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GRAPHICAL ABSTRACT ABSTRACT
""""""" Coating Synthesis - s This study investigated the performance of
+4, Lauric Acid + &) Cu(OH - | | 95% Ethanol i i
wric Acid (CHy40,) u(A )2 “ + (C;H;OaHr;u solar panels under dust accumulation by comparing

_______ e 8 Nrmphoic oM three configurations: uncoated panels, panels coated

with a single layer of copper oxide, and panels

Uncoated Single Layer CuD  Double Layer CuO

coated with a double layer of copper oxide. The
coating material was synthesized using lauric acid
(€ H,0,), copper (Il) hydroxide (Cu(OH),), and 95%

v/v ethanol (C H,OH), resulting in a hydrophobic

T —

Dust depositing Surface cleaning surface coating. Based on five experimental trials, the

average efficiencies of the uncoated, single-layer
coated, and double-layer coated panels were 12.9%,
13.1%, and 13.6%, respectively. After the deposition
of 5 g of dust on each panel, the average efficiencies
/ decreased to 12.5%, 12.6%, and 12.9%, respectively.
Efficiency Change: ¥ 7.11% 'V 5.78%| V' 3.04% F] 3 Following cleaning by rinsing each panel with 1 L of

Solling Loss: V 9.47% V8.25% 'V 7.95%

tap water, the average efficiencies recovered to
o 13.8%, 13.9%, and 14%, respectively. In terms of

. Economic Analysis: 1MW Solar Plant (25 Years) A
= = a soiling loss, the double-layer-coated panel exhibited
&» .- the lowest value, at 3.0 %, whereas the uncoated
|DJ|2.72 qum'lm Payback:
g m"m B Years ot panel experienced the highest soiling loss, at 6.6%.

An economic feasibility analysis was conducted
for a 1 MW solar power system with a 25-year operational lifetime. The results indicated that double-layer-coated panels, with re-coating
performed every two years, were the most cost-effective option. This configuration required an initial investment of 6,967 THB/m?2 and yielded

a net present value (NPV) of 7,261 THB/m?2 and an internal rate of return (IRR) of 14.6%, with a payback period of 7 years and 6 months.
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AdNALY UNANED
undlgandigad, n1sqeyde A agusvasd WeAnwussavsamundsanswadmeldnansenuandu TnewSsuiiouuns
Uszdngamandy, Liindevansaeuiladeenles unandauasasUiladeenles 1 4 way 2 9u lnsasiedeuiAnanduases
yANuareInuRdeaswas, nsnaesn (C H O) pauwes(l) lensenlyn (Cu(OH),) tonuea (C,H,0H) mmu“iqm%‘ 95%v/v liansindeud
ansndeuilivouth, flautilivouii :rnnmeasss Il 5 At wuisEavEnmeasveaundiiadeu unaAdey 1 41 uag 2 4u
AMUANANILATYFAEANS Ty 12.9%, 13.1%, 13.6% awadiu ndanlsedu 5 nSusauns UsvAnBaminavanasiae 12.5%,
Keywords 12.6%, 12.9% Aua1eu Lﬁ'av‘hmﬂyazmﬂiﬂﬁa”mﬁwﬁwiww%mm 1 Ansrauss Ussansamiadsiiugndu
13.8%, 13.9%, 14% @Ua1RU Liaﬁmimmiqzyl,ﬁaﬂszﬁ‘w%mwmﬂmsazamﬂu (Soiling loss) wNILARDU
Solar panels; Dust-induced 2 $u fiemsguydesiiianit 3% lusasiudindouiidnsgaudegeiiand 6.6% sl mslnssinudy
efficiency loss; Surface soiling; arlunmsamuvedlasinishndeunddsaioad 1 wnedng englasims 25 U wuhusuedou 2 $u ynaesd
Hydrophobic coatings; Wumadeniifinnududnnniign TneléituamuiBudu 6,967 vindensauns uazliyaritagtuans
Panel cleaning; (Net present value: NPV) (iU 7,261 Unsems1aiuns wagsnsmanouununiglu (intemal rate of return:
Economic feasibility. IRR) wi1iiu 14.6% lnesvaiandunu 7 U 6 ieu
*Q’%’uﬁmauwmm: swanwisa@engr.tu.ac.th DOI: 10.14456/1st).2026.28
42

