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Abstract

Solar inverter is the instrument that used for convert current from DC to AC.
Inverter have a standard used for determine an efficiency on work in each instrument.
Now, the standard was defined by CEC efficiency and Euro efficiency. If we have a one
of inverter and bring it to test with both efficinecy. We’ll get a different value of
efficiency from the same inverter. CEC efficiency was founded in California, USA and
Euro efficiecny was founded in Germany. From the countries was founded the both
efficiency, they have a different in terrain, climate, the value of rain and irradiation. So if
we have used both efficiency to determine we’ll get a value of effciency doesn’t match
with on work. That’s the reason why we must found the Thailand efficiency for use only
in Thailand to be a standard of determination inverter efficiency that will be used in

Thailand.
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AU 16.9 8059.87
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aYnsUTINIGg 18.4 1556.90
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#naa 17.8 4241.10
awan 16.9 9067.78
ana 17.1 2185.59
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melulusunsy MATLAB Sitsfduilldlunsusumanuldsiivanvansy a1y Interpolant,
Linear Fitting, Polynomial, Sum of Sine %wmﬁaﬂ%ﬁaﬁ%’u‘lwuﬁﬁuagjﬁ’ummmmzau
vosdoya FnrAnsanldandusiivendemanumine fsasiansarldanidedaly
2.5.1 nguinisusuataulas (Curve fitting)
fusdesnisuiumnnulfwansmdeys indeudeniteidufiosunldlfimnsautudoya
TneihluudasiterduiiasinanusuananuldaEi) evdnnsituguiiedendetiusied
- ludwvestayadu Ussnaudiun x (x-values ) uaran f (Fvalues ) agluguvos
ABUAUTOND (Xo X1, (Forfryenfi)
> 'luehwuaamiﬂ%'uﬁﬂmm%’uﬂsww%mﬂa Usznaudisdiuaiendu fix) 89 1 =
0,1,...N Bafimuminen i) ABINIUYN (x,f)i= 0,1,...N awluszuufidnann
xy Budlodn N qq%’ummmmzau’iumsﬂ%’ummwﬂﬁa (Curve fitting) Avzdiani
Wz Tty

=

=t < ¢ o i ] [ 1 v o = ' @ g
ﬁﬁﬁﬂﬂ?iﬁﬁ@ﬁ\‘iﬂ'UUV]"ﬂ&’UWlITlJiUF’]']ﬂ?WJJIﬂQﬂ"ﬂ%llﬂ’ﬂuLM@JW&?I%JLLC‘]ﬂG]’Nﬂ‘uIU UUD

Aunisidenldaunis aesiinadlideiundn delu MATLAR vgflmnuaninauislugiui

=b_ eCt_

ansodenlriidusneguazisnfasundSeudisuduls

2.6 MIRAsIATIInzanlunsUTULEUTA (Evaluating Goodness of Fit)!5!

ﬁhﬁmmzaﬁluﬂﬁu%’uLﬁuiﬁ’ﬂumaaﬁﬁwé’amﬂm'iﬁmsmwnmﬂmavﬁagmﬁmﬁu
ui zvhmsdfulsansmdeyalifianumsnzannni sy leainsusuaanulds fus
TunmsdindulalumsuSudsseemmlAsiimngasie Ansandudsyansnssnauls
{(R-Squared)

2.6.1 duszaninsdnauls (R-Squared) Rofaddildinidhuvuadinmansilad
fnuanguivtegamniosedasls wiofdndu Tudnanuvanevieindu Ardudssans
uwanan1sindula (Coefficient of Determination) 30 ArduUszansuant n1sdadula
diou (Coefficient of Multiple Determination) dwSun1siasizvinisanassuuunyg
(Multiple Regression)

Teuveer R-Squared fio AP uuLUsvasiLUIRUALDITianInsaosureldileg
Tumuuuladul Aedidud e R-Squared agilnagsening 0% - 100%

0% wanaliiiudn duvundamansiildunduliannsnesuisauiuulsvesrn
wsmovauesnaiinszaeseuanaisldias

