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ABSTRACT

This paper presents the results of a research project whose
objective is to extend obtained capabilities of a resilient
microgrid to a conventional distribution network. Thissystem
has been previously sized and optimized to fully operatein an
autonomous way. The presented work is an advanced
interface control system for grid connection of this cluster in
order to provide the over power in compliance with the
distribution network. As a result, the Distribution System
Operator considers this locally controlled cluster as a single
producer.

INTRODUCTION

The operation of the power grid system requires meeting a few
essntid  religbility objectives like: continuous baancing of
generation and demand, transmission system security, emergency
preparedness, system control etc. The main change in the future
European dectricity market will affect the power reserve
management [1]. Having alarge power reserve will be a key for
successful operation. The reserves are usudly andyzed as dow
access reserves and quick spinning reserve. Currently spinning
reserves ae the online generating equipments which are
synchronized to the grid that can increase output immediately in
responseto variationsin frequency or on demand. Thesereserves
can befully availablewithin 20 minutes. Currently gesturbinesand
hydraulic power plants are used to provide quick spinning
reserves. Theincreasing need in quick spinning reserves and the
palitic environmental wishes require finding new clean niches for
reserves.

This paper presents the results of a research project whose
objective isto extend obtained capabilities of aresilient microgrid
to a conventiond digtribution network. An advanced interface
control system for grid connection of this cluster is developedin
order to provide the available over power in compliance with the
digtribution network (fig. 1). Asaresult, the Digribution System
Operator (DSO) considers this locdly controlled cluster as a
potential power reserve contributor.

I. CONFIGURATION OF THE CONSIDERED
MICROGRID

In Europe, a large development of PV and wind generators is
awaited and planned to create asugtainable energy systemin order
to reduce emisson of CO,. These renewable energy based
generators are well known by grid operators as random energy
generatorswith limited cgpabilitiesfor providing ancillary services.
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Figure 1: General organization of the system

In order to facilitate the integration of more renewable energy

based generators, a possible solution is to associate them with

local conventiona generators, local storage unitsand aset of local
flexible loads. The optimum management of this energy system is
the key to increase the efficiency, the supply, the safety, religbility
and qudity of theenergy digtributionin thislocd areafor end-users
[2]. Thisfuture active network hasto coordinate smadl and medium
scae power sources with consumer demands, alowing both to
decide the best operation in red time. It can be viewed as a
microgrid, which is able to locdly contral a cluster of generators
and flexible loads in a decentralized way and to permit renewable
energy based generators to provide their full benefits. Practica

implementationsare under development in Europe at Kytnosidand
(Greece), at Mannheim-Wallgadt (Germany).

The studied microgrid comprises a 30kW Gas Micro Turbine
(GMT), 17kW PV generatorsand atotal of 30kW end-users(fig.
2). This system has been previoudy sized and optimized to fully
operate in an autonomous way. All sources are grid-connected
with power €ectronic converterswithin adedicated control sydem
and communication inteface with a Microgrid Energy
Management System (MEMS). Inside this microgrid two units of
2.3kW.min of ultracapacitorsare used asenergy buffer in order to
smooth PV powers and to track the optima operating point of the
GMT unlessload variationsand PV power production variations.
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Figure 2: Synoptic of the studied microgrid with useful powers

I[I. INTERACTIVE INTERFACE WITH THE
DISTRIBUTION NETWORK

General description

The interactive interface implements the grid integration of the
microgrid and coordination with the distribution network (fig. 1). It
includes frequency and voltage control dgorithms at the PCC
within a grid-power flow assessment, protections and additional
measurements. In this paper wejust detail the droop controller for
the primary frequency control and power exchange with the
distribution network. First we recall the fundamenta principle of
the primary and secondary frequency control of the grid and then
wewill detail the necessary functionsingdetheinteractiveinterface
to adapt the operating the microgrid with the distribution network.
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Figure 3: Implementation of the droop controller

Primary and secondary freguency control

Nowadays the synchronous operation of the conventional power
plants and the power baance is maintained by the grid frequency
control. Classically three steps are used to describe the control
principle [2].

1) After a power variation, conventiond power plants will
immediately release or absorb thekinetic energy fromtheir rotating

mess E:%JWZ with J theinertiaof the machine and W the

rotationa speed of the machine. Asresults, the frequency changes.
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The response is determined by the equation of movement and is
cdled inertid response, as the inettia damps the frequency
deviations

d& w29
@7 5
~a hR

With Py the generated power and P the load power.

@)

Just after a power variation, the time evolution of the frequency is
dependent ontheinertiaconstant [ 3]. At thismoment power plants
do not contribute to frequency contral.

2) When the frequency deviation exceeds a pre-defined threshold
velue, controllers will be activated to incresse or decrease the
power from the prime moversto restore the power balance. The
primary frequency control contribution of the generatorsis based
on the droop congtant, which gives the additional power that is
supplied as afunction of the frequency deviation [6]:

DR, =-kof =-k(f, - f) )
With f, thefrequency inthenormal operation (50 Hz for our case
study), f the sensed vaue of the frequency. Hence the reference

of the generated power will move from the vaue in norma
conditions Ry  to another vaue R 4 (fig. 4).

