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Preliminary performance testing and evaluating of the microgrid system 

OJ , 

1J't1fIVIfJij 

'Hl:i"H:nm~1J'U 1m,;j'lh(Ji~~1'1.1'Wl~1~f1 (Microgrid system) i~ti(HYfl~U~':nTI~'ilUfl~l~lI'vh:n'W 
111i~1I~~1I1w 3 1~f)'W i~ihl1~Y1~TIf)1JUfl~1I~~lil'WTIm~tt'W~ldf)~~'W'I.If)'1~~1J1J1flH'lh(J"I'Hh~J'Wl~1~f1

' do' _I '" ,1 "1IJ v • c. 1IJ _.l-~ .. "" ..1~(JTI1'WYl'il~YI1f111Yl~TIf)1JUfl~1J1~llJ'WTIlJntt'W~11Jf)'1~'W ~~Uf1 ~~1J1JNfl~ !l"lrll'il1f1UN'W]fflfl!1TI,;jmYl~(J 

fl11lJ~f)'1f11'j i'ri1hUfl~f11'j~lfJi~~l lnl~flWmV'lfhl:i''1i~~l 1~fJ1~fi1V'11nilt~f){~1'1"l i~uti fI11lJl.fi'lJ 

'1.1 f)~ i'~ff~1'1f)1Vi~6 u H\Ol'W'I.If),;juH~lC)fmlUTI-:Jf) T¥1 ~6 m~uffi'ri-M1'1.1 f)'1UN'I1C)ffl~UTI'I mVi~6 fhl:i''1 i'ri~l~ 
PV Inverter ~1(Jf)f)f1 rhl:i''1 i~~l~ Battery Inverter i'1Jl.fi'lUfl~~l(Jf)f)f1 fhl:i''1 i'ri~l~i'1Jt.fi'lufl~ff~tWf1ill 
U'lTI1(Jff~'lJf)-1f11':i i'ri-M1ffl'W.t;lilmfl fhl:i'-1 i~~l~~l(Jl..rutifil~~'Vll'1 ivJ-Ml UH\Ol'W ivJ-Ml''W1~1J1J m~UTI 

• ~ v 

i'ri~11'W':i~1J1J Ufl~fll1lJfl i'ri-M1i'W ':i~1J1J Hflf11'jYl~TIf)1Jufl~lI'nail'WTIlJ'j'jtt'W~d~hN~'WTI~lIi~\Ol'l~f) illil 

':i ~1J1JH~~i'ri-M1'illf1UH'I1C)ffl~UTI~f) 1'¥1~6i111':idiYlifilV'l i'Wfl1nll'll'W'I.If)'l 'J~1J1Jl'il.~(J 10.70 % TIm'J f.)'W~ 
d OJ g tI ~ (f' S , ..IV 

'I.If)'1'J~1J1Jmfl(J 75.48 % V'lfl'l'll'W\1tyl'b1fJ1Jt.!UN\llC)fflflUff\lmYl~(J 16 % V'lfl'l'llt.!\1ty1"f;lfJ t.!'j~1J1J1C)fflfl 

uff'lmVi~6 8 % fl11lJ~f)-:Jf11'j i'ri-Mli'W1'W1'11-:Jlt.!m~(J~~1t.! 404 kWh/day fl11:IJ~tNf11'J i~-Ml't.!1t.!'H~~ 
m~(J~f)1'W 303 kWh/day V'll:i'-:J'I1t.!i'ri~lm~fJ~ PV Inverter ~lfJf)f)f1 494 kWh/day V'll:i"N1'Wi'rith~tylfffJ 

, ~ 

1'il.~(Jit.! Battery Inverter 112 kWh/day f111:IJt~fJ'WUH\OlmJ1{:lJf)iJm1lJ\1'1~~ (Maximum total harmonic 
ef if ~ 

distortion voltage, MaxUTHD) 3,99 % fl11lJ1V'1fJt.!f1'.j~UfftJ1':ilJf)t.!f1n:IJ\1'1~~ (Maximum total 
v 

harmonic distortion current, MaxITHD) 6.9 A ~JJ'Jj'ili~f1~V'I~1J'j~(J~fft.!\1'1~~ (Maximum short-term 

severity values, MaxPst) 0.96 ~~'j'Jj'ili'rif1~V'I~1J';j~(I~lJ11\1'1~~ (Maximum long-term severity values, 

MaxPlt) 0.62 

r'hihft't!! ';j~1J1J1f1'j\l~l{Ji'ri-Ml'llt.!1~1~f1 'j~1J1JH~~i~~11C}ffl~Uff\lmVi~6 fl11lJ~f)'1f11~ ivJ-M1 f111~1(1 

i'ri~l flWfilV'lflll:i'-:JlvJ-M1 

Abstract 

After operated for 3 months, the microgrid system is preliminary tested and evaluated 

in PV generator, power demand and supply, and power quality_ The important parameters that 

measured in the test and evaluation are solar irradiance, PV array voltage, PV array current, PV inverter 

output, battery inverter input and output, sending and receiving power between microgrid system and 

PEA grid, load supply power, system voltage, system current, and system frequency. The preliminary 
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testing and evaluating results is presented follow this. The PV generator efficiency in microgrid 

system is 10.70 %. Performance ratio of the PV generator is 75.48 %. Capture loss of PV generator 

is about 16 %. System loss of PV generator is about 8 %. 

Average energy demand in working day is 404 kWh/day. Average energy demand in day. 

off is 303 kWh/day. PV inverter energy output is 494 kWh/day. Battery Inverter loss is 112 kWh/day. 

Maximum total harmonic distortion voltage (MaxUTHD) of microgrid system is 3.99 %. Maximum 

total harmonic distortion current (MaxITHD) of microgrid system is 6.9 A. Maximum short-term 

severity values (MaxPst) of microgrid system is 0.96. Maximum long-term severity values (MaxPlt) 

of microgrid system is 0.62. 

Keyword Microgrid system PV generator Power demand Power supply Power quality 

" U'nUl 

"i~'UlIlflN~lUi'rlf!l't1'Wl\9l!~fl (Micro Grid System) fitl ~'tJHlI'U'tItl~ 1flH'lhufll'Jrlil\9lm~u'ff 

i'rlf!lU'J ~~1'U'W l\91t~fl ~;,,*Hlttl~ 'W'tl~nw '1-w fll'Jrlill>l fl'J~H'ffi'rlf!l~mnfl'YIlnU l\91m'U'Wl~'W~~~l'WVI\9IUVl'W 
1 v, , 

'" ''''' 1IJ ••1_!!I 'w w 1 ' ""I I lIJ ••U!l "I 31 '31"1 ~IILUl" '" I "I
t!"~lJUlt"~rl"l>lm~l!'ff mTIlfl'.}~'U1UtlUVl1,\N flH'U1U t'WtHl1(Jm~u'ff AnTIl mUflrl &'If rf'lTI1VltlU.mU &'W

" " ..." 1fl 'J ~ ~1m1J 'W It~fl 'W tl fl'i11 fl iU;~film 'J l.) i''U m~u 'ffi 'rlf! l'ill m ~'Um,l1url~ i 'rl f!l'Utl ~'tJ 'J ~ tVl ffm~1 u i1ft!ti 
~l~'rlf!l~t)~i 'W lflH~lu i 'Wfl'.iW ~fl1'.irlill>lm ~U 'ff1 'rlf! 1;' 'W 1flH ~l(lhirW(J~'Wt)~t)fl11:U~tl-:) fll 'J 1\91 tJ . " 
111ilh~'IJ'IJlm~'lht/l'rlf!1't1'Wl\9lt~fl'tJ'.i~flt)'U~1url1'Wlh~flm.m'tlfl"l 5 rhw~~lOltl iui! 

1) ri1'Wrlill>l i'rlf!l'U'Wl\91t~fl 
,d w 

2) 'ff1 hi!flll 'ff~ 'fflJ 'W 't"I'I-ll 'W 

3) ri1'Wfl1'IJfllJ'.i~'IJ'U. 
4) ri1'W t~t):UIOlt) tl'IJ'.i~ 'U 'U ff1tJri~'Ut)~fll'JivJ f!lri1'Wfl iJ.mfl 

" 
5) rl1'W'Ut)~m'.i~Vll~1'Vlf!l ffllti''U lltlJ\9Ifl1'J'Vhn'W'Ut)~'J~'U'U1fl'.} ~'lhu hlf!1'U'W1\91t~fliimj

"" . 
2 lltlJ\9I~~IOlt) i'tJi! 1) lmJ\9I!~tllJ~t)tl'IJ'ffltJri-1i'rlf!l'U-eN'tJ'.i~tVlff (Grid connected mode) 2) lltlJ\9IUfJfl~1 

!1J'Wfj'ff'J~'i11fl'ff1Url-1i'rlrll'Ut)~U"i~tYIff (Island mode) ;,'W'i1-1mnfJil~f,h'WlJT:i~'U'IJ lflH'lhui'rlf!l'U'Wl\91 

t~fl i~\l flf1mnU"~W\9JJ'W1t~tll,l1 i 'tJi'*i1lJtlll'Jg;:'U'IJ 'fflUri ~L'rlf!11'Wu'J~lVlff~iWl'W1U~1ltmtJ1 'tJ'J~lVlff 
!'li'W U'J~AYIff;''WVl1'tJ~}xU 'fflti'~'tHlJ~fll ~~'W Utl~ 't1tl'fft~'.i&aU t1J'W~'W 1~t)ui''UU1~ilWfl1'Wi'rlf!1 lfl~lJ 
t. I " 

'fffl-1fl11lJiJ'Wfl~U"~fl11lJl.ifl't10tl L~'Utl~lflH~lU ivJf!l;,'If~u~~'W
" . 

