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4, WARBREFEIBITE (Availability) 2 [FE FRE H AN 3455 1T SEME R FE R
IEC TS 63019 Information model for availability of photovoltaic (PV) power
systems OURKBRAIEFBITREREEHEED 4he X T:

W& IEHB4TR (Availability) = Uptime/(Uptime + Downtime) (%)

Uptime: 4% 1FH TAERE (h) Downtime: W& W kel F IE5% TAERE] Ch)

Time item is operating

Availability = ] _ ] ] _ . ,
Time item is operating + time item is
NOT operating

This only applies to the solar day. Low irradiance below turn-on threshold is
not included. However, when sufficient sunlight exists to allow the inverters to
reach the input voltage needed to operate, the time clock will begin.

PCER TR, KTEIDLEFINBEANGFEERN, R LR E YRS
TAER, B EF.

HR: WTWREENL, TEXDE TAHMERIL R WA AR SRR, R
SR — M AE: 1D REMIREAENL, 2) smARI0AR 4% 3 shie iR 2 F)
e, 3) HRIERE (B, BERAEEREE) , 4 RAER, W, 5
v HARRFSE, 5) mMEHNTIE S FHL. IR SMSATLI [A] AN B R i e s 1]
BIEXERS: 1 ALK A TAEN R (RS BRI |
2) HERRIC SR HEAFE LN R B, FRERR ISR A AL A




IMPORTANCE OF EFFICIENCY VS. AVAILABILITY w
|

]

—— =0.27%

365

Only 20% of the production depend 1 day downtime per year results in a
on inverter efficiencies production loss of 0.27%

If Efficiency only matters 20% of the time and one day production accounts for 0.27%, than

1 day higher availability has the same effect
on production like (0.27%/20%=) 1.35% higher efficiency

> With higher DC/AC ratios availability of the system becomes more important!
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HARRGEHI VP FEAR — 6T

KR ARG R EMEEIEAR
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“INFEW” (Responsivity-ThREH#E) « JPRIANSERIRE, H
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Annual Yield CGEERFIH/PMTE, BRER) : EXBEEFMNEZHM
EIE (KWh/kW) 3 ARIBEEXERAR, F—HEFEXUARGTRETHT
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Bex k. (Performance Ratio-PR) BRIZSEEMERE
b LS —TEM SR RG TR ESH (JIEC61724-1)
PR= (E_./P,)/(H/G)=)tARZFRF F /Nt B /045 H FE B &

= E,/(PoxHIG) = By e B/ N BE B

E..otR 2GR it e (KwWh)

Po: JORTREBETIER (kW)

H: 77 B 1 Sk brfic 8 201 R BHAR ST & (KwWh/m?2)
G: HERERE (kw/m?)

PREJRFE: 1) PREBZIERKFE Hr, HEBR T A [FE A 3 s B K FH 8648
HWERER: 2) T AFRBHENAFZTTARDGRRGMA R HE, R
B TS A BB B B A A RS R B AR FIZ 1T 530 3) PRA BRI E
TR, MEREEEAKL: 4) PREFETETHE, AFBEFTHATOCEAR

FIR: 5) PERAEMSG: 6) BHEAR HNERER, STHEAFEAFH,
AFIEAT T AR TR IEAT R .




IEC61/724-1

Table 13 — Performance metrics

Parameter Symbol Units

Rating-Based (Section 10.3)

Performance ratio PR None

Annual performance ratio PRznnua None
Annual-temperature-equivalent performance ratio PR annual-eq None
STC-temperature performance ratio PR s1c None

Y
p CHXIDD}X kX Tk
R'ste = outhrk
|ref

where Cy is given by
Ck =1+ v (Thmogk — 25°C)

PRAEPR: B SER BEBIE BIAHRIRE (25° C) TIRKHIR, ?ﬁ}‘ﬁﬂ‘ﬁﬂj—ﬂ)\/\
FHE KPR, tr#EPRAMEHEER 1 A [F]H1 [X K FH 88 5
ZE. BMAF.
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R FEAR T3 B 2 [ & 32 40 A P JEE 44 2.00% 0.98