3) After restoration of the power baance by the primary control,
the system is gable (point 2 in fig. 4) but a another frequency
( f; ). Thesecondary frequency control bringsthefrequency back
to its value in anormal operating ( f,, ) and the power operating
point is changed (point 3in fig. 4).

"*a,,  Secondary control
Prer2 e Primary power reserve

(before)

Prefl

?Pres
Preo

: control .
)
1 1

v 0

f, f,
«—>

?f

Figure 4: |dealized governor characteristic of aturbo dternator

Implementation
For our gpplication, the DSO sends awished power reference

ng_dso_ref , whichis considered asthe exchanged power from

the microgrid to the digtribution network in long term (fig. 1). The
classica power/frequency control principle hasbeen derivedingde
theinteractive interfacein order to create amicrogrid contribution
to the primary frequency control (fig. 5). The power/frequency
congtant is caculated by :

P
k =L Tmo_max (4)
s f,
Withthedroop: s = 5% and the maximum available power, which
can be exported to the distribution network ng max - BY
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extenson, this quantity replace the nomind power of a
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Fig. 5: Droop controller for primary frequency control

1. MICROGRID ENERGY MANAGEMENT
SYSTEM

Principle

The purpose of the MEMS isto drive the three sources (fig. 2) in
order to supply loca loads in an optimal way for the electrica

distribution and production. A great advantage of microgridsisthe
fadility to use acommunication system. Henceit makes possibleto
take into account more accurate informations from sources the
digpatch function. For the GMT, the economic interest can be
mathematically expressed as a power generation over aminima

power value. The ultra capacitors must be managed in order to
smooth fast power variations resulting from loadsand PV [4]. In
case of low loads, PV generation should belimited to avoid astop
sequence of the GMT. Moreover a part of loads can be
disconnected in case of emergency. In thispaper, another function
isimplemented to provide the power to the distribution network so
we just detail this active power supervisor.

Power super visor

The balancing condition implies that the exchanged power hasto
be produced from the sources:

Prng (1) = Prre (1) + Py (1) + Psc(t) = Proaan(t) (5)
With pmi, the power from the GMT, py, is the power from the
photovaltaic generation system and ps is the power from ultra
capacitors in generation mode.

Since the GMT has a dow dynamic response time, the MEMS
uses it to provide the power for along time range. The average
power during atimerange T is expressed as.

P={p(t)} =1 (PO ©

During such along timerange, thefast power variationsexchanged
with the ultra capacitors can be neglected. The power balancing
condition (equ. (5)) can be rewritten as.

Prg = { Pmg (1)} ={ Pe(t) * Ppu(1) - Proses(tr | (0 |

During such along time range, the fast By assuming that the total
load power ( Py aq1) and the PV generated power (P, ) are

sensed and known, the power reference for the micro turbine
P _ret €8N be calculated by the inversion of the equation (7) as:

Pnt_ref ={ pnt_ref (t)}T

Pnt_ref ={ pn-g_ref(t)' ﬁpv(t)+ r)Loadl(t)}T ®
The ultracapacitors have the dynamic ability to master inredl time
the power flowinsidethemicrogrid. Thered timepower reference
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for the ultra capacitor bank pg ¢ Can be caculated by the
inversion of the equation (5) as.

pg;_ref (t) = pmg_ref (t) + r)l_oadl(t)_ r)pv(t) - r)mt(t) (9)

The locd control system of the ultra capacitor bank, which
implements this power reference, is detailed in [5].
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Fig. 6: Active power supervisor
IV. ANALYSISOF A CASE STUDY

To highlight possible contributions of the microgrid we consider a
load variaion in the digtribution network (fig. 7).
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Fig. 7: Pioadz , required power from the load2

First the microgrid is disconnected to the distribution network (K
is open in fig.2) and the reactive power Qunia) iS St tO zero.
Figures 8.a and 8.b show that the frequency variations imply a
correct power production and distribution inside the network to
the PCC. Currentsin HTA lines (fig. 8.c) induce losses.

In a second time we consider that the micro grid is connected and
that the DSO asks a spinning power reserve 20 seconds after the
load trandent (fig. 9.d). By comparison we can see thet the
frequency deviation (fig. 9.8) and the power inddethe distribution
network (fig. 9.b) areless. In consequence, currentsin HTA lines
(fig. 9.c) have been decreased.

Obtained red time variations of powers fromthe GMT (pm), the
ultra.capecitors (ps)) and PV generating system (p,,) areshown on
fig. 9.e. Fig. 9.f showsagood contribution of the microgrid both
for primary and secondary frequency control.

V. CONCLUSION

An advanced interface control system for amicrogrid is presented
in this paper. The droop controller for the primary frequency
control and power exchange with the dgtribution network is
detailed. Simulation results interest issues for the digtribution
network.
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