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CALCULATION OF THE FAULT LEVEL CONTRIBUTION OF
DISTRIBUTED GENERATION TO DISTRIBUTION NETWORK

Marian Mester

ABSTRACT

Paper deals with the calculation of the fault level contribution of distributed generation according to IEC
Sandard 60909. To illustrate its application, the methodology is applied to a study medium voltage network with
a variety of distributed generation resources.

1. INTRODUCTION

Distribution network are characterized by designximam fault current, i.e. short-circuit capacity.
Distributed generation resources are typically emted to the distribution network, at the low ordinen
voltage level. Therefore they contribute to thealtdfault level of the distribution grid. Hence, thoasic
requirement for permitting the interconnection @ftidbuted generation resources is to ensure tteatesulting
fault level remains below the network design value.

2. THE METHODOLOGY OF IEC 60909 STANDARD

The IEC 60909 International Standard [1] is intahde give the methodology for the fault-currents
calculation in three-phase a.c. systems at a ndnfiequency of 50 or 60 Hz. The short-circuit cumtie is
considered as the sum of an a.c. symmetrical coemgaand of an aperiodic decaying component. Thedatal
distinguishes between near-to-generation and éam{fgeneration short circuits. The methodology idek of
a.c. motors contribution, too.

In the presentfwo numerical methods for short-circuit calculasoare usedsuperposition method and
equivalent voltage source method. Superpositiorhategives the short-circuit current only in relatito one
assumed amount of the load. Hence, it need not featiaximum short-circuit current in the systemr Fo
removing this lack, it was developed the equivalaitage source method [2].

The calculation method, used in the IEC Standa@D8@etermines the short-circuit currents at tioation
F using equivalent voltage sourcelJ , /+/3 . This source is defined as the voltage of an idealce applied at

the short-circuit location in the positive sequesgstem, whereas all other sources are ignorednétivork
components are replaced by their internal impeda(see Fig.1.).

feeder short-circuit

K

Fig.1. Equivalent voltage source method
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In the calculation of the maximum short-circuit i@nts, the voltage fact@rmay be assumed equaldgy,
for any voltage levels (see Tab.1l.). According ig.EF, in the case of balanced short-circuits thiail

symmetrical short-circuit current is calculated:
cU,

IK:TZQ (1)
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where: Z, - magnitude of an equivalent short-circuit impestaid.q ,

Tab.1 Voltage factoc

Voltagefactor ¢ for calculation of

Nominal voltage U , maximum short-circuit | minimum short-cir cuit
CUrrents Cpax currents Cp,
Low voltage 1,05 095
100 V - 1000 V (IEC 60038, Tab.l.) 1,10 '

Medium voltage

> 1 kV -35KkV (IEC 60038, Tab.lll.)
High voltage

> 35 kV (IEC 60038, Tab.IV.)

1,10 1,00

3. FAULT LEVEL CALCULATION
In distribution network, the maximum fault leveptgally occurs at the busbars of the infeeding &ilms,
due to large contribution of the upstream grid [Bany distributed generation unit (units) is hetgrid included,
the resulting fault level is the sum of the maximiamlt currents due to:
- the upstream grid,
- the various types of generators,
- the large motors connected to the distribution onekw

3.1 Contribution of the upstream grid

The contribution of the upstream grid is calculaaedording to IEC 60909:
[ k - CmaxU n - , CmaxU n \ (2)
\/é(ZQt +ZKT) \/é(ZQ /tr2+KTZTLV)

where: Z, - is the impedance of the upstream grid at the ection pointQ,

Z; - is the impedance of the transformer,
K+ - is a correction factor used for the impedanctheftransformer.

For the impedances of network feeder and transfoweecan write:

cU
V3lio
where: I;;Q - is the initial symmetrical short-circuit curreattthe high voltage connection po@®;
U, U2 ug UG PR
Z, =k T R, =R =T - Tkl X=,ZZ—R2 4
T 7100 S+ T =100 S, 3l rzT T T 4)
where: u, - is the short-circuit voltage of the transform] [
Ug - is the rated resistive component of the shorduigirvoltage [%],
R, - are the load losses at the rated current.
Typically value of ratioR, / Xq = 01.
Ky = 0,95 max__ )

