Gimed

CIRED Workshop - Rome, 11-12 June 2014
Paper 379

DEVELOPMENT OF AVAILABLE SHORT-CIRCUIT POWER IN GERMANY
FROM 2011 UP TO 2033

Andreas KUBIS

Sven RUBERG

Christian REHTANZ

TU Dortmund - Institute of Energy Systems, Enefdfjciency and Energy Economics - Germany

andreas.kubis@tu-dortmund.de

ABSTRACT

This paper is an excerpt of an extensive study tatheu
development of short-circuit power in Germany doe t
the changing generation portfolio from 2011 up to
2033. The study identifies that the bandwidth betwe
minimum and maximum available short-circuit power
will only change slightly. Nevertheless, the stairtuit
power at certain nodes will change significantlye-D
spite the decreasing number of conventional genesat
the short-circuit power will increase due to grich-e
forcements. Furthermore, considerations need to be
made whether inverter coupled RES should be commit-
ted to provide a short-circuit current contributi@ven

in situation without primary energy carrier supply.

INTRODUCTION

Due to the public and political will to prioritizéhe
generation of electrical power from renewable eperg
resources (RES), more and more ‘green’ generating
units enter the European power system. As it getad
that by the year 2020 20 % of the European energy
consumption shall be provided from RES [1], a consi
erable amount of conventional power generation from
synchronous generators will go out of service. Befo
this background, it is expected that the availanh®unt

of short-circuit power will significantly change:nCthe

one hand, a study of TenneT TSO in the Netherlands
predicts an increase of short-circuit power of ithogin-

trol area over the next years due to the increasing-

ber of grid assets connected to the Dutch gridTRky
substantiate this prognosis by a set of short-itiiur-

rent measurements. On the other hand, a study of
Fraunhofer IWES in Germany expects a decreasing
short-circuit power level in the German power syste
due to the foreseeable replacement of conventional
synchronous machines by inverter coupled generating
units which are not capable of providing short-girc
currents as high as those ones of synchronous ma-
chines [3].

Both the aforementioned contradictory predictiond a
the importance of sufficient short-circuit power fibe
reliable detection of asset failures and the prowiof

an acceptable voltage profile in general make ailéeit
analysis desirable. Therefore, this paper prestrds
main results of a detailed analysis for the yed$12
and 2033 [4] and is structured as follows: Firste t
aggregated network model and the representative sce
narios that are used are presented. Second, afset o
short-circuit calculations according to IEC 609@IN
VDE 0102) [5] is performed for the German transmis-
sion network and selected 110-kV distribution syste

in Germany, taking into account a mutual exchanige o
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short-circuit power between the transmission arel th
distribution system through the intertie transforsnen
the one hand and the short-circuit power capadsliof
the distribution grid itself (including a suppossiort-
circuit power support provided by inverter coupRES
units) on the other hand. Finally, the obtainediitssare
interpreted and the importance of the supposedt-shor
circuit support from RES units is discussed.

MODELING

The short-circuit calculations are performed useng
model of the European power system that consisés of
aggregated transmission layer and a detailed loligiton
system. The grid injections (conventional powemgda
HVDC converters, inverter coupled RES units etee) a
represented by standard models from EMTP libraries.
Setpoints for loads and injections are determingdb
market simulation taking into account the paransetér
the reference scenario. Grid models, the generaiiity
models and the reference scenario used are dea$énibe
the following sections.

Grid M ode€l

Transmission grid modeling

The transmission grid model is an aggregated repres
tation of the European transmission layer that ist#1s
of approximately 200 380-kV nodes (of which 31 are
located in Germany), approximately 550 transmission
corridors and all relevant HVDC interconnectorseTh
aggregated model was identified by merging eleaisic
close substations of the detailed transmission igial
aggregated 380-kV nodes and by merging the trarsmis
sion lines between them into transmission corriadth
appropriate power rating. Transmission grid reioéer
ments until 2033 have been considered accordirtiyeto
German Grid Development Plan (GDP) 2012 [6]. The
detailed methodology of this aggregated grid madgeli
is described in [7].

Distribution grid modeling

The distribution grid model is a detailed repreaton
of a German distribution layer that consists ofragp
mately 60 110-kV nodes, 160 transmission lines, 7
interface transformers (380/110 kV) and 7 converaio
power plants. This distribution system was verifted
be a reasonable approximation of the ‘average’ @arm
distribution system in terms of geographical sizans-
mission capacity, loading, conventional power ganer
tion, and RES penetration [4]. Detailed data ofs thi
distribution grid (including transmission line pare-
ters, interface transformer parameters, load curaed
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conventional unit commitment) was provided by the
corresponding distribution system operator (DSO).

