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 Renewable energy sources are being connected not only to
transmission but also to distribution grids.

* Medium Voltage (MV) distribution grids are meshed grids that
are operated radially.

* Their reliability is determined by their reconfiguration capability.

* However, portions of MV distribution grids can lack supply in
case of specific disturbances or abnormal operating conditions.
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« MV distribution grid
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« Al alternative to the lack of supply in MV distribution grids is the
use of the available renewable energy resources.

» The feasibility of the use of renewable energy sources depends
on their ability to control both voltage and frequency to
guarantee the quality of the electrical supply.

« iDE had found previously unintentional stable islands.

R e - T .
B T T T - \\ﬂw \N I
I e NARE R R Vo
| | { | | : : o : . 1 s s | ; - \(
Voltage (max, min, ave) Frequency (max, min, ave)

comillas.edu




Introduction
COMILLAS

UNIVERSIDAD PONTIFICIA

|__icAl_icApE D GiHE

 This contribution reports real life of islanded operation of MV
distribution grids.

« We will show that such operation is not feasible due to the limited
control capability of renewable energy sources connected through
power electronic converters under grid feeder control scheme.

* In addition, we will show that MV distribution grids can run properly
while isolated from the main grid if they incorporate Battery Energy
Storage Systems (BESSs) under grid former control schemes.

» Two issues of the isolated operation of the parallel operation of
converters under grid feeder and grid former control schemes will be
discussed:

 Protection (active anti-islanding protection)
» Control (stability)
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 Three islands have been tested:

« Belmonte MV power line (Cuenca): PV generation + Load
» PV plant
* 18x100 kW inverters (1.8 MW)
* 16 inverters were connected
- Fontiveros MV power line (Avila): PV generation + Load
» PV plant
* 10x100 kW inverters (1 MW)
* 6 inverters were connected
 Archivel MV power line (Murcia): PV generation + Load + BESS
* PV plant
* 15x100 kW inverters (1.5 MW)
« BESS
+ 1.25 MW/ 3.08 MWh
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* Belmonte MV power line
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The PV plant was producing 1.1 MW

The island remains for 15 seconds
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* Fontiveros MV power line
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The PV plant was producing 420 kW
The island remains for 50 milliseconds
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Isochronous
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The BESS was producing 50 kW and consuming 250 kVAr

The island remains stable
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* Islanded operation of MV distribution grids is not allowed.

« Distributed generation must be equipped with anti-islanding
protection (Royal Decrees 1699/2011 y 337/2014).

 Types of anti-islanding protection:
 Remote

* Local
 Pasive

* Active
* Hybrid
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* Very common active protection schemes (developed by Sandia
National Laboratories):
« SFS — Sandia Frequency Shift
« SVS - Sandia Voltage Shift

« Such protection schemes perturb the system and monitor
frequency, voltage, or impedance.

 Perturbations are amplified by the positive feedback of a
variable.

* As grid feeder converters will work in parallel with grid former
converters isolated from the grid, active anti-island protections
may interact with grid former controllers.
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« SFS anti-island protection modifies the reference values of the
current components in d- and g-axis according to the frequency

variation.

« The d-axis current component follows the reference.

« The g-axis current component does not follow the reference which can
be interpreted as an acceleration of the voltage space vector.

measurement ["|
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 Disconnection from the main grid without and with SFS anti-
Island protection
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* The impact of a SFS anti-islanding protection is investigated in a
the case that the BEES + PV plant are disconnected from the
grid using a Matlab/Simulink model.
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 Impact of the BESS size (from 0.3125 MVA to 2.5 MVA)
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If the BESS is small compared to the to the PV plant, an adverse interaction occurs
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 Sensitivity with respect to the active power droop
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 Sensitivity with respect to the reactive power droop

%107
= 5 T I T T T T T T T
R 0 LN AAAAAAANAAAAA r— D08
W VYVVVY N e
%} —).08
w51 0.16|
(¥a}
o -10 C 1 | 1 1 1 1 L Il 1 .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x10™
= aF T T T T T T T T T i
&
4 o , i
% Ol: | T e
g -2 Il ! 1 1 1 1 ! 1 1 7
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
= 1.0000005 ' T T B I T T
& '\ ‘
7 .
w |
[va] 1 -
[ = L 1 1 1 L L I L L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
— T T T T T T T T T
2 |
~— 1 _:.‘u-.ﬂ- R e ™ R R A e P T e e e S A R T S ST T
[2] |
17 !
wl
(¥a]
> 0.998 1 J 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Tlmé (s)

comillas.edu




Control issues
COMILLAS

« Adverse interactions have been interactions have been found in
the case of two BESSs running in parallel isolated from the main
grid under grid former control

* They actually trip

400
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« Study method J\/\M JV\./\/\/ M/\/\/
* Build a non-linear model x X
* Linearize the non-linear model S
- Perform eigenvalue analysis k f J
¥ X ® 13
x=F(x,u,1n) Re
_ Av. =v. A
y=G(xun) AX = AAX + BAu T
W, A=Aw.
Ay = CAX + DAu
WiTVI =1
0= F(xo,uo,n)
Pii = VW
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 Models

Control issues

Grid Former

Grid Feeder

Droop control
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Current control

Voltage control

Inverter

Transformer Filter

DC voltage control

Transformer

Current control

Filter Inverter
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[ _icalicave e * Configuration 3 is unstable

 Three configurations have been investigated

1. Grid Former - Load 2. Grid Former-Grid Feeder 3. Grid Former-Grid Former
Grid
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* Details of eigenvalue analysis of Grid former-Grid former

configuration
Complex eigenvalues: Real eigenvalues:
NO. Real Imag Damp Freq NO. Real Time Constant
1 -43.8798 19460.9858 ©.23  3097.31 25  -33.7044 0.0000 100.00 0.00
3 -43.8847 18832.7090 ©.23  2997.32 28 -20.9424 0.0000 100.00 0.00
5 -682.8616 4443.8653 15.19 707.26 29  -19.8945 0.0000 100.00 0.00
7 -678.4639 3835.9551 17.42 610.51 30 0.0000 0.0000  NaN 0.00
9 -813.4916 1577.0341 45.84 250.99
11 -696.2683 1059.1631 54.93 168.57
13 -156.2623 134.2739 75.85 21.37
15 -84.1753  38.6629 90.87 6.15
17 -76.6348 2.35
19  40.4718 7.11
21  -46.3263 2.16
23 -27.4830 5.81
26  -8.4847 5.12

Unstable complex eigenvalue
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* Details of eigenvalue analysis of Grid former-Grid former

The unstable complex eigenvalue is related to
the current controls of both Grid Former

systems

configuration
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* Real life tests have shown that stable operation islanded operation of
MV distribution grids is not feasible due to the limited control capability

of renewable energy sources connected through power electronic
converters under grid feeder control scheme.

* In addition, they have proved that MV distribution grids can run properly
while isolated from the main grid if they incorporate BEES.

 Anti-islanding protections of grid feeding converters may interact with
grid former converters of BEESs if their rating is low.

 Unstabilities may occur in the case of devices under grid former control
scheme running in parallel while isolated from the main grid.
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