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Aspects of a generic photovoltaic model
examined under the German Grid Code for
Medium Voltage

loannis-Thomas TheologitisEckehard TroestgrThomas Ackermarin

Abstract--The increasing penetration of photovoltat power
systems into the power grid has attached attentioto the issue of
ensuring the smooth absorbance of the solar energywhile
securing the normal and steady operation of the gdi as well.
Nowadays, the PV systems must meet a number of tedbal
requirements to address this issue.

This paper investigates a generic grid-connected phovoltaic
model that was developed by DIgSILENT and is part bthe
library in the new version of PowerFactory v.14.1 gftware that is
used in this study. The model has a nominal ratedgak power of
0.5 MVA and a designed power factor cag=0.95. The study
focuses on the description of the model, its contrgystem and its
ability to reflect important requirements that a grid-connected
PV system should have by January 2011 according tthe
German grid code for medium voltage. The model undgoes
various simulations. Static voltage support, activgpower control
and dynamic voltage support — Fault Ride Through (RT) is
examined.

The results show that the generic model is capabfer active
power reduction under over-frequency occasions andFRT
behavior in cases of voltage dips. The reactive pawcontrol that
is added in the model improves the control systernd makes the
model capable for static voltage support in suddeactive power
injection changes at the point of common coupling.

Beside the simplifications and shortcomings of thiggeneric
model, basic requirements of the modern PV systemsan be
addressed. Further improvements could make it moreomplete
and applicable for more detailed studies.

Index Terms-Grid-connected Photovoltaic, PV inverter,
German Grid Code for MV, PV model, PowerFactory of
DIgSILENT, Reactive power control

I. NOMENCLATURE

AC — Alternative Current

DC - Direct Current

DIgSILENT — Digital SImuLator for Electrical NeTwkr
FRT — Fault Ride Through (Low Voltage Ride Through)
LV — Low Voltage

MPP — Maximum Power Point

MV — Medium Voltage
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PCC - Point of Common Coupling

PF — Power Factor

PLL — Phase Locked Loop

PV — Photovoltaic

PVPS — Photovoltaic Power Systems
Q — Reactive power

RET — Renewable Energy Technology
STC - Standard Test Condition

Il. INTRODUCTION

The great potential in Renewable Energy Technotogie
(RET) has been seen since a long time ago. Howewvestly
technical and economical restrictions combined g lack
of a defined policy context around these techn@egihas
prevented the large scale deployment. Nevertheldss,
increasing demand of energy due to population drpwte
target of energy-independence from fossil fuels giyocoal)
set by many countries, the general need for mongocafree
energy sources due to environmental reasons and
legislation scheme that has been started to takme, fbave
brought RET to the fore, especially the last decade

Germany is a strong example of a country that hessted
time and money towards renewable energy evolvement.
leading position in the field among the EU courgtrand its
key role worldwide, especially in wind and solawgw, are
reflected by facts. As far as the PV technologgaacerned,
by September 2010 the total number of installechciayp was
15 GWp, which was almost 30% of the total RET ilsth
and 37.5% of the minimum electricity load of 2009. [

Germany has set a goal of 38.6% renewable eldgtrici
share [2] and in order to achieve that, PV techywlshould
contribute significantly. Fig.1 presents a futureersario
showing the increment of the installed PV capaeity the
relevant PV price share of the total additionat ges kWh.