1+ 06x;
where: K - correction factor for transformer

3.2 Contribution of the distribution generation units
Most frequently are connected to the MV (mediumiagé) distribution networks wind turbines and small
hydroelectric plants. Other types of distributiorengration units (like fuel-cells, photovoltaics, ain
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cogeneration units, microturbines, etc.) are mostignected in to LV (low-voltage) networks. Thectétion
of contribution of the distribution generation wnis not included in the IEC 60909. Only inductimotors are
dealt with, whereas the parameter values of symchu® generators provided in [4] are applicable nibsuof
very large size [3].
Short—circuit current for conventional synchrongeserators is given:
CmaxUn
\/§(ZG +Zp+Z +Zg)
where: the impedances of generator (G), transfo(iefine (L), reactor (R) — if any are included

I =

(6)

a.) Impedances for generators connected directly toéitveork (included correction factdt ) are given:

o U o
Zs =Rs +jX Kg = G—ma ©)
N RG ‘ N u rG 1+ X4 Sin‘prG

where: R; = 015.X 4,
X4 - subtransient reactance of synchronous machine,
K¢ - correction factor for generators connected diyeotthe grid.

b.) Synchronous generator connected to the grid thraugtit transformer:
Zs=t7Zg +Zrpy (8)

U C
Ko = nQ d—J rTLv + B ~max 9
0 UrG(1+ pG) U hv [(ll pT) 1+ x4 sing, g ©)

where: K 4, - correction factor for generators connected togifie through a unit transformer.

c.) Impedance of asynchronous generators connectettldite the network is given:
2
1 UrG — 1 G

ZG = = (10)
v/l \/§|re Ir!lic Sc
where: R; = 01. X5,
I s/, =8 — typical ratio of locked-rotor current to ratearrent of the machine.
d.) For generators connected to the grid via poweltr@eic converter$3]:
I, =k, =ct (for time At) (11)

where: At- is the maximum duration of the contribution, befothe distributed generation unit is
disconnected by its own protection. The value/af depended on the protection and fault. It is
needed only for breaking and thermal current catauhs.

A typical value ofk = 15- representing the short-time over-current caggbilf the grid-side converter.

Special case of generator used for variable speed twrbines is doubly-fed induction generator (Bl
For this case we can udgg /1, = a&Bd R; = 01. X for the generator impedance [3]

4. CASE STUDY

For the illustration of short-circuit current calation including distributed generation units hetase study
in Fig.2. Four distributed generation stations wital power cca 17 MW are connected to the mediattage
substation. They are three wind farms with six taeh wind turbines and one small hydroelectricnpla SHP
(with three identical turbines).

The data about case study network are given ineTabl
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Fig.2. Case study

Tab.2 Data of the case study

Network feeder

Upg =110KV , S =2500MVA, R,/ Xq =01

Network transfor mer

St =63MVA, U, =175%, AP, =360KW , t, =110/ 23kV

Wind farm No.1

6 x 600 kW (G1-G6)

synchronous with converte® =600kwW , U,; =400V, |, =866A

generator
transformer T1-T6: S’T = 630kVA, Uy, =6 %, U = 1,2 %, tr = 22/0,4 kv
line L1 overhead line (22 kV)R_ =0,215Q/km, X, =0,334Q/km, [ =10km

underground cablelR =0162Q/km, X, =0115Q/km, | =05km

Wind farm No.2

6 X 660 kKW (G7-G12)

DFIG: P, =660kW , U, =400V, |,; =950A

generator
transformer T7-T12: St =700kVA, u, =69%, Ug =12%, t, =22/04kV
line L2 overhead line (22 kV)R_ =0,215Q/km, X, =0,334Q/km, [ =10km

underground cablelR =0162Q/km, X, =0115Q/km, | =05km

Wind farm No.3

6 x 850 kW (G13-G18)

asynchronousP,g =850kW , U, =400V, |,; =1225A, | r =55KA

generator

transformer T7-T12: St =1000kVA, u,, =6 %, uUg =11%, t, =22/04kV
reactor Sr=5MVA, U =22kV, u, =14%

line L3 overhead line (22 kV)R_ =0,215Q/km, X, =0,334Q/km, [ =10km

underground cablelR =0162Q/km, X, =0115Q/km, | =1km

Small hydro. plant

3 x 1500 kW (G19-G21)

generator synchronousS,g =1650kW , U, =400V , xy =018 pu., cosp = 09
transformer T19: St =4 MVA, U, =6 %, Ug =1%, t, =22/04KkV

T20: S;t = 25MVA, U, =6 %, U =1%, t, =22/04kV
line L4 overhead line (22 kV)R_ =0,215Q/km, X =0334Q/km, | =75km
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Table 3 shows fault level calculation results fahi@e-phase fault at the MV busbars of the substat

Tab.3 Results of fault level calculations

Network feeder

— — 2 _ ;
Zy =53240Q 0 Zg =Z /t? =0,0232+ j0,2316Q

Network transfor mer

Z; =0048+ j1468 Q, K; = 094570 Z, = 0,0454+ j13890Q

Contribution of the upstream grid: 1,5 =86114kA0 S, =3281384MVA

Wind farm No.1

generator

synchronous with convertdr; = 15.1,; =14250kA

Contribution of the WF No.

