R AR B E- IR ER BRI &

ERKERGR T4 BFed & RH

T A7 A%
2015594 15H T HFHEFRBE



AR BEER

1. BERFegxd: BREMBR (LREH, >FXBKAH) , @ik
SR EE (DLgkf/AEE&RT) ;

2. RE: FHRERIERE;

3. A BEARK (T/Wp) , KumA (T/KWh) , BHES R
X

4, Zh: AFs (L%, BR) , &&5x4d (KX, BEHE. B X
IFRin) |, ERELS, EHE4L (BRAZT. BAY, SKEEF
AR)

5. fEzt (PR) : A B HEEMEk., LT BHER, TEIBHKE, £
CIXERER, BHAMRE. BARLZH. ALK, A4 RE, BIR
k. FHEMRE. AR E. MPPTIRE., MR E. HEFHAFe

B AT YA KF o




REEXL:

HERERIERE

H AR E?

Ao F BN AR R AT P

1.

A&y ¥,
2. R GAeSf Ao AR 8Y & R
3. 2o F e eyt




AR RGT LEERT

R E

B NEN -

N

HAE

2R

3

K& AR E
BARAFTE

b

=

10%

6%

3%

&

26% -




SR E

1. REARGRERT FRE LA PR GAR R Fo il JER S,
ARIEER Z R BARAERFESBAFRALELIT F=F4
B, FEMTELHEREEZR T BEBRE—RELT;

2. ATHRIEAKFHAGKBTERREN KL, T
AEBRT RREF B R EAKKE, XA —FFEKTF L EH R
A (BAT—RREANET, mE ALl L2HEETHeL
K BH25F ) Rl R EHF) ;

3. WmE AR IRRRRERNEARE, NTUAAEZERZWAT, 1%
PR F S AT A

4, T EAHAETRRAREHH TR, EAFPEITLIF
BEERRMIE, “BILE ABEBRRLELSBRAZTEAA,




BT rEoe b9 X A by 2 (R B g )

ST EE
A ' |
I : I | m
| |
| |
|
|
| |
| |
| |
| — . — g
= | - B 1ERHER FEIRE s HA




THRE

1. BRFE (ZAEKT) RRAZTEW, RELRT, A H
P AS51%E TREMIMHESRE, 26%5 TR+ HT XN
|=] R ;

2. IAAIAANmY: 0%, S8, k&, 4. £3& (2
W, W, IEEAR BHA, BRR., BE) . k&5%E
(X%, AREH, BRIEXE. BERAK) . XFARK. K
BAT. TARIZIE I

3. 2RATR. AN E=—FxITAET., HILZE. A
Bk EFsiTe3AFTERRKE;

4, AR IAENBRKER T T2 THEBIG, 2L XK
FARBAITIFEHXTEIH-E, B3 IFTMIBIRL L X “254
EXE (PR) ” HE,




RERR:

ARZE, BAXE, CRKXE, B X,

%E, l%i;}\'o o o




ZEHERARERNF S
KRG RARALENER, ERUEES, RS

5A26H Y&, 12T £E A EARN -FTN
LAGER T RAEKRK, AKX E42TFi%
N B FAEA IR S BTN R AR, N
B A R355% 6 4 4F R K Ko

XA AL R AT S R W reAR K,

; FirstSolarfZ % K & 8%

2014-F8 A B A B sh A £ K K e ISR W—_— |
KRBEGESWAH B RIELE A IE
BURWT, FEAMERT] KKK

40% K AR & S8 K R BTy AL
NG| AR,




AR BRAKEKKER




AKARGRNR LW E

Se e o S S

. - 5
N ‘\‘\ e R
'\.\ " \ S
> o > b +
’ - P s
” -
/’ - ‘ _// /

5 JEK [ B FEL 3

M M : B M +

. T
' o _’/’ - /’

5 e

E. Al 4 e




B IR E TR EIEF

JGAR B £ S ] BRI TE H PR B R e
IEC62109-4 Combining Box L isEHARERK)