However, this PV penetration must not jeopardize th
normal operation of the power grid. Thus, technical
specifications should ensure and facilitate the pero
interconnection and reinforcement of the grid. Adaog to
the German grid code any distributed generationtplahould
support the steady state operation (e.g. providsctine
power) and contribute to the stability of the povgeid in
cases of fault (e.g. voltage dips) at the conneqti@nt.

the
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Photovoltaics are the cornerstone of energy supply
Cost-limits to around 2 cents per kilowatt hours

2
(e.g. anti-islanding protection, under /over vgéarotection,
under/over frequency protection), electromagnetierference
etc. Those issues usually follow local rules thaveh been

Prognosis of installed solar

power capacity {accumulated in
GWp -MNAP scenario)

O
2,1 [ 2,1
Photoveltaics shares of the EEG levy m cents / EWh

Fig. 1.Future scenario of PV installed capacity and rerdsvelectricity levy
for the next decade in Germany [3]

Photovoltaic Power Systems (PVPS) are connectedlynos
to the low and medium-voltage network and only
approximately 1% of the total PV installations @pected to
the high voltage network [1lneaning that the demand for
grid stability refers to the low and medium voltagstworks.
Table 1 aggregates the basic requirements thattigdd
generators should meet in order to be integratedhto
network. In this study the focus is:

< Active power control
« Dynamic voltage support — FRT
« Static voltage support

Certainly there are other requirements and issoebet
considered when designing a grid-connected invettait
include power quality problems (e.g. harmonicsfetseissues

adopted by general European or International stasd&ome
examples can be found in [5].

IIl. MODEL

The PV model that is analyzed in this paper is ped
using a static generator and can be seen in Fig.2.

External

S =5 MVA
c-Factor (min) = 1

R/X ratio (min) = 0.:

MVfBus—;— 23 kV

0.5 MVA

0.4 kv
Photovoltaic_Lv—$—

PV Generator
Photovoltaic Syste

Tr_StepUp

Fig. 2. The PV system model

TABLE 1. NEW REQUIREMENTS FOR GRID TIED GENERATORS [4] [7]

Fault
Grid Vggzge Ride Reactive Power Supply Frqu;ne dncy Active Power Derating
Codes Through
range capability | capability | range | function range capability
Vv
. 0,8 Uy Based on 3 different -
VHlltgh PN possible variants*: 47,5 Hz function
oftage 0,228ca0in Q/Ri<0,48a55ng  Q(U) A P %
1,16 Uy v ) ading n<Y,%Qagging A :40i 50. Hz— f
(>110 kV) "" 0-3%ading< Q/Pn<0-41\agging COSprix 515Hz (PM) HZ( ’ )
014Jeading< Q/Pn<ov33agging Qhix 50,2Hz< f< 51,z
capability
Medium 0,9 Wy o) | 4 hy, v
Voltage > v i 0,9%ging tO Q(U) N - fu(;ctlon
(<110 kv | 1,15 U, 0,95:ding COSix | 515Hz | Al=)=40—"(50,Hz- f)
& >10 kV) Qrix ’ R, Hz
50,2Hz< f<51,Hz
capability
0,9 Uy v
' 475H .
Low — E Vv 0,9Qging tO cos(P) ~ HZ function
Voltage 1,15 U, gging ) PEN = %
(<10 KV) ' 0,96hding COSpix | 50,2 Hz | Alg) =40 (50,32~ f)
M
50,2Hz< f< 51,Hz

*  Also dependent on the voltage levelret PCC [6]. Below P/R0,2
reduced reactive power can be provided.

** However, no reactive current injection is defd [7]

*** Depending on the total apparent power of tharpl[7]




1* International Workshop on Integration of Solar Power into Power Systems |Aarhus, Denmark 2011
3

It is a generic model that was built by DIgSILENS part The features and the control frame that are intedrenside
of a past study and is available in the newestimersf the the PV generator component can be seen in Fig.hgreva
PowerFactory tool. The template consists of thegeékerator rough demarcation of the basic parts has been made.
with a number of control systems and design feafusrich ~ The DC side of the model consists basically of Ehé
are integrated in it and also a Low Voltage (LViminal of array, the DC bus and the capacitor. The most itapor
nominal voltage 0.4 kV that the generator is cotembavith. external factors that affect the power output & BV array,
The capacity of the system is 0.5 MVA. The resttoé Which are the incoming solar irradiation and theeraging
configuration, which includes an external grid cament, a temperature, can be controlled by the relevanssiot=ig. 3
MV bus bar of 23 kV nominal voltage and a step uBy setting parameter events and changing the owtduesE
transformer of 0.5 MVA rated power, were used ideorto and theta respectively. Those values enter tRkotovoltaic
serve the needs of the examination. Model where the array current and the array voltagelRP

