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For increased penetration of
renewable energy sources and

. energy storage technologies into
Introduction the ggr\,-’d: ] °

»Proper grid topology

» Respective control
infrastructure.

» Control algorithm
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»Experimental investigation of
interconnected small-scale
microgrids of such topologies
could facilitate the transformation
from the traditional to the smart
electric grid.

Introduction
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TEIWM microgrid

Special Control
Units (SCUs)
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MATLAB script]

- Pinv %lInputs description follows:
FeMatrix Pinv[1-ninv]: Active power matrix of PV
1Vac %Matrix Qinv[1-ninv]: Reactive power matrix of |

& = Y%Matrix PL[1-nL]: Active power matrix of loads F
@ 3"‘ %Matrix QL[1-nL]: Reactive power matrix of load
Ve %Matrix 1x1 Pinter[1]: Active power of connectio
%Matrix 1x1 Qinter[1]: Reactive power of connec
%Matrix 1x1 Vac[1]: Voltage of the ac bus
Y%Matrix 1x1 f[1]: Frequency of the ac bus
F%Matrix Psto[1-nsto]: Active power matrix of sto
%Matrix Qsto[1-nsto]: Reactive power matrix of <
9%Matrix Idcsto[1-nsto]: DC current matrix of stor
%Matrix Vdcsto[1-nsto]: DC voltage matrix of stc
F%Matrix Idcw[1-nw]: DC current matrix of wind ¢
FMatrix Info[1-ninfo]: Information by the micros
%microgrids and the next level PC
%Matrix rel[1-nall]: State of all activations relays,
% nsto+nw+1 (the 1 is for interconnection relay)
% the relay is closed.
FeMatrix crV[1-nL]: Matrix which determines whis
% Can take values from 1 to nL, where1 isthem
| % with time, that is why is defined as input vectc
% SoC: State of charge of the battery bank: Take:

K1 1 1y K1 1

fog.0 960 %, 0.45 for SoC between 60 % and 40 %, 0.3 )
I——flag_vwong_critical % 25 % and 0.2 for SoC beloww 25 %. lag_wrong_critical I
% Imean2,6,15,30:Mean battery current value ev E———
flag_overload % Vmean2,6,15,30: Mean battery voltage every 2, - = 1-D Array of Real

% counter2,6,15,30: Counter of 2, 6,15, 30 minut  {flaq_down_inter
- % actual time are used, since the time loop of La
flag_over inter % LABVIEW TIME LOOP CHANGES, THE COUNT [fiag_over inter
riimean2 % WELL. FOR EXAMPLE, IF THE TIME LOOP IS5 ¢ mean2
Imeant % SHOULD BE 24, 72, 180, 360.

% In order to execute this software (sw) in the fir:
% the following actions should be made first:
rjimean30 % - Load_S paramater of SI3324 -- off

% - Grid_Connected -- GridFeedPV (limits: 190-2.
% be connected to the grid and give or accept et
% GridNone, the limits should be defined by us

= % arid is not auarranted. In either cases. the limit
<W> Server: localhost « m

flag_down_inter

T
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»The developed Labview application is
responsible for:
Control
Algorithm v'Data sampling (12-bit resolution, 1kS/sec
sampling rate) and calculation of the RMS
values.

v'Calculation of other electrical parameters
(active and reactive power, frequency, etc).
v Incorporation of the control algorithm
written in MatLab code.

v'Data recording.

v Transmission of the commands derived by
the control algorithm back to the digital
output of the DAQ card.
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Control »The control algorithm consists of two
: major steps:

Algorithm Jor Step

v'1. The real-time voltage and frequency

surveillance and correction, as well as

the interoperability with the remaining

grid.

v'2. The storage units’ State of Charge

(SoC) and the load shedding policy

determination.
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»First major step:

Control Eight routines are executed in this step

Algorithm and are described analytically in the full
paper. Some of them are the following:
v'1) If excess active power production by
the Renewable Energy Sources (RES)
increases the microgrid voltage - excess
power to the remaining grid. If the
interconnection relay is already set to be
on, the biggest RES supplier is switched
off.
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»Second major step:

Control SoC of the battery bank
Algorithm
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Control
Algorithm

Second major step:

“Pseudo State of Charge” (pseudo-SoC)
is defined as:

»The SoC that is assigned to the
batteries on purpose. Great discharging
currents 2 (Vmean-2, Imean-2) point
skips one of the above SoC areas,

»1.e. The mean voltage and current over
2-minutes period appear to fall from SoC
area Nol to SoC area No3 or No4.

»1In this case, the batteries are assigned
the pseudo-SoC, which is the missed
area SocC.
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Experimental
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