100% uansliiiuin fuvuedamansailduduaunsasdurenuiuudsuoerd

] i 1 A b ] i =l
wUsmeuaues aqiinszaeseuaLaaliduated
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Tnehluud M1 R-Squared g4q wemuirdanuuadamansiud (munvaufy
oya) wighalsiou Sedfeulvurvedefidosiindonriuen R-Squared g9 s e
R-Squared ﬁmﬂuﬁhﬁﬁmﬂ‘i’i’i’ﬁﬁﬁmwammsﬁlé’mﬁﬁuﬁmmmmsamﬁu%’a;gaﬁahj WA
athalsiany MsuealanzAl R-Squared agafiernvldanunsanauldinfnuuannisiy
wingauvioly uideslin1sNa1sAIR-Squared SINFUMSIATIERBRLAMIAYIED LAy
FradRaun

R-square ABA1NS1AIUTENIN NATINAIGIA90A0DY (SSR) AUNATILAIEIE DY
saviun (SST)

SSR ylaan

SSR= 31,5, -7 2.10
i=1
SST mlaan
SST =3 W, =3 2.11
i=l
SSE 1lma1n
SSE= 3 W, - 37 b5

i=1

lo SST = SSR+SSE andedl R-square hiy

Rsquare= S5 =1 P35 213

T IRSST
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wmsgiuluagq ldsunseansuananaiiios 2 usis ldun CEC efficiency wag Euro efficiency
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A unsansmadnmseenunnguns wimnmsanmnnuddeluudasiiugs wuidsuuy
Sunouildlumstiaszitoyaiindreiu uavensnsoudaduduneunsng lsed

L. "E‘J'vumaumﬁ"‘al,ﬂiwﬁ Probability Density Function w84 Solar irradiation

2. Sumaumsuvas solar iradiation 1 energy yield

3. SumpUNSWUAS energy yield iuaunisysadinmansiaznsuiudulae (curve
fitting) InenTeuagluguves sum of sines

4. FumeundaTetanns energy yield ilgmaumsuszaniam

£ ?‘?umauﬂw'im%a‘uLﬁajuaumiﬂssﬁw%mwﬁmnmgwu CEC efficiency wag Euro

efficiency

3:] ﬁum‘ﬁm‘i’i:ﬁ Probability Density Function %84 Solar irradiation

Solar irradliation e nsmiuamsisUitametiaeindinnnseuuuiuiivuanils lu
whevegaienisues Tnsnuided selitoyanafuadiananinseinerniei 38 annd
MNNTEnTIndsnu Amsidvdeyanng 1 Falus daudd 2005 84 2014 SaUsuTeya
1N 1 §ruge v 38 amﬁc??\?ag”luamuﬁﬁm‘] Fstgluid
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. A e . .
AAwile NANATY . o . NARZIUAN aala
pziusanduavite | mzdusan
. . . .. . A31w§3511
ABUBUNULY] any3 Soulom UGITR -
G,
-l "
Wealugd 5 . "
) UATEITIA YOULAU . . 48
(15m13)
el Ty sal UATWUY . . A%
wigesaou fundlan WAy - - A
waiazL3ea - Lae - - U5 NA
Weasy - 2 . - .

3.1.1 ﬁﬁayaﬁwmmLLanu"wmﬂ ANEYERDNITINUAT Wu Sedsionnsnaung e

Telunsuvasdu solar iradition Inensutasmiieain MI/m2 iy W/m? exldannisesi

2
e (e (Mj/m3 lxl,ooo -

5 '
1 o =

3.1.2 dwayanmuaniegluniigues naren1s 9w s 1suunnustutag Tngfvun
1ilirgegaiaty 1,000 Tnddenisnaans wazuvauiiu 5% dadas faus 0 81 1,000 Snsida
RER T

313 ﬁﬁayaﬁlﬁmmmmﬁw Tpgfmualiunu x [Wuraswesrhds wazuau y Wusiu

vesyadeyaluudazanigy azldlu Solar irradiation vesszwelng

3.2 %uﬂﬁuﬂm Solar irradiation Ju energy yield

s

Waleing1wl Solar irradition agtiusiasdevestids (Tadsensauns) 1dnaunis e

MARY emnergy yiled lulfaydisvesinds

A Py XN
energy yield = —”N—” 3.2
Anualu P, fe Mdafirndsdlag Smbheodu w/m?

