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1 Introduction

Electricity supply to critical consumers has been and
is a major concern in the field of low-voltage
electrical networks. Critical consumers include:
hospitals, data storage centers, communications
equipment, military equipment, hotels, showrooms,
restaurants, elderly homes, children homes, office
buildings, malls, etc.

The classic solution (with diesel generators) is
overtaken at this time, considering the current
pollution and noise requirements. In this paper we
propose a completely new solution in which the
diesel generator is replaced by a gas turbine that
drives a dual stator winding induction generator
(DSWIG), which can operate in a wide range of
speeds, thus enabling maximization the efficiency of
the gas turbine utilization according to the power
requirements of the critical supply network.

2 Conventional
solutions for
example

emergency power
critical consumer’s

An extremely important feature of modern power
supply is the redundancy and uptime of the energy
provision service. For new or critical consumers without
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redundant systems or components somewhere it is very
common to have a redundant system for energy supply.
Usual examples in the IT or military include multiple
redundant power supplies. The set-up typically includes
redundant uninterruptable power supply (UPS) systems,
generators and even redundant utility feeds to support a
reliable facility. However there some potential single-
point-of-failure flaws hidden this rather -classical
electrical design [1-3].

One of the most concerning situations is related
by the use of the Automatic Transfer Switch if not
carefully designed the ATS becomes single point of
failure in the system. Automatic transfer switch can
become a blockage since the reliability of the
protection depends on the ATSes performance.
Especially designs with backup generators present a
vulnerability given by these automatic transfer
switches (ATSes), which sense the power failure,
start the emergency generators and switch the load
to them when the generator power is stabilized.
Despite all the other redundancies taken in
consideration from the design stage, a f ailure of
either ATS or its circuit breakers will bring down
the entire power supply system. For example, if the
ATS feeding the switchboard fails, the consumer
will immediately shut down when the alternative
power source (batteries) are depleted.

For a reliable solution the use of diesel gensets need
to be equipped with two starters (electrical, air, or
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hydraulic starting system), but in this way the genset is
expensive and will require frequent and costly
maintenance. Another drawback is the fact that diesel
gensets are source of pollution and noise and their use is
limited in some environments. An alternate design may
include a battery bank with long backup time. This
solution requires space considering replacement and
maintenance, battery banks are one of the most
expensive equipment's in microgrid systems. To avoid
these drawbacks a reliable, less frequent and cost
effective maintenance, a relative environmental friendly
power system is established by using hybrid power
micro grid architecture. There is a large initiative to use
this solution. The main effect in using a micro grid is the
fact that this way we can eliminate the dependence on
diesel gensets. While some micro grids were typically
powered by diesel, these micro grid architecture
proposed in this paper can be powered by fuel cells,
solar, wind, combined heat and power, and batteries
instead of or in addition to diesel [4-7].

Renewable energy infusion in the power supply
provides the benefit of reliability because it will not
run out, as fossil fuels might, during an emergency.
The micro grid allows a high penetration of
renewable thus a sensible reduction on the energy
costs. Mostly in natural disaster situations the hybrid
micro grid is capable to sustain critical consumers
like a hospital, a military base, a flood pumping
system or an emergency command center.

3 Architecture of the proposed hybrid
micro grid with renewable power

sources for critical consumers

The proposed micro grid architecture is presented in
figure 1. A key element of the proposed micro grid is a
dual stator winding induction generator DSWIG. The
DSWIG is basically an induction generator equipped
with two independent stator windings. What it is
interesting on this type of generator is the fact that the
machine is multiport generator capable to provide
energy on two separate windings. Its stator windings are
separated from one set into two sets: one is called as the
control winding (CW), which provides the variable
excitation reactive power for the generator; the other is
referred to as the power winding (PW), which outputs
the active power to the loads.

The two sets of stator windings have the same pole
pairs, and there is no electrical connection but
electromagnetic link between them. Since the converter
is not connected directly with the loads, the high
frequency currents induced by the power switches have
little effect on the loads on the PW s ide. And the
excitation reactive power is independent and can be
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easily regulated from the CW side through the static
excitation converter. The DSWIG is an advancement
the single power supply pattern like AC or DC power
supply cannot meet the new requirements of the
diversity of electric power patterns as both AC and DC
loads may exist in the system. In this way the generator
can be operated in a hybrid generating system which is
a good s olution to the problem of redundancy. One
typical topology is presented in [8], [9], as shown in
figure 1. In this system, the PW outputs the DC power
directly, while the CW provides not only variable
reactive power for the DSWIG but also DC power via
the DC bus to the loads.