S5 35 Yk FH T NS A AN [R5 1 1 0.10% 0.999

IR FT5 R 2 S RN GE 4 KT 2.00% 0.98

UK AR TPN HgAEE RO 0.10% 0.999

F 1 22 T B AML. 56 1) T 2R A 22 0.00% 1.00
=R/ EES

FWARAHBFHRE(NOCT) | ShfiE0.42%/°C, i 10.22%/C  (#7+20°C) 8.40% 0.916

JeR AP RR T SATES 14, <2.5-3.0%, HIKEMELIE: < 5% 2.00% 0.98

N=R/ N2 S < 3% CHEFEEMB AR EL) 3.00% 0.97

2P N N HAF R EREA B ORI 4.00% 0.96

MPPTIRERRZE PREETVR, BRI 0.50% 0.995
B/ S

PUIE T Y AR BRI, ARG 98% 0.98

A T 28 0% AR A IRARE BT h R ) i 99% 0.99

P TRA ALFE H B AT s & I FL R 0.50% 0.995
HeERE

=t CIE S YT B J5R B R P 3.0% 0.97

T ARMXETE, REBEER—BIEZINOCTESTC 0.746
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PV Performance Modeling Methods and Practices
Report IEA-PVPS T13-06:2017

PV modules with c-Si or CIGS cells did not show a significant dependency on spectral
effects. By contrast, PV modules with CdTe cell technology are more sensitive to shifts
in the spectral irradiance and gains in the photocurrent of up to +5.3% were observed
at the location Chennai.

FEFEEE (a-Si) MERLER (CdTe) AN TIESMIRBUR, FEHITIEEE
IE, XF&EERE (C-Si) MEEEM (CIGS) AHEAEE, HiREIRER

/N,

PV Italy Arizona Germany India
c-Si <0.5% >-1.2% <13% <1.6%
CIGS <0.7% >-1.6 % <1.8% <2.8%
CdTe <1.0% <1.1% <23% <53%
Tandem a-Si (top <3.5% <7.0% <4.0% <10.6 %
limited)

PR NS —ERORORE, R M R A




HERAM RN IEKHI B

The amount of light that is reflected by the front of the PV modules varies with the angle
of incidence of the light on the surface. Angles from 0° to about 50° generally result in

very little reflection, but for angles greater than 50°, reflections increase as the angle
increases.

. PV Performance Modeling
1 ——. . Methods and Practices
2100k N \:‘\ Report [EA-PVPS T13-06:2017
g | mmEsos —~__ |\ Lo B A A {ESOPE LAY
g, N\ | R, S0RELL Ea
5 — A\ %%A%ﬁ%ﬁ,&%ﬁ%ﬁ
g 04f | —— a0t W1 2 mEET e /T
%= 0.8 W NSFPERIEL] (BB NGt %)
02f | ——a=021 1 , TR
—a-0A 3. a MR 1 I A H
0 » BRINBRGT o G RS I

0 20 40 60 80 100 ar:O.lzlﬁ, Eﬂ{ﬁga ﬁ%]\%ﬁﬁﬂ
Angle of incidence (deg) IABNTORE, 1WREH Bk
100% NI 3



PHOTOVOLTAIC POWER SYSTEMS PROGRAMME
TASK 13: PERFORMANCE AND RELIABILITY OF PV SYSTEMS

Reise et. al. reported
on the accuracy of
Performance Ratio
prediction at earlier EU
PVSECs

Reise et. al. at the 27t EU
PVSEC, Frankfurt,
September 2012.