N, Ao S wnudeyaiimddleg

N Ao Murdeyarivun
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91y dAnleannsAIn 1171005 T wny x Lumvesdieinds wasunu v

WuA1ves energy yield

3.3 Jun1suas energy yield Wuaunisneadamaniuazaisusudule (curve fitting)
Inseuagluguvas sum of sines

3.3.1 Un5m energy vield w1 fit curve Tneldflaridu cftool Tu matlab

3.3.2 9ntuarld cfrool Tumsiuwmamaunisadnemanduos enerygy yield lugduuy

984 sum of sines INTElAANNAMAATEUTREIGADRIITUNAINAT R-square!t]

3.4 YTUN1TIATISHENATS energy yield INBMIENNTITUTEENSA W
daldiaun15ves energy yield luguiuuvod sum of sines ud? fudildinsmves energy
yield Wuazifumfldlunisusenduuss@nsvesaumsuseansnin daugeilalunisudatiu

arlgvnfeanuiu CEC efficiency Wieliiinisnssangiiviinvesduusednsnatnaue Tnouua

QQ‘

9290990159 sEansnanlu 10% 20% 30% 50% 75% way 100% n1svnduusganslunsay
Paetiu 9xlRR1ANTOUTNSNANNNS sum of sines amgaeeneg lasagimvunlirudilgnsao
yravun fandu 1 iy wie 100% wavvnnisBuRnsuuusdawsludarssessEansam
puduneuselUil

3.4.1 §UUsLBNBA 10% 99NSBUTLNSNLUUS APlURaNNN T V01 energy yield 210
Fupeud 3.3.2 Kaust 0 89 100 SaddoA1TIINAT (a,)

3.4.2 §uUssAndR 20% sshmsduRinsnuUUs AR aNNIT T84 energy vyield 910
Sumoudl 3.3.2 Kud 100 #4200 Sndremsramuns (a,)

3.4.3 §uUseBMET 30% 92vnnsPuR NS MLUUSITALRaNNT Y energy yield 910
Funoudl 3.3.2 faus 200 f9 300 AFREANTINLAS (as)

3.4.1 §uUszAnET 50% 9zynsBURLNS UL IR ALURANNTS V0 energy vield 910
funeudl 3.3.2 faud 300 89 500 IRFEATTINLAT (as)

3.4.1 §uUsZANST 75% 989n15BUTNSNUUUTIAALYMALNNT YD energy yield 970
Fupoudl 3.3.2 st 500 & 750 SaddEA1T 9N (as)

3.4.1 §uUTEAMETA 100% 9xvhn sAuRNINLUUSARLRaLNT Ve energy yield 970

1%
L

JuROUN 3.3.2 flaug 750 §9 1,000 TAARDAITINURS (3y)
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Thailand weight Efficiency = 31N 100 + 35M209 + @3N 300 + 34N + AN 759 + 3N 1009

3.5 TunsiSsuiiisusunsussansnmiuinasgiu CEC efficiency wag Euro efficiency
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Tutumeutl ssvihmsidieudfisunisldaunsussaniawiuamsgiu CEC efficiency

waz Euro efficiency iomaruuanarslumuyseansmnlunisldaueie lngldsunedinesss

25 Ju uenauwIndeil

= | Z i a a
197199 3.2 WEAUUINLLEY TUVDY solar inverter ﬁiﬂunﬁmaawmmwszawsmw

UUIA 3-5kW 5-10 kW 20 - 30 kw 500 kw
1. connext 3000ES 1. RPI-M6A 1. Piko20 CP500TL
2. Replus-4000TL 2. RPI-M8A 2. Powadar 20t13 CPS SCA500KTL-H
3.1G plus 50 v-1 3. PVI1OTL 3. 20000UE PVS800-57-0500kW-A
4. stecagridd200 4. RPI-M30 NP201i
5. TRIO-20.0-TL-
5. TRB5000TL
\ ouTD
ELY
6. TL5000-10 6. sun2000 23ktl
7. Sunny Tripower
7. JSI5000TL
25000TL
8. PVI5000TL 8. DSP-3330K

