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Exchange of active and reactive power between
parallel substations

In a first step the influences of difference in voltage angle and
amplitude between the different substations, in relation to the

ABSTRACT

Grid operators are more and more confronted with emerging
distributed energy sources in medium voltage grids, creating
active and reactive power flows which are sometimes difficultto .
predict or to simulate. Daily operations canffer under these line p_arar_’neters a_re assessed. .

uncertainties. Laborelec has investigated the problems of Considering a simple networkFigure 1) allows us to
congestion during the parallel coupling of multiple substasion evaluatetbe following equations:

using special equipmentMeasurement campaigns have been V; =[V1|CD q

performed, in order to characterize the differences inags v =|V |CD

and anglebetween the substationbefore the couplingof 2 2|9 9>

substationsand the exchange currents during the coupling of Z =R+ j.X

substations.During several days, up to 20 voltages and currents = G- G

were measured synchronously at five distinct locatidie .

evolition during several days of the angle and voltage deviation Si2 =P+ Q2

between the different substatiomss shownas well as the V-V, =Zl,

exchange of active and reactive power.

Vi= IVl 28, Vo= 1V,l 28,

INTRODUCTION HV station 1 HV Station 2

Power grids experience an increasing penetration of
decentralized energy productioleadingto more complex
and less predictable active and reactive energy flows.
Unpredictability of solar and wind power genesatgportant Load 1 Load 2
deviations from deterministic patterns typical for industrial
and residential loadsAs a result, predictive loadlow
calculations deviate from practice. Momroblems are

experienced during daily operatigreuch as for example Hence, from thesequations, it is possible to formulate the

voltage contral [1][2][3][4] The results from different following equations, assuming that in general the ratio
measurement campaigns are presented here. These campaigns '

o .
were taken out in mediumoltage (11 kV), at locations etween X/R> 4 andcosd® 1.
where it was not always possible to perform parallel = :|V1|-|V2| sind
couplings. 12 X

Figure 1: Power flow between two parallel connected
substations.

THEORETICAL CONSIDER ATIONS Quz =%(IV1|' [Vz|)

Parallel operation in medium voltage is the result of a Wecanconcludefra t hese equations whe
switching action, with the intention to achieve the transfer of phase angle of substation 1 leads that of substation 2. Active
load between fferent feeders. In this case, the load on a power will be sent from substation 1 to substation 2. If the
feeder of a transformer would be transferred to a feeder of voltage magnitude of substation 1 is greater than that of
another transformer. During this transition the load remains substation 2reactive power Vil be sent fran substation 1 to
ur-interrupted. The reason of this action could be a substation 2. [1]

maintenance action needed to be penfed on the specific In general, it is possible to say thdifferences in angle
feeder or substatiofil] During this action, a compensation  between the substations give lead to a flow of active
current will flow in the temporarily connected feeders. The power between both substationsNext to thatdifferences
consequences of this compensation current can be thein voltage between substations gav lead to a flow of
tripping of the feeder ling@rotection devices, and in some  reactive power between both substationsThat is, of

cases the tripping of substation protection devices. Next to course, if assumptionsX/R> 3 and cos d°1 are
that, the current could be reactive in nature, and therefore

i o respected. Thaigher the line reactance, the less power
hard to interrupt when the parallel operation is undf2ie. P g P

(active or reactive will flow.
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Influence of transformer characteristics on the
change of phase angle and voltage variations

The impedance equivalent of a HV/MV power transformer

CASE STUDY : PARALLE L COUPLING IN AN
URBAN AREA

The goal of the measurement campaign is to identify and to
characterize the behavior dfgurbangrid during a parallel

can be modelled by an equivalent resistance in series with an patween two separately fed medium voltage substations. The

equivalent reactance.
Z1req = Req + 1- XEq
Typically Req is 20 to 30 times smaller thang so the
impedance can be assumed:
ZTREQ @j-XEQ
The equivalent reactance can also be calculated as:
_u V2

*? " 100,
With:
V the nominal (primary) line voltage in [kV]
S, thenominal power of the transformer in [MVA]
Uk the shorcircuit voltage in [%]
From this it can be seen that increasingédlkvates the
equivalent reactancegy.
Next to that, it is possible to evaluate the effect of the load
current of the transformer dhe angle and voltage deviation
(Figure2).

Vo= |V,| £ 8,

HV Station 1
Vi= V| 26

—_—
l Si
Figure 2: Determination of phase angle and amplitude
difference over a HV transformer.
S2=Ro+Q,=V3Vily,
This can be rewritten as:

I * _ Vl = V2

12~ .

V3(Reo + - X o)

Assuming that:g; =0 (primary voltage has the reference
phase), g, =g, being a small value (some degrees),
Req < Xgq leads to the following results:

Maitval
Xeo

P, = sing

Q= )I:/ﬂ (V|- Vo}-cosg)

EQ
From these equations, it can be seen #hhigher active
power flow through the transformer results mostly in an
effect on the phase angle difference between primary and
secondary. A higher reactive power flow through the
transformer results mainly in a difference in voltage
relative to the primary voltage (set by the transformer
ratio).
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measurements were performed by Laborelec in collaboration
with Sibelga, one of the Belgian Distribution Grid Operators
(DGO) and Elia, the Belgian Transmission Gf@perator
(TGO).

Measurement Setup

In this campaign, up to six measurement devices were used.
The device used is a Data Waveform Recorder (DWR), a
IEC610004-30(200810) class A measuring and recording
equipmentfor acquiring electrical signalsquipped wih 8
channelgleveloped by Laborelethe data was sampled and
stored at a rate of 48 kS7khe devices were synchronized in
time usinga GPS system The time accuracy achieved
through the whole setyjncluding accuracy of voltage and
current transformergs estimated to be aroundg0,in a 50
Hz-system (~33 us)The devices were used to measupeo
20 voltages and currensynchronously during several days
atfive different substation$he setup permitted to show the
evolution of difference in voltagand angle between the
different substations:

- Schaarbeek Heliport 36 kV

- Schaarbeek Quai des Usines Heliport 11 kV

Heliport 11 kV can be fed by Heliport 150 kV or Heliport 36
kV.

Figure 3 : Overview of the urban high voltage grid (Brugsels
Sibelg)

Measurement Results

The evolution of the voltage difference and angle difference
during a two day period is shown in FigureBuring this
period,the substations were not coupled in parateliport

11 kV was fed by Heliport 150 kV.

It was seen that voltage difference, as well as a phase angle
difference exists between the different substations, namely on
the 36 k\tlevel as well as on the 11 kével. This was
explained by the fact that the two substations were fed by
two different 150/36 kV transfmers, which had different
loadings. Also the loading of the 36/11 kV transformer plays
a role. A cyclic pattern in the angle difference can be
recognized during the two day period. This can be related to