Science34-N4.indd 42 17/9/2569 BE 08:58



T 34 @il 4 nsngIu-Ganay 2569

58153Imemansuazinalulad

1. unin

YAUUUVEINGINUETIUYIRINLEIDTING
(Solar energy) Wundrunaunuiildsuanuien
aghaunsvany esnidundinuarernanuise
nanldegsaiiien lindeliiauaiy Tnonisnds
IWihanndsuuaserfinduiainuuslganswad
(Solar panel) viwnifindamdseuuaslmiy
nasuliilaenss waylifidunuwamdn 3q
nnlasenslselaimaseunasefing (Solar farm)
Tudszindalng @mSuUTEaNSAINLRITARLAS
919179 (Solar panel efficiency) ManefiadnaIuTes
wsnusainnnszuuULRaLazUA s dund e
T Tneruinmindnsdundsenlniniindels
Weufundnunailasuiomalufiuiiun Tne
UseAvsnm Smhoduosiius %) Tuegiuvas
Uady wu Ussnnvesianwaduaseiing Ay
wiuuas (rradiance) Wusu

nsavaufuuuiuiivesunslsanfigad
livsinauasiidesdusaduasoriindanas nsenu
somsgeydenasnu Usednsam uazengmsldanu
YeauHs o1vanavdeiiios 1 lu 3 vesuni il
ounAfuazess Tngyhluilvuiadniduniu
gudnans 1 lulasiuns fuwlthufetufiogasngy
Bz TR TAHIUTIF LA NI UL A A LA
o1find Woifieuiueynafitiduigudnanaaunn
Tuginn 5 lalaswmstuly fyussliasiawe ean
arneuUuURIveNldEINIT nsAnwiluann
9INAVDINZTUBONNAN LOITY LazoodnTlae [1]
wuhmsgapdendsnudetu esananumuiuiu
yosdsanUsnvideru IagliiEnsmanuduiusnig
AAAENS

nsazauruuLLHelgaNsiead 1Sendnis

yondssuiedsnndu (Soiling loss) 1inan

@

e

a

FURAIVBINS AN NWIRADN AUTIAY AINTY
anvauziy ARdnTAINTENIIINEINUNNEALATS
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Aondsnuiinsndald mnunsazenn g Soiling
loss YauaNgANTENUTEIM 3.1% WagdIanguTay
Uszanas 0.9% setiu Soiling loss Tiiudu wanslst
whiwvhanuazeaussegsaiawe Tnsanzeas
foudavidedasiisilinn ieannansznuainguuas
$nunsransnmundeandiead [2] Vel nsgade
Wé’nmmaéammﬁuﬁ"ﬂaﬂ (Global soiling loss) Tud
2018 fiAszanns 5-10% viseAnduyargoyde
sreldusvana 1.8 wauduumsel fufu aas
Aarsutesdutazudly Wy n1svinAuazeln
(Water cleaning) nsiadeuiaUesniu (Anti-soiling
coating) TiinAuANATUAUNY
NavANRUAINSITNYIA 70 Tu vilLAR
ANUNUUULVBIRUUUUNIGIDS 6.1¢/m” danal
mdslvidranasts 21.8% wavaududadvanin
wndeudivinlinisnszaredduuuunaliminiy
SnvadussdiAnnsavausy vietaeitarhema
dve1nEueen Ima%uagﬂiﬁ’ummﬁaammzﬁy’u
NTavaud U dINaNIENUADAIIUANAINIS
wsugaand Inofuyumaasygamansiiaain
nsazauduvuinelgalsigas 7 e wuin
UsvAninmanauade 68.8% uagvilinisudnlndi
anaiade 9,211 kWh/m? uenannil msdwse
AUATIINZALd WM UATINAZDIAUNS WUTA
TiesumssiiiunuuaziissnuiliAsadesty
33 sUeymdu fyarusyana 3.8 aeaasansy
FOA1TILNNT [1]
nstAfouLNIlTansiwaduunTzan 199
U%mmr:!mt,asﬁ%ﬂunm 1 ifiou wuunediny
nspdouasUszansainudn Wil lannduwalsl
wiauda 30% wanidlowsuifisutuunsliindou
AaBRDIYNITIN 25 U nuinUseavsnmnanluih
WRaiNTY 6.58% [3] ety mMsiedevasiadoud
Tylwouth (Hydrophobic surface coating) 3a.Uu
winnssulmdfiansavianuazeiadueld uaz
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Duiinsredannden Ysannsaviouwas vl
dowrinuwadled uazdiananudlunisthgednuld
[4] egnslsfinumisiadeulusiuuduiivanzay
idlesmnnsindeunanetu e1vdwansenusiens
FEUNBAUTOULNT [5] N1ITVAAOUUTUNE LUK
waduaworiinduuin 100 W a srafiviideu
ARUASUNS LHDUNOBAIAY 2569 WUIINIIARDUR?
ung reannsazanvesuls nsunuedou 2 du
fUnauusiign (0.19 ¢/ml) Weifsuduundlsl
\dey (0.24 ¢/ml) dunsiedou 3 T4 uas 4 Fu
TinaanslnalAesiu (0.22 wag 0.23 ¢/ml muaav)
ATedtajatiuAnvvszaniamnaadouin
quanii 2 4