'W tlfl'Ul fli!5~ t1J 'W fll ':i i '*lm rin'l 'tl-H 1 'W 1\91 fJ t 'il. 'W l~ It '11 ri-l 'W 'tl '.I'll 'W VI 101 It 'VI 'W Viii t) ~ tl UH 
" . 

m~~lOIfl'J~ 'i11U1t11 m -1'Ii1tJ ''rlfh;,'lfii'tJ'J:::ffVlnfl1'W'ff '1'ff1Ol ffllt i''IJ'tJ'J~lVlffiVltJ 'U'W '~!~:unfl1':iffmnUtl:::.. . 

'W\9JJ'W1'.}~'U'UlflH'lhtJi'rlf!1'U'W1\91t~fl l\91ulV1rn~fJ'\"l'tl~~l'WVI\9IUVl'W (SERT) ll'1111V1tJl'tlfJ'Wl'Jff1':i '~i1lJ1it)tl'U 

New Energy and Industrial Technology Development Organization (NEDO) H11~U'J~AYIff ~~'W 'I'hfll'J 

'fffl~'.i:::'U'IJ1m~~lU'vJf!l'U'Wlm~fll'Wif'W~'Ut)'l 1V1Ul'tltJl'i~~~1'WVI\9IUVl'W t~'t1 1~'Wfll'Jf1mnUtl~WWltll 
'J:::'IJ'IJ lflH'Ih(J1'rlf!l'U'W1lO1t~fl U':i~flt)'U~1fJri1'W'tJ'Jg;:fltl'U'YI'tlfl"l 5 ff1'W ~~'J1Utl~&fltJ\9I~\lIOlt)1'tJif 

1) ri1'WAtll'lmg;:u'ffl'Vlf!1 1~Hrl Hrl~tG)fri~U'ff~tl1ViI>l6 'lfii\91 Multi-crystalline 'U'W1\91 120 kW, 

Ifl~tl~U'tJtl~fl'J~UffivJf!l (PV Inverter) 'IJ'Wl\91 60 kW ~1'W1'W 2 'J!\9I, tm~ tfl~t)-1fhliilOl 1'rlrl1~IG)ftl (Diesel 
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Engine Generator) 'lJ'W1~ 100 kW 
'I d a; li)iJ' ..J 

2) ft1'Wmllft~ft'lJVf'Fl~1'W ,~un Ull~A~6'J 'U'W1~ 200 kWh H1:'l:t: 

U1:'l::::'lh~~Ull~H~6~ (Battery Inverter) 'IJ'W1~ 150 kW 
t lrI ~ t , 

3) ft1'Wfl111~'lJ'J~1I11 !~un ft1'Wfl111~'lJn1:'lH (Central control panel) U1:'l~ Static var 

generator 

4) ri1'W!~mJ~ijfll1'J::::1I11ft1rJri~'IJ6~m'J 'l'I141ri1'W~iJfl1f1 '~un Switchgear panel 

5) ri1'W'lJ6~fl1'J~'I'I1~ '-W141 '~!tn tllfl1'Jij'WV1<Jflm'J U1:'l:t: Dummy load rll'l1i'lI~tlUllll'UfH 

rlnti'1I'J::::1111lf1N~lrJ'-w141'U'Wl~!gn~ SERT uft~~mil'W,:nJ~ 1 'I1~~'illm::::l1l1 lf1H~ltJ'l'I141'IJ'W1~!gn'" .. 
, 91 • 91 91 . ~ d. 0 , 91_ 1 e!I, 91d "" It 91
~ntlft'Jl~H1:'l1!ft'J'ilm'}::::t'J'lJ'YI1-.11'W'lJ1 ~1J 'J::::'lJ1W 3 t~6'W ~'lJ fl1'J'YI~fttlllU1:'l~'lh::::A'lJ'W ft'lJ'J 'Hl'W::::!'Utl~w'W 

· ,_.I_!il. d 1 • .d 0 _I "" Jt ""J 31 I
'U6n::::11111flH'UlrJ l"Il"Il'U'W l~U1:'ln ~ ~rJft1'W'YI'il::::'VIlm'J 'YI~fttlllU1:'l~1J'J~!'lJ'W ft'lJ'J'Hl 'W:::: t1J 6~ W'W !tUm 

'J:::: 'U'UNiiw '-W14 l'j) 1nUN ~t9f1:'l~Uft~tl1 ViWVfl11'lJ~tl ~m'J'-W jhu1:'l:::: m 'J ~1rJ '-w-ihtm::::fJ WfllV. fh~~1-w141~~ 
.d1iJ'J} ~I "" Jt 31 '_I'I31~ 31 'I _I"" 10

N1:'l'YI !~'j)lnm'J'YI~ fttl11 U1:'l::::11 'J::::t'lJ'W ft'lJ':i'J fJ'W~t1l6~W'W'j)~~n'W1 1J!<Jflil'W'U6\j1:'l !'Wm'JlI'JlIUWU~lIl1 ! fiNI \I) _~ cl 9) 0' fJ! ~ J t::::l ~ ~ t::!, " 'I

'U1{J !-Wl"ll'U'W1~t1:'lnI'll ftl'lJ1'J tl'VI1'l1'W ~ft'lJ 'tJ 'JW'lJ1n'U'Wu1:'l::::'lJ'l.h~ ft'YI1ifl1V.U1:'l::::ft'lJ'J'JfJ'W~tl'11~{J'lJfll i<Jf1l1{J 

1'W t11':i l'h '11'W~~1~ tl~U1:'l~iJfJwmv.'l'I141~1'Wmwcn'lJ1W 'JJ} 1'W<iJ'tl f11'11 'W ~ntl tf)wcn~111ltlU mrlv1t111 ''rll41 

tl ':i::::tfl'VIlfi n1lu1:'l:t:~~ ft1'11 m 'l' 'lJ (PRC-PQG-O 1 /1998) U1:'l::<iJ'tl fll'l1 'W~ ntlmwcnu'.i ~~'W m::r~6'lJlrl{nt111 
1-wvhtl'l'::::!fl'YI~'l'fi'ilU1:'l~~~ftl'Hm':i'lJ (PRC-PQG-02/1998) 

QJ _I G """" 
1tY~~lJfl1tUUil~1iifl11 

v . 
...... _I "" '" 31 l' llJ • .I_!il d '::1111im 'l' 'VI ~ft611U1:'l:::: 1I'.i:::: !'lJ'W ft'lJ'J'J fJ'W :::;!1I6'1W'W'lJij'l'J~ 1111 t fI'J '1'UltJ !l"Il"Il'U 'W l~lf:1m.l~Ull 'I !1I'W 

. ~ 

3 ml'lJ Wl'lJri1'W'Uij'l1::::1J1I lf1H~1{J1l'1141'U'Wl~!gn~~il 
'" , •. L!il <I "" <I1::::111111-11:1191 l"Il"Il'j)lmlvH!9f'Hmft~tl1'Y1~tJ 

1) m1'Y1~ft61J1::::1I11Niiw '-wfh'iJ1nUN'ItIlJf1:l~Uft'l tl1i1wV'il~l'h l~{Uilijn1'I1'lJ~m'Jvl1'11'W'U6'1 

1::::1111 1m'1'lhtJivJ~1'U'W1~lgn11\'6d1'W 1 'I1'lJ~!~mJ~ijjll1ft11:rff'l1 -W~1'U6'1f)11'l'I~lri1'W~iJfl1f11~t'J~ 
" ri1'W tl'l'::::n611'11~n"1 5 ri1'W'Uij~1::::1I11 lm~~ltl1-wl41'U'Wl~t~nvlHl'W11J'Wtln91 'illf)'1r'Wvllf)l'J1~,r6\j1:l . 