BiE Hin TAEHE =N ERW 11 1 /)N € F PR B
(V) (mm) (mm)
< 250 15 20
> 250 ~ 690 20 25
> 690 ~ 1000 25 35

1) B R AR EERAZEBOBERER X;
2) w5 H 5L ARMAAT EERER X,

3) PHMHELTAFZIEC60664-1 (KEL RBEG4HEEXK)




BREARBEARELSN T, BGLARKBE, AKREER

G

HAaa g LI | [""' (‘ k] ;‘l'l (5P

IEC62548-2012 % K A & 3k

6
-

e > ) y . 3



A Z%4: B8 F IEC62548 (PV Arrays-Design Requirements)
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82/977/NP -6- IEC NP 62446-2 © IEC 2015

MAINTENANCE OF PV SYSTEMS

1 Scope and object
This clause of Part 1 is applicable with the following exception:
Addition:

1.1 Scope

This Part 2 of IEC 62446 describes basic preventative, corrective, and perfermance related
maintenance requirements and recommendations for grid-connected PV systems. The
maintenance procedures cover:

« Basic upkeep of the system components and connections for reliability, safety and fire

IEC NP 62446-2 %
KRR LS

Maintenance of PV systems is often lumped into the catch all term operations and
maintenance (O&M.) This standard does not address business or management operational
processes (e.g. forecasting, utility pricing incentives, etc.) or other considerations driven by
factors outside of basic system working condition and perfermance.

1.2  Object

The objectives of the [final version of this] standard are to:

e |dentify a baseline set of mandatory maintenance requirements which may differ by
system type (residential, commercial, utility scale), owner, or financing requirements.

* |dentify additional maintenance steps that are recommended or optional.

+ |dentify required vs. recommended maintenance intervals.

« Ensure that remote diagnostic methods are not disallowed as means for periodic
verification and problem identification.

* Ensure that alternate means of achieving maintenance related requirements are allowed
to accommodate for innovation, manufacturer specific methods, evolving customer
requriements, etc.

2 Normative references
This clause of Part 1 is applicable, with the following exception:
Addition

|IEC 62446-1, Grid connected photovoltaic systems - Requirements for system documentation,
commissioning tests and inspection

|IEC 61724-1 Ed. 1.0 (future), Photovoltaic system performance - Part 1: Monitoring
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IEC NP 60904-9-1 © |[EC 2015 -1- 82/973/NP

DC Arc detection and interruption in photovoltaic power systems

1 Scope

This standard applies to devices responsible for the detection of electric d.c. arcs in
photovoltaic systems. The standard covers the testing of arc detection and response times of
interruption devices used in the following PV circuits:

* Serial arcs within circuits of PV sources

+ Parallel arcs between circuits of PV sources

» Ground Parallel arcs between PV source circuits and ground

The standard defines reference scenarios according to which the testing should be
conducted:

.IEC NP 60904-9-1
R RARELIREIRA

Ti

| A BT T

IEC 60947 (all parts), Low-voltage switchgear and control gear

v -

v

N

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC)- Part4-2: Testing and measurement
techniques - Electrostatic discharge immunity test

IEC 61000-4-3:2006, Electromagnetic compatibility (EMC)- Part4-3: Testing and measurement
techniques - Radiated, radio-frequency, electromagnetic field immunity test

IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) - Part4-11: Testing and measurement
techniques - Voltage dips, short interruptions and voltage variations immunity tests

IEC 61000-4-5:2005, Electromagnetic Compatibility (EMC)- Part 4-5: Testing and measurement
techniques - Surge immunity test

IEC 61000-4-6:2003 Electromagnetic compatibility (EMC) - Part4-6: Testing and
measurement techniques - Immunity to conducted disturbances, induced by radio-frequency
fields

IEC 62109-1, Safety of power converters for use in photovoltaic power systems — Part 1:
General requirements