2. gUnIaluazITNIg
AsNAAelANYINATEINITIARDUANS

ouoseonlasuuunsleansiwadninonsazaury

UAZUTZANTAINLAI T1UIU 3 WUU USZNoUme Wi

liiAdau (Uncoated panel) uWatA@iou 1 9u
(Single-layer coated panel) wazlnitAdoy 2 Fu

o

(Double-layer coated panel) fis1azidunnsil

2.1 M3AssiAuanBva R
Auiiiunldnaaealuduiuiainiaie
andlu WielusgasuuladlraSwatudazLHIIEN

' '
| o =2

ninwiriu Faviriu 5 n3u [6] dnnsinaudnuny

2.1.1 M53AAINFuRINIMTIY AOAC
1995

n&midensudedluovlumaulihi
goungil 105°C u 2 Falas thdhensndadldlug

JUN)
anAnuTuIunsEaBuiddnimdn thihege
Tadenssidesunduimiinuasinluouiigumgd
105°C w1y 24 Falus udFshiensndosiives
fogredulalugananuduaunszitudundads
dtdn duumUTnaosarenutuy wanads
aunsil 1

NAR9YDIUINUNAIDE 19N BULAT UAIDU

USHaumuTu (Seeay) =

2.1.2 m3invuIneynin
lassaianazunseaululasveseyniatu
AATRMENaesgansIAUBIANATOULUUAINTIA
(Scanning electron microscope, SEM) JEOL-
JCM-7000 NeoScope™ Benchtop SEM n1gla
ANMITFYNINIAZITINAUNITATOUAIBE1IAY
nasdiielvlinmaziBenuean iy aiign
2.1.3 msaanziviavasarsusenauly
CRELN ]
yinvesasusznovludiegraluiasien
Femaianisdenuuvesiidiend (XRD) Tneld
1384 Rigaku D/max-y (ﬂizmmjﬁu) Favhanse
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%48 Cu-ka (1 = 1.5418 A) flanniz 40 kV uag 30
mA deyagniiusiusinlugluuuisuadaiuy
0-20 Tuzsya 10° s 90° Taefvwadunisauny
(Step size) WU 0.05 o9 wagldinailunisiu
Fyanas 10 undidedi

2.2 mMsndevasaeUilasoanlynuunnelyans
waa

2.2.1 arsndounaviasaanluaidasua
lsiwauih (Figure 1) fidnduiimunyanlunis
FuA5189 ABNIAABSN (CH,0) USunad 0.6 NSy,
aeUasil) lensenlud (Cu(OH)) Usinas 0.7 ndu
waziavuea (CH.OH) ATAIU3AVS 95%v/v U3
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Figure 1 Hydrophobic copper oxide powder after filtration and drying (a) and hydrophobic copper oxide

coatings on glass slides (b).

Lauric acid (Clezaoz) Copper (Il) hydroxide (Cu(OH),) Ethanol (C H OH)
2 5
N -
{ The solution was continuously stirred at 200 rpm until homogeneous, after which the reaction was allowed to proceed for 5 hours at room ]

i

[ The solution was filtered, and the resulting material was subsequently dried to obtain a hydrophobic powder. J

v

[ A hydrophobic powder (5 g) was dispersed in 50 mL of ethanol by fine grinding, and the resulting suspension was used to coat glass slides. J

v

The coated glass slides were stored at 5 °C for 5 hours, followed by drying at 60 °C for 2 hours.

k Hydrophobic coating j

Figure 2 Schematic diagram of the procedure for preparing hydrophobic copper oxide coatings.