A few seconds after the main (and possibly
secondary) power network are lost, the gas micro
turbine is switched on and the DSWIG generates power,
with help of a battery of capacitors that permanently
magnetizes the machine magnetic core, placed in the
stator auxiliary winding. To optimize the operation, it is
proposed to use a combination of several power sources
the photovoltaic source, which can be developed over
time and which contributes to reducing network
consumption and energy costs. It is also proposed to use
as power sources or storage elements, electric vehicles
(EVs) or hybrid plug-in vehicles, parked in the critical
consumer area, to be connected to the grid and to be
able to operate after the vehicle to grid (V2G) or grid to
vehicle (G2V) technology.

For the integration in the micro grid we have
considered the micro turbine powered DSWIG. The
reason we have used this solution is that the micro
turbines is that we need a fast reliable primary energy
source capable to provide are very small size gas
turbines with sizes as small as 1 kW but it can be scaled
up to 500 kW which meets our requirement. These
small turbines usually have a single stage compressor
and a single stage turbine, with the generator mounted
on gear stage. Rotational speed is high, usually greater
than 40,000 rev/minutes and they require power
electronics are used to fit the output frequency to the
grid. Their efficiency is not low since many of the more
efficient micro turbines recently build uses a heat
recuperator to improve performance. The advantage is
that these micro turbines can operate on any fuel gas,
diesel LPG, and their emissions are lower than the
corresponding diesel gensets [10].

The model presented in this paper is based on the
low speed dynamics of the micro turbine system,
suitable for power management of genset combined
with other types of distributed generation (DG)
systems. For micro grid simulation we can assume
that the system is operating under normal operating
conditions by neglecting fast dynamics of the micro
turbine. The main functions of the micro turbine are:
speed control block for part load conditions,
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temperature control function for upper output power
limit, and acceleration control to prevent over
speeding. The output of the control function blocks
are all inputs to a least value gate (LVG), whose
output is the lowest of the three inputs and controls
in the amount of fuel to the compressor-turbine as
shown in Figure 1.
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Fig. 1 Block scheme of proposed system.
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where jn is the jerk set for the profile (near the
maximum allowed for the micro turbine ), and as is
the maximum acceleration encountered at the S-
curve inflection point
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Battery modelling
The batteries are often considered as being the
weakest point of a hybrid system, in terms of cost,
life time and reliability. HRES is less suitable to
charge batteries than the main grid because the
battery elements are subjected to variable currents
(irregular charge cycles). The battery model exploits
equation to calculate the SOC in charge/discharge
conditions. The prediction of state of charge on the
battery is calculated using equations [12]:

t
SOC =SOC, + | éb—t , 7
0 “bat
where Cpa, SOCo and Iva represent capacity of
battery (Ah), and initial state of charge and battery
current (A).

The hybrid generation system includes a special
control system for the battery management called
BMS. In the proposed system the BMS is equipped
with MPPT and boost converters in order boosts a
variable DC voltage output of PV to the required
value of the dc grid and adapt it to DC voltage to the
reference DC bus (48 VDC). The maximum
available power from a PV hybrid system can be
extracted when MPPT control applied. For modern
BMS itis almost generalized solution to use a
Perturb-and-observe (P&O) strategy to produce
available duty cycle of PWM signal to control the
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boost converter. The MPPT system identifies the
maximum available power from the PV generation
system, and then compares the calculated power
with the actual drawn power for generating the
switching signals of the DC-DC boost converter of
the MPPT system. Another DC-DC boost converter
cascaded after the MPPT converter which order to
maintain the voltage level of the DC bus at the value
of 48 Volt to ensure continuous power supply to the
DC load.

The state equation that characterizes the
electrical modelling of the DC-DC boost converter
is given here, where S is the switch state that takes
the value 1 or 0, Vi is the input voltage to the dc—dc
converter (output from each energy source) and Vo
is the dc link output voltage.

dv, | [1-S -1

dt C c ||V 0
Sy LR
dt L

The values of the capacitor and inductor are
calculated as [13]:

_(DI-D)’R)
B 2 f

D
C= 10
R((AV,)/V, ) f (10
Taking the case of PVWT systems, the terminal
voltage Vo is controlled by the voltage error signal.
Where the PV voltage and current are sensed to
determine the reference voltage at which MPPT
occurs, the error signal, which is the difference
between the reference voltage, and the actual
voltage of the PV is fed to the voltage controller to
command the duty cycle of the PV boost converter.
For the micro turbine the error signal is the
difference between the reference of rectified voltage
of the DSWIG and measured rectified voltage. This
error signal is fed to the voltage controller, which
controls the duty cycle of the boost converter.

Pew =AP =P —PF, =Ry (11)
The sum of electricity generated at both
generators photovoltaic and micro turbine (PVMT)
is designed to meet the required DC load demand
since the output power of PV generators vary with
irradiation. The battery output power is controlled
based on the difference power command DP, which
is the load power (command value) Ps minus the
summation of the power generated from the PVMT.
The battery terminal voltage is calculated according
the desired battery power using a look-up table, the
input of this look-up table is the difference power

€)

min
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command DP, which means the battery reference or
required power.

