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ABSTRACT

This article deals with the implementation of a tool for
probabilistic Distributed Generation (DG) connection
studies. Its inputs are ifinute time series for the load

on the network and the intermittent generation. This Following the satisfactory results obtained with this first
allows to test alternatives to grid reinforcement (like yersjon, it was decided to implement such a tool in

advanced Volt / Xr control,
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feeder concerned by the connection request is simulated
over one or several year(s) using a sequential load-flow
algorithm. When the existing network cannot evacuate
the power of the studied generator, the alternatives to
grid reinforcement are activated. Their yearly technical
and economic performance can thus be calculated and
compared.
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obtain technical and economic results to compare these fje|d by the French DSO ERDF. In this process, it soon
alternatives. A clustering algorithm has been developed appeared that it would be necessary to overcome a
that allows to drastically reduce the number of load

flow calculation to be executed (as compared to
sequential loadlow approach, where every dfinute
point is simulated) whilst maintaining very acate
results.

INTRODUCTION

The integration of Renewable Energy Sources (RES)
into French distribution networks requires a significant
amount of grid reinforcement, the cost of which is
estimated by [ 1] to be
(wi nd) aMw(phdtdvdltaick € /

Current RES integration solutions are most of the time
based on grid upgrades or basic, local Volt / VAr
control such as constant Power Factor (PF) control.
Thus, DSO can carry out studies based on few
reasonable worst-case assumptions (e.g. shapshot of
operational conditions with maximum generation and
minimum amount of load measured on the network).
Some alternatives tegr g
active solutions such as advanced local Volt / VAr
control, generation curtailment or storage) can bring
flexibility and reduce the connexion cost of DG/RES in
some cases. Comparative studies of these alternatives
need probabilistic approaches based for instance on time
series analysis, because their profitability depends on
the occurrence of all possible events.

Reference [2] focuses on an innovative planning tool
developed by EDF R&D with Matlab and shows how
this tool makes advanced grid connection studies
possible: starting from 10-minute time series available
in the ERDF monitoring system (loads, generation,
HV/MV substation voltage, etc), the operation of the
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challenge of computation time: indeed, a 1-year
simulation with a 10-minute time resolution
(approximately 53000 load-flow calculations) requires
around 1 hour using PowerFactory® on a standard
computer, which would be far too much in an
operational environment. Furthermore, when multiple
“nerid”, active
the impact of more than one DG connection is to be
analyzed at the same time, the optimization needed to
make a choice between the different solutions could
lead to very long simulation times.

bet ween 100 k€/

DESCRIPTION AND ANALYSIS OF THE
PROPOSED TOOL

The tool that has finally been implemented within
PowerFactory® uses a data clustering technique to
reduce the number of load-flow calculations.

aver age

As summarized in Figure 1, the time series from the
ERDF monitoring system are used as inputs (A: only
o ifp6t tinfe fsefies, afdlegbhiratiort andddd, are
shown here for clarity purposes). These are then
processed to generate a reduced number of
representative points (B), each of which describes a
given network situation with its statistical weight
(hour/year). In lieu of the whole time series, the
program calculates the load-flow only for this limited
number of points (B). Technical results are then
obtained (voltages, power losses, curtailment, etc) and
can then be processed to appraise the yearly
performance and costs of each connection solution (C).
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A) Input : 10-minute time series

B) Simulation: representative points only
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C) Technical and economic results
for each solution
Figure 17 Flow chart of the proposed active network
planning tool

Figure 1-B displays the results of the reduced number of
load-flow calculations (namely here the voltage at the
DG connection point, represented using the color scale).
Each point corresponds to one load-flow calculation and
has a different size depending on its statistical weight in
the original time series.

Although only a limited number of points are simulated
thanks to this technique, the method permits the
reconstruction of the time series of the results (10-
minute profile) for any calculated variable (not only
voltage but for instance losses, power curtailed, etc.).
This can be useful to appraise some advanced
alternatives like local storage of DG/RES curtailed
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power: indeed, it is necessary in this case to go back to
time series in order to study the size of the storage
system. This can also permits some useful graphical
representations for advanced planning of grid operation
scenarios, as the examples shown in Figure 3 and Figure
4.

Validation of the clustering methodology in
comparison to the sequential load-flow
approach (time series analysis).

To compare the R&D Matlab tool described in [2] based
on sequential load-flow calculations (refered to as
“Ti meSeries” herein) an
operational tool described in this article (referred to as
“Clustering” caestudghasmeenputin
place. It is based on a French rural distribution network
illustrated in Figure 2.

The considered case is the connection study of a
newDG unit at the end of a feeder to which MV clients
are connected as well. For these reason, the voltage rise
shall not go beyond 5% of the nominal voltage.

Y

| Primary substation

/

-
- - N
| DG connection point H@

Figure 21 French rural distribution network used for the
comparison and the connection study

The time series used as input (obtained from ERDF
monitoring system) are three, namely: load, PV power
production and the MV voltage at the HV/MV primary
substation voltage. In the Clustering technique, the
simulation points are therefore disposed on a three-
dimensional mesh (and not only a bi-dimensional as
shown in Figure 1-B).

The Table 1 compares the TimeSeries method and the

Clustering method. Three criteria are considered:

9 Simulation time (or rather the number of load-flow
calculations). The time gain of the Clustering relative
to the TimeSeries method is shown between
parentheses.

9 Accuracy of voltage constraint rate estimation
(defined as the % of time the voltage exceeds 5% of
the nominal value U, at the DG connection point)
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9 Accuracy of lines losses estimation.
Results for two different mesh sizes used in the
clustering algorithm are shown on the second and
third column.