"" ,( . i 91' " cv t!::t ~"QI I.'! ~ r.f lrI ....L~
'Wl'Jl'lJ!W6'JWH"1 ~un fl11'lJl'IJ'lJ'Uij~Hft~1'1m'YIWi'.I m'l~'W'Uij'lUvHt9f!;l1:lUff'lijl'Y1~W m::Uff !l"Il"Il'UtH 

:J1S81SlnAfuTaEJQC181t1nSSU Ut1l5nma8s'~Jiba'Lllo 

On 2 auun 2 qalAu 2552 - OU1AU 2553 



Industrial Technology. Lampang Rajabhat University 

1tN~!'1f~§U1."1'~mi1~6 !!~~rl\,,'~'~fh~l'~1J1JN~~ , ~~~ij\'1lnm~ l'~ 1I11r1~~i~fh'illmLN~t'1f~§mHmi1~6 
-nlHW 1\'11 CJ 1<N !~'U!'1fij{~;)\'1Ii~ijdi'U'I~1J1J ~f)\I~~~fl1\'11 i~'il~\!flri~ 'llUff\P1~N~1tm:lJ'UVifl~m.!~~'Hlhilij 

, f J v 

!!ff\P1~N~ (Graphic operation tenninal) ViUff\'1l~h.!tllVi 2 91~\!fl;)\P1~-!Jij~1'Uri1'Ufl111fJJJflm~ 'tlflC'1 7 1'W 
• t ". t 

11::::111 fill' t~1J~m,mVit~1J i 1'Vim.1'l'ilmm\'1l~N ~!.wijlh1111<N1 'W fill'll 'I ~11J'U ll'I~ii'l'lim'W U~~ffJJ'I 'Itl 'W:i'\lij-!J.. 
" " 'i~1I11'i~ 1I11N~~"1 fJl'illflUWH'1f~§1Lff '1ij li1~6I9iij ill l\'11trfll'I'I'l\P1 ffij lIfli' '1U -nl flU 1\'11 U~~tl'UVi fl.ij'm,F;'l 

'WlnUt~ij{l9il~'1 trJ'Unm 30 1'IJ l1J<lh~!$ifl'IJ 'Wqff~fllCJ'IJ 2551 i1-1 lJO'IlflJJ 2552 
"" 0'''11 A "".1 """'tq P _I '" '" fll'i 1Lfl'jl~'H'lJ tl \I~'I'l ~'i'I'illflflll''I'l\P1 ffij 1I1'WfllJ'I~tlJ 'IJ lJ 'I~ ff'l'l'fi m'W!Hl~ ffJJ 'I 'j tl'IJ ~'IJij~'j::1J'1JN ~~ 

'~fJl'illmm~1'1f~§1Lff'ltlli1~cfl~1<N1jjfll'I1!fl'J1~'I1'\'ll~~1'IJ!'\'lfliJfl l\'11t1~1~8~'illfl International Energy 

Agency Photovoltaic Power Systems TASK 2 - Perfonnance, Reliability and Analysis of Photovoltaic . " 
Systems (lEA PVPS Task 2) 91~ '~nl'H'IJ\P11,riiflTj11fl'Jl~'I1~1!!1l'jl9il~'1 \Ol~l9ifl111u 

(1) 

. " 
YA ftfl 'Wli~~l'IJ '~fJ1Vi!'1f~§Uff~mi1~Url~~'~l9iflnlli~;)\9l~~ (kWh/kWp) 

EA ftij 'Wli'l~l'IJ ivJVh~l'1f~§Uff~flli1~UN~~i~ (kWh) 

" Po fttl nlli'l il'lfJl;)\'1I~'1'l'lt!\9l'\lij~HrI'Il'1f~§Hff~ mi1~u (Wp) 

(2) 

. " 
Yr ftij 'Wli~'11'IJ il'lfJ1Vil'1f~§Uff~ijli1~6N~~'~l9iflnlli'l;)\9l~'1 i 'IJ'I'll~'I'lqlJ~ (kWh/kWp) . " 
HI ftfl 'Wli'l,n'IJ~nfli'~ti\9l1~mi1~uVi~flm::'I'l1J.w'IJilIUN'HC}m§1!ff-1mi1~u (kWh/m2) 

,::!i I 9J QI &:S ~ d"d tI ~ rI . 2 
fltl fllfl11JJt'IJtJHff\9l1-1m'l'l~tr'l'lffm1::JJ1~'i!1'IJml'l'I\'1Ifftl1J1'1f~~Uff'lml'l~(J STC = 1 kW/m 

Yf = EpvIPo (3) 

Yf ftfl 'Wli'l'l1'IJil'lvh~i~'11'IJ'il1-1~N~~1~'illm'1f~§Hff'lmi1~u (kWh/kWp) 

Epv fttl 'Wli'Nl'U'illm'1f~§Uff'lmi1~U~\!fli~l\P1CJm'j~'I'll~il'lfJl (kWh) 

(4) 
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EL flt! V/~'N1U~'hHh~'-M'~1.;J1~am'i~1'11.;JiWYh (kWh) 
, " 

fln V/~'Nl'l,!'ViNi1\9l "l~'illflj~'lJ'lJv/~.;J.;J1U,«llJ 1UtllUHlflt! 0 (KWh)EBU 

LC=Yr-YA (5) 


Lc flt! V/t1'N1U~'tJty,fftJ'lJUUN,!'C]f(;lti'U«.;J61Vl\9l6 (kWh/kWp) 


QI 5 'I """ " ,:11
V/(;l'!.;J1U".!tyU;T(J !Ul~'lJ'lJ'C]f(;l~U«,!611'1\9l£l (System losses) 'In \>l'illfUYlJOTj 

(6) 

PR = Yf/Yr (7) 

11pv ;;;; Ppv /iAA (8) 

11A = EA/HjAA (9) 

~ Q.c:. t!, d' ~ tI 
11pv ftt! 11':1::; ff'YI1imVl"lf1'\Jtl.I~'\Jt!\I!tN.;JtC]f(;l(;lHff '! 6l'VJ\9ltJ 

d:! ... 1 ~ ~ t'I ~ tI
11A fin 1J':I~ff1'11imV/'\Jt!'!UIlHtC]f(;l(;lUff'l61'YI\9l(J 

Ppv fln fht1'1 'w~li1'\Jtl.I::;~uN,!'C]f(;lti'Uff'l61Vl\9l6N5\9l i~ (kW) 


<!I :II '" "" "" " 2
i fit! fl11lJ!'lIlJ'lIt!'!Hff~1.;J61'VJ\9W (kW/m ) 
" I 

<!I<!Id " "''' 2AA fit! V/'U'YIUN\I!C]f(;l(;lUff\l61'VJ\9lfJ (m ) 


1I':I~iY'VJimv/tfl1t!\lu1I(;l,!flj::;Uffiwvh (PV inverter efficiency) lYl'~'illflfflJm'i 


11inv= Piny /PPV (10) 


11 inve = Epv/E A (11) 


11inv fln 1I':I~ff'YIimV/i1'l1tl.1~'\Jn'!tfl1n\lutl(;l,!flj~Uff'W~1 


11inve fit! tl':l~ff1'1imV/'\Jn'!'fl1n'lHtl(;l\lflj~Uff'W~1 

'Pinv fin fht1" 'W~lil'\Jtl.I::;~,ft1t!\lutl(;l\lflj::;ltff,w.yhNi1\9l'~ (kW) 

::nsalslnATuTasQoalnnssu UI"i1~n81aCJslIjIinl:i1I..ho 

uri 2 mJuri 2 qalAu 2552 - UUlflU 2553 



Industrial Technology. Lampang Rajobhot University 

llsys = p. /iA (12) 
mv A 

n - E /HA (13)'Isysa - PV i A 

llsys fifl tl'j~ffVliiill'W41'11W::;'IIfl-!l'j::;'U'U~ii~"vHh1l1ml~-!llt}1i:'!~U'ff-!lfll'Vi~6 
n fifl tl'j~ffVliiill'W'IIfl-!l'j::;'U'UNii~ !vI-?h'illml~-!llCJfi:'!~m1'1mVl~6'Isysa 

2) fl11lJ~fl.:J01'j '1v1-?hlli:'!~ O1'j~l(jivlfh 

fll'jVlI91'ff'il'UUi:'!~l!fl'jl::;11fl'"JnJ~'il,:jnntm::; O1'j~l!1 ivl-?h1'U'i::;'U'U! fl'j -!I'lhtl '1vI~l'11'Ull91 ,gn 

'il::;Yl11I91mtlfln l'V1lJ191 O1'iYl1,:j11J'II'ilU::;'U'U1m-l'iho '1v1~l'11lJll91!~n 'lfflOiu l'V1lJl91'~fllJ~fln1J'fflmh'\lM., 

nn'1v1~T'hlJJ.;jiJillflll91tJ~(;hlJtl'j::;nfl1J'VI~n"1 5 ff'J'U'IIfl-!l'i::;1J'U lm-!l~ltJ'vI~1'\11J11911gnYl1-!11ulllutln~ 
y y , 

'il1nir lJYll 01 'j 1191 fll'W1'jli'h~'il!~1'1"1 ~'li1 fl1fl11lJl.fi'lJ'IIfl-li'-!lffI911'lmVl~6 fll~'1 i vI~lfl~ltJ1lfunill1::;m.:J 