50 fiadans lneyndudageaainty 111.4° e 1a3esiadmalatinldsu UT673v (8% UNIT,
luindeuRansganuuusdlgarsigaduuin 100 dad  Usemadu) arrgegaiiaaliiii 800 W uswiulvivh
nasuatlUssuasnarauBainziia s1aneald 60 Taad nszualuih 35 wonuds in3esingangd
FrgAuuYiniy 8.82 um/nu [7] Td5u UTI7125 (@0 UNIT, Usuinadu) Ledesin

2.2.2 Sunsudauarisisrnadouaatives  guugll -20°C F 400°C Tneruldaniaoagary
oonlosidausiluveui uansly Figure 2 Usnas 5 ndu (3] sienislseniends nsviannu
avorausliissu UTina 1 Anssomsdnails

2.3 MawspuukelTaswaLaraUnsaliaiesin

2o ¢ e - A5 LATLNIINAgN DS 15°C Wi kitnlvasan
2.3.1 n1snaaadididundloarsivas vin y

) . nwRale FnrsudunauAuaInganu 9vnns
Monocrystalline VU0 100 W 7UIU 3 LS LEAg i Py L, .
7PAY WU 5 ASY LULAAZASIILYINNISAUAT
nduidalniln (Power: W) wsasrulndln (Volt: V)

nszualndin (Amp: A) gaungil (Temperature: T)

Tu Table 1 uaz Figure 3 laevinaauietudl 14
fiquisy 2568 1A 09:00-17:00 u. LATBTnA"

Pmdnasngy UT383 Be UNIT, Usswnedu)
Tunauuandly Table 1 uag Table 2
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Table 1 Specifications of the solar panels investigated

Models Tiger neo (n type mono-crystalline)
Maximum power (Pmax) 100 W per panel
Dimensions (mm) 1031 x 530 x 35
Total surface area exposed to irradiation (m?) 0.5
Panel efficiency (%) 18.3

Table 2 Conditions of dust deposition on uncoated, single-layer-coated, and double-layer-coated

solar panels

Experimental steps Procedures
Prior to the experiment Measure the initial power output.
After dust exposure After sprinkling 5 ¢ of dust per panel in each trial, measure the power
(n=5) output (Figure 4).
After cleaning with tap Rinse the panel surface with one litre of tap water, allow water to
water drain, and then measure the power output (Figure 5).

i o

Figure 3 Experimental setup: (a) uncoated panel, (b) double-layer-coated panel, (c) single-layer-coated

panel, (d) solar radiation measurement device, and (e) power output measurement device.

46
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Figure 5 Solar panel following rinsing with one litre of tap water.
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nneds sndumaslniwdalaanuasdeaisioas
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(2)
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Efficiency,qq - EMCiency i zneq

A Efficiency (%) = x 100 (3)

Efficiency,

soiled
e Efficiency e sv@nSamuns Tu
ANNULHEIRY (%)

Efficiency, _ #o Ussdvisanmuss luaam
LiNEZDIR (%)

3) Soiling loss (SL) muneds §175n
UsgAnsamnmsgaydendanuainuansenudu and
AiuAug uansUseavanmesan (2] A
aun1sii (@)
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3. NAN15IBLATINTAL sULUU XRD wasieehsduiilsinnniedos
aAnru danansly Figure 6C Budunsiloguasmiond
(Si0,) (PDF 79-1906) (fiFn 26 wihfu 20.83°, 26.67°,
28.67° aua1iv) Faudussduszneunanludietig

3.1 AUENYULVRRUNALY
Ao ulininudulssunn 4.7% g
aNuUENFUF NIV W UNTEAUMEY , P YA
L R Y . Wu [6], [9, 10] wenanUeIdunNaLRUNA (Peak)
VYYIYANE) GILFANNANITIATIZNAIY SEM (Figure o . o o o
AN 20 AU 29.48°, 36.26° AUAINU FIFDAANDY

6A) LATAITNITEINYDUN AL ULANIITVUINBUNA W .
) ! ! AUASUBLUR (CaCO3) (PDF 83-0578)

fageuadewintiu 15.89+9.58 mm (Figure 6B)
FeapnndINuNaNITITeves [6] N518aud1vU0
aunAfIRE I uRAL A AL VUNWR LN lgawas

WU 8.36 um

Diameter (pum)
15.89 £9.58

Diameter (um})

26.67

3526

Figure 6 Characterization of dust particles. (A) SEM image of dust particles, (B) the particle size distribution
(illustration of A), and (C) XRD spectra of dust particles.
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3.2 maiudayarwasnulniuaslyarsigasng
dufivinismaassd s1uau 5 ade
annenAtiug AMULLES (Iradiance)
F1MINARDIRAY 332 W/m’ (A1gean 361 W/m’
APnan 303 W/m?) #a Table 3 1ilefiansan
Uszansaw (Efficiency) wuinneusiiiunis (Prior
to the experiment) Efficiency 489 Uncoated
panel, Single-layer-coated panel, Double-layer-
coated panel fiAaaswinty 12.9%, 13.1%,
13.6% MUARU Lﬁaﬁﬂﬁtﬁmmaﬂiwumﬂﬁkaﬂu
(Dust sprinkling) U3unas 5 N3UsDKES 91U 5 afa
WU Efficiency wsiagluedibuliuanainiunig
asammﬂuﬁlﬂwﬁu MenawiANLaen (Rinsing
with tap water) meUszU WU 1 AnTeauug
WU Efficiency usiazuraifisdi Tne Double-layer-

