounts every 30 minutes: 1 kg for the first time, 1.2 kg for the second,
and 1.5 kg for the third. The findings indicated that different refueling amounts resulted in varied yields
of activated carbon: 1 kg of fuel produced 0.637 kg of activated carbon, 1.2 kg of fuel yielded 1.118 kg,

22
g2
38
g
€

and 1.5 kg of fuel yielded 1.308 kg of activated carbon. It became evident that the refueling schedule

significantly influenced the temperature, volume, weight, and quality of the resulting activated carbon.

Keywords: bamboo, activated carbon, Charcoal kiln
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Abstract

This research aims to study the environmental impacts of discarded fiber optic cables as fuel
for the pyrolysis process. The research also investigates the influence of temperature on the yield of
liquid fuel and gaseous emissions during the conversion of fiber optic cables. The experimental pyrolysis
was conducted at temperatures of 300 °C, 350 °C, 400 °C, and 450 °C. A specific type of fiber optic cable,
ADSS 24C, measuring 15 centimeters in length and weighing 5 kilograms, was subjected to a 4-hour
pyrolysis process. The results indicated that the temperature of 450 °C generated the highest volume of
product gas, while the 350 °C temperature yielded the lowest amounts of CO, NOx, and NO; gases.
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Additionally, the 300 °C temperature resulted in the least production of CO; and SO, gases. Among the

temperatures studied, the 350°C temperature showed the least environmental impact and produced the
highest proportion of liquid fuel, accounting for 43.20%. These findings suggest the viability of designing
an industrial-scale system to convert waste fiber optic cables into fuel through pyrolysis. This process
holds the potential to reduce pyrolysis reactor costs and mitigate emissions from discarded fiber optic
cables in the future.

Keywords: Fiber Optic Cable, Pyrolysis, Pyrolysis Oil, Renewable Energy
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Amansuaulaeenlan (COAR) (< 1,000 ppm 5o < 0.1% )* 591 757 10.33 13.15
fnadaaslneanlen (SO,) (< 0.3 ppm.)* 018 043 0.25 1.50
falulasiaulasenles (NO,) (< 0.17 ppm.)* 0.06 0 0.01 0.08

*UWnaalian: YsenAnsensagramnssusesivunAsinaresnsielulueiniafissuigeenainlssny nstinslyd
viuldudainunszuiunisuiuauninuasidanddunset iWudeomddungnamnssy w.abdes a1 obe Aoy
LAY &o 9 o NINYIAY bE

P

d3Unan133e

nNsVIRaB YRR 350 °C amWﬁawamumwimmawamm 2.16 Alansu Aadu 43.20%
Luaamwmawuﬂsmmmsm,wmawu dnduf1w Co mamawammu 350 °C fAwindu 2.18 ppm YSuna
COAIR samogfigamni 300 °C ummmu 5.91% USuaufing SO, fanegigumgil 300 °C fidwvindu 0.18
ppm LLﬁuﬂill’lmﬂ’l"U NO, maﬂawamwm 350 °C A 0 ppm mamamiwmaawim yilsinsiumn
gamnili 350 °C finansznudedswaindeuesiign Inedusuafie SO, IRuAnsgUdnTes Tinandn
UﬁmmmuumawqmLLauﬂimmmuﬁmﬁﬂammaauaamqm NnMsAnmEasansUAEunzauienly
ponuuumuauszuUlnlsladasefugnamnssy wazanUTafeddufudunasgiuainsnoenuuuszuy
alsdaveanimieasaiiiieantiinameuafivitinainnszuaunisihaeadalouiiuasildldom Ty
Puidemdsenszuiunsinlslada Seannsoansunulumsaiaaiesdndemdenssuiunsinlslada
nnaeadalonnnihnasselulusuanle

AnAnssuUsENA
H3vov0veunaAudUfUAn1sTAInssundsaiuLazd swind e anrdiainssudans
wingndeinunsenans Ineniiunauay Ssiauaslgy Aeyesgianiuilumsyiiide uazvoveunszan
o1sgivinwAneninusilileonmalumainiss suislinnudmedumdaruuazmslimuinnaudusady
9e19f

LONAN991989

[1] nsumuAutaiy. (2552). Msindnvesyanay wuudanavatiagnuanguifivia (Sanitary Landfill).
duduiile 24 NOAINILY 2563, 310 http:/infofile.pcd.go.th/waste/waste_sanitarylandfill.pdf.

[2] U3l LTeamney. (2557). n1sianavegnagnuanguIiuna (Sanitary Landfill). duduilo 24 woadnneu
2563, 910 https://www.stou.ac.th/schools/shs/booklet/book573/Senitary573.pdf.

[3] Miandad, R., Barakat, M.A. (2017). Effect of plastic waste types on pyrolysis liquid oil. International
Biodeterioration & Biodegradation. 119, 239-252.

[4] Brajendra, S.K, Moser B.R., Vermillion KE., Doll KM., and Rajagopalan N. (2014). Production,
characterization and fuel properties of alternative diesel fuel from pyrolysis of waste plastic
grocery bags. Fuel Processing Technology. 122, 79-90.

NSFEIEMSWHFOLNGAINUGEUBU



[5] Al-Salem, S.M. (2019). Thermal pyrolysis of high density polyethylene (HDPE) in a novel fixed bed
reactor system for the production of high value gasoline range hydrocarbons (HC), Process
Safety and Environmental Protection. 127, pp. 171-179.

(6] natuni Isusedng , euste o1nsaldviun. (2015). nlslada (Pyrolysis). nganwne: aunaudwuasy
welulad (Ine-dguw). Fuduile 24 womdnigu 2563, 39 http://www. tpa.or.th/publisher/pdfFile
DownloadS/tn241 p61-64.pdf.

[71 O. Klein-Bendavid, Y. Peled. (2014). The pyrolysis and gasification of high density polyethylene in a
batch reactor. Waste Management and The Environment. VII, 77-87.

[8] Nguyen LK, Na S., Hsuan G. Y., and Spatari S. (2020). Uncertainty in the life cycle greenhouse gas
emissions and costs of HDPE pipe alternatives. Resources, Conservation & Recycling. 154,
104602, 1-12.

[9] Strangla M., Ortnerb E. (2019). Evaluation of the efficiency of odor removal from recycled HDPE using
a modified recycling process. Resources, Conservation & Recycling. 146, 89-97.

[10] THAI FIBER OPTICS CO., LTD. (2020). Single/Double Jacket, All-Dielectric Self-supporting, Aerial Loose
Tube Fiber Optic Cable. dududle 24 WOAINIBU 2563, 97N0: http://www.tfoc-btc.com/product-
detail.php?id=103.

[11] Prangtip K., Duangduen A., and Viboon S. (2012). Pyrolysis and gasification of landfilled plastic wastes
with Ni- Mg- La/Al203 catalyst. Environmental Technology. 1-7.

FISTISIY III‘.?lL';:]O'JILllililllllLiijl_Fi.'E:.!

83



21Sa1SO¥1INS

wavvunalinu
dgusu

JOURNAL OF RENEWABLE ENERGY
FOR COMMUNITY

anauwavviunannugsusunkous:malng

AUE3ENSSUEAS uHBnendunalulagswsuvaasuus
@.@ADVHN D.@ABVHAIL DUNWSIU 12110 BIva : treca.2012@gmail.com [ns : 02 549 3497



	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page