'vI~l fh~'1 ivl~l~ PV Inverter ~lUflfln fh~'1'vI~l~ Battery Inverter i'1Jl.fi'lUi:'!::;~ltJflfln Hi:'!::;fh~-.3 
i vlvh~ i'U.fi'lUi:'!::; ff.:Jfl fl n itlU-lTI1t1ff 'l'll tN 011'vI~lff1U J.;jil illfl 1191t11i'tc)}u lC}ffl!~~l91i'lfldllJ'i::;'U1J .fi''il~i:'! 
~ tV \Ii!ll • lfI ... 1 41 .c2 'jJ d ~ ~ 
Vl\jfi1191 !191'i}::;\jnTI'l !1J!l'ffI91'l~i:'! Ui:'!::;'UUVlO'lltl'lJi:'!Vl'VIlJl'ilfl U'ffI91-.3Ni:'! (Graphic operation terminal) VlU'ff\91~ 

.1 d ~ '" ~ '''I • ", Q" d Q l'J "d "0

l'UIlJVl 2 CJf'1\!n~\91~'lfl~ ~U'ff'J'Ufl'J1JfJlJnm-!l '\10"1 7 1'U 'il::;m O1'jln1J'IIfl~i:'!Vlln1J nVl'VI'W1'ilflU'ff\91'1~i:'! 

l~tlth itl1i'1 1..1 fll'j lLfl 'jl::;l1' fl11lJ~'il ~ nu Ui:'!::;nu ~lt1'vI ~111..1 'i::; 1J 1J I flH'IhV' vI~l'11'U 1191,g n~fl i tl 
., y 

1\91tJ nUl!fl 'n::;l1'fl i''1 ihi1fll1 1\91 Ui:'!::; -U'U'Yi n<ii'fllqli:'!'W u1il !~'il!~1'1"1 !1I'UL1i:'!1 30 1'U i 'U~1.;s!~ 'il'U 
"" 41 ~?I"'O <v:::t""

'Wtlfl'l101fl'U 2551 fH lJm1fllJ 2552 CJf'1LlJ'U11J'VIl'l1'U (Working day) 20 1'U Ui:'!::;LlI'U1'U'VI~\91 (Day-off) 

10 1'U 

It.l~ 2 ;1'lrl~H)HffjlHllllfi (Graphic operation tenninal) 

3) fJWill'Wfh~'1 ivl~l 

fll'jVl \91 'ff'il'UUi:'!::; llfl11::;11fJu!ill'Wfh~.;s ivl~l'\1'il'l'i::;1J 'IJ lflH~luivl~l'11 'U 1191,gnll::; Yll 1191 U 

L~fln1'H lJ\9Ifll'jYlH1'U'IIfl.;s'i~1J1J lfl'i'l~lU'vI~1'11'U1\91 Lgn 'rf'ildh.ll'VIlJI911~fllJ~'iln1J'ff1(1ff'l'll'il'1n1'i ivl~l 
• y " 

ff1'U.oiJill fl 1\91 (Iflff1'U tl'J::;nmJ'VI~n"1 5 ff1'U'IIfl'1'j::;1J1J lfl 'i'l'lhU'1v1~1'\1'W1I91LgnYl1'l1'U LlI'Utl n~ 1l10ir'U 
y • • 

Yl101'i1\91fl1 'Wl'J1iJl~fl!~1'1"1 ~'li1 UH~'U '1v1~1 m::;uTIivl~l lt~::;fl111.1~ !I91(1ii'Lfl1'il-!llLml::;l1'fJWill'W 
• J t , 

o '" lIJ • .I_!M 0 "''' ~ .., lIJ" '" 4l" .,. <9
O1i:'!'l rrnn (Power quality analyzer) 'ffl'V1'j'IJ'IIfllqli:'!Vl\jn1\91 !\91"::;\jOU'ff\91~~~!L~~'IJ'\.JVln'\lfl~i:'!VllfI'Jfl'l 

1lfl 'n~l1'fJU! ftl'VHllr,)'11 vI~lL'M'Un'U L! i:'!::; ll::;Yll nl'H~1J .fi'fl~~~ t~'U-U'U 'Yio '1 -j'1tl'l'l1 on11fl 'n::; l1'fJWftl'Wfll ~'l 
IvI Vll'\101 '\.J~vilfl11Vl\91 U'ilU 1\91£1 i i'.fi'fl nl 'H '\.J1910~LOWcnell !lJ'illJ0 tf'1I:J1t1'U irl~1tl1 :;;lftVl11'i nllui:'!~ 

::>ls81slnfllulssQOC1ll1nSSU utn5nmaaSllX)oallho 
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!V 0 II q..r ,A.::t QI lr] )M ~ 
~~ 'ffllf m'nH!"~ 'I,ltlf)llflHl nt] !nt\!cym'i ~~'Un1~ rw mJlnU1n1J !vl yn 11 '.i~lfl'YI1i '.i n'il !1":~~'ffllfn'i'.ill 
?I 'j)~i "I 4~.::tQJ'JI ~ 0' OQ.fllJ~~doOJl1J"J ~ 
!1J'UlJl~'j '<U'1'U tll~tI~ 'Unl1 1J'i:lllWlf~lllf1'IJtI nlnlfl'.il:i::lf flt\!fIl'Wnl"~ Ll'll"ll'YI'fflflW !~!In fl11111.'WU'U 

~ • u 

0' " 0' 
eJl'.illtlUmU'Wl::; (Individual harmonic distortion, IHD) fl1111!-WU'UeJl';i1mUnnl.l (Total harmonic 

"'\J) • .1 "" v" "'\J) • .I '" distortion, THD) W;i1'lf'U n~n::;'W'iln::;U:;::'ff'U (Short-term severity values, Pst) um,;~'.i'J'lf'U L"Y'lf1:i'W'J1J 
o QI 0'0 ctd' d 

':i:itJ:m1 (Long-term severity values, Pit) 'ffllf'.i1Jnl'i'mnl'i'YIfl'fftl'UfI'J~'W 'il:i'Vllnl':i'VIfl'ffmJ!i1'Unm 

2 1'U ~~'~!!rl1'W~ 13 !m~ 23 'Wtjfl'~nlU'U 2551 

""r-mfll1ftfllJl 
"'I -=:.]f" '\J)_!M ~ 

.N mn':ifl'nl:llnl 'i'Vl~'fftl'U At,,:;:: 11'i:;::!1l 'U 'ff1.l '.i ':itl 'U:;:: !1JtI -1~'U'lJtN 'j:i 1J 1J 1flH'lJ1U !vll"ll'IJ 'Ul~!"n 
" 'il~mu~!11'U 3 f1~:IJ I'nmhtJ'lJtI~'j~1J1J lf1H,hvll'l~l'IJ'Ulfllgn~-lfitliuil 

1) ':i::;1J1Jrltl~1l'l~1'illflurl~!CJfml!1'ff~fl1ii~6 

lrtm11 nl'j'VI~'fftl'UfI'J1J 30 1'U~11.1~ fillf'U~ 'il~lIloirtllJ "'WlniJl~tI{~fflfiqJfiH"1 ~i~ 
o '" '" "'I lIJ" ~ lIJ _I 0 "'" 0'.A.1 "". 1 '" '" '" \J) ml_!M

'VI1fll'j1fl !!"::;1J'U 'VIn !TU 'U t1J'YIl nln!fl':il::;m'WtI1J'J::;!:IJ'U1J'J~ 'ff'VIlifll'WU,,::;'fflln tl'U~'lJtI~'J~'U1JrI"~ ml"tl 

'illmtrl~tCJftHl!t'ff~mii~6 l~uoirtllJ"'Wl'JliJ!~tl{~fflfiqJl'il~"1 ~1~'Vilfll'j1~!m::;,j'Ufin'IJt\!::;'Vhm':i'VI~'fftl'U 
i'W'j::;v::;nm 30 1'W i~U'ff~'1i'W~1'jl'l~ 1 

o '" 
m~'U '" 0' 

'Wl'jl:IJ!~tl'.i fh~1~i~ I 

If'W11'J 

1 Solar irradiance 37 - 1003 W/m2 

2 Average solar irradiance 603 W/m2 

3 V 
pmax 

275 - 425 V 

4 Average V 
pmax 

341 V 

5 I 
pmax 

9 - 279 A 

6 Average I 
pmax 

174 A 

7 P 
max 

2 - 96 kW 

8 Average P 
max 

60.60 kW 

9 Total PV inverter output 1 - 89 kW 

10 Li\yerage total PV inverter output 54.77 kW 

~YlsalslnAruTClElqacnnnssu umonm8aSlt:irlOcilulO 
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~ 0 9J ~.l4 III e:l\l] Y ~ 4 liI 9J (; .r ~ ... I(I t 0 <V oC\ ~ 
IlJel'W1'Utllq!€I'Wl'J1lJ1~el1Vlfflf1qJ~HC) Vll~Vl1f11'J1flU€l~'U'W'YIn !1mVl1nU11fI'Jl~'I1 t'Wtlu 1~llJ'W 