9. sunny boy 5000TL

10. 5000MTL-10




4.1 NANTSATIEH Probability Density Function %24 Solar irradiation

P (%)
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4.1.6 A7AlA
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4.2 nan13ulas solar irradiation 1Uu energy yield

4.2.1 aAnandg
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4.2.5 ANARLIUNN
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4.2.6 nAle
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4.3 namsuUas energy yield Wuaunssadiacans Tneilisusgluzuvas sum of sines
AUNINMINNANAENTVBS energy vield Tananail

4.3.1 a1AnaN

f(x) = 29.05s5in(0.003158x — 0.4443) + 10.36sin(0.01017x — 0.3013)
+ 8.238sin(0.01649x + 1.71) + 9.904sin(0.01373x + 0.3449)
+ 0.71765in(0.05547x — 1.136) + 3.863sin(0.0246x + 0.6699)
+ 3.1165in(0.027x + 2.332) + 0.86165in(0.04203x + 0.1465)

4.3.2 ANAWLD

f(x) = 29.515in(0.003277x — 0.4609) + 8.57sin(0.00773x + 0.6872)
+ 4333sin(0.01816x + 0.6426) + 2.453sin(0.024x + 1.289) 4.0
+ 3.751sin( 0.01202x + 0.5198) + 1.543sin(0.0314x + 0.2269)
+ 0.9586sin(0.03442x + 1.294) + 0.77725in(0.04349x — 0.2172)

4.3.3 AANYIUDNRLNALD

f(x) = 28.715in(0.00313x — 0.4039) + 8.898sin(0.009071x + 0.3006)
+ 3.722sin(0.01688x + 0.01688) + 4.052sin(0.01181x + 1.131)
+ 2.682sin( 0.02522x + 0.5477) + 2.834sin(0.04575x — 1.633)
+ 2.66sin(0.04709x + 0.7947) + 1.364sin( 0.02833x + 2.006)

4.3.4 MARNZIUDIN

f(x) = 32.735in(0.003628x — 0.5811) + 14.545in(0.007373x + 1.031)
+ 3.8965in(0.02013x — 0.4919) + 6.298sin(0.02791x + 1.837) a4
+ 1.386sin(0.04065x + 0.6435) + 1.139sin(0.05586x — 0.9745)
+ 6.895in(0.02558x — 0.1052) — 2.084sin(0.0116x — 1.334)

4.3.5 MANZIUAN

f(x) = 29.95in(0.002927x — 0.2532) + 9.013sin(0.005971x + 1.85)
+ 3.43sin(0.02169x — 1.557) + 13.515in(0.02629x — 0.6268) 45
+ 11.825in(0.02743x + 1.924) + 1.03sin(0.03786x + 0.7884)
+ 18.135in(0.05313x — 2.46) + 18.19sin(0.05333x + 0.5725)
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4.3.6 nAlA

f(x) = 31.03s5in(0.003281x — 0.4694) + 12.1s5in(0.007035x + 1.009)
+ 3.893sin(0.01111x + 1.769) + 138.7sin(0.05425x — 2.641) 16
+ 138.85in(0.05426x + 0.492) + 5.445sin(0.03381x — 1.074)
+ 1.2285in(0.01769x + 0.984) + 5.119sin(0.03491x + 1.526)

4.3.7 Usewnelng

f(x) = 25.55in(0.002296x — 0.06507) + 4.038sin(0.008671x + 1.122)
+ 18.025in(0.02209x — 1.46) + 25.28sin(0.02335x + 1.081) 4.7
+ 8.8855in(0.02541x + 3.183) + 43.215in(0.04882x — 3.189)
+ 49.565in(0.04906x — 0.1745) + 6.737sin(0.05059x + 2.145)