The short circuit power of the external grid comgunis are calculatedThe algorithm that is used for the calculation of
chosen 5 MVA (ten times the PV capacity) in order tthe output values of the array model is writtenoading to the
represent a weak grid according to [8] and fatditthe study €lectrical equivalent of the ideal solar cell ustegnperature
of the reactive power impact on the voltage suppdormally, —correction factors for voltage and current. Moréadse can be
to determine the PV capacity that can be instahea certain found in [10]. As regards th®C Busbar and Capacitor
grid, load flow studies are necessary to checkvtiiage rise mode] it represents the DC bus the PV array is condeite
at the point of common coupling (PCC). The R/Xadli3 is and the necessary shunt capacitor. It calculatesviitage
based on the findings of [9]. across the capacitor, which is the input of theeiter (DC

The PV generator under normal steady-state operat®de).
injects 448.84 kW and 0 kVar, implying power fac(BF) =1 The AC side of the control frame consists of a# thasic
at the point of connection with the LV terminal. éTlactive control requirements for a grid-connected PV systenbe
power is defined by the parameters and the cordtgur of compatible with the German grid code for MV. ThAetive
the PV array (way of interconnection of PV modules) seen Power Reductionslot together with theSlow Frequency

ineg. 1. Measurementdevice is responsible for the active power
curtailment in case of frequency deviations. B&tic Voltage

Muwe,,,,,, 20 modules,.s M (kg 0140 modules e =) Support that seen as shaded slot, is a new addition @o th

=7000B41.2= 448.84W ¢ control scheme and is responsible for steady stpport by

providing reactive power using all the four methods
The VWuwe and lwe are given for the standard testnentioned in Table 1 for the MV grid code. The main
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Fig. 3.The control frame of the PV system

conditions (STC) and all power values are assurnebletat Controller includesReactive Power Suppocbntrol in case of
the MPP. The maximum active power operational lisi#75 voltage dips, written according to the Transmisstmle 2007
kW, while the reactive power limits are defined Hye and the System Service Ordinance SDLWindV. The
capability curve for three different voltage levéls95 p.u., 1 Controller produces as results the compontentsefdand
p.u. and 1.05 p.u.). iq_ref, which are the reference values of activd samctive
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power injection respectively. THehase Measumerenlevice R I T
is a Phase Locked Loop (PLL) device built by DIgBENT |
that contains an oscillator that is synchronized bsing 0.9 }
phased-locked to some particular grid power sigta. 1
voltage) and generating an output signal. Normalsywell as e I i
in this case, this element is able to measure trese of a |
voltage in the system and the frequency (see alRioe e T
Frequency Measurement). The outputs of the mairtrGiter ool !
and the PLL enter th8tatic Generatarwhich is basically the ' | |
PV gried-tied inverter. 050 L ‘ L
The above control features are explained in deptfl0] 0,00 20 00 powermjeséggn 800 [s] 10,00
through dynamic simulations. Below the basic rezmients as )
mentioned in the introduction part are analyzed. Fig. 5.Active power reduction due to 0.8 Hz over-frequency
IV. CONTROL ASPECTS B. Dynamic Voltage Support

When referring to dynamic voltage support, it siypl

A. Active power control implies the requirements that a PV system shoufil funder

Active power control refers to active power curteht, fault conditions and grid disturbances (voltage sylip
meaning the ability of the generating plant to kelils power Furthermore, it defines the system’s behavior aftiee
output, as required by the network operator, orneveestoration of the fault. These requirements ineluehult-
disconnect the PV plant in order to avoid potentiahgers Ride-Through (FRT) requirements and reactive curren
regarding the stability of the system and humarsqamel. injection.

