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PROBLEMS OF VOLTAGE STABILIZATION IN MV AND LV DISTRIBUTION GRIDS
DUE TO THE OPERATION OF RENEWABLE ENERGY SOURCES
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ABSTRACT

The supply territory of the company E.ON Distribution in
the Czech Republic (run by the company E.ON Czech
Republic) accounts for pproximately 1.5 million
customers. More tha®00MW of photovoltaic (PV) plants
were connected to this distribution grid. It was detected the
problem with overvoltage in approximately 20% low
voltage distribution grids with connected PV plants and this
problem has to be solved. The problem with higlage
variance is caused partially due to the operation of PV
plants connected into the MV distribution grid and partially
due to the operation of PV plants connected into the LV
distribution grid. It is supposable, that the problem with
overvoltage willbccur when PV plants are connected both
into the MV and into the LV distribution grid in the same
part of the grid. In order to cope with the increased level of
distributed generation new solutions for grid operation and
new technologies are needed. In ffeper are described
three solutions for voltage stabilization. These proposed
solutions prevent nonconforming voltage quality
(overvoltage) according to the EN 50160 standard and
following investments.

INTRODUCTION

Figure 1 shows the growing number of nented dispersed
powersourcesThe number of connected power sources and
installed capacity of these power sourcesagproximately
ten times higher today as in year 2008e cause of this

number connected renewable energy sources (RES) is a

bountiful policy of the state. The most of connected RES
are PV plants but connecting biogas plants is very
popular in the last timeThe experience of distribution
network operator (DNO) shows the problem with the
operatiorof theserenewable energy sources (RHn case

of accumulation of sources in one part of distribution
system, it is possible that overvoltage will occur respective
voltage variations will not comply with the requirements of
the standard EN 5060[1]. All 10 min r.m.s. values of the
supply vdtage shall be within the range of nominal voltage
Un + 10%£15% Also when one 10 min mean r.m.s. value
of the supply voltage exceeds during the week the limit Un
+ 10% (110% Un), it results in overvoltage and voltage
quality respective voltage variatiomsll not comply with

the requirements of the standard EN 50160.
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Fig. 1: History of RES connected to the distribution grid
E.ON in the Czech Republic

OPERATION OF THE DISTRIBUTION GRID S

Grids without connected RES

Itis operated voltage level 23.1kV @%Un) on the output
of theHV/MV transformer with the tolerance-8/3kV (see
Fig. 2). When no loaded medium voltage (MV) grid and no
connected RES to this grid voltage can reach the value of
106. 36%Un in the MV distribution grid. When no loaded
LV grid, no connected RES to this gaddno loaded MV
grid at the same timeoltage can reach the value of
10636%Un in the LV distribution gridThis creates a
reserve with the relation tthe upper limit of voltage
variations according to the EN 3®0 standad. When
representativéoaded MV grid and no connected RES in
this grid votage can reach the valued$. 6%Un in the MV
distribution grid. When no loaded\.grid, no connected
RES to this gricandrepresentativéoaded MV gridat the
same time voltage oaexceed thiower limit 90%Un in the
overhead_V distribution gridi see Fig. 2Under normal
operating conditions excluding the periods with
interruptions, supply voltage variations should not exteed
10% of the nominal voltage Un when there is usual th
voltage decrease 10%!\daused by loath the overhead LV
distribution grid. This problem witlow voltage in overhead
LV distribution grids is continuously longterm and
systematicsolved
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Fig.3:voltage in grids with connected RES
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The most of RES are connected to the MV and LV
distribution networkAccording to the present stamda the
operation of power sourcesan cause voltage increase
2%Un in MV distributiongrid and 3%Un in L\distribution
grid. Considerationof the connection to the LV grid is
realizedindependenbf power source®perating in MV
grid. In case of connected power sources in MV grid and
LV grid in the same part of distribution system voltage
increae caused by operation of power souasreach the
value 5%Un in relation to LV gridso when no loaded MV
and LV grid overvoltage will occusy operation of RE$

see Fig. 3. The problem with overvoltage caused by
operation of RES is not onlgheaetical but was
demonstratetdy voltage quality (VQ) measurements in 23
other distribution grids[2]. The current way of grid
operation and voltage control issufficient when RES
operate in distribution network. The voltage level in MV
and LV grid shoulahot be set fixed alreadyoltage in MV
and LV gridhas to be controlledariable

REMEDY TO STABILIZE THE VOLTAGE

RES particularlyPV plants) produce the powemiredicted
and variable so it is necessary to control the voltage quick.