Gtit

3.7% ’__‘\{x

Prediction of Performance R

Nl shadow

—

T.4%

Dirt
1.9%

Reflection

T 24%

Spectrum

" 0.9%

Irradiance

T 1a%

Temperature
4.6%

Mismatch
0. 7%

DC-Wiring
0. 7%

Inverter
3.8%

AC-Winng

" 0.4%

I

atio (PR)

201244 PR
R A4S
T -
BRI 7.4%
A 1.9%
O 2.4%

ik, 0.9%

AT E: 1.5%
RE:. 4.6%
Jelid: 0.7%
DC&Z4i: 0.7%
WAz g, 3.8%
ACZ4i: 0.4%

TUVRheinland*
Precisely Right.
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- TRAEREET S, EH188.4% (NOCT

VESE

Vi 25 IR 458 124
I3 2K Ty AR RGREREL | AR PR ICRERLEL
PR PR
L7 > 80% > 82%
P I AR 2 — % 75% - 79% 77% - 81%
ANEH < 75% <77%
75 > 82% > 85%
HER AR 25 — K 77% - 81% 80% - 84%
Ntk <77% < 80%
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SR GEARERIT) Bz RBIFE T KT R D) R .

WA KM ERARINFEZIT, HE—, HKHER2700W/m2,

1) FER I SIS AR 235 WO B DI - Peas (KW

2) FIRANKSN FEEEG,,  (JGR BRE T

3) KM RINEBIERISTCHKAE, /BEMBIEDIFE: Pnsc
iZR%ESpOHSiViW (PHREHE) =P o s1c/Prarstc (PrarstcRIGRAHBET
2 )

I:)corr-STC = Pmeas/((Gmeas/GTRC)[1+6(Tc'TTRC)]) IEC61724-4

4) HEHGTHHBE RN CRMHEEAR BT - P, st (KW);
5) H¥ GEREIT) WTIEM: Pl src/Pase (MEMET85%)

ThHRWHRFR: 1) AR, B % 7R ENEAERRE; 2) 8T
AFBARMAFEBIT IR RS, KRB ETT N KGR T RER A A R R 3R
FMFZBAT A, 3) ThRWAERET . HARALGTIRER, REBR,
WK, REFHK, RERK, XEREHR, BREHER, WERKE, N
KRRk, AEFE: BIRAR, URMEXMHER, RBESE, 76, FH%F
S EMRKBAR. 4) EATHAEURBHEKRENE, BEfFARSERX
SRR E B 5) F LRI R IEATIR, R RE .




ARG “TYFH " O 1M A H E 78k

= “Th>% [V ”
R ik A 1 RfRHh | i
AFHGRERIHR R

RAER5IE 5BERAMMER, Belik, Hkd 2.00% 0.98
BRI R

JARA BRI BIERISTCA M (25C) , AK€ 0.00% 1.00

AR B3 R FARESE14E: <2.5-3.0%, HEEMELIE: < 5% 2.00% 0.98

BE IR R <3% (AFEEMEAMBL  Ssma L 3.00% 0.97

PR SN N HAFEPEREA —B ORI HIHtRA K 4.00% 0.96

MPPTEREFRE PRER TV, MRS 0.50% 0.995
B RS

WA B WE WA SwOEAGE 5IO6RE 98% 0.98

25 R 2R BRI EL Bt ffE SR E C 99% 0.99

R IR LG e A I B A A LA 5O A K 1.00% 0.99
HEREE

[ ST S B T r s o B A LY 1.0% 0.99

EE “TNEE”  (ERNUEEMFDEE TH#HIT) 0.846

“DIRLIL” PR T SIS A SIS RERIL: WL JETEREC . S
Ry WARGSEXHUR . AR (B RR—T0D - HEREBHME. 765
k. {ERFDANEMRAE, EIZHL0oHE! N TFHMATATE.




HARRGIEEE:

TR R Gt “ThFR” BRI UBERPR.

- g S By HEAT O s AT R = AME I

- 0] DR vHE A N
- HERR T 4 R AR R E R R
- HTERAEEFRS, KN IZEENOCT (HE5E 45 A 4)

4 T HIPRE H K 218%-10%:

s |mamEsn| SRR S
75 > 88% > 90%
AR gR — % 82% - 87% 85% - 89%
ANEHE < 82% < 85%
75 > 90% > 93%
2H B TP AR A — % 85% - 89% 87% - 92%
ANEHE < 85% < 87%




SR /NS — Yield (KWh/KW)