4 DSWIG control strategy

The output voltage and control variable are
described using the instantaneous power theory [9].
For the generator control we use field oriented of

the control-winding flux 1, direction, the
instantaneous active P, and reactive power (,, are
{pcl _: a)ll//cl_lcql , (12)
qcl - a)ll//cllcdl

where ici, leq1 are the d—q of control-winding
current (ic1). Wei is the amplitude of y.i. The torque
and flux are [14]:

npl//clicql

Tecl =
vy = Li TWoem TViem

ccdl
where n, is the pole pairs, L is the inductance,

(13)

¥ pem and yrem are the mutual flux of power winding

to control winding and control winding to rotor,
respectively. Output voltages are:

Upe =2.65U,
(14)

— 9

Upec = (a)1 |Tecl| Re )2
where Up is the root mean square (rms) of power-
winding phase voltage. R. is the equivalent

resistance. Therefore, the output voltages can be
regulated by the control of fundamental current
loop.
Grid Side Power Control
The inverter 3 in Figure 2 is connected between the
DC bus and the electrical network through RL filter.
This inverter has two functions: to keep the DC bus
voltage constant, irrespective of the amplitude and
direction of the power flow and to maintain a unit
power factor at the point of connection with the
electrical network [11]. The mathematical modeling
of the studied DC link system is as follows
=g liin) as)
where:
lie = la1 Ty, (16)
Expressions of grid reference currents can be
characterized by:

1 -
B m (Vetiny = Vg = Li®slgg)
idg ; (Vq-inv

(R+L9)

The grid active and reactive powers are defined by

idg
S
_ng - L[a)sldg)
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The block diagram of the control loops for the
currents axis (d, q) is described in figure 2. The
correctors used are of the PI type. This block
diagram includes the terms of decoupling and
compensation in order to be able to independently
control the currents circulating in the RL filter and
the active and reactive powers exchanged between
the CCR and the network.

Grid control of active power

In order to control the flow of active power, the
value Pjj, of the real power flow between node | and
node j is given by

i —(0-0,) (19)

The total power flowing into bus (node) | is denoted
as Pi. This must equal the power generated by
generator | minus the power absorbed by the local
load on the bus. This power, P;, therefore must equal

the sum of the power flowing away from bus | on all
transmission lines. This means that

= Vdgldg + nglqg

1
Py = Z Ry = Z (Q—Gj)— (20)
jeN() jeN() ij
which can be expressed in matrix form as
R, =B6 (21)
where PZ[Pl, e PN],q =[0d,, --. ,qy],and B
is defined as
S Loiriz]
ieNG) Xij (22)
B={— if ¢;€E
Xij
0 if e;¢E

The C, (P) € R is afunction representing the

cost incurred in running generator | at power level
P. The equation formula for a general optimal power
flow problem it comes as
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N
minimize ZCi (PG ) 23)
considerinngIPG P =
with the constraints BO=F; -P,

min

<
where Pg is the vector of gerllgerated active powers
for all generators (micro turbine and solar in this
case and Pp is the vector of total local loads for all
buses. The matrices A and B were defined above.

The vector P, . andP represent the lower and

Gmin Gmax
upper limits of the DSWIG generator power. These
are the generation constraints. The other vectors,

P and Pax , are lower and upper limits ont he
power flowing through the distribution lines. T he

objective function ZC Gi represents the total

generation cost of all sources. The grid optimum
control problem has the objective to minimize this
overall cost by selecting generating powers (micro
turbine DSWIG battery and solar that satisfy the
major three constraints imposed to the micro grid.
The first constraint is a power balance relation. The
second constraint requires that the selected power

levels stay within the limits specified by P, . and
P

Gmax The third constraint requires that the power
flowing over the distribution lines stay within the

specified bounds, P_. andP__

5 Simulation of the proposed micro grid
In order to simulate the behavior, the micro grid the
corresponding models of the key components need
to be presented. The corresponding equations are
modeled in MATLAB Simulink model shown in
figure
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Figure 5. Figure with short caption (caption centered)

6 Conclusions

In this paper we have presented a hybrid micro grid
system build on the basis of a new micro turbine
dual stator induction generator connected to DC
bus supplying a number DC loads. After, we have
proposed a detailing diagram showing the flow
direction of the electrical power, and showing also
the optimization module MPPT which is using P
&0 algorithm and we had justifying the use of the
DC-DC boost converter and its control mode by
PWM. Then we have used a detailed mathematical
model of each RES. The mathematical models were
implemented models into a large Simulink model
system that allows wus the study of the
corresponding characteristic and their diagram
model. The model simulation using Simulink
model is used for the tuning and control of the
electrical power at 500 volt DC. The hybrid micro
grid integrating solar and micro turbine DSWIG
scheme proposed in this paper uses an inverter with
apparent power lower than the corresponding
generator power. The expected ratio between the
inverter power and the generator power is 50% in
the case of DSWIG.
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