1 15 =6l /t, )= 01417kAD S, =53998MVA

Wind farm No.2

generator DFIG: Zg =0,0304Q 0 Z, =91464+ j91,4641Q
transformer Z; =82971+ j406475 Q, Ky =1,00940 Z, =83751+ j41,0295Q
line L2

Z, =SV R +Y X, =2, = 22310+ j33975Q
2502

Contribution of the WF No.2: I,';3 =

CmaXUn
V3(Zg 16+21 16+2,,)

=0,5300kA ] S5 = 201943MVA

Wind farm No.3

generator asynchronousZ = 0,0420Q 0 Z g, =Zg t? =1,2639+ j1263900Q
transformer Z; =53240+ j285478 Q, K; =1,00930 Z; =53734+ j288128Q
reactor Zp = Xg =135520Q

line L3 Z, 5 =23120+ j34550Q

Contribution of WF No.3: |

U

max

ks = Cmax_n =03193kA0 S,; =121654MVA

V3(Z e 16+21 16425 +2,)

Small hydroelectric plant

generator

synchronousR; = R / XXy U2 /S, )= 00026Q 0 ¢ = 00026+ j0,01750Q

transformer

Z 1191y = 12100+ |7,1585 Q, Z1p0y, = L6000+ j9,4657 Q
K110 =10092 K =10415 K¢, =1,0415

Zy =Z 9l Zgp0 + Z119
Zy=Zgp*+Zry

KsZ .
Z,= 02 S 02 + Ky9Z 119 = 53453+ j347188Q, 7, = KSO(ZG.t,Z +zm):
= 99147+ j64,8475Q

line L4

Z,, =16125+ [25050Q

Contribution of SHP: |5 =

U "
Cmaxn =05404kA0 S 3 =205905MVA

V32,12, +2,)

3. CONCLUSONS

We obtained following results:

- The fault level:

- due to the upstream grid is 328,14 MVA,
- due to the distributed generations is 52,95 MVA,
- the total fault level: 381,09 MVA.
- Wind farm No.2 contributes about 4-times more skoruit current than wind farm No.1, due to the
different technology of generators.
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The reactor at the output of wind farm No.3 reducesontribution of short-circuit current: without
reactor, the current would increase by 45 % (0,46%5

Wind farm No.3 contributes less than wind farm Nalhough its power is higher (due to reactor).

The most important is that the design fault leviebuach a distribution network would be around 350
MVA. Hence, the connection of amount of distribugeherations (17 MW) drives the fault level to
unacceptably high values.

From a fault level perspective, distribution netksrare not designed to accept large amounts of
distributed generations [3]..

4. REFERENCES

[1]
(2]
(3]
[4]

CEI IEC TR 60909: Short-circuit currents in ttieee-phase a.c. systems — Part 0: Calculationroéts.
Slovensky Ustav technickej normalizacie, April 2003

MeSter, M. Vypocet skratovych prudov v trojfazovych striedavych suétdv ABB Elektro, s.r.o.,
Bratislava, 2005, ISBN 80-89057-10-1.

Boutsika, Th., Papathanassiou, S., DrossosCidlculation of the fault level contribution of dibuted
generation according to IEC Standard 60909. higefs.ntua.gr/stpapath/index_en.htm

CEl IEC TR 60909: Short-circuit currents in thieree-phase a.c. systems — Part 4. Examples for the
calculation of short-circuit currents. Slovenskyadstechnickej normalizacie, April 2003.

This work was supported by Research and Developr@apport Agency under the contract No. APVT-20-
026902 and by Scientific Grant Agency of the Minisbf Education of Slovak Republic and the Slovak
Academy of Sciences under the projects VEGA No0@1104 and VEGA No. 1/3141/06.

Author address:

Ing. Marian Mester, PhD.

Head of Data Grid Management
Vychodoslovenska energetika, a.s.
040 01 KOSICE Slovak Republic
E-mail: mester_marian@vse.sk
Tel: +421 55 610 2396

59