" 111~ffVl~m'WLI€I~fflJ1':itI'W~'Utl'l1~1J1Jflil~ 'l'JYh'i)lmm'lIC)f€ltlUff'ltllii~tl lfltlUti'll~'W 4 ffTUIOi'lU 

~ 0'91 4J} QI d Q d".d. 0 cv.4III 0 

'illnnU11f11 1~'\1 'II f) lJ€I fl11lJ t'IIlJ 'II tl'l 1 'I ffWN f) lVlI'lUVl'YIl f11 1 lflU€I ~ 'U'W Vl fl'll f:l.I~ Vl1 011Vlflff{)'U
'" 

ffllJl1tlff111'~IOi'lllff~H i1'l'W~nl'l~ 2 

Q '" 

~lfl'U '" "'Wl'.illJ!~f)1 
• dev 1y

fIl'YI1fl Vil 
I 

'I1'W1U 

1 Daily solar radiation 5.46 - 6.41 kWh/m2 day 

2 Average daily solar radiation 6.08 kWh/m2 day 

3 Daily PV energy input 4,636 - 5430 kWh/day 

Average daily PV energy input 6.08 kWh/day 

t! "" t! 
IIfI~tCUOtlH~'ltn'YIYltl 

'il 1fl011 11f1 1 l~ rt'.[f)lJ ~m~u ffivl ~1 m 'l1Oi'W i'VI ~l H€I~ r1HI-:J , vl~l'i)lnUfl'llC)f~tfuff'lmVlrHI 
'" 

~ vll flWlfl u~~,r'WYi fl'U f:l.I~l'h f11'.iVlflfff)'UffllJ11tl ff'J .l1'~IOi'lUffVil'li 1'1'W~1'.i1'l~ 3 Irlf)~'i)11f:l.11.u'f)lJ'" ~fl11lJ 
31 '" '" """ '" 31 Q ~ • .I_~ .J " """ "" i 31 .e!·':::I •.1OJ!'IIlJ'II{)'l'Hfffl?'lmVl~tl (i) fl'U'Utllq/~f11€1-:J rn1"l1VlUfl'lLCU~~l!ff'lf)1'YI~(lfI€I~ Vil (Pmax) C)f'l\lnVl1!u'WflHl'~ 

UffM 1'W 111Yi 3 'il~'W'U'.hiifl11lJ~mi'W1i1VilfJ~H 1Oi~U:'W~'lffllJl'Jtlillf111lJ~mi'W.fi'Utl'l.u'tl lq/€In1t'iTu 
31 9! ~ ;V~ "i d I ,::II d • ~ll 

lJlffHilL1J'WfflJlf11':i tVilfltl P max = 101.0Si + 0.0295 &VilU i lJl1'W1tnu'U kW/m2 !!€I~ Pmax lJl1'W1!'.I!u'U 
~c\~ Y "Q.ld.ci'!\J! Q.lfJ} Q~ ~ 

kW 'Uf)fl'il1n'W'UllJtl'W'i)1':if:l.ll'UtllJ~fI11lJ!'UlJ'Utl'l'.i 'I fffl1'ltll'YIflU (i) fl'U'UtllJ !;l111~ffVlli .fll'W·lj"J'Uf:l.I~'lJtl'l.. "" 
UfI'l!C)f!;ltlUff'lel1V1f1tl (llpv) ~'l\lflvl1t~'U!1'nl'Jufffl'l1'U111~ 4 'il~'W'U'hiifl11lJ~lJ'W'U.fin'U!G)$'Un'U lOi,nr'W~'l 

o Q.I III 'd c;J ~t lIJ !V.:!tfI"
ffllJl1tl'Ulfl11lJfflJ'W'Uli'Utl'l'Uf)lq/!;ll11m'UlJlff11'l!u'UfflJlfl11 Lflfltl llpv = -S.S586i2 + 11.434i + 8.6145 

lflCl i, ii11il'm!~'U kv.:/m2 !m~ l1pv 'il~tl~l'Ull1 % 
.. • .. ""'''lP """ ,_.1_'1" "l• .lJlt • ., '1-.1_'1 d' .. d'Q

Vll'jHfl 3 fll'l'l1l1l.1l'fi'tI';i'1'l !\il'illf)1lml:::'I1'IJ6~'fl'IJ6~tlm:::!1'" 1"I'1'n !1H~U ln1"ll 1l'fl:.:nUH 1"I1"11'illfi1lf1"!"ljfll\u.,...mVl~W 

o '" 
mfl'U "" "'W1'j1lJ~\9ltl1 t>l1~1Vil1~ •

'I1'U1CJ 

1 PV energy generation 552 - 644 kWh/day 

2 Average PV energy generation 610 kWh/day 

3 Daily array Yield 4.60 5.37 kWh/kWn day 

4 Average daily array Yield 5.08 kWh/kWn day 

5 Daily reference yield 5.48 - 6.41 kWh/kW" day 

6 Average daily reference yield 6.08 kWh/kWn day 

7 Capture losses 0.83 - 1.17 kWh/kWT\ day 

8 Average capture losses 1.00 kWh/kW" day 

9 Instantaneous PV efficiency 5.37 - 16.94 % 

10 Daily PV efficiency 11.55 12.16 % 

11 Average daily PV efficiency I1.S5 % 

~lscnslnATuTa8qCl<:nrinSSU uri15ncnaElSl15r10EhtJl0 
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!fl~tl'JutltHf)';j~I!,iJ'-wrh 
'ill flfl 1 'i 1Am 1~rf'l1fl\j1;'lfl1 ~'I , l'Hhm::a!ff~ l'l~ ~l{lht'n1Jlfl~fl'lUtJ(Hfl'i ~uff'l'Hhu{l~nlt1'1 

i vlfhm::;ufffft1'lJ ~ ttl~fl 'IutJ {l'l fll::; U ffi vl-M IN il~ i ~~1'11 fl1'J1~U{l::; U'Wllfl 'IlW ~vll fl1 nl~ffmJ ffllJ1 HI 

ff'itJ'~~'IUff¥l'l , 11'W~nl'1~ 4 !rlflfi 'ill 'iwl'l1flll1;lnlt1'1 i¥l~l m:;Uff~H ~ H~~l{llMn'lJ!fI~fl~UtJ1;l'l. ... 
fl'j:;uffi¥l~l PpV n'Ufllt1'1 '¥I-Mlfll::;Ufffft1'lJ~ltl~tl~!ttJ1;l'lfl'J::;Uffi¥l~lNil~ i~ Piny cg'l~mhAfJ'Wflnvl 

• >1 .. 

uff~'Ihralll 5 'il::;'V'I'lJ'hlh'l1111~m~'1J1n~!'J~H ~'nrU~'IffllJ1HIti'ltl1lll~m;rU1f'lltl'l.ij'flll{lnnhw... ... 
31 slt i 91"1 d • d ~ 

!I1ff'il~l1JUfflJ1fl1'i ~fltl Piny = O.9504(Ppv) - 2.826 1~{l Ppv U1;l::; Piny lIltU1mllu kW 'Wtlml1flUU 

trltlii'ill'iWl.ij' fl\j1;lnlt1'1 ivl~lm~Uff~'J 'I ~ H~~l(JiMn'lJAfI~fl'lUtJ1;l'lm::;Uffivl~l Ppv n'lJ 

o 0.1 .o.c G.3. 0.4 ~5. 0.6 OJ (U D.9, 1 1.1 
@1ft11MlI1l~~'Hffft1~n1nSU l~Wlm ) 

o 0.10,2' ~.3 0.40.5 Q.6 Q.7 o.s 0..1 1 1,1 

A11NI;~la,I.llftlmnAO IkWlm', 

tJ 'i drl'1i.fIl'V'li1'1lW::;'Ilfl'llfl~fl'l !!tJ{l'lfl'j ::;uffi¥lfh llinv ~'1~fI'I'111fJU ml¥luff~'1 i 'W ~ tJ ~ 6 
.. >1 

'il::;'V'I'lJ'hiifl1111 ~!I'Wu1fn'Wl..f'WnU ~'1,r'W~'Iffl111'itlti'lfl111l~lJi'W1f'llfl~'I1m.!1;ltm,'1i1lJ1fffl'l!fj'Wff!l1fl1'i 

i~fiifl llinv = 13.1161n(P ) + 35.366 1~(J P ii11'1.i1mfJu kW U{l::;l1. 'il~flu1u'JtJ % 
py py mv .. ... 

:nS81SlnATuTa8QCl81t'1nSSU UrI15nm8fJS1tmllehulo 

On 2 Quun2 qalAu 2552 UU1AU 2553 

http:trltlii'ill'iWl.ij


Industrial Technology. lampang Rajabhat University 

d • '" ~d'1" '" ~".~'1,!!I d.".,.. '1 ,!!I o"1IJ,'!I ..fl1'n~'f1 4 f1l'VmllJll'ltlHl 1'l1l1f)1lfln:::'li'Utll,l~fl1~-l rll'llm:::UiYl'l';i-l'l11l1ai'Ho'lJlfI';itl-l1l1.l11-lfl':i:::lliY 'Wl'llll€l::;mll-l rnl'llm::;UiYiYll'lJ 

~lfI~f)-lull11.:Jm:::lliY'1rlflll'1ill'l'11{ 

o ." 

rlll"llJ "" .. 
'V'l1'Jl111I"ltJl fll~1f11~ . 