The control can be done automatically or manudly].[ As FRT describes possible scenarios of different geltdips
far as the automatic control is concerned, the @argrid and how the grid-tied PV system, more specificailg PV
code for MV requires that the PV generator shoeldlice its inverter, should behave depending on the voltageadd its
power output when an over-frequency occurs. Ther-ovejuration. The PV inverter should remain connectethé grid
frequency is defined above 50.2 Hz and the redoctiope is for a certain period and if necessary support ipbyviding
40% of the last instantaneous value of power @a$bre 50.2 reactive current. The possible scenarios are degtri
Hz) per Hz. thoroughly in [11].

The PV model, as it can be seen in Fig. 3 at theshlg,  As cited before, the model contains Reactive Power
has already a relevant slot for this requirememtoider to Supportslot responsible for providing reactive currentidg
investigate the function an over-frequency is @eéatby voltage dips. To investigate this requirement, fdifferent
changing thespeedparameter of the external grid componengsts take place. In each test a different voltage is
after the ¥ second. The result is seen in Fig. 4. simulated for a different duration of time. Thetsegerformed

are seen in Table 2.

51,25 F————— T —— - T —— - hl
| \ \ \ \ \
W ‘ I ‘ TABLE 2: TESTS PERFORMED FOR FRT BEHAVIOR
T 51-50.2=0.8 H; ' | |
5075 - ————— .- - ggz;;‘ Maximum line-to-line Duration of fault
.
s050 |- | | , ,,,Lff‘igi | est voltage U/U, [ms]
| 0.8 Hz*40%=32% ! ! 1 0 150
S R | — 2 0.2 550
Tt Tt m- | | 3 0.5 1000
50,00 ‘ ‘ mm 1 4 0.8 1500
50.2 H: % i
49'7%.00 2,00 4,00 6,00 800 [s] 10,0

The tests are designed according to the spec#icdsirds

for FRT examination in type-2 generating units. @ units
Fig. 4. Over-frequency event are those where no synchronous generator is ingdivat is
directly coupled to the grid. Those standards awad in [12]

In order for the control function to be in compkanwith for generating units and the German grid code. different
the grid code, a 32% active power output reducsisould be voltage dips are achieved by adjusting the fauppéndence.
expected since an over-frequency of 0.8 Hz is etedhdeed Al the obtained results are summarized in TablevBile in
in Fig. 5 is proved that the generator injects atbB2% Fig. 6 the results of Test 1 are seen, which cpmeds to a
(31.7%) less active power during the over-frequentye pure short-circuit fault (100% voltage dip).
reduction response is less than 50 ms.

ActivePowerReduction: Fmeas
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TABLE 3: AGGREGATION OF THE RESULTS OF ALL TESTS

Voltage | Injected Injected Injected

Voltage | levelin active reactive reactive

dip the LV | power by | power by | current
[%] bus the PV the PV by the PV

[p.u.] [kW] [kVar] [kA]

100 0.057 0 26.72 0.681
80 0.248 30.54 93.35 0.542
50 0.525 138.15 124.55 0.342
20 0.834 348.35 68.75 0.119

Seeing the results of the above table, the follgwin

conclusions can be drawn. Starting with the mogteeted
outcome, when the voltage drop becomes bigger thigea
power injection of the PV generator is less and pure three-
phase fault the injected active power is 0. Theaador this
reduction of active power is to enhance the abditythe PV
generator to provide reactive power for the voltageport.
As seen in this case, the method is to reduce glthel active
power injection and increase at the same time #aetive
power supply. Another method could have been tocedt
once the active power to zero, below a certainagatdip (i.e.
70%), and increase the reactive power supply tiittede the
voltage stability.