Figure 1: Geographic location of the considered Ger man nodes

Generator and L oad modeling

Conventional Power Plants

Conventional generating units are modeled by syachr
nous machines which are connected by a step-up-tran
former to the respective grid. The synchronous -reac
tanceXy, the transient synchronous reactaigend the
subtransient synchronous reactageare of high im-
portance for short-circuit calculations. Thus, them-
rameters have been carefully determined by a linear
approximation of real generator data from an intgit
internal database. Conventional power plants dedif
ent types and rated powers have been subdivided int
groups of different synchronous generator sizes.

Renewable Ener gy Sources

RES are considered as self-commutating electronic
power inverters with a dc voltage link. Their short
circuit behavior depends on the connected primary g
eration resource and the used inverter. At timevid

ing, there exists no valid standard about how itever
coupled RES should be considered in a short-circuit
calculation. Hence, the short-circuit contributiari
them was derived from the German fault-ride through
requirements stated in the grid connection require-
ments [8]: Their short-circuit contribution depends

the voltage at their grid connection point durirte t
faulty situation. By definition, inverter coupledES
with low or nearly no overload capabifitgre treated as

1 The overload capability of an inverter coupledgya-
tor is defined by the ability of providing at leastort-
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minor short-circuit current contributors. Minor sto
circuit current contributors have to provide 2 %thodir
rated current per 2 % voltage decrease in formeat+
tive current. Consequently, they have to contrilwité
their rated current, if the voltage drops below U5
According to the current German grid connection re-
quirements, inverters do not need to be oversizhds,
the maximum short-circuit current contribution is- a
sumed to be their rated current. For a trend aisabfs
the prospective short-circuit power developmentisit
sufficient to assume that all RES of the affectetiage
level participate in the voltage support, while giextors

in other voltage levels do not participate due heirt
high electrical distance. This ensures the idemtifon

of the maximum possible short-circuit power of the
observed network level.

Loads are considered as standard active-power and
reactive-power loads with no dynamic behavior.slt i
self-evident that this representation does noectfthe
reality, but in order to analyze the developmengtadrt-
circuit power under consideration of increasingreba
of RES, this representation enables the compatabili

Generator Unit Commitment

The generator unit commitment is an integral part f
the analysis of the short-circuit power development
Thus, adequate modelling is necessary and done with
the institute internal advanced market simulatiadet,
which already performed well in several former ssd
like [4] and [9].

As mentioned above, this study focuses on the short
circuit power development in Germany. Due to this
restricted observation area, it is sufficient tduee the
market simulation down to Germany and its neighbor-
ing states plus Italy in order to model the intgreied-
encies with neighboring countries grids at failaiteia-
tions in Germany.

Besides, the addition of generator capacity in faim
RES, also displacement processes of fossil gemerato
by RES have to be taken into account. In this study
modelled the generator unit commitment based on Ger
man market restrictions including privileged RE&éad

in compliance with technical restrictions, i.e.elifoad-

ing conditions and compliance with operational agé
restrictions. The comparability for the observatidithe
influence of RES between the simulation years 2011
and 2033 is provided by assuming the same weather
conditions and load demands for both calculatidire
results of the market simulation are calculated dor
whole year and the data of each hour is extracbed f
each transmission grid node. In the following, tke
sults of each node are subdivided according to r&pe
encies of the regional power plant diversity. Fbe t
accurate calculation of short-circuit current cimtr

circuit currents twice as big as its rated current.
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tions, it is furthermore necessary to subdivide abeu-
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circuit power. Thus, this node is considered asresfce

mulated sums of generation and load demand over the for all other observation spots. An overview abthé

voltage levels of interest. Therefore, the load aednis
dispersed in the following way:

- transmission gridX 220 kV): 30 %
- distribution grid (110 kV): 30 %
- distribution grid (< 110 kV): 40 %

In this study, a representative network expanstates
with defined switching conditions in all scenarigs
assumed in order to guarantee comparability.