IEC 62606 Ed. 1.0: General requirements for arc fault detection devices

Further references under discussion
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XK wsbz S KEeHE (PR) ML R
F3:. 75.68% (FHHRAK)
w k1 (30492.21 kW) :

M4 | LS55 HAE: 2321.03kWh/m2, Y, =70773.33MWh &5
EMeE: Y, =54262.68 MWh, PR: 76.67%;

w352 (19922.78 kW)
R4E & -F8e4tE: 2371.26kWh/m2, Y, = 47237.42MWh &
EMeE: Y, =37356.60 MWh, PR: 79.06%;

w353 (20022.00 kW) :
4| S F5 42 2096.28kWh/m2, Y, =41971.70MWh &
EMeE: Y, =30774.98 MWh, PR: 73.32%;

w354 (10027.00 kW) : 2013/10 — 2014/04 (169X%)
M@ 4tE: 1359.00kWh/m2, Y, = 13626.69MWh
TMeE: Y, =10138.83 MWh, PR: 74.40%.
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Analytical Monitoring of Grid-connected Photovoltaic Systems

Good Practices for Monitoring and Performance Analysis

FRBERRARBAK R RSk EXE (PR) 4t |

2000s Taiwan <0.3->0.9 0.74 [63]
Installed Location Range of PR Average PR Reference
1980s Worldwide 0.50-0.75 Individual estimates
1990s Worldwide 0.25-0.90 0.66 [6]
1990s Worldwide 0.50-0.85 0.65-0.70 [5]
1990s Germany 0.38-0.88 0.67 [3]
2000s France 0.52-0.96 0.76 [61]
2000s Belgium 0.52-093 0.78 [62]
2000s Taiwan <0.3->0.9 0.74 [63]
2000s Germany 0.70-0.90 0.84 [33]




XK EIELZLSRELXFE (PR) £F EXA>90%

PROGRESS IN PHOTOVOLTAICS: RESEARCH AND APPLICATIONS
Prog. Photovolt: Res. Appl. (2012)
Published online in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/pip.1219

PAPER PRESENTED AT 26TH EU PVSEC, HAMBURG, GERMANY 2011

Performance ratio revisited: is PR > 90% realistic?

Nils H. Reich'*, Bjoern Mueller', Alfons Armbruster', Wilfried G. J. H. M. van Sark?,
Klaus Kiefer' and Christian Reise'

1 Fraunhofeslostitite for sg ac Eperoy Suctorne (ISE) Hoidopbofeir 2 079110 Froibig Gorman
2 Science, | # /W'J T . 100/\7]C/HQ % Q}i _{_yj PR= 84% /X;Q‘QQQO% letherlands

69, 124843 A HARF=R 2 A 7T Ak 1A £190%49 .
ABSTRACT

In this study, we investigate the performance ratio (PR) of about 100 German photovoltaic system installations. Monitored
PR is found to be systematically lower by ~2-4% when calculated with irradiation data obtained by pyranometers (hence-
forth denoted as PRp,,) as compared with irradiation amounts measured by reference cells (denoted as PRg;). Annual PRg;
for the ~100 systems is found to be between ~70% and ~90% for the year 2010, with a median PR of ~84%. Next, simula-
tions were performed to determine loss mechanisms of the top 10 performing systems, revealing a number of these loss
mechanisms may still allow for some optimization. Despite the fact that we do not see such values from our monitoring
data base up to now, we believe PRg; values above 90% are realistic even today, using today’s commercially available com-
ponents, and should be expected more frequently in the future. This contribution may help in deepening our knowledge on
both energy loss mechanisms and efficiency limits on the system level and standardization processes of system-related
aspects. Copyright © 2012 John Wiley & Sons, Ltd.