Variable controlled HV/MV transformer

Changes of the set voltage level on the output of tHeaxh

regulated substation transformer 110/22kV were tested,

when this voltage value is set today fixed during the year.

Impact of these changes on voltage stabilization wagiteste

in real operated MV distribution grid with many ceted

PV and wind power plants.
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Fig. 4: measured Viage by the test ofoltageincrease on
the output of the HV/MV transformer

The test of voltage increase was realized at the time of
loaded MV andLV grid with the goal toeliminate
undervoltagen the LV distribution grid. From Fig. 4 you
can see no problem with voltage variationsMV grid
when voltage was areased on the output of the HV/MV
substation transformer.
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Fig. 5: measured voltage the test of voltage decrease on
the output of the HV/MV transformer

The test of voltage decreas@s realized at the time of
operated PV plants iMV and LV grid with the goal to
eliminateovervoltagean the LV distribution grid. From Fig.

5 you can se no problem with voltage variations in MV
grid when voltage waslecreased on the output of the
HV/MV substation transformer.

The results of tests show it is possible to set variable the
value on the outpuif theHV/MV transformerand voltage

in distribution grid will be stabilized in thallowedrange.

Reactive power requlation impact of power sources

Reactive power regulation impact of power sources
connected into the MV distribution grid is described
theoretically when real MV grid with many power soes
was chosen and voltage calculation by power factor changes
was madeWhen dU.=100%is defined as a voltage change
betweenthe MV substation (output of the HV/MV
transformer) and power source operating in the MV grid (at
the end of the MV feeder) uadnominal conditions of this
power sourcéthe source provides nominal active power
set PF=)you can reduce this valtieeoreticallyup to zero
by means of reactive power load. For reactive power load
(by preservationof nominal power supply of regukd
power sourcedhe power factoof power sourcehas to be
changedif power source takes reactive power from the grid
this source isinderexcited

PF underexcited | 1 095 | 0,9 | 0,85 0,8

dU;et [%0] 100 | 58 38 20 1

Tab. 1:elimination of voltage increase Isgtting the PF
of all the sources connected to theat of MV grid
supplied from substation HV/MV distribution transformer

Present power source allow setting the power factor from
value 1 to 0.95.From Tab. 1 you can sebe voltage
increase reduction lalws only 58% ofdU,¢ by the set
PF=095. Fortotal reduction (in Tab. 1 reduction to 1%) is
set PF=0.8 needed.
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Self requlated MV/LV substation transformers

The solution of voltage stabilization in LV distribution grid
can be the operatn of distributon transformer MV/LV
(22/0.&V) with onload tap changerself regulating
transformer)Such a transformer with dnad tap changer is
several timesore expensive than transformer with-lofid
tap changer but operation cestre saved When
transformer \th off-load tap changeis used supply
interruption isnecessarfor setting the tap chang&etting
the offload tap changer is madwnuallywhen arrival and
work of electricianis needed

Fig. 6: transformer with offoad tap changer, detail of tap
changer

Two LV grids with PV plants were chosen and voltage
variations were measured in the substation (LV level) and in
the point of connected PV planVe plan toinstall self
regulated dstribution transformers to thegeds during the
year 2013. Thn we will considerthe impact of the
operation otheon-load regulated distributionansformer

on voltage variations in the LV grith year 2012 we had to
choose theoncretgroducer so we made a markejuiry.
Some producers were able to delivef sgjulating MV/LV
transformers.

producer Regulation rangg Weight [kg]
[%0Un]
Magtech -6% 2600
Efacec +/- 4x2,5% 3950
Reinhausen +/- 4x2,5% 2760
Siemens +/- 3,44 1650

Tab. 2: some producers and technical parameters of self
regulatingMV/LV distribution transformer

Comparison in Tab. 2 was made for distribution
transformes of nominal power 400kVAFor testing in two
distribution grids we chose the type Siemdifss type has
no standard tap chgar but the voltage contrabkes
advantage opower eleatonics.
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Fig. 7. substationland MV/LV transformer with offoad
tap changeror using theself regulating transformer

CONCLUSION

It was demonstratethatthe use of new technologies and
new systems of voltage control is need8dme tools to
stabilize voltage in distribution grid were describiadhis
paper When smart grids are designed they have to solve the
problem with voltage contl in the distribution gridoo.
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