coated panel fiAafgLiuTuasgn 14% way

Single-layer-coated panel ey Uncoated panel
TndiAesiu 13.99%, 13.8% Aadsy siail Double-
layer-coated panel Tvien Efficiency ﬁgan’humﬁlu
wazilofiansanidslnihudald (Power output)
wiulanflwunlifAeadtu Efficiency wans Figure 7

wdandnsunsloaneadiniunislseu
5 ady udsravsnmwssundsdnsadiiutle
Wiguiuuseangnmvesinsloagadneulsesu
(Table 3) WU 0.9% (Uncoated panel), 0.8%
(Single-layer-coated panel), ag 0.4% (Double-
layer-coated panel) uanslsiiuin Double-layer-
coated panel finsiasuulamesszavsameues
LLmISzJé’]LﬂJaéﬁaaﬁqm spasudu Single-layer-
coated panel Wag Uncoated panel ﬁm%’umﬁqu
\deiilesnndu (Soiling loss) fdanas dm3y

Uncoated panel, Single-layer-coated panel Lag

Table 3 Power generation and efficiency of 100 W solar panels

Single-layer-coated Double-layer-

Uncoated panel

panel coated panel
Irradiance
Experimental step ) Power wer
(W/m?) Efficiency Efficiency Efficiency
output output output
. (%) . (%) . (%)
W) W) W)
Prior to the experiment 348 70.8 12.9% 72.3 13.1% 74.9 13.6%
Dust sprinkling - 1* time 344 74.5 13.5% 69.7 12.7% 75.7 13.7%
Dust sprinkling - 2™ time 312 715 13.0% 74.6 13.6% 715 13.0%
Dust sprinkling - 3 time 347 69.8 12.7% 73.7 13.4% 77.5 14.1%
Dust sprinkling - 4" time 361 63.8 11.6% 65.9 12.0% 67.5 12.3%
Dust sprinkling - 5" time 306 63.8 11.6% 63.2 11.5% 63.1 11.5%
After cleaning with tap water 303 75.9 13.8% 76.5 13.9% 7.2 14.0%

Note: * Average power output values were normalized to standard test conditions (STC) at an irradiance of

1000 W/m?2.
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375
355
335
315
295

Irradiance (W/m?)

275

Prior to the experiment After dust exposure (n=5)

15%
14%
XX
14% =
@)
9]
3% g
k=
13%
12%

After panel cleaning

Solar irradiance  —e— Uncoated panel —e— Single-layer-coated panel —e— Double-layer-coated panel

Figure 7 Correlation between irradiance and efficiency at each experimental step.

Table 4 Average surface temperature of 100 W solar panels under different experimental conditions

Average surface temperature (°C)

Condition Uncoated Single-layer-coated Double-layer-

panel panel coated panel
Prior to the experiment 42.3 42.5 a2.4
Dust exposure (n = 5) 44.1 43.7 43,5
After cleaning with tap water 41.1 40.7 40.9

Double-layer-coated panel AU 6.6%, 5.5%,
3% PdIRy FeUeRlE Double-layer-coated
panel mmmmﬁmﬂmﬁuﬂuﬁﬁﬂd’l

910 Table 4 WoRiansangaumgiiadesa
ﬁaumi‘maaﬂiaﬂu (Prior to the experiment) Wiy
71 Uncoated panel figamnfiindeni usilolseru
1ud 5 ade nudgungindediuiu lae
Uncoated panel Qquﬁmgagﬁqm 44.1°C vl
Single-layer-coated panel Uag Double-layer-
coated panel fignmgiiads 43.7°C uag 43.5°C
Fasni1 Uncoated panel 0.4°C waz 0.6°C
AIUAIAU LAZAIUNAY Rinsing with tap water
wiuldgamninnumsanas WeiSeulfisuiuen
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Uy Uncoated panel anas 1.2°C Single-layer-
coated panel anad 1.8°C Double-layer-coated
panel anag 1.5°C
dlefiensauununimnisanaeedudu
(Linear regression)i‘u Figures 8a-8c¢ uwansliiuds
ANUENRUSIBIUINeEslildAey S51IN Power
output wag Efficiency wan153tATIZ1%AN
wU5U52U (ANOVA) [9] U131 Uncoated panel &ie
ANuduUszansuansnisinaula (Coefficient of
determination %38 R’ (R* = 0.96) waziA11y
aﬁmmaﬁuaqﬁagaqa Y Single-layer-coated
panel fipnudiusiiian (7 = 0.67) uaziing
NsemvaIayaIn wansdernaldashianeves
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Efficiency @150 Double-layer-coated panel #
Anuduiuseglusedulunansiisgs (R = 0.80)
warYiuanA1NLUsUTINYeItayalaanduuy
indouduidien
HanTTeAduUsEAnsnisannasly
Table 5 wui1 Power output d8vidwasie Efficiency
1 Slendnseans (Coefficient) \uuanynnsdl
wazdlen p fndn 0.001 wansliifiuinsiiudures
Power output @wwalii Efficiency Wintuegnad
HedAgyn1eans Tudu Iradiance fiAn Coefficient
uaunnnsdl fan p dendn 0.001 wansdn 4

