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¢ NREBEHIZEEFIFEIZIS PV capacity and penetration increasing
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BEYSA=IEZREILE , #INBEFE2015F S2MIELEE (L. ARBESRSEES
PN RGREERWEZ—. China PV industry grows fast and ranks first place in the world.

The PV plants play important roles in power system.
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YEARFFMIBIRA 1ntegration impact ?

BEEXYSRLZBIFEA R HTAIFEKIBL]] Urgent demands on analysis of PV integrating
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Integrating BEIFHIK Transmission arrange determine the
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energy planning evaluation
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m ENSERE , TiEFFREMHRERFIIRIZMi Limited by testing equipment

capacity, the integration performance of PV station cannot be tested in field

3l st At ol
Ui IE R IRIBtER , PAFESD
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Therefore, it is necessary to
improve the type test and field test of
PV inverters and plants, so as fully
develop the modeling and evaluate
the grid-connecting characteristics.
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GB/T 19939-2005 R EHRFHRBAER

GB-Z 19964-2005 FREFRISENBNEARANE
GB/T 20046-2006 FEARPVEREFMZEOSE GB 19964 technical rule for connecting PV

power station to electric power systems
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E+#RGB/T 19964-2012 (FtRREBIGRNEDRFFAME) GB . i .,G{Bd
19964 technical rule for connecting PV power station to electric S——

power systems

KREZBEBBABNREERME

« HARBUSREE AL R ( FFAEMH, #3ERR, BxH
FEEERRT ) . HARBULCERZIE. HARBUSEHRFRE
RE# , BFHALBISEABORFRORLSTREEETT.

The models of PGU(including PV modules, inverters and PGU & v ESEROE

transformer ),resembling line and control system are required to built

and used in grid plan and operation. S oeow
EMATRIAREQ/GDW 1993-2013 (iR ABMEEIGIIR S

mmmmmmmmmmmmmmmmmm

HMHIFR) State Grid standard Q/GDW 1993 Model validation and
parameter test regulation for photovoltaic power station

WFARRE., FARAFEMNNARLRE. BESEAIRRIARABE mkﬁﬁ
T BEITFIRBIIIE S SEMiR, The PGU consists of different L
types modules or inverters should be modeled and parameter tested

respectively
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VDE-ARN 4185

Technische Richtlinie
Erzeugungsanlagen am
Mittelspannungsnetz

TransmissionCode 2007

Notz- und Systemrageln der
deutschen Ubertragungsnetzbetreiber

FGW-TR3

Determination of the electrical characteristics of

PV inverter and park

(Measurement of PV inverter and park)

Data for validation \/

FGW-TR4

Requirement of modeling and
validation of PV inverter and park

Instructions for
modeling and
validation
according to TR4

FGW-TR8

Instructions for
measurements
according to TR3

Certification of electrical characteristics of PV
inverter and park connected with medium-, high-,

and highest voltage grid
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GDW 1993

YR LTS EE YA AR BB TiER

parameter testing PGU modeling

TR PR TR BIINIE

PGU model validation

FR LB FEER

PV plant equivalence

FARREBILFHMIS trGrid-connected analysis:BlifiitHE. TW/RBESH. ERiTEH, BEMESH. BERES
thPower Flow caculation,reactive/voltage analysis, short circuit calculation ,stability analysis, power
quality analysis

o P e N

Compliance aprovement

AT

standards

BE=RARBISALE

Third party certification
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Modeling inverters and plants N7 STATE GRID

‘ 5'61* . ,ﬁﬁﬁﬂéﬁm Typical structure for PV plants
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Modeling inverters and Qlants

FeAR PS4SR inverter model
(R EZBAZFEESN) PiE T =FHBIR RS TE B ESoTiEE

There are three typical inverter model for Electromechanical Transient analysis
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Modeling inverters and Qlants
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R RiaNGa I Rk .