4.4 NANTIATIEHANNS energy yield tavaNNISUSEANT AN

A15999 4.1 wanInIsSeUiieU coefficient MUDSIFURRTY VoILAALAIA

Coefficient
@
I a
Efficiency - & 2 @ g 2
2 [ e g = as =
(%) = e g e & g o T
= « o =4 2 = - §
P P @ & < [/ 33
& = @ S5 & 2
= & S =
33
=
10 0.04 0.05 0.03 0.05 0.05 0.04 0.05
20 0.04 0.04 0.04 0.04 0.04 0.05 0.04
30 0.06 0.07 0.06 0.06 0.06 0.06 0.06
50 0.18 0.18 0.18 0.18 0.17 0.18 0.18
75 0.36 0.35 0sel. 0.32 0.32 0.32 0.34
100 0.32 0.30 0.33 0.35 0.35 0.35 0.33
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4.5 nan1sieuieuaNNSUSEANENNAUNINSIY CEC efficiency uaz Euro efficiency

d = =l 2 a o 2 =3 &
M15197 4.2 wanansiSouisunsldaunisussans nndlanmsiasziu CEC

efficiency wag Euro efficiency Tudunefinasuuin 3 - 5 kw

Efficiency (%)

&}
—_ 17} c c
model e = © £ S = = £
2 = &= w) o 5 g 2 £ < g
H | & |z = = 9 £ g 5 <
[ = v S S = <3 =
= v
1. connext 3000ES G7.04 96.54 96.92 -0.12 0.38 97.32 96.32 98.31 97.29 97.31 96.32
2. Replus-4000TL 971.20 96.76 97.05 0.15 0.29 96.82 95.82 97.82 96.78 96.81 95.82
3.1G plus 50 v-1 94,98 94.61 94.90 -0.07 0.29 94.91 9395 95,92 94.90 94,91 93.95
4. stecagrid4200 98.21 98.08 98.03 -0.18 -0.05 97.98 96.97 98.97 97.98 97.96 96.97
5. TRB5000TL 95.81 95.63 95.81 0.00 0.19 95.83 94.85 96.82 95.80 95.82 94.85
6. TL5000-10 96.65 96.32 96.38 -0.27 0.06 96.54 0552 97.54 96.52 96.52 9552
7. JSI5S000TL 96.50 95.86 96.46 -0.04 0.60 96.83 95.78 97.88 96.75 96.79 95.78
8. PVI5000TL 96.13 95,72 96.05 -0.08 0.33 96.18 95.18 97.18 96.14 96.16 95.18
9. sunny boy
96.29 96.04 96.29 0.00 0.25 96.41 95.42 97.40 96.38 96.40 95.42
5000TL
10. 5000MTL-10 96.27 95:.95 96.23 -0.04 0.28 96.28 95.29 97.28 96.25 96.27 95.29
07
0.6 0
0.5
0.4 =
Q0.3 I:I [j
O
0.2 D
0.1
0
0 < ¢
O < o
0.1 < <
<&
0.2 <
0.3 2
0.4

6

O Th-CEC [ Th-EU

10

d 3 s oA 1 3 =3 &
E‘U'ﬂ 4,15 ﬂ‘ﬁ’W\ILLE‘I‘ﬂQﬂ’?ﬁLﬂ%‘EJULﬁEJUﬂTﬂ?JﬂQJﬂ’]'iﬂ'iﬁ’s’ﬁ’lﬁﬂ’lWﬁiﬂﬁ]’lﬂﬂ’ﬁ?Lﬁ‘i’]%ﬁﬂU CEC

efficiency wag Euro efficiency Tudunasiinasuuin 3 - 5 kw




A15°499 4.3 Lanan1sidSeudisunisldaunisuseansanilaanansiasiegviiu CEC

efficiency way Euro efficiency luduiesinasuwin 5 — 10 kw
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Efficiency (%)

+—
o
) = c a c c
model U | o c 5 ] o @ @
| =2 o Y ] b = < = L +
W] kL - e & & @ = 2 = 9
— (W] i é’ 2 =
1. RPI-M6EA 97.53 97.10 97.54 0.01 0.44 98.03 97.02 99.0a 97.99 98.02 97.02
2. RPI-M8A 98.11 97.92 98.10 0.00 0.18 98.10 97.09 99.10 98.08 98.09 97.09
3. PVI10TL 97.62 97.30 97.59 -0.03 0.30 96.26 95.25 97.26 96.21 96.24 95,25
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15199 4.4 LansnsiSeuiisunsidaunisuseans amildannnisiwmsieiiy CEC

efficiency Wag Euro efficiency ludunasimesoun 20 - 30 kw

Efficiency (%)