o o aa

dvdwaleause Efficiency agaildudAgnisad

v W

wazlloNansan Temperature SIUAUAILUTIU

(a) Uncoated panel
20%

18%
16%
14%

12%

Efficiency (%)

10% y = 0.0019x - 0.0035

8% Rz = 0.96

50 60 70 80 90 100 110 120

Power output (W)

°

wuandan p 89031 0.05 Nnnsal wansinluddedn

Aty

Y 9 4
NEDR

dun1sanneudlaain Table 6 Double-

layer-coated panel 3if1 Coefficient 984 Iradiance

Juavunndian vazdien Coefficient ¥ Power

output HAlnAlAgsiuwNdY uansliiiuin Power

Y 3 9 v A o ..
output gaaaluiadendniininua Efficiency

UDILLN

3.2 Ysziliuanuduet lun1sasu
Anwpnuduldlalunsamuldansadou
ansmeUlUaseanlunuuinsleaiswas lulasanisin
Faunddgansivad auim 1 MW swisituiiiemuasiy
5,464 A1S1UUAT laiamw,ﬁmaaﬂmqiﬂiaﬂﬁ 25

(b) Single-layer-coated panel
20%

18%
16%

14%

Efficiency (%)

12%

10% y = 0.0014x + 0.0282

8% Rz = 0.67

50 60 70 80 90 100 110 120

Power output (W)

(c) Double-layer-coated panel

20%
18%
16%
14%

Efficiency (%)

12%
10% .
8%

80

y = 0.0017x + 0.0141
R? = 0.80

90 100 110 120

Power output (W)

Figure 8 Correlation between power output and efficiency for (a) uncoated panel, (b) single-layer coated

panel, and (c) double-layer coated panel.
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Table 5 Regression analysis results for predictor variables affecting 100 W solar panel efficiency

P-value
Variable R? Power Irradiance Temperature
Intercept
output (W/m?2) O
Uncoated panel 0.92 1.69 x 10 1.15x 10" 1.31x 10"  6.04 x 10"
Single-layer-coated panel 092  289x10" 1.08x 10" 781x10" 818x 10"
Double-layer-coated panel 0.91 837 x 10" 1.77x 10" 101x 10" 958 x 10"

Note: n = Efficiency (%), G = Irradiance (W/m?), T = Center temperature (°C), P = Power output (W)

Table 6 Regression equations of solar panel efficiency

Type of solar panels

Equation

Uncoated pane
Single-layer-coated panel

Double-layer-coated panel

N (%) =0.14-291x10°G -1.68 x 10°T + 40.24 x 10°P
1 (%) =0.13-298 x 10°G - 0.07 x 10° T + 40.38 x 10° P
1 (%) =0.13-3.08 x 10° G - 0.02 x 10° T + 40.75 x 10° P

v v
o

9 faldanefnsssidutusieau 22,688,647 U
[11, 12, 13]

3.2.1 A ldvreduyulasinig (Investment
cost) Hueldelunsamuniausn Jsznause
Altd18a9d (Fixed cost) Aefunusaudiile
Wasuwamudadunisindeunansly Table 7
wazel¥918iulUs (Variable cost) Aadlaumu
sufidsuutadlumudndiunisiadovnansly
Table 8

nseamudululdlunisamuease
s¥ezian 25 U 199 Uncoated panel, Single-layer-
coated panel, Double-layer-coated panel U84
n1stadeunny wagynaesl Mmeauniswandly
Table 9
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3.2.2 nswinszuaiSuanlunisasyunasn
seg/219a1 25 U v9 Uncoated panel, Single-layer-
coated panel, Double-layer-coated panel ¥4
nswndeunnt wazynassl uanslu Figures 9a-9e
WUl ynnsaiifiansngenndeiudustn 0 89
Ay al A a ~ G a v
U 7 dr1dinau esnelddngamuEuiu way
et gaduseladaldiieamedmsualdans
WAy uAndanndn 8 uduanlasan1sln 25
a0 @ Al ' =gy a X
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Table 7 Summary of investment costs of fixed cost for a 1 MW solar farm over a 25-year project