)2 —4 ey R w A (LCOE) a9 = X
LCOE = o i NA® I L = (;L/kWh)

v LCOE® S dk: MIZFT. BITHYHR. BE R SH L. W
%#ﬁﬁg\ﬁﬁﬁ%i\%m\%%ﬁ\%ﬁ\

Total Life Cycle Cost
Total Lifetime Energy Production

LCOE =

The above LCOE equation can be disaggregated for solar generation

as follows:
eprecia tion” N Annual Costs" Residual Value
Initial Investment = 3, X (TaxRate) + y° X (1-TaxRate) = “
n=1 (1+Discount Rate) n=1 (1+Discount Rate)" (1+Discount Rate)

N |nitial KWh/kWp x (1 — System Degradation Rate)"

- (1 + Discount Rate)n

L COE & 4K W 5k 22 i Pk 64 2 A5 48 4T
[ 15 L COE A& & A14% 5 5% 35 P16 K 49 B AR




ke sk E v R A (LCOE) ¥ZHMEAHS

1. AR-FTREEL PVIR (A HL: 2, #5482
5% r10%)

2. WA “RARIZ7 HR., BHTE. KR KKK ERE
B (BAZHl: 3, H1KER5H20-30%)

3. PR AMPPTRAEEZT R (RALRT, #53%) ;

4, St BIKETEYP A, R EEAEME
(R ATRE, #EFH3%-5%) ;

5. kKL “EL” (PR) MILAT5%IR % 2/80%.
£ BB AR T AR AR E €A E40%.
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e AHEEFLAWEEENL: 33X ARARIE, AL FRIAIE,

= PVEIA (W) —e— JAsazlit (kW) |
WE (%)
500.0 500.0
450.0 4 450.0
400.0 | 4 400.0 - _
350.0 4 350.0 F&;]b —?35
2 3000 f . 4 300.0
< 2500 f %n%@f] 13 H 4 250.0
% 2000 F 4 200.0
" 1500 | 4 150.0
1000 | 4 100.0
50.0 4 50.0
/A A A
1 35 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 —— PVifI N —8— AR
<[]
600.0
500.0
- . = ~ 400.0
100KW3#E A 457 L, # & 2
J 2 2 - ~ 300.0
1.24%F A%, FHK12.797 Lo || & 1.0
.o 7 #1.2: 1.0
BT 3.525F; o M’/
%ﬁﬁéﬁﬁlRR: >28%! 0.0 |||||||||||||||||||||||||||||||||||||||||||IIM

1 35 7 91113151719 2123252729 31333537 3941434547 49 51 5355
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PV/i# T2 52k 5 LCOEM%(Z (10MW)

AU P4 LR
PV: j¥idsse ﬁ”?%;ﬁi&ﬁ
1.00 13500.00
1.10 14175.00
1.20 14850.00
1.25 15187.50
1.30 15525.00
1.40 16200.00

PRI
(%)

0.00
0.00
1.24
2.85
4.83
8.74

73 R L

(MWh)
259200.00

285120.00
307183.10
314766.00
320684.83
331164.29

LCOE
(7o/kWh)

0.573
0.547
0.532
0.531
0.533
0.538

BEHEPVIRZ L AL ERS T24.4%, LCOEMRILT 7.3%.

100MWHII# Bt (J38) 800008 7t./Wp
100MWH 2 25% 4 N % (Fiot) 100004 75/Wp
100MWY dH - & L (KWh) 150000000(F-1500)> s
100MWH 2% J5 4 A B & (KWh) 187500000[F /51 25% . Hi &=
§4525% J5 118 Kk = (KWh) 37500000

§ 25 25% 5 iF 8 as (Jiot) 3375|574 7] HH2.96 4




IEC CD 62738 TS © IEC 2014 -1- 82/892/CD

IEC 62738 TS Ed.1

Design guidelines and recommendations for photovoltaic power plants

CD Rev D June 2014
CD Rev E June 2014 Busan Comments

O W oo ~NO Ok WN -

—

1379 PV power to inverter power ratio (PVIR)

1380 PVIR = PV nominal maximum power at STC/Inverter maximum a.c. output power

1381 In assessing the size of the inverter (d.c. to a.c.) ratio (PVIR), the most important thing to
1382 consider is the safe operation of the inverter. If the PVIR is too high the input rating of the
1383 inverter may be exceeded depending on the inverter manufacturer’s specification of the input.