'I1'U 1£1 

1 Daily PV inverter generation 496 - 584 kWh/day 

2 Average daily PV inverter generation 551 kWh/day 

3 Instantaneous PV inverter Efficiency 9.64 - 99.98 % 

4 Daily PV inverter Efficiency 89.65 - 90.75 % 

5 Average daily PV inverter Efficiency 90.30 % 

- tBn«~ 

tn1~ilJlI, 

Ol:~"~;lU) 

o 10 20 30 40 50 60 70 80 90 100 
lh611r1~1n1~la~1~ (kWI 

110 

100 


90 

i aD 
; 70 
~ &0 
,~ 50 
(l: 40 
P 30 
";I 20 

10 
o 

. ~lddo1F 

IA~~'U~M 

t~1t!in• .,n 

IR~~••!la. 

o un_ q ~ R n M ~ • 
n11i~1!l.~~i:11f1!1lIIkWI 

.fIunlU1~uuNilVl''rHhillm&N~!CJfiltlmr~tni1Vl~ 

111 f)n1111fl'Jl~,{f) ll"1 'J 111'J ~lJ1J~ ~l9IlvJ ~1 'ill0HN-3l%rl cl'l! ff ,n)1flVlV'lIfll~ 'I'll n1 l'Vll"lfftJ Uffl1l1l'tl 

ffll1'~~-3Uffl"l-3 '1'l'Ul9Il'n~~ 5 ,rltJW11l'Hul'IYm.!rlfl1111,'lY1I'lItJ,!J7,!JffI"l1,!JtJ1flI9lV (i) fi1J'lYtl'l.!rl111~ff'Vliiml'll 
1 ~1J 'UN ~ 191 ivJ~1111 f11H-I ,!JtCJfrl fi'mHtJlfl 191 V 01 sys) ~ -3 \l f) vll ,rJ'UOl1 vJ Hffl"l ~ 11-1 111~ 7 11 ~'V'l1J';h 1j 

" " Q,.! Q.I d' OJ CJ <V 4 0 IV 'IV tI V r.c:::t 9J ~I \q y~
f11111fflll'll'U1Jf)'U 1"l-3'U'WMff1111Hl'Wlf11111fflll"l'U1J'lItJ,!J 'lItJ'l.!rlmmUlI1ff'il,!Jlu'Uffllln111flfltJ l1sys

" . . 
-16.479 i2 + 22.641i + 3.6345 'UtJO'ij1f)..r'Wtilt),w1l1ltlnfkffflri1'U'lItJ,!Jl"Ift,!J'n'WVitJ~1'Wl~1JlJ 'j)~l"I'U11iill~ 

3 ri1'UfltJ l'IIft,!J~l'U 'vJ~l~l<N,!Jl'W11 ~ -3 l'IIft~,!Jl'Wtlt1Jlff(J1J'U U~~I%rlcl'Hff -3 ll1fll9lV Ilrl~l'IIft,!J,!J1U tTt1J'fffJ1 U . ". 
l~1J'UI%rl'ti'!tff-3mflVlV GJi,!J ffflri1'W'lItJ-3l"1ft,!J-31'UI'I1l:i1ilu t'l'fl~ i'WnHi 8... 

::nsmSlnFlTuT88QQcnnnssu ut'i15nmaaSll5J1£lcillho 
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o '" 
"1~'lJ '" " 'Wl'jllJt~tl'j ~l~i~if1' •

11U'ltl 

1 Daily final yield 4.13 4.86 kWh/ kWp day 

2 Average daily fmal yield 4.59 kWh/ kWp day 

3 Daily system losses 0.45 - 0.52 kWh/ kWp day 

4 Average daily system losses 0.49 kWh/ kWp day 

5 Daily performance ratio 73.80 - 77.61 % 

6 Average daily performance ratio 75.48 % 

7 Instantaneous system efficiency 1.15 - 12.91 % 

8 Daily system efficiency 10.46 - 11.00 % 

9 Average daily system efficiency 10.70 % 

~ unarti~'1 
IRh4~ill~ 
n~i't;,R 

iIl4~~ll!ftj 
1l~~U.if\ 

l~O .~. 11) ao ~o 190 
.. Ain1~IIHi'lHklll . 

:;!. 

. :.t"t.o 
~ . 
j~

14 
1 
o 

o 	0.1 U U. PA 'l U U',l ~.! j 1,1 
111111ri'lIllD~i"~~Q1~llwlia /kW1m ) 
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2) 	 f)'l1:mltl.:lm1'rh~hutl~m1~1r."v!~1 

trl'eJ'vhm'l1~u~~iJ'Wl1mhvn'nijt~tl1\9l1,:j'1 f1'l'IJ 30 1'W 1~tJ~t1:l'W1'W'vhn'W 20 1'W U~~ 
, 

t~ 'W 1'W '11 ~~ 10 1U ~1:U11ri'1'11 'W ~ i l' 'iI:;;tll.jftl)J~ ril'Wl'lliit~ U{\9i N'1 t'I1 r;llU 
~ 

'W :IJ1vil f)1'l1Lf)'l1 ~M 
f111:U~U·ml'l ivlfll i'W'l~'IJ'IJ lf11-3'lh{Jivlfh'\l'Wl~H~f) 'iI~'W'IJ'h~tlU'IJ'lJf)11:U~U,:jml ivlfll i'Wl~'lJ1J lf1'j~ 

~l{J''V'Ifll'\l'Wl~t~ml1:Ul'Hlu'l.i~'~t~'W 2 mi:UflU. 
1) 	ml:U~U~mlivlfll1u1U'rh~1'W ~·Hn:lJ11tlu'l.i~ml:U~'fNml1.rlvlflli~t~'W 2 ';"Nfl(J 

• 	 d d " 'I 9!\II •.L!H tI '" ..Ii 1ll" •• . <V

"If1~'I'I:Uf)11:U~U\lml ~"If ll"fl"ll f)~ (Normal demand period) <:)1~ t~Uf)"If'Hnm 0.00 - 9.00 'W. f)1J 17.00 

24.00 'W. BCI:;;';1~t1m~iif)":n:U~U-3mli.f1v1ih~~ (Peak demand period) '~Un'lh.:jnCll 9.00 17.00 'W. 

o <V 

CI1~1J "" "'Ynn:Ut~U'l ril~1~'~ . 
'I1'W1t1 

1 'li1~ml:ul'i'u~f)Ufh~~lv1flllu1'Wvh~1'W 1 - 55 kW 

2 f)11:U~U\lnl1fh~~ , vlfhll~tll'W1'W'Vhn'W 16.84 kW 

3 f)11:uI'i'U-3ml'W~\I~1'W lv1flltll~ul'W1'W'Vh~1'W 404 kWh/day 

4 'li1~f)":n:ul'i'tNm'l i'V'lflltil~~1U1'W'I1~~ 3 35 kW 

5 f)11:uI'i'U\lmltil~~ 1'V'1fllm~al'W1'W 'I1~1fl 12.60 kW 

6 f111:U1'i'tFJf)11'W~'Nl'W'vi flltll~{Ji'W 1'W '11 fJ~ 303 kWh/day 

:)lsenslnATuTasQoctlnnssu Ut'i15m:na8s1~nDEi1tJl0 
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35 

30 

~25 
_20 

~ 15 
oJ 

10 

o 

.#,f.pro~q;~"cI',,'f;<§>.l',,#,fY<§>~~,{}'<§> 
llme 

. " 
'2) fl11lJ~tl'lfll'.i '~fll ltd''U 'VI ~{9I 9$'1Wl~tl{9ln':I')'U)j,;nllJ~tl,ml'.i i,*'~fll11f1~ ~~l'VItli 

t1f11:lW~fl11lJ~tl.:Jfl1'.i l-wlil, (Load profile) 'Utl.:J'J::;'lJ'lJ lflH~,ai-wlill'U'Ul{9l1~f1 i'Ul\..I'Vll.:Jl'U U~~1'U'H(J{9I-W'U 
i~u1:l'{9I.:Jtl~l'U I 11~ 9 rh'Ull'I~fll'J~lf1n~l1f1TV'41'jl1J1Wl tJ {~fflfity~l'1"l ~ i~'Vi'lfll'j1mrt'l~ 11'U~f1 i'U 