As far as the reactive current injection and thikage level
at the connection point of the PV generator is eomed,
which is the actual purpose of this investigatibis seen that
the reactive current injection is bigger when to#tage dip is
bigger, trying to support the voltage until thelfatlearance.
The voltage at the connection point is never Oavan for the
100% voltage dip, where the generator remains aadeor
a maximum of 150 ms (typical operating time fortpaion
relays) providing reactive current. Furthermores thsponse
time of the controller for injective reactive cumtas found to
be almost instant (less than 30ms), thereforerakelts are in
accordance with the grid code. The reactive curimgettion

follows eq. 2, wher& is the droop parameter, which is 1 for

this case. However, normally a factor of 2 is uasddefault,
which is equivalent for the behavior of a synchmso
generator. The value guis the result of Muefore the fautt-

uaclduring the fault

0.080 s

0,00 F—— —

-0,25
0,25 0,50

MV_Bus: Voltage, Magnitude in p.u.
Photovoltaic_LV: Voltage, Magnitude in p.u.
(a)

62500 F——r——————— T I S - bl
| | | | |
| | | | |

500,00 - —————p—— b A e 4

| | | |
[ | | | |

375,00 = —fr b

| | | |

250,00 |~ e . !

' T 0075 ‘ 1
} 26.725 kvar } }
12500 m——f———f-—>F—————— === - 1
|
| } 0.075 s } }
| ____———— 0.000 kW
0,00 = _Q 000 kW - |
| | | | |
| | | | |
125,00 L - 1 i | L - 1
0,00 0,25 0,50 0,75 [s] 1,0
PV Generator: Total Active Power in kW
————— PV Generator: Total Reactive Power in kvar
(b)
080 F——r—————— T~ T - 1
| | | | |
r - - | | | |
—r ’-‘Ku T T |
060 - —— =~~~ T T==20072s ~—~—— oo 1
| 0.681 kA | |
| | | |
| | | |
040 F——f-———4-——7————- A e 1
| | | |
| | | |
L+ ' ooe9s | ]
0,20 T~ " T>"0.000kA } } }
| | | |
0.0 T T + |
| | | | |
| | | | |
0.20 T i ] N [ 1
0,00 0,25 0,50 0,75 [s] 1,0C

PV Generator: Active Current in kA
————— PV Generator: Reactive Current in kA

Controller: id_ref in p.u.
————— Controller: ig_ref in p.u. (base: -1,00 p.u.)

(d)

Fig. 6. FRT results during a pure short-circuitifa{a) voltage level in LV
and MV bus, (b) active and reactive power injectigrthe PV generator, (c)
active and reactive current injection by the PVegator, (d) reference values

of the id and ig components of the controller

Finally, the injected reactive power by the germras
dependent on two inversely proportional factorg, tloltage
level and the reactive current. Thus, the maximuaue
should be at voltage dip of 50%, which is the caseeen in
the Table 3.

The reactive current injection and LVRT requirenseate
fulfilled in each of the 4 tests that the PV moideéxamined.
The voltage stabilizes almost instantly after theltf clearance
ensuring that the PV is capable of dynamic volsggport.

C. Static voltage support

One important weakness of the model is the laclbility
to provide static voltage support under normal afyen of the
grid. The PV system must be able to address snudtthge
deviations at the point of connection and accordioghe
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German grid code for MV the generator should bee abl AR f
H H H ki limited by engine power ¢ — >
supply reactive power _to_malntam the voltage bavithin sl el ‘.‘m.m varexeorT, 0.95 PF lagging
steady state operation limits (see Table 1). Ireotd correct \ 3 0000, ;
this shortcoming and improve the model, a Q conisol
proposed, which is seen in Fig. 7.
0.ee874 s
1 = 0 2212
@ .. Mode Qref N
J @,l,  Selector
L v T 10mMiq
2 Bk -1,000 -0.3%3 o.gza 1,009 00
Pgrid s -Omax Qmax
3 s Fig. 8. Q Capability requirements according to Midlgode
& Q. The shaded area in the above figure reflects thetive
Ly gy} power capability requirements according to the gade for
Ugrig 4 p : MV. The PV inverter should be able to provide reacpower
within the area defined by 0.9%ingand 0.9%aging PF-
Quria The final signal from the Pl controller §§, which is in
fact a reactive current component, passes thoughnthin
Q limits controller and then leads to the PV generator (RXériter).
™ formv Qmin Inside the main controller the signal is not sutgddo further
modifications. However, for normal operation andtage dip
Fig. 7. Proposed Q control bigger than 10% the reactive current injection and