REFERENCE SCENARIOS

Scenario Modeling

For the analysis of low and high short-circuit emtr
contributions of RES units, their contributions aon-
sidered independent from meteorological conditions
two extreme-value scenarios: Scenario 1 reflects th
highest expectable short-circuit current level, lahi
scenario 2 focuses on the lowest. Basis for thei-max
mum scenario is the hour of the respective yedr thi¢
largest share of conventional power plants condettie
the power grid. In this case, the short-circuitrent
contribution of RES units is considered in addition
the ones of conventional generators due to thentegh
inherent properties of inverter based generatohsctw
are capable of providing reactive currents in asec

In the following, this paper excerpts the majomutesof
the analysis of maximum short-circuit power on $an
mission level and minimum short-circuit power os-di
tribution level. Please note that all presented fantther
details including additional variant calculationse a
extensively explained in the full study [4].

RESULTS

Short-Circuit Calculation

All short-circuit calculations are performed acdagito
DIN EN 60909 (DIN VDE 0102), which is an estab-
lished standard for grid planning purposes. In ftile
lowing, three-phase (3-ph) short-circuits at the bars

of each node in the German grid model are recognize
for this analysis. For the consideration of maximum
short-circuit currents, the voltage factgy,, is assumed
to be 1.1 and RES units contribute with their rgied/-

er to the short-circuit power. In minimal case, REfs

do not contribute and the voltage factgy;, is set to
1.0.

Transmission Grid

The following explanations are referring to exempla
nodes. A comprehensive overview of all considered
nodes and their geographic location is depicted in
Fig. 1. The transmission grid evaluation is basedhe
maximum extreme-value analysis (scenario 1) of the
short-circuit power development. In this scenario,
node 20 is the node with the highest available tshor
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relations between all other nodes compared with the
largest in 2011 is depicted in Fig. 2. Nodes wilgé
short-circuit power (e.g. nodes 14, 20 and 27)asg@nt
industrial areas in western and southern Germany.
Nodes in more likely rural areas (e.g. nodes 4nd 8
represent the nodes with the smallest amount oft-sho
circuit power.

Fig. 3 shows the relative change of short-circotver

in 2033 compared with 2011. The chart should berint
preted in the way that positive values represeninan
crease and vice versa. Obviously, the short-cinoont-

er may differ more than 100 %; it may increase and
decrease significantly. However, nodes with largé v
ues will also have large values in 2033 and fadg on
moderate deviations.
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Figure 2: Representation of the short-circuit power in 20a%dul o
the node with the largest short-circuit power (n@égin 2011
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Figure 3: Relative changes in the maximum short-circuit poaer
each node in 2033 relative to 2011

Table 1 shows the available short-circuit power3qph
short-circuits at each transmission node underidens
ation of the contribution from the distribution gjcom-
pared with the above discussed isolated considerati
referred to the minimum and maximum extreme value
cases. The additional contributions of the undedyi
distribution networks increase the available sleoxuit
power in every case. Nodes in rural areas facdaithpl
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contributions of at least more than 15 % in minimum
case and 10 % in maximum case, which can be traced
back to contributions from RES units.

Distribution Grid

According to DIN EN 60909 (DIN VDE 0102), any
short-circuit current contribution of inverter cdeg
generators can be neglected at minimum short-tircui
power calculations. In some 110-kV exemplary disti
tion grids situations have been identified in whiut
conventional power plants will be in operation. $hu
the remaining short-circuit power capacity of suwah
isolated 110-kV distribution network is 0 MVA, ibo-
tributions from loads are neglected. From distiiut
grid perspective, the determination of minimum shor
circuit powers in combination with the 380-kV netko
is of high importance.

In the following, the 110-kV distribution networls i
calculated in combination with the 380-kV transriuss
network in order to assess the short-circuit posearel-
opment in the distribution network in interactiorittw
the transmission network. The trend analysis ofrtsho
circuit power development on distribution leveldsne
by comparing 3-ph short-circuits at each distribaiti
network node for both scenarios.

Table 1: Relative short-circuit power at 380-kV busbar shortuit
taking into account the contribution from the 1\4kvel

year rural node industrial node
min max min max

2011 116.0% 110.8% 101.5 % 101.8 %

2033 1152% 109.5% 101.7 % 102.7 %

Fig. 4 shows the results for the 110-kV networkjclih
underlies a transmission node in a rural area,xas e
plained in the transmission network analysis. Hére,
calculated values for the short-circuit power ottea
node in 2033 refer to the values in 2011. The ktrge
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Figure 4: Relative changes of the short-circuit power froml2@o
2033 in the minimum and maximum case at node ural area
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Figure5: Relative changes of the short-circuit power fromd 26
2033 in the minimum and maximum case at node im@unstrial area

