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infrastructure. Thereforenew solutions have to be
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distribution gridS\I/vith all fogl_'lr)s ofDG c(:je_xuses a lgh | substations voltage gelation. Several forms cZLVTs
pressure on voltage stability according to several .. being developed

normative guidelines. Beside conventional network E.ON Avaca one of Ger mahasas bi

reinfo_rcements _increasing _shartrcuit-power, new leadership role in testin@LVTs in rural grids since 2010.
technical alternatives awake interest. One approach is the Principal reasons for this strategy are the high potéatial

CLVT, an innovative downsizing of substatis voltage integrating DG and the selaee solutionfor the central

regulation. This paper investigates the potential for issue namely solving the volage problem. But among

volta_%el_contr_ol of thlshne[\sttechnology as weI_I asftiw\? severaktoncrete questions about technologies, dimensions
possibility to increase the DG connection capacity o and costs there are some furthed very interesting issues

networks with respect &iep voltage, number of operating ., perning the interdion betweenCLVT and other
positions and whiclmeasurements are used as reference network elementsWhich step voltageand how many
valuefor the cgntrollle_rThe benefits a_nd d|sa%vant'c_1|?e§ of operatingoositionsare necessary?ow will CLVTswork
an mone and multtsensor operation mode will be q4ather? Is there a real benefit in usinglistributed
discussed. Furthermore possible interactions between measuement infrastructufz These important questions
several CLVTs connected to one single grid are analysed. have beeranalyzed in an extensive basic st e by

theEnergy Research Center of Lower Saxong011.
INTRODUCTION

In regardto the fact of a rapidly growing penetration of METHODOLOGY

Ger manyos d | with r_sevérgh formoadG g r 'Tg %nalyze the issues mentioned above and to educe
(decentrallze_q generatlgnbhere § a high pressure on conclusions, dynamic simulations have been applied using
voltage stability accordingo EN 50160[1] and other 501 topologistructures as shown figure 2 (Fig. 2
normative guidelines?]. Particularly rural distribution b2 meters of these structures have been identified from
grids, fqr several decades up tol30nearly free from real existing low voltage grids. In addititihvere have been
generatlonarenowb ecoming one o0 foth i8dkesi Jn %%(ﬁ?timg eried/ ver and voltage N
is called the 0 Energi ewen é:‘?he clVvT Bndef fedlidtid cori ions &gy 9 Y ©
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Fukushima. Cor!seqqence: In every wll:_age, on lots of analyze specific effects
farms today we find biogas pits and especially numerous

solarcelsirbased on Germanyos | egi sl - " tesponsefime tvo ~ "~ " ce
generation from all forms of renewables for more than a A
decade.

Today, DG up to a 30R\W is connectedo low voltage
(0.4kV); up to about 3V\W to medium voltage (in rural
areas normally 2RV) networks Therefore there is an
increasing problem with vol t mi t in
distribution grids with a classic voltage regulation T ! >

centralized in sultations. In recent years DSOs ! I measured error

(distribution system operatamprmally reacted with more deadbeand

transformers additional lines and / orby using bigger Figl: implementedontrol behavior

conductor crossectiors to increase shedircuit-power.

This strategy of anventional network extension léalan

inefficient and expensive multipltion of grid
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Fig 2. Example of an implemented standard tbpology

These profiles have been applied with different
arrangements and scaling factorth@grid structure. Due

to voltage stability reasons amequal distributiorof
power sinks and sources point out a challenging scenario.
Therefore the results shown below are mainly based upon
this scenario.

Beside theseascertainedprofiles and topologis a
controller for the CLVT has been implemented. It is based
on standard controllers [3] [4]; the realized behaviour is
shown inFig 1.

RESULTS

Potential for voltage control

To analyze thepotential for voltage control of a CLVT,
there have been madéynamic simulations using the
structure @picted in Fig 2Fig 3aand Fig 3b describe the
potential in singlesensor operation moddlence the
voltage profile (vide Fig. 2) is used and the results with
deactivated (Fig. 3a) and activated (Fig. 3b) CLVT are
compared. It can be recogniztitit thevoltage of the low
voltagebusbar(LV-B) is highly affectedby the medium
voltage profile (MV-P). In combinaibn with the L\
voltage increase the voltage in node 5 reaches a critical
value. With activated CLVT #nvoltage of the LVB is
hold in the given deadband and both voltage levels are
decoupled. Now the voltage level in node 5 is below

Fig 3a: variable MV, disabled CLVT
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critical values, but voltage fluctuations in the 4gvid
cannotbecompensatedNevertheless thallowed voltage
drop and voltageise and therefore the network capacity
can be increased.

In contrast to Figga/Fig 3bthe medium voltagm Fig 4a/

Fig 4b is constant and multi-sensor operation modse
implemented. It can be educed from Fig.4a, that load and
generation profiles havitle impact on the LVB-voltage.

For this reason th€LVT does not step. Furthermore it
can be said that no information aboutalpglied load and
voltage distribution(in the LV-network can be derived
from the LV-B-voltage.

Only with the use oimulti-sensor operatiomode the
necessary information about voltage distribution is
measured and the CLVIE able to control the voltage
distribution (vide Fig.4b).

The analyzed extreme situation (separated load and
generation line), which caused a massive tagsd
spreading in the L\grid, demonstrates the limits of the
new technology. In moderate situations (uniform
distribution)the allowed voltage drop and voltage rise and
therefore the network capacity using a CLYaduld be
even more increased tharsingle-sensor operation mode
Beside this advaage thee are higher efforts in
parametrising and operation, additional costs for
necessary measurement and communication infrastructure
among thalisadvantage

Fig 3b: variable MV, enabled CLVT
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