S5 ORI /N i [ N BEASAN TR & B T U 2 S A, 5 R K P L R 1
TSR ROM /NN 25000/, RUH LR AR 22000, 64K LAY 2 150055

E i SR AW R B B, D550 Yield. BUEAME, &= CHE, HAAAE
, Yield[FJEA7: KWhIKW, T 4F 55 250F] B /N 80 A Jeh - R 2+ F0 4y BE Y
KWZIHE 1)
D PR/ (KWRBE) T AFRMENIE, 3R 77K
IRy 2) XTI e, MARER 1SR AT T SR8 Sk
s . 3) fEmEYield)hik: #EEPR, #@EARLL, KA KFHMHRERS .

THHEAR: Y = Exc/Pac

Y: SERCRI /N EL, BkWR R (Yield)  (KWh/KW)
Eac: FEM BRI K HE (KWh)

Pac: FRUBSHIUE ZHD)E, RIARRAUE DR 2 M (KW)
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& L S AEE (GCR) -
GCR (Ground Cover Rate) = JAR 4 {4 = AR F i o s T
s, AT HORIFESE A, ANFEEAT 7 2R HAE O
Bl D BAHRALSE, EE AR R T REGCR—FF, (HIh%E R
RK, GCREAMEILZE R
2) ARefEANLR e bR, “PEl R R A, IR 2. LA BE
FEARVETENS, WILCOEBCE 252 /NS4, € 2 ) 1 EL i
5 be ks R
& “EATKWEHL” .
KW bl = Ak 5 S AR DGR S B RE DI 28 (m2/kW)
KW S5 18 7 A2, A ke, BT B R R B A ARE [F —MEiT 5
A S HUB L
B MARRTE VARSI RE ATkW iR /), HRGMEIRZE . ik
REEAELI AR VETR R, MNLCOEEGE 22RO /NN 2, 1€ 2 )5 FF LA H BIKW (5 3




JEE HL AL COERNY 55 P BRI 2 R IRR

n L+ M+F
LCOE — sum of costs over lifetime _ te=1 :{1+if t LCOE Hﬁ%iﬁﬁﬁfﬁg , %ﬁﬁ:
sum of electrical energy produced over lifetime Et ] IE:I , iX E‘E}I Fﬁ 2& §E‘$\4 B{.I % X
= {1+r}* °

€ LCOE=Falim Al Fw A ELE (ALKWh)

= (¥ L+YTM +YTF, ) | (1+r)

Y E x(1—dn)

I FnFe3xa (L) MeFEnFediEif/éeEdr it Bl (L) Fp: FnFayftm A (£HK=0)
r: B3L% (Discount Rate) : #4565 % F& R A EmAA, KRATH LA ME (R4 2[4
), ReZWHMARTITHGFHE, 5H AL, EE AR ALAABHTHFAL,
E: #n¥®Ke2% (KWh) d #nfaieiks, d,=0,d,=2.5%, d,=1.0%, ds=0.5%.......
LCOERZ EFfr L@ A aI Al THEBEORABIR(FA L), XH LR EH, 40, FHAHAELE, H
K, MEFHE, LB THERSATERAEMNL, & ELLIRFEH £0.45T/KkWhIL £ 0.61T
[kWh, #F#aLCOEMRE, TUEMIMETR AL HFARLE LN E LR L B —E TR
Bresk, LTUAREENAE QAR AAAAErE RN 48 5 3H) .
¢ IRR (M HFAFMEF) .
A BEME AR M FIE 1547, FELCOEM A EFKIE—ZIRRATHR TR H a9 4% FH & 4
L IRREMH 2 #6is. HF. &k, 4, FHkt, AL, FT&HB, £, H#AFLTHE
F, ARxRFHAEGAZEATRTA4E, BkRABEZEGIRRETI,




A IR PG 7K S 45 H LCOE ] i B A =0

. 4 PREZE/E S| COEE EfthStT— it

LCOE = A EHARY SR AN _ IRIRECBA + IBHEENA - RGt(E
FaEHINSREE FaEHRT SRR E x (1-RRREE )