subsequently the reactive power is provided by @jsvalue.

The Q control is designed to operate in four défer Thus, inside the main controller there is a “switchat

modes, which are presented in Table 4, dependinghen changes between normal and fault operation acogriirthe
system operator. The necessary input signals aredtive Voltage deviation (voltage drop).

power (P) thereactive power (Qand thevoltage (u)at the In order to test the effectiveness of the impleradrdontrol

connection point of the PV generator (inverter). a parameter event is set, where the active povjection by

the static generator is being changed and spdtjfisabeing

TABLE 4: DIFFERENT OPERATING MODES FOR Q CONTROL reduced from 450 kW to 250 kW as seen in Fig. @t Tlan be

the result of solar radiation change by settingasameter

Mode Method of | event and changing the E value from Fig. 3. Wiik thst the
selector ethod of Q supply first three methods of Table 4 are examined.
Constant Q
L (based on a set-point value) el [ . T . ]
5 Constant cas 450,00 1 | o T |
(Q based on a set-point value of PF) | } } } |
3 Function _cocp_(P) 40000 H——————— U - EE S ]
(Q based on PF, which is dependent on P ! | | | |
4 Function Q(U) 350,00 H——————— 41 T b J
(Q based on voltage) } } } } }
The controller “reads” the input values and acawgdp the 25000 L },,,, | | |
selective mode produces g.Qyalue. The mode selection is ' T K { | |
done by changing the paramefdode from 1 to 4 in the | ‘, | | |
parameter table. The,Qis then compared with the measured " 000 1,25 250 375 [s] 500
value of reactive power at the connection poinhaded as PV Generator: Total Active Power in kW
Qgig in Fig. 7 and the difference () passes through a PI Fig. 9. Active power injection change

controller. The PI block is used to limit the;£Q in order the

controller to provide a reactive power, which isdsse as  The Q controller is set at first to operate in Mddehen in

possible to the required,Qvalue. The Pl controller uses asvlode 2 etc. The constant Q in Mode 1 is chosen 88r k
upper and lower limitation the values producedh®Q limits (which gives PF around 0.99, taking into considerathe

for MV block, which calculates the total maximum angominal active power), while the PF in Mode 2 iss#n 0.98.

minimum reactive power capability based on thevagtiower |n Fig. 10 the measured values of the reactive pateghe

at the connection point and Fig. 8. connection point and for each method are preseimned

response to the parameter event.
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0,250 fr——— =
| | | | |
} . | | |
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| | | | |
0,125 H——————— 4t o o 1
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) ! I I I
[l I I I I
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0,00 1,25 2,50 3,75 [s] 5,00

Qctrl: Qgrid in constant Q method
Qctrl: Qgrid in cosphi (P) method
—-—>-= Qctrl: Qgrid in constant cosphi method

Fig. 10. The measured values of the reactive paivéite connection point in
each method

The results of the above graph show that when the

controller operates in Mode 1, produces a constahte of
reactive power based on the given set-point (raterealue).