<lI lit ~ 'I "" 
'J~tJ;:;mn 30 1'U ~{9I111:l'{9I.:J ~'UWlT:il.:JVI 6 

t~tJlllfll'.i11ml~Mfl1'J~ltJ l-wlil,i'U 'J~'lJlIlfl'J'I'lh(Ji~fll'U'U l{9lI~f1 'il~Vl'lJ11'J~1I11~ilWli~fll 
1C)f~~!l1:l' .:JtJlilWlUI1:l'UIl'IHl'l~il\91 i~fll'H t1fl'Utl.:J 'J~ 'lJlIlflH~,a i ~fll'U'U l{9ll~ fll~fJijt1fl1:lW~fll'j ~'fJ i-wfl,. " 
CPV power supply profile) U1:l'~'1 i'U 'J1111 10 'Uflf1'illflUJ.:Jij1:l'lfJff'l'IJfl.:Jfll) 1~lilT~h'Ufl1Jfl1flI1:l'UU'Hrl.:J~'fJ 

q,J , .v I cu 

l-wlillm~lJ ffl'VIi'li Battery Inverter U~~1I1I~11Wltl~-W'Uijlnrl'¥h1:l'Um1rl'l1:l'~1:l'lJVlt1\l.:JlU ff''VIi'lIfl1'j~,tJ" . 
i-wlil, '1'Unmfl~H1U-WU 'j~lI'lJ~ilWll~lilW']m~u1:l'.:JtJ1i1Wl6'il~NilWl i~lill1i1tl ~,tJi~lill'1H'flm111:::VI1.:Jl~lill" "I. . I 
... "" 1IJ ••U!l d. "" 11[ ~, "" <!i '1 "... <!i 0 • I d
VI.:J11lJ~'UtJfl'illfl'U nnnVl~~Wl !~1:l'1'UVlI11~tJ'il~'ill!J 'VIfl'lJ Battery Inverter l'WtlVllfl1'jlJ'J::;'ilHlIWlIWltJm~~ 

ff .:Jflflf1l11v.:J1:l'lfJff.:J'Ufl'!fl1'j l~lill{b'UtJ1Jfl1fl i 'Umm~'.i~'lJ'lJNilWll~lilWln'l~U1:l'.:JtJ1i1WlUNil~l~lilli~,rmJ 
• 1IJ ••U!l' "" '0 'lIJ ••L!!l 1JlI <=1 91Q)Battery Inverter u~JmfJ1:l'.:J'Ufl\lfl11 LY'lY'l11:l'1UtJ1Jfl1fl'iJ::;<Jf1fJVl1"fll1'iJlfJ 1Y'lY'l1 'VI1'WfJ.:J'Wflf1'lJfl11lJWlfNfl1'.i 

'Ufl.:Jfl1'.i~Vll'l'~fll'n\l'VIlJ{9I ff1'Ufl1'j~'(J '~lilli U n~lflm.:Jfl'U,:r'U 1:l'lfJff.:J'UtJ.:J fl11 i ~fllff1'Ufl1JfI1fl 'iJ~ f'lJ 
J V j} 'U , 

" <=1' lIJ •• I_!!l '1 ~ '" lIJ • .I.!!l OJ , lIJ ..I.!!l '1 ~Q) "I 0<=1'"
'VI'U1Vl'iJlfJ 1Y'l1'l1 11 f1l1fll1:;:;VI1.:J lY'lY'llV1.:J'VIlJ{9I 'Uflf1'illf1UfJ.:J'iJl['IIY'lY'll 'Hf1'lJ Battery Inverter l'WtlVllfl1'.i 

11'J::;'ilHlI\9Il\9Ifl~~1t'J i U1I1.:Jmm1:l'lfJff .:J'Ufl\lfll1 '~lillff1'UfI:iJfl1flU~~ Battery Inverter 'iJ~GJf1t'Jn'U~'fJ'~fll 
'I J} '\J t 

'1H'I~fJ'IVlfl fl'lJfl1IlJ~fl'lfll'J 'UtJ.:Jfl1'J::;VlHi-wlil,Vl.:J'H1J{9I ffl'VI f mif11:l W::; fll'J U~m11~fJufh t1.:J i~lill (Power 

exchange profile) 'j ;:;'VI11.:J'.i~1I'lJ1m.:J'lht'J '-Wlill'U'Ul{911~f1n'lJ1:l'1!Jff.:J'Ufl.:Jf1l)1-wfl'ff1'Ufl1Jfl1fli'U 1'UllHl'U 
')J, t , CIJ 

U~~1'U'HfJfl,:r'UU1:l'fl.:J l'UnJl1 11 lflfJrhfllt1.:J '-Wlill'Vil~U'lJ1f1'V1mfJii.:Jfllt1.:J '-wfllih~'lJlIlrl';i'l'lhfJl~fll. ., . 
'UU. lfll~fl ff.:J tJflfll11J.:J1:l'lfJ ri .:J'lJfl.:Jfll'J1 ~lill ri1'Ufl1Jfllflri1'U fil fllt1'1 i -Wlilll1!~U ~'lJ 'H m£Jii.:J fll1:l.:J i ~fll 
Vi 'J ~'lJ 'lJ lfl 'J .:J~'£J1~lil l'UU lfll~ni''lJ !'Ii',m'iJ'fl1:l'lt'Jff 

~ 

.:J'UtJ.:J fl1'J i-wfl,ff1UfI iJfI lflri1'U~~fll 'J1!fl 'J ,;:;li'ril'W''Jl 

:iJIWltl{~fflfity~l.:J"l ~i~lllfl1'J1~ln~~11'U.yjfllu~~tJ~!1m 30 1'U '~U;{9I.:Jl'Um~l'l~ 7 
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:s: 70 
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u 
; ·20 
E-30 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1.66 - 6.40 kWh/m2 

5.51 kWh/m2 

0-115 kW 

494 kWh 

0-79 kW 

0-109 kW 

4.67 kW 

112 

0-72 kW 

0-111 kW 

0.34 kW 

2.82 kW 

8 kWhI day 

68 kWhI day 
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o .., 

t'llVl1J """ Vi11UUfl61 
, 

'Qq,I~iI
fIl'JI1Vi VI 

, 
'I1').,ml 

1 "lh-3UH~'tJhHh 222.66-238.63 V 

2 UH~'tJ1'VHh~1l~tJ 230.89 V 

3 <J11-3m~u'ff'vl~1 19.47-340.50 A 

4 m::;uff'vl~lm~tJ 81.09 A 

5 <J11-3fl1t\'-1 'vl~l 3.80-46.90 kW 

6 nlt\'-11vl~lm~tJ 14.92 kW 

7 •
'lf1-3 Power factor 0.32-0.89 

8 
, 

d

Power factor A'iHW 0.80 

1!ml~tff.lllUni'livl~1"UtH'j~'lJ'lJlflH'lh(livl~l"U'tJl~!~fl l~(J-Nm,J'fIViTniJt\OltJf~rllr1tl!yjl-1"l ~i~'yhfll';j1~ 
tt'fl~1J''tJVifl'UW~r11f)1'JVl~'fftJ'lJl'tJ1'tJ~ 13 U'fl~ 23 Vit]fl~fll(l'tJ 2551 i~Hff~-11'tJ\OlnH~ 8 rll'l1i''lJ 

ifflElW~ fll'J Ufl1-1'UtJ·m ';j 'l~'tJ i vl~lUff~'l fJ cil'tJ nJ~ 12 1:f1'tJiffl1IW::;'UfJ'lfhi,-1i vl'fh~~l(Jhft1lJ 
'II 'II 
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0.9 

113 

<sf '(tIS' .;..IS' 'Of q;.1S' ~~ ...rtf ~~ .(>~ .$'" ~~ ;(j-t$' 

.n1j~Vll~i'V'lfhuff~~tl~1'Ul11~ 13 ufl~lim:jw~m'H11~(l'Uu11f1~'lJtl~fh Power factor 1'Ul~'UiJ 
Uff~~tl~1'U~11~ 14 trltil!loUm.! 1;1'Wl';j'liJt~tl {~fflfity\.h~"l ~,1Pfi'l1 tll'J 1~ U1;1~,jUn fl'lJ W::: 'Vi1tlll VI ~fftl 'U . . " 
1'U1'Un 13 1t1;1~ 23 l'i\jffilflltl'U 255 1 lJl'Vilfll'J1tml~rYt'Wmnfhrrn~tVltl'U~Jl{~tliJflm'Wl::: (Individual 

" harmonic distortion, IHD) ~lfr;n~tVltl'U~Jl{~tlUfln~ (Total harmonic distortion, THO) ~n"lfil 
" hJfl:::'Y'l~iJ';j'~tI:::ffU (Short-term severity values, Pst) U1;1:::~)")""lfil''V'lfl~l'i~1J';j':::tI:::tll1 (Long-term severity 

• ,. 31 31 

values, Pit) GH -111PfNfI fll'~i 11fl J1 :::rYn ffl fi ty tntl1niJ~lfl11~IVltl'Ul:nl~tl u fltlll'i l:::U fI::: ~ lfl11~IVl a'U 

eJ1{~tliJfl';j'1~Uff~~1U~11';j'H~ 9 ff1'l1i'lJlim,;lw:::'lJtl~UH~'Uen{~tlumll~'U~~~t1hHi1'U11'j:::fltliJYitlfl 
'lJtl~u)" -3~'U~n{~tluflnm11'1t1iJ111tliJ nlJUJ-3~'U~ l{~tlUm1~Uff~~1lJ J11~ 15 ri1UtlfllJW:::'1Jtl-1m:::Uff 