B ISR R

4 n HENRIRERNE
e RERA. RREECRA SRR, IMRIENAESD
— NBUE-%: =78
B [HESHHEHERE R
m HeRE=

EHITRETR. FBMEANXS

PEERS A, EaE
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FE B AL COE R THEL L4

LCOE=Faam AlF A eE (L/KWh)
= (TP L +ZIM +ZPF) [ (*r)f = L L+TIM
1 E. x(1—dn) L E. x(1—dn)

E: AR AEREE ‘fk%ﬂrﬁ'ﬁl Bl —MNEREXAEZELNE FahiesliTw/FaHLEE,

LCOEL %14 KFEIFEEL | KFEIFE2 | Pig=@ExE | KFEREE PR Ui B = vl B
RIEAE (kW) 10000 10000 10000 10000
wEHE i) 7000 6500 7500 7910 %3'% imSO% HN7.2%

ARG IN13%

KFPHEEESNE (kWh/m?2) 1480 1480 2060 1480 | —% 14 n39%
FEHEENE (KWh/m?2) 1690 1690 2300 2028 | 14/1120% 14 11136%
REBEEPR (%) 81 76 81 81| —%k —3%
BHERAMEREE (%) 2 3 2 2| % —
HEKEE (MWh) 13689 12844 18630 16426.8 | 1% 1120% H47n36%
204E REEE (MWh) 264869.77 | 24449.34| 360473.65| 317843.72|N20% 1 N36%
BE i (m?) 200000 200000 200000 220000 | 1 h110% —3
FETHME (J7n) 40 40 40 44 | #51110% —3%
BESITEYT (I 140 140 140 175 [ #4125.0% | —%
20 TP HRA (FIm) 3600 3600 3600 4380 | #/122.8% | —3k
2028 B AT (i) 10600 10100 11100 12290 | #/116.5% | —3
204ELCOE (Jt/kWh) 0.4 0.413 0.308 0.387
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9.8.2 System (AC) efficiency
The mean system efficiency over the reporting period is defined by:

B = Eowl (H * As) (14)

Equation (14) can also be rewritten as:
T]A,O = F)Ol(Gre X Aa) PR = Eout/ (PO X Hi/Gre)

= ’?A,UXPR

(15)

where nao is the rated array efficiency defined in 9.8.1 and PR is the performance ratio
defined in 10.3.1.

TR~ HERER (HERFEARKTE) , PREXEREBEENR (REHRE)
RN JFRERE = 18%, PR =80%, M RLEME = 14.4% (BRIURE, HETI, 4P ERER
ZH 1 350 B B MR I R PRI B 1))

PR 3 T R TH BB B4R A RE R O i R R B T LR

W UMEASEERETAX LLRITERS, B UL SRR RURERRK
K, WA UAENE R R G FBIFIriEdR, AR ERBMIRX (nxPR) .
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2.1.23 ZEERE capacity of installation
Stk Bl h 2B R A RN EZ M TR R AR
B (Wp) .

IEC TS 63019 Information model for availability of photovoltaic (PV) power systems (
AR R LR G IEH B AT RS B

3.13 PVPS AC capacity

rated output of a PVPS, or alternatively, its contractually obligated maximum, under
specific designated conditions, commonly expressed in megawatts (MW). PVPS
ratings by aggregated module nameplate are also common.
7'66(7;2%%%Bﬁﬁﬁﬁ%ﬁXﬁ%ﬁ%%ﬁﬁ%ﬁ%ﬁﬂjﬁ%ﬁ ﬁ%ﬁ“ﬁéﬁ%%%jﬂﬂ
, BEBAMAMW,

IEC62738 Design guidelines and recommendations for ground-mounted photovoltaic
power plants

CHbTH 22 232 BB AR FLs e Th- = D
A 3.4 PV power to inverter power ratio (PVIR) SGiR-1Z 28 Th R H,
PVIR = PV nominal maximum power at STC/Inverter maximum a.c. output power
PV power plants are often designed with high PVIR ratios to achieve lower installed
ﬁ of energy. JHR B H it EEIR- U R EETI R (PVIR) PUREKH) B A%
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