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1. Introduction

In this paper an average multi-level representation of
power electronic converters is used to design a dynamic
model of a Super Capacitor Bank for a microgrid
application installed at the laboratory L2EP-ENSAM
Lille [3][4]. Fig. 1 shows the studied hybrid system based
on a 17.3kWpeak photovoltaic system associated with a
28kWelectric Capstone micro turbine and a 72F/96V
Maxwell Super Capacitor Bank (SCB). A great interest
of the power storage is that the super capacitor has a
quick dynamic response time to reduce the power
variation in the microgrid. A dedicated multi-level
representation has been developed in order to propose a
synthetic and dynamical description of the
electromechanical conversion systems for microgrid
applications. This description is an expansion of the
Energetic Macroscropic Representation (EMR) [5] and
allows the subdivision of the whole complex system into
simple blocks. The expansion by multi-level
representation integrates a power flow level, a power
calculation level and their corresponding control levels,
since the power flow is the most important factor for the
supervision of microgrid units. A Maximal Control
Structure can be deduced form the multi-level modeling
through specific inversion rules. The proposed global
model is simulated with the help of Matlab-Simulink™.
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2. SCB multi-level modelling and control

The SCB is composed of the Super Capacitor (SC), a SC
filter, a chopper, a DC bus, an inverter and a three-phase
grid filter. The complete multi-level modeling of the SCB
is composed of three levels: EMR, Power Calculation
and Power Flow. The control task is to reduce the power
variations of the microgrid. The inverter is used to
control the real and reactive power at the connection
point. The control input of the chopper is used to control
DC bus voltage. The control system is ordered by the
steps according to the rules of the multi-level
representation (fig. 2).

Main
Grid
pgr‘id /
[ 230V-400V / 50Hz AC Line |
ppv pmr pscb p[oads
1T L I
| [Ahe] AGA T[] TS
; | | ! |
| PVand |- @ High - ! fhm-
i Inverteri! speed| | term l
X | turbme : S°’age‘ 5kW 15kW
Y] AR
|
w1 s e o
| Local Supervision |
@ pmrﬁref 0 pscbir‘ef
| Distribution System Operator |
ﬁ pgr‘id ref

Fig. 1: PV/MTG/Super capacitor Microgrid scheme
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Fig. 2: Modeling and control system of the Super Capacitor Bank



3. Simulation results

Fig. 3 represents experimental variations of the real
power of the studied microgrid. In order to evaluate our
model we simulate it with two real power steps (at 40s
and 100s) of the total microgrid loads (fig. 3.a). The
photovoltaic power plant generation is set to the Maximal
Power Point Tracking (fig. 3.b), which is proportional
with the irradiance. The microgrid power generation
reference is set to one real power step (at 150s, fig. 3.c),
and the sensed power between the microgrid and the
main is very close to the power reference, which is given
by the Distribution System Operator. The microgrid
power measurement is well followed by his reference
(fig. 3.c). At 40s and 100s there are two peaks, which
generated by the sudden connection and disconnection of
a 5kW load, but later the microgrid power is corrected
quickly by the SCB. The micro turbine tries to slowly
compensate the fluctuations of the difference between the
microgrid reference power and all the passive power
variations of the microgrid (PV power and total loads)
(fig. 3.d). The fast power fluctuations due to the slow
response time of the micro turbine are reduced by the
short term energy storage system — SCB (fig. 3.e).

4. Conclusion

A multi-level representation method to design the control
system of a SCB is presented in this paper. It is
composed of three modeling levels (EMR, Power
Calculation and Power flow) and three corresponding
control levels (Control of Dynamic Quantities, Power
Calculation Control and Power Supervision). The
interest of this multi-level representation method is the
facility and the quickness for the control design, which
uses the power flow for microgrid applications. The real
power dispatching algorithm in the microgrid center
supervision bloc is detailed in order to clarify the SCB
power reference calculation. The simulations results
validate this particular control design.
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(d) Reference and measurement of the micro turbine power pp
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Fig. 3: Simulation results