- 7 c c
model e = © £ © < 5 £
g 12|l |32 || 8| &€ |£| &
] - = « -IE qc) bt £ g 5 ]
E ) i & S =
1. Piko20 97.64 | 97.83 97.76 0.12 -0.07 96.72 95.72 9772 96.69 96.71 95.72
2. Powadar 20t13 97.82 | 91.75 97.70 -0.12 -0.06 97.73 96.73 98.71 97.73 97.72 96.73
3. 20000UE 97.50 | 97.38 97.40 -0.10 0.02 97.49 96.50 98.48 97.48 97.49 96.50
4. RPI-430 97.56 | 97.54 958 -0.03 -0.01 Qife30 96.31 98.28 97.31 97.30 96.31
5. TRIO-20.0-TL-
98.13 | 98.02 98.03 -0.10 0.01 96.76 95.76 97.76 96.73 96.75 95.76
ouTD
6. sun2000 23ktl 98.08 | 98.00 98.02 -0.06 0.02 98.02 97.03 99.01 98.01 98.02 97.03
7. Sunny Tripower
98.03 | 98.00 98.00 -0.02 0.00 98.03 97.04 99.01 98.03 98.03 97.04
25000TL
8. DSP-3330K 9558 | 94.87 95.56 -0.02 0.6% 95.81 94.77 96.86 95.7% 95.79 94.77
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A15°9% 4.5 uansnsiwieuisunisidaunisussansamiildannnisiinsievisu CEC

efficiency wag Euro efficiency Tuduiasinesuuin 500 kw

Efficiency (%)
U == c s = c
(] [y
HORR Bl g | e g | @ 5 g o | £ | 2 £
B w = 5 & c - 15 G =] 0
” FIF |18 lae|s =238
i 2 8 =
1. CP50OTL 98.03 | 9796 | 9786 | -0.17 | -0.10 | 97.88 | 9688 | 9885 | 97.80 | 9787 | 96.88
2. CPS SCASOOKTL-
H 9786 | 9784 | 9774 | -0.12 | 010 | 97.87 | 9687 | 9885 | 97.86 | o786 | 96.g7
3. PVS800-57-
0500KW-A 9779 | 9140 | 9770 | -0.08 | 030 | 9775 | 9672 | 9876 | 9771 | o173 | 9672
4. NP201i 98.49 | 9844 | 9839 | -0.11 | -005| 9831 | 9730 [ 9929 | 9831 | 9829 | 97.30
0.4
0.3 D
0.2
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0
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& )
0.1 0 4 Lo
O
0.2

¢ Th-CEC [ Th-EU

Ui 4.18 nsmluaminsilSeuiisuntsldaunsussansamildannsieseisu CEC

efficiency Wway Euro efficiency Tuduiasimasvuin 500 kw
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Efficiency [%]
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Study on Thailand efficiency for solar inverter
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ABSTRACT

Solar inverter is the instrument that used for convert
current from DC to AC. Inverter have a standard used for
determine an efficiency on work in each instrument. Now, the
standard was defined by CEC efficiency and Euro efficiency. If
we have a one of inverter and bring it to test with both
efficiency. We'll get a different value of efficiency from the
same inverter. CEC efficiency was founded in California, USA and
Euro efficiency was founded in Germany. From the countries
was founded the both efficiency, they have a different in terrain,
climate, the value of rain and irradiation. So if we have used
both efficiency to determine we’ll get a value of efficiency
doesn’t match with on work. That’s the reason why we must
found the Thailand efficiency for use only in Thailand to be a
standard of determination inverter efficiency that will be used

in Thailand.

Keyword: Thailand Efficiency, Solar inverter Efficiency, Inverter,
Thailand, Standard Solar Efficiency.
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