lifetime

Description Value Ref.
Project life (Year) 25
Time: from 9:00 AM to 5:00 PM (hour/year) 2,880
360 days per year, with 8 hours of operation per day
Panel price (THB/W) K 22 [11][12] [13]
Installation cost (THB/m2) 4,152
Degradation cost (THB/m?) 166
Net installation cost installation (THB/m?2) F 3,986
Operation cost (THB/m?2) 211
Replacement cost (THB/m2) 115
Degradation replacement cost (THB/m?2) 5
Net replacement cost (THB/m?2) 110
Degradation of panel (%/year) g 1.5 [14]
Constant degradation rate thereafter (%/year) n, 2.0 [15]
Solar irradiance (W/m2) I, 1,000 [16]
Electricity price (THB/kWh) L 2 [17]
Electricity growth rate (%) G, 16 [18]
Discount rate (%/year) r 7.31 [19]
Time period (year) ‘
Decommissioning rate of initial investment (%) * 4.8 [20]

* Decommissioning cost is estimated $83/kW, which is approximately 4.8% of the installed cost of $1727/kW.

54
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Table 8 Summary of investment costs of variable cost for a 1 MW solar farm over a 25-year project

lifetime
Description Uncoated Single-layer- Double-layer-
panel coated panel coated panel
Soiling loss (%) 9.4 9.2 7.9
Cleaning frequency (time/year) * 9 8 7
Maintenance and cleaning cost (THB/m?) 18 17 15
Coating cost: one-time (THB/m?) None 27 a5
Panel efficiency (1)) (%) 12.7 12.8 13.1

* Cleaning frequency is calculated as by the ratio of the observed soiling loss to the defined threshold as

(8)

Soiling loss (%) value

1.1% [21] shown in Eq.(8): Cleaning frequency =

Threshold (%) value

Table 9 Summary of calculation formulas

Description Unit Equation
Energy kWh/m?2 E; = I x time x Npx(1 + 8)¢
Electricity price THB/KkWh Ep = Igec x (14 Gejec)®
Revenue THB/m? R - E, x E,
Initial investment THB/m? E; = K x (1000 x ) +F
Coating interval THB/m? C,(applied every year or every two years)
Net cash flow THB/m? NCF; =R, — C;
Discount factor DF,= 1/(1+1)*
Discounted cash flow THB/m? DCF, - NCF, x DF,
Cumulative cash flow THB/m? CCF,- —1IC +z DCF,

55
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Cumulative cash flow (THB/m?)
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(d) Cash flow diagram of double-layer-coated panel of coating every year. §
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(e) Cash flow diagram of double-layer-coated panel of coating every two years. N
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Cash flow diagrams for (a) uncoated panel, (b) single-layer coated panel with annual coating, (c)

single-layer coated panel with biennial coating, (d) double-layer coated panel with annual coating,

(e) double-layer coated panel with biennial coating.
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3.2.3 mldarelunisaniluery (Operating
cost) WudunuiliAnogseiilenasn 25 T

NANITILATIEERUNUIENAY (Initial
investment cost) U89 Uncoated panel figh ueidl
Algane (Operation, Maintenance, Replacement,
kg Cleaning cost) gﬂ‘ﬁfjﬂ hag Single-layer-
coated panel figldg1aUrunans vassdl Double-
layer-coated panel i Initial investment cost G
\esaniadeuin wiausaan Maintenance,
Replacement, and Cleaning cost lﬁmﬂ‘ﬁ'qm
(Table 10)

3.2.4 wavszlgvdsau (Benefit) \Ju
aldanedilasunnnsmelniiuanmasn 25 ¥

nani1satas1gin1elasiaieeluii
(Electricity price) winfufl 626 THB/kWh wuniina
WeuInaon1TNaANaIUlW (Energy produced)
uaz31ela (Revenue) Wuin Single-layer- coated
panel #iA1 Energy produced Way Revenue i
Useanas 0.1% wiafieusiu Uncoated panel wau
7 Double-layer-coated panel fAagainiu

1.1% wlawflsuifu Uncoated panel (Table 11)

Table 10 Operating cost summary for a 1 MW solar farm over a 25-year project lifetime