G.1 iodE 1] 13 | Fifs ! .
1 BCRALREE N 1 BT 1 280N T BRI Wi WD D1 BTN LA AT A A T 11 RO RO T A6 28 R

G2 i
IRERERC b2 BEEELR
g Il i % C.1 B
LEBURELIE | RERMERA R C1 H ST B I A 6 R .1
! e — TTOTTTTTTTETTIIIETTTT e e e
armay I i W 1 T
r i | B emd | I P Fu{F } ! :f [ L'hm
Ualfia) g 0 [ ey [ [| Wbk o] it ok [ sepaien 0 H i [
O : I e LA s FebisE A o B it B3 4 .
9 17 T 1 H {,.
i i ' q_cael e
| R . . .
S R E P+ j0 ] B P —_
IHEEOgS= ! ! L
IR O M

Ec 1 EERNEESh I BRESELR
B 0.1 R R H S I R R

ISR M BYSEY

o & B ) Bl S 5 5T P

CHINA ELECTRIC POWER RESEARCH INSTITUTE



%ﬁLﬁ“&ﬁﬁEﬁ

Modelin

Vd, Id WM
—

it
7525

- |
+
+ Iref

@ IR
i 2%

S e e e e e e e e e e e e o = - - - - ——

inverters and

UIEE "~ Vdres %?,
f

i=
. EEJ_ 9I‘H§~ iR IR TR =5

outer voltage and inner current dual-loop cotroller

¢ sifa

/s

Es

lant

V_adiusf

P

P_

-

P e e e

»? I_adjust *@%—b Vo

2

P_

Vo

7

—- Vd

4’?_' 5
id

PWMiRHIHT

PWM modulator

;% HKE M
N7 STATE GRID

¢ NEFBIER power

regulation module
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& {FIFIEIR protection
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protection
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Modeling inverters and Qlants
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Modeling inverters and plants

& [TUhRINZEEEFIZ G power control system in plant
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power control system model structure
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Model parameter testing and validation

¢ BEF[EN principle

SEMit 1R BIISHIE
Parameter testing » - » Model validation
YR PEIEE ERi7iag field test
array model
R LT R IRE )  EIRENHAE Lab test

Inverter model

UhERIE I R R mem) BBz field test

Control system model

ZMEREIRE mem)  SEIRERT-labiflliz{ RT-lab test

compensator model
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Model parameter testing and validation
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Inverter model parameter testing
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Controllable dc source M| & f51
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H <K Grid
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inverter MER2 ac grid simulator : > :
| U |
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& Control disturbance test
&€ Irradiation disturbance test
€ AC voltage disturbance test

e e e e e— ——

active/reactive control parameter
MPPT control parameter
FRT parameter
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Model parameter testing and validation
e > ’ = - ,
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e

!, _— AC grid simulator FRT test equipment

I REARISARTRRMEETRZMWALINE , RAMAFE1.5MW,

Biggest PV inverter and storage converter testing lab in the world.
Max testing capacity reaches to 1.5MW,located in pukou,Nanjing. ==1E3):: ) ﬂ%&mgﬁﬁ
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Model Qarameter testing and validation
W et BI S ZGMIR izt 3&inverter model parameter testing
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Irradiation disturbance test

o & B ) Bl S 5 5T P

CHINA ELECTRIC POWER RESEARCH INSTITUTE



1=RBYSEMil A2 IS IE
Model Qarameter testing and validation
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Uizl 3& inverter model parameter testing
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Model parameter testing and validation e
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Model parameter testing and validation
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National Solar Energy Research Center (NESC)

M September 2009, National Energy Solar Center (NESC) has been approved by National Energy
Administration (NEA) .July 2010, the center officially put into operation.

W Accredited by China National Accreditation Service for Conformity Assessment(CNAS) FE S /EEE

A B/ZE G4 covering 46 standards with 538 sub-items;

W China Metrology Accreditation ( CMA) & 1& A iF. covering 46 stan(gﬁr%\%th 161 sup-jtems;
j]%i-?—# B
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AERRREBRGEIEATE MWERH R ARSI AR S =TT
PV plants field- test platform for large-scale plants and distributed system also customlzed platform for hlgh altitude areas.

Labs with 1.5MW PV 3|mulator Labs with 1. SMW bidirectional S|mulator

NESC consists of two experimental sites. It could, according to the national standard GB/T 19964-2012, carry out
test service, including active / inactive power inverter control, grid adaptability,, voltage ride-through fault power
quality test.
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Introduction for NESC
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NESC has accomplished 400
types inverters testing and over
200 plants testing, which sum up
to 20GW.
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