IEC62738 TS AKX & shik it 5

e

!

ZETEINEZPTHAKR-ZTRZEZL (PVIR) #E THKRKELK,



TR Iz % K 2 F K A5 a8 7T HE

BB 33.43N, ZE: 112.02E, #3K: 339%.,

14.0

120
100 - — ——KF

' —8— [E] 5 WA 5 A
& - HL KT AR

e AU 2 B

=~
o

TR B (KWh/m2/K)
Sy 0O
o O

o N
o o

1 2 3 4 5 6 7 8 9 10 11 12

% B Arizona M Phenix WBAN No.: 23183 %, £ 351961-1990 44 M X X 4% -
BB 3343N, BE: 112.02N, #K: 339K, X)E: 974 B E

Bl EA: WRKFBRSG14%; EHKFRIZ: #540% (23.1%) ; $i
BRIZMEEA: #—-FH51% (32.3%) ; MihFZHERIZ: #FH56% (36.9%) .

B3 A 12 ]It — 5 JE A IRIFR AT 20 5 i




RIZ 7 5 5 B] & 7 [ 7 45 %7 #E

BIR%EA: hKFBRG14%; FHHKERIEZ: -FH540% (23.1%) ; £
RIZMGEA: ®-FH51% (32.3%) ; iHhSHHERIZ: ®FH56% (36.9%) .

10MW B & ® 5:-F & 22 (KWh) 1500000014F1500)~ i
10MW3R 37 w55 F &L 2.2 (kWh) 1800000042 1 20%
10MW3R 3z & 26 -F R .= (kWh) 19500000(#% % 30%
10MW B 2 w35 3% 5% (77 ) 80008 T/Wp (% %0.571)
10MW3R 32 . 55 4% % (5 L) 9000 #7 ¥ & 1.57T/Wp
H ¥ F (7 ) 10004=1% B & X 2R 5% A
R’ 520%% 3 A w2 (KWh) 3000000
#®530%4 3 A= (KWh) 4500000

R’E20%% 380k m (77 L) 270K 4 © L #73.70-5F
#® 5 30%:438 X w2 (KWh) 405 % 4 = I HR2.47F

27 B B9 S — 2 G IRIZ XA MK F A9 5




FER R HE 77T E O WA

TR RGP B 0.83 Ju/KW [l x& B F= 9T IH 2 80%
Capital Invest. Depreciation Rate
SR R /N B [l /& %% EizfiT %A 4%
Annual Full Run Hrs 1600 O&M Cost
e Al 80% HEG R R 17%
Loan VAT Rate
R ERR 154F IO ER R 8.5%
LLoan Duration VAT Rate
R H R 6.55% B LR 2R 2504
Interest Income Tax
28 1 204F B InAi 2 8%
Operation Years Other Tax
HrIHHH 154 =98 0 14¢

Depreciation Period

Construction Period




R BAR AN B 3F F AR LT I 89 T AK

PVIR: 1: 1, [fl& %3,

HEHLEE (KW) 10000 I () 1
M %4 (%) 5 (400/5) | O&M (FT&) % 4 (32075)
R mE (%) 15| WAL R () 7.6
M #AY (Gu/kWh) LCOE 0.810

KACARY 2 H 3R E 2R Gu2 T BT 96

PVIR: 1.25: 1, ¥J#%EN12.5%, HahiREEM0.876/Wp, O&MIEN20%,

KREERN:  (1600%1.25) *1.3

AR (KW) 10000 BV (4F) 1
mah e (%) 5 (5004) | O&M (FL#E) % 384 1
SR EER (%) 15| WAL FIWHET () 7.6
M AN (Gt/kWh) LCOE 0.616