'lJ 

eJ 11~ tlU mll~lJ~~"ttl lJ ri1'U 11)"::: fltl 'U'l1 cifl'lJtl ~fl J::: tI ff~1 {lltl iJ fl';j' 1lJ111'1 tI'U Illtl'Un'Uu J ~l91lJeJ 1{ll tlU fl 

'j1~Uff~~1'UpJ~ 16 

4 

of 'fI~ '$t@ rof t(y<$J ~f ~f ~~ ,f>f.$f~f,g,f 
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o OJ "" .! , , , d , 
alVl'lJ 'Wl1UU~tl1 'lfl~fIl fIltillifl l1Ulfl 

· 1 
<> OJ "" 

UHD m\9'l'lJ'YI 2 0.04 0.08 0.05 % 

·o OJ "" 2 UHD t'll\9'1'lJ'YI 3 0.34 - 0.75 0.53 % 

· 3 <> OJ "" UHD m\9'l'lJ'YI 4 0.03 - 0.08 0.04 % 

· 4 <> OJ "" UHD m\9'l'lJ'YI 5 1.09 - 3.36 2.38 % 

5 • OJ "" UHD m\9'l'lJ'V\ 6 0.02 - 0.08 0.04 % 

6 UHD lll~'lJ~ 7 0.71 -2.20 1.29 % 

i 

, 
o OJ "" 7 UHD m\9'l'lJ'V\ 8 0.02 - 0.11 0.06 % 

I ·o OJ "" 

8 UHD m\9'l'lJ'YI 9 0.05 - 0.29 0.15 % 

· 9 <> ... "" 
UHD m\9'l'lJ'V\ 10 0.02 - 0.10 0.05 % 

· 10 <> <V "" UHD m\9'l'lJ'V\ 11 0.36 - 1.40 0.80 % 

· 11 o '" '" IHD m\9'l'lJ'V\ 2 0.11 - 0.50 0.30 A 

· 12 o OJ "" IHD m\9'l'lJ'YI 3 0.73 - 2.81 1.66 A 

· 13 
o ., "" 

IHD m\9'l'lJ'\'1 4 0.09 - 0.41 0.24 A 

· 14 o OJ "" IHD m\9'l'lJ'V\ 5 0.93 - 4.33 2.40 A 

· 15 
o <V <:! 

IHD m\9'l'lJ'V\ 6 0.09 - 0.41 0.22 A 

16 o OJ "" IHD f:l1\9'1'lJ'YI 7 0.93 - 3.17 1.83 A 

· 17 
o OJ <:! 

IHD f:l1\9'1'lJ'V\ 8 0.07 - 0.33 0.19 A 
, 

18 
o OJ <:! 

IHD m\9'l'lJ'\'1 9 0.27 - 1.08 0.60 A 

· 19 
o OJ "" 

IHD m ~I 'lJ 'YI 10 0.07 - 0.27 0.14 A 

· 20 
<> ., "" 

IHD f:ll\9'1'lJ'V\ 11 0.37 - 2.00 1.01 A 

21 UTHD 1.91 - 3.99 3.00 % 

22 ITHD 2.23 - 6.91 4.00 A 

A ctt .: ,,~ f ef 4' ~ I 

'ill 1lV-It'l fl1 'i11fl'j 1~'\1 fll 'fl1111 l'WfJtHI1-:ill'a tJ fltU 'Wl~ 1L (;l ~ fl1'fl1111li"WtJl!J 11 1I 'atJ m1111J::;'W 'lJ 11 
" " .'j~'lJ'lJ1fl-:i ,J'lilCl'vJ~l'UtJl\9'11gflii'fl111niiCltJ~J1fll'aiAmU'W1~U t'l::; 'fl11111iiClWnfllviA m'llltlCjitJriTVin1'11tJ\9'I 1 1 

'" 
'J/ 0 .. " "" .d '" 11) _~ "" dI 0 lIJ 'J/<v I 11) ;f1tJ'Uv fl1'\1tJ\9'Ifl~1flWCfWJ1'JlItltJ fllflCl'lfl'lJ ~~1'I11h::;IJl'YI~1 fl'il LHl::;t!(9jff111 m 'jlJc)Hfl111tJ\9'I !1\9'1,J(9jtl ltJtJ 

d 0 Q.I ef ~ ~ "4;: ~QJ tI 
1) 'U~'il1f)\9'Ifl11lJl'WCltJl!J11lJtltJfl'Utl,JUH\9'ItJ'lJtl,J-:i ::;'lJ'lJ 400 V (9jtl,JlI 'fl'lllJl'WCltJeTl'JlJ'atJ fl'Utl,J 

• y y 

lIH~tJllllOl'lJfi1:UlfitJ 4% fl11lJ1iiCltJ~J1flJ'aiAfl'Utl,JUHlOltJllllOl'lJ~':UlfltJ 2% Ut'l::;frJ1lJd~ClWnflJtliAfl 

'Ut}-:)UHlOltJ1'l1li:UlfltJ 5% 

,,, . ' 

'Ut}-:)m::;Uffll1lOl'lJl1 2-11 ~nlJ~l1lOl'lJIOl,Ji! 48, 34, 22, 56, 11, 40, 9, 8, 7, Uf:l::; 19 A ff1'11i''lJNt'l 

• :::nSEllSlnATuTasQOEllnnSSU urnonmasS1ljrl!Jchlho 
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. . '" 

fll)1Afl'Jl~M'hllflfY&fit.i1flU~n"lfil''VJfl~'Y'I1U)~I')~ff'U il-loM1'1nrnmn'l1'U (8.00 - I8.00'U.) oM1'1 !T~l 

" , 
mn'lfl'U (0.00 8.00'U.) flU (18.00 - 24.00tL) U~~oM1'1nrn\9l~fl\9l,J1'11'UU1;'1'\9I,1t)~1'U~,jili 17 

i~1') ~flE! W~ 'Ufl'l \91 'i 'i 'lfil' 'VJ fl~'Y'I1lJ 'i ~(J~ i'U 'U tl'l 'i ~ lJ lJ 1fl 'i '1~ 11') i 'VJ.vh 'U 'U 1\91 &~ fIi,j~ I')lJ IVhl1J fllJ 1;'1'10ri.:J 

'lHHfll 'i i 'VJ '~hri1'UfIiJft1fl It1;'1'\91'1 'l 'U 'i,j~ 18 ri1'Ut-l~ fll'i1 ~f1 'n~M~t;f1fltl.H~{nfllJ\9I'i'i'lfili'VJfl~'Y'I1lJ'i~V~011.." .. 
l'UoM1'1nmflm'l1'U (8.00 18.00'U.) oM1'1ldmflm'lfl'U (0.00 - 8.00'U.) fllJ (18.00 24.00'U.) U!:l~ 

" . 
oM1'1 11 m\9l ~ tJ ~,J1'11tm1;'1'~.:J flU L'U 'i,jili 19 1\9IU~flE! W:i: 'UtJ.:J\9I 'i'i"lfil i 'VJfl:i:'Y'I~U 'i~(J~(Jl1'Ufl'l 'i::lJ1J 1fI'J '1 ..hv., ., 

i'VJ ,yh'U'U1\91 t~m,j~U1JLiliVUfllJ1;'1'lUri.:J'Ufl'lfll'i ivHhri1'Uflij tllflU1;'1'\9I'IL'U 'i,j~ 20 'ill ml ~ fll 'i 1tfI'J1 ~rf.. ... 

..:i lil ... .1 ~ ~ ~ b] C\ ,t cd 0 lr( vq !l1 () tI 
\91 'j 'j"lf'U ! l"t fl::; 'Y'I'ilJ'i~ U::;1;'1''U U~~\9I n 'If'U t 'VJfl~ 'Y'I'jU 'i ::::fJ~tll1flgL'Ufl1'1'1 nTI1 'U \91 n t 'U'U fl fll ii 'U \91 flt) t nw en 

HH~'Ufl'j~!V:fllH~tl1fl1J i'VJvh,j'i~!ft'l'l1Fn~U~::;'Q~1:l'liim'nJ ~'1nlii'U\9I i 11Pl'lI9lV i,jtf 1) iU~,hfl~
" .

'UV.:J~'i1"lfin'VJfl:i:'Y'I1lJ'i~U~ff'U ''U'j~lJlJ'U'Ul\91 115 kV ii~Vl'hfl11\9iv.:J ilito'U 1.0 2) iU\9I~lfl\9l'llfl.:J~'i'i"lfil 

i'VJfl::;'Y'I~u'j::;(J::;(J111'U'i::;1JlJ'U'U1~ 115 kV ii~V~lfl11~fl'lili&n'U 1.0 
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<S~ -y<S' t;k<S' vt$> <&<S' ~~4-~>io<#',$<#'4>'<S'~~,f 
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