FURTHER RESULTSAND CONCLUSION

The analysis shows that nodes with high short-ttircu
power in 2011 will also have high short-circuit pEwn
2033. The available short-circuit power in induwtri
areas will also tend to be higher than the oneucdlr
areas in the future. Nodes with low short-circutver

in 2011 will also have a low short-circuit powerd833
compared with all other available nodes. Nevertigle

change in short-circuit power is about 124 % in the these nodes will face significant increasing skinduit
maximum and 121 % in the minimum case. The abso- power, in some cases even more than 100 % compared
lute highest available value of short-circuit powar with their values of 2011. The bandwidth between-lo
2033 will increase about 24 % compared to 2011. In est and highest available short-circuit power inre

2033, the absolutely lowest available short-cirguaitv-

er is about 2 % higher than in 2011. Thus, the ssary
absolute minimum values for the short-circuit power
will not be underrated.

Analogous, the results for the industrial 110-k\étdi
bution network area are depicted in Fig. 5. Thegdat
increase in short-circuit power is about 154 % he t
maximum case. In the minimum case, the short-dircui
power will reduce down to 61 % of 2011. The absolut
highest value of short-circuit power will decrease
84 % in 2033 compared with 2011. Like in the rural
area, the absolute lowest value will stay nearlya¢et
about 99 % of 2011. Thus, the necessary absolute mi
imum values for the short-circuit power are maiméai.
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ny will only change slightly. However, significant
changes within this bandwidth have been observed. T
average available short-circuit power in Germamdse
to increase about 20 %. All in all, the short-citqow-

er extreme values of 2011 will not fall below orcerd
the values of 2033, but the distribution will chang
Moreover, the largest share of RES units will ba-co
nected to the distribution networks. The analybisws
that the prospective available short-circuit powdél be
highly dependent of the weather situation and tag- d
time. An exemplary calculation with an isolated 40
network revealed that situations in which no conven
tional power plants as well as no RES units willibe
operation, in this particular 110-kV network, amesgi-
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ble. This may happen in a windless night. Thuss thi

network is not able to retain short-circuit poweow-

ever, in combination with the transmission network,

acceptable short-circuit power levels have beentide
fied. Nevertheless, the available short-circuit pow
increased about 30 to 40 % in 2033 compared wifli 20
in situations in which photovoltaic and wind geniera
were in operation. Thus, the available short-ctrpoiw-
er is subject to fluctuations over daytime in dejmcy
of the overall installed RES power particularlyRES
units are out of operation at situations withoutary
energetic supply, for example photovoltaic systeahs
night. In order to mellow this volatility, it shalilbe

taken into consideration that weather depending RES

units should stay grid connected at any time, deoto
provide the ancillary service short-circuit powdihe
technical feasibility is discussed in the full sgu].
However, there is no sufficient financial compeimsat
approach existing in Germany, yet.

It is remarkable that in some regions the availabiert-
circuit power increases even if the installed getwer
capacity is reduced. This rise cannot be fully akm@d
with an increasing share of short-circuit powernfro
neighboring countries. Moreover, it was determittext

this increase is based on contributions from German

generation units. A detailed variant analysis ia fall
study identified that these increases are reaserdg
to following facts: The reduced generator capacitthe
near of faulty locations leads to a reduction & th-
stantaneously available short-circuit power frorarbg

generators, which is necessary for accurate voltage
support. Thus, the reduction of nearby short-ctrcui

power flattens the voltage cone, whereby fartheege
tors contribute with higher short-circuit curremwhse to
lower voltages at their grid connection points. dGri
enforcements further enhance this effect, because t
will lead to a tighter coupling between the remagni
generators and will decrease the electrical digtdres
tween generators and fault locations.

It is not observed that significantly more shoreuit

power is provided by generators from neighboring

countries in 2033 than in 2011. Admittedly, thegari

may change. Nevertheless, the question remains if i

future more or less foreign generators might belved
in the short-circuit power provision at faults onet

German grid side. Due to the limited available data

regarding the regional grid and generation devekygm
of the European partner grids, this question cooldbe
solved in this study.

It is expected that unmanageable high short-cirmuit
rents from the primary equipment’'s point of viewe ar
unlikely. Nevertheless, further studies with detditiata

should be done in order to analyze the interdepende
cies of the changing short-circuit power environtnen
especially in medium voltage networks which weré ou

of scope of this study. Furthermore, optimal assanh-
agement strategies for adapting to the changinglicon
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tions may be derived. In addition, the effects lodmgy-
ing short-circuit power as well as changing voltage
profiles during failures should be carefully anagizin
order to readjust protection settings of used [otain
equipment.
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