On the other hand, when the controller operatddade 2
(constant cosphi) and the active power is reducedha
connection point, the reactive power is reducedwafi in
order to maintain the PF constant at 0.98. Thaatieh can be
clearly seen in Fig. 11

1,20 p——————— —————— —————— r—————— B
| | | | |
| | | | |

1,00 Hemsmoeas B e p—— B — 4
| | | | |
T T | | |

080 H-——————— e e +-— 1
| | | | |
| | | | |

0504 7777777 R 4 4
| | | | |
| | T T 1

040 H——————— A N 4 1

' | | | | |
| | | | |

0200 e — —— A 4 4 1

’ | T | | |
| | f f f
0,00 1 1 1 L 1 L 1
0,00 1,25 2,50 3,75 [s] 5,00
—=-—-= PV Generator: Power Factor
Qctrl: Pgrid
Qctrl: Qgrid

Fig. 11. The behavior of the controller under M@deperation

At last when the controller operates in Mode 3,ptogP),
the reactive power is supplied by adopting the &fowrling to
the active power change and based on a charaictéhiat in

7

As far as the last method/mode Q(U) is concerned, a

different type of simulation event is set, in whithe voltage
level at the connection terminal is being changedteown in
Fig. 13 with the straight line. The response of¢batroller in
this increment of the voltage is to consume reacpower
based on a specific droop.

110 h——————— e T —— T —— Bl
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] e S S +
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D N SR
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1,00 4 o= Tt 1
| | | | |

[1 | | | |
008 UL | | . I . |
0,00 1,25 2,50 3,75 [s] 5,00

Photovoltaic_LV: Voltage, Magnitude in p.u.

Fig. 13. Voltage change profile in Q(U) method

The marked area in the below Fig. 14 shows that th

controller reached its limitations.

040 p———————————————

| | | | |

LI ! t ! {

| | | | |

| | | | |

020 q——————— B S T~ T 1
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Qctrl: Qmax
Qctrl: Qmin

————— Qctrl: reactive power consumption by the controller
Fig. 14. Reactive power support in Q(U) method
V. CONCLUSIONS AND RECOMMENDATIONS

In this paper important aspects of a generic PV ehbdilt
by DIgGSILENT are examined. The model consists staic

reality is provided from the network operator. histcase the generator with an integrated control scheme. l&icstand

characteristic is seen in Fig. 12. The PF of couss&ept
within limits (0.98.gging@Nd 0.9%ading-

0.2 0.4 0.6 0.8 1

P/Pn

Fig. 12. The characteristic of eo$P) of the controller under Mode 2
operation

dynamic behavior is investigated according to
requirements of the German grid code for the M\tritigtion
network.

Active power reduction requirement is effectiveljjusted
and operates in case of over-frequency events. HR&
requirement is tested under four different voltatjps of
different duration each according to [12] for typ@enerating
units. The results support the capability of the RWddel in
question to remain connected when a voltage diprscand
provide reactive current when is needed accordinipe grid
code. Thus, the grid stability is enhanced at tbhetpof
connection since remaining the generator conndstatile to
provide active power the moment the grid is staedi without
jeopardizing further the grid reliability (e.g. ateng frequency
problems under excess load conditions, leading upply

the
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failure and even blackouts). [6]

As far as the static voltage support is concerimtiglly the
model had no relevant control. For this reason, eofitrol is
implemented capable to operate in four differentlesoas it is [7]
described by the grid code. The controller showficsent
behavior when changes of active power and voltalge place
at the terminal that the generator is connecteck Jvitch
between static voltage support and dynamic volsaggport in (8]
case of a fault is inside the main controller antuees
reactive power support in any occasion.

However, there are still many issues to be tested d°
improvements to be done in order the model to He &b
address a wider range of requirements. Power gugtliidies
and protection requirements are some of those dssue
Furthermore and since the model includes an ar@dei the
need of a more adequate PV array model is alsossae
since no resistance losses are taken into accouttd output
values. However, for performing studies to examihe
behavior of the network, this improvement is nohsidered
necessary.

Rounding up the conclusions of this paper, in raspato
the fact that policies and incentives have broljhimarket to
the fore, attention should be turned to addressgdeand
control issues that will encourage a high PV pextietn
without compromising the stability and normal opiena of
the power system.
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