1221 458
52704 (43 times (115 times
faster) faster)
2,87 2,72
288 (001%) (-0.16%)
278,79 278,42 277,33

(-0,13%)  (-0,52%)

Table 17 Comparison of voltage constraint rate and line
losses evaluated using the TimeSeries approach and the
proposed Clustering methodology

It can be seen that the values obtained using the
Clustering technique are very close to those obtained
using the TimeSeries method, but with a much lower
number of load-flow calculations. Using about 50 up to
100 times less load-flow calculations (and thus speeding
up the simulation by an equivalent factor), results within
1% error compared the method TimeSeries have been
obtained in the calculation of the network losses.

The number of calculations depends on the mesh that is
chosen in the pre-processing step of the Clustering
technique. This choice is a compromise between the
required precision in the simulation results and the
calculation time.

Description of two Volt / VAr reqgulation modes.

Different strategies are possible for voltage control
using reactive power. For instance, the distribution
generation unit can be programmed to use a fixed
tan(0G)=Q/ P.

More advanced reactive power control such as these of
the type Q=f(U) are also possible. In such case, the DG
unit regulates the reactive power it absorbs/injects
according to the voltage that measured at its connection
point to the MV network.

Fixedt an ( G)

Our tool evaluates a t a n hafi takes into account all
the different combinations of load and production (and
therefore the resulting reactive power absorption) and as
such should be sufficient to limit the voltage rise within
the limits, all the time, according to the data used as
input.
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Local voltage regulation Q=f(U) with dead band

The Q=f(U) local voltage regulation we adopted uses a
dead band (as described in [3], with Qmin=-0.3 Pma}.

The Q=f(U) law implemented is limited in absorption
and injection and the tool can therefore assess if this
regulation mode is sufficient to mitigate the voltage rise.

Test of an alternative to grid reinforcement to
limit the voltage rise at the DG connection

point.

In this section, we consider again the case of the DG
used above to illustrate the proposed methodology.

As it can be seen in Table 1, the DG unit causes the
voltage to rise beyond the acceptable limit (Un+5%)
around 3% of the time.

In order to allow the connection of the DG unit without
any unacceptable voltage limit violation, one possibility
is to use a Volt / VAr regulation scheme, like the ones
described in the section before.

Fixedt an ( G)

If we evaluate the optimised t a n ife€ded to remove

the constraint 100% of the time, we obtain; t an ( )

0.27.
Local voltage regulation Q=f(U)

If the dead band local voltage regulation described
before is tested here, we find that it is sufficient to
remove the voltage constraint all year long.

This voltage regulation scheme, thanks to its dead band,
has the advantage of activating the VAr control only
when it is the most needed, i.e. when the voltage is close
to the admissible limits.

1987,62 416,79

287,18 279,33

Table 2 i Reactive energy absorbed and line losses using
two Volt / VAr regulation techniques

It can be seen, from Table 3 and from the following
Figures (Fig. 3-4), that, thanks to the dead band, much
less reactive energy needs to be absorbed by the DG
unit during a year of operation, still maintaining the
voltage within regulatory limits. That is why line losses
are slightly reduced using the local voltage regulation
with dead band instead of the constant power factor
approach.
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Hour
Q absorbed by DG [MVAr]
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Month
Figure 3 T Reactive power absorbed by the DG unit

throughout the year, when fixed tan({)=-0.27 is used
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Figure 41 Reactive power absorbed by the DG unit
throughout the year, when Q=f(U) with dead band is used

The reconstruction of the time series of the results from
the load-flow analysis carried out on a limited number
of representative points has been used to obtain Figures
3 and 4, the piece of data of interest being, in this case,
the reactive power absorbed by the DG unit.

Other alternatives to grid reinforcement such as DG
curtailment, VVC schemes or energy storage are also
handled by the proposed tool.

CONCLUSIONS

In this paper, we have described an operational tool
under development to 1/ analyze the impact of the
connection of new DG units to distribution networks
and 2/ if necessary, to assess the merit order of the
solutions that can be put in place (both grid
reinforcemeaernrtd’amctine o

If the DG unit causes the voltage to rise over the
acceptable limits, the tool can test different alternatives
to grid reinforcement, like local voltage regulation,
generation curtailment, etc. As it has been shown in [2],

Paper No 0188

K
PUIRR¥S)Y ation on

these alternative solutions can, depending on the
configuration, be more cost-effective than network
reinforcement.

The proposed tool uses a clustering approach that allows
to drastically reduce the computation time compared to
usual approaches, which is critical in an operational
environment, with an acceptable impact on the precision
of the results.

To illustrate some of the capabilities of the tool that is
being put in place, we have shown an example
comparing two kinds of Volt / VAr regulation. In
addition, other alternatives to grid reinforcement such as
DG curtailment, VVC schemes or energy storage are
also handled by the proposed tool.

If needed, any quantity computed in the calculations,
like voltage on a given bus, losses, power curtailed, etc.
can be reconstructed in the form of a 10-minute time
series. This is important for instance to study the size of
an energy storage system that would be necessary to
make the DG connection possible. The reconstructed
time series can also be useful for more advanced
analysis: for instance, in Figures 3 and 4, we illustrate
how local VAr control solutions are activated depending
on the time of the year.

Further work needs to be carried out to ascertain the
statistically relevant input data for load and production
that is to be used in the field. Still, in the actual form the
tool permits to use one (or multiple) year based input
time series and this can allow to compare different
solutions in technical and economic terms.
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