Uncoated Single-layer- coated

Economic parameter

Double-layer-

panel panel coated panel

Initial investment cost (THB/m?2) 6,388 6,392 6,967
Decommissioning cost (THB/m?2) 331 331 334
Operation, maintenance, replacement, 8,475 8,462 8,403

and cleaning cost (THB/m?2)

Coating frequency None Every Every Every Every

year two years year two years

Coating application cost (THB/m2) 0 263 137 486 252

Table 11 Annual energy production and revenue of a 1 MW solar farm within 25-year lifetime

Parameter

Single-layer- Double-layer-

Uncoated panel

coated panel coated panel

Electricity price (THB/kWh) 626

Energy produced (kWh/m?2) 3,785 3,791 7,873

Revenue (THB/m?2) 48,627 48,658 49,174
58
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3.2.5 HaUsHiuAUANAMIATYTAIENT
ileUsznounmsdindulanslasinisnasn 25 1

e Double-layer-coated panel Wiguriu
Uncoated panel (Table 3) %33 Prior to the
experiment, After dust exposure (n=5), After
cleaning with tap water Wi Double-layer-coated
panel &A1 Efficiency RN 0.7%, 0.4%,
0.2% M@y LazdA1 Power output Wi
5.7%, 3.4%, 1.7% auddu deaenndosiunig
finw1as Laopreecha et al. [3] A3As1e¥inTs

\aeu Nano-silica with superhydrophobic ULl
Twandwad wandlifiuin Efficiency Wutiy dwsy
MTIATIEINIAEU Double-layer-coated panel
aoandedfu Chala et al. [5] i91n15iAdeou
Nanocoating Heifinussaniam winsiadeu
panetuvidenniiuly o1avilfAngungigedu
dlosnmsinifuanudeuls Weusadulasanis
papnTEezIan 25 U wuil Initial investment w94
Double-layer-coated panel fid1ld318g9nin
Uncoated panel Usgaunas 79 THB/m? (Table 12)

Table 12 Economic evaluation results for a 1 MW solar farm over a 25-year project lifetime

Uncoated Single-layer- coated Double-layer-coated
Economic index
panel panel panel
Initial investment (THB/m?2) 6,388 6,892 6,967
Coating frequency None Every year  Everytwo  Every year  Every two
years years
NPV (THB/m?2) 7,116 7,007 7,068 7,149 7,261
IRR (%/year) 14.5% 14.4% 14.4% 14.5% 14.6%
Payback period (Year) 7 years 7 years 7 years 7 years 7 years
8 months 8 months 8 months 7 months 6 months
7,300 14.7%
7,200 14.6%
% 7,100 14.5% 3
> 7,000 145% <
- 6,900 14.4%
6,800 14.3%
None recoating Every year Every two years Every year Every two years

Uncoated panel

[ NPV (THB/m?) 7,116 7,007

—— IRR (%) 14.5% 14.4%

Figure 10 Correlation between NPV and IRR.
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d1115U Double-layer-coated panel LuuLAdoU
ynaesy 1A NPV IRR gand1 Uncoated panel
Winfu 2%, 0.8% AU (Figure 10) Bnadasses
natAunu PBP dundt 2 eu aonadesiy
Waewsak et al. [22] fi5189U3 M UUTIa0a7R
dmunisasyu AIEN15NAITNAT NPV IRR g9 wag
PBP du

4. a3UnNan1INnay

AUAUNUGTZING Power output Wag
Iradiance #9 Efficiency 984 Uncoated panel,
Single-layer- coated panel, Double-layer-coated
panel dUydE1AYNNADH

Auazossavanvuwlransiwad {Wuauiu
ANUTOU LAANTATALDUNYIUNLNG YITlilN
Qmwgﬁgqﬁﬁuizmﬂmm%’aﬂﬂﬁ usid115U Double-
layer-coated panel dlewfiuiu Uncoated panel
wén anunsaaneugadennduldte 55.6% 1u
wal¥f Efficiency uaz Power output Sluwnlthufive
ﬁﬂﬁaqmmﬁamm dloinnsazauduULuAS

mmﬁummqmiamumaamwmm 251
Double-layer-coated panel LLazLﬂaaUV}ﬂam‘T‘J
dlewSeuiieusiu Uncoated panel wui1 NPV i
ANNIANTT 2% IRR 11nN11 0.8% way Payback
period Aunulsdizanii 2 e Fadumedendmsu
nstgssneundlyansigad

5. inAnssuUsznA

TINANVDVOUNTEANITBIAIANTIANTE AT
auysal YIUsEys ANEIMNTIUANERS NINTHY
Fedln Alinnuoyeseinnsearfwadililu
nsAnwi
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