0.616 T/kWhEt0.81T/KWh F & T 24%, t£0.9T/KkWh T B T 32%:;

o RPRAEH A R AL F B RHI10% K €2, W w45k $0.56T/kWh,
2 F0.90/kWh, U FHT38%.
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1OMWI H ¥l 4im (Jiot)

6,000

5,000

4,000

3,000

2,000

Wi (370

1,000

-1,000

-2,000

NS

BA#x4: 18407 &, #ik: 73607 &, MIZFK: 92007 L
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cos@ =cos Z'sina +sin Z' cos a cos(y — f)

XP, ZAHFHEAEEZGMA, v A KMEER
AR — R A5 s B AP

R 7°=7, yv=0;
AERIZ: 2=7, v=B;
2IRIZ: 7°=90%a, y=Bo

o AN K TN A 6918 X BP ] K AF 48 B2 69 45
xo
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Equatorial Tracking Systems

Tilted East-West
Tracking

Double Axis
Tracking

The largest incidence error: +23.45 degree;

C0S23.45 = 0.917, highest cos losses is only 8.3%, the
average cos losses annually is only: 4% comparing with
accurate double axis tracking.



AXRKEG LA THE- KRN X Z

v
90-a=¢ -0 90 - ¢

90 -5 WAL

S Q
E Q - . .
| %0 PV array on main axis

5=0 (90-5) without tilted angle,
: then: N-A =90°

In case of double-Axis

tracking, the tilted angle

of PV array equal to

declination 0, then N-A =
o 90-9.

south cos 0 = sind cos90 + cosdsin90cos(Q-w)

This picture can more easier to get relationship between solar beam and
PV array in Equatorial Tracking Systems



pyrheliometer

N PR
KB - B
£ 2% £

3 -
S IR -
BiE -

Regulate the tilted angle to
local latitude

Single Axis hour-angle Tracking

Pyrheliometer takes the principle of equatorial tracking to
direct-face the sunlight
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AMEIRIZR 6 “ e ikiz” R E
IEC/TS 62727-2012 K a3k ¥z 22 H K AR

KxcosZ + (KXsing;czs(B -r) / tana.= D
————————— DAL, KZ

D: YR 77 B e BB
ot |
TR OE e 2 : =
B: KPHT LA
v JRET LA
a: KPHRRER

FH 5 2%

— s . — —— — ——— — — — — — —

p

WFE
RE “Rrm#Riz” (Backtracking) AT Mg A K I8 IZE 90K 7 5
100% s, —F. —%3E s A € =5%.
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O THK, BH, BIHRFNELRIEZA;

& 2d.,. EHNEKBEIM iR ELS;

& L2

QUER T, HE, kAL IKkERE (ZERMEKRE) ;

& KA A AL B 37,

O ENRMEIRELERA, RIEFRXIAFA, HERELLRE, R
HEMEK

O TRAXRMRK B, XRERARGRBANLHEZAKEEE
HEEEBRRBIA K FILZE BRTETR

O TR XKEARER, FR2AFRAMNFIRREIFHAT
Dt T E R A%, (LDRA%. BhFEHd. FRMHEIR
HiBiT. Rk, KRBT RE. AFMAT. KExKX
W, FlRER MY, BIFFRIMRG, BER. 0 o 0 o )



A 5] T Bt GE 15 A Al SR IR

1. AHBERE: RNAERAAAZER, 2 TIAKZAY . S22 HHFRAEHHRLE,
AR XERA R B ST TR, BRTAEE,;

2. REMK: TREREKER, BiFk. TE2RIMLEAE, RALFTEPRBELRME;
3, BHE: TREZLMEHA4LE AMEAHRE, —BKEAFTHRNBE, RERHF%
Wik, EFAREEEREANRNTIRERRRN R R, 22B e HERET LNIEE ;
4, RAREH, BE T FEG B HBEREME: TAKEHY, REFELEBAMRADEELE
o KRB ERTRADELEHREARSZHENLY: B, k. TR _RBEEX. #sE. PID,
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