A Minimal-Order Observer Based Control Method for PV Generator to Reduce
Frequency Deviations of Power System
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1. Interest of the Work

The demand of renewable energy has been increased
significantly because of the shortage of fossil fuel and the
global green house effect. Among various renewable
energy systems, PV systems are expected to play a
promising role as a clean power electricity source in
meeting future electricity demands.To date, it has not
been necessary for small PV generators to provide
frequency regulation services to the power system. In the
future, with an increasing penetration of PV generation,
their impact upon the overall control of the power system
will become significant [1]. This will lead to a situation
where the PV generators will be required to share some
of the duties, such as load frequency control. However,
no literatures have been found concerning this issue.

2. Objective

To design a control method for PV generators involving
themselves in the operation of power system by
contributing to frequency control. This control method
will reduce the frequency deviations introduced to the
power system by variation of load and will supply PV
power near maximum PV power.

3. Methodology

This paper presents a minimal-order observer [2] based
control method of PV generator to reduce the frequency
deviations introduced to the power system by the
variation of load. The proposed method supply power in
conjunction with diesel generator. This method is usually
used to supply power in isolated island. The proposed
method is compared with the method where Maximum Power
Point Tracking (MPPT) control [3] is used to produce the
command PV power. From simulation results, it has been found
that the proposed method is effective to reduce the frequency
deviation of the utility and delivers PV power near maximum
PV power to the utility. The small power system model [4]

used in this paper is shown in Fig. 1. It consists of diesel
generator in detail, PV generator, and minimal-order
observer for load and diesel power estimation where S; is
the insolation, P", is the command power generated by
output power command system, P, is the generated
power by PV power generation system, Py is generated
power by diesel generators, R is the speed regulation, Ty
is the governor time constant, Ty is the diesel generator
time constant, AP, is load, M is the inertia constant, D is
the damping constant, U is the input to the governor, Af is

the frequency deviation of small power utility, If’d is the

estimated diesel power, I5|_ is the estimated load power.
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Fig. 1. Small power system model

Firstly, a minimal-order observer is designed using the
power system parameters. The observer is shown in Fig.
2 and the model used to design the observer is shown in
Fig. 3.
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Fig. 3. Power system model for observer

From Fig. 2, a minimal-order observer can be written as



a(t) = Aw(t) + Ky(t) + Bu(t) (1)
X(t) = Dao(t) + Hy(t) ()
where A=Ay, —LA;,, K =AL+Ay — LA, B=-LB,

+B,,D=5" s ,and H=5"" I
Lo L

The simulation parameters are given in Table I.
TABLE 1. Simulation Parameters
Parameters of small power system
Inertia constant, M 0.150 puMW .sec/Hz
Damping constant, D 0.008 puMW/Hz
Governor time constant, Ty 0.10 sec
Diesel Time constant, Ty 8.0 sec

Speed regulation, R 2.5 Hz/puMW
Parameters of PV array
Rated output power 241 kW
Open circuit voltage 588.80 V
Short circuit current 52037 A
Number of modules in series 16
Number of modules in parallel 65
Total number of cells 62,400

The estimated load power is shown in Fig. 4 by solid
line.
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Fig. 4. Estimated load power
From Fig. 4, it can be said that the designed observer
estimates the load power successfully. After estimating

load power I3|_ , load variation index can be found as

A t .

AP =P - 4 t JTPLdt 3)

Then, PV base power is obtained by
0.78
Prace = — 4

base max Joe i “)
Finally, PV output power command is given by

Pinv = Phase +APL (5)
The output power command generation system is shown
in Fig. 5
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Fig. 5. PV output power command generation

4. Simulation Results

The comparative simulation results of the proposed
control and MPPT control are shown in Fig. 5 by solid
line and dotted line respectively. Insolation, load
variation index, and PV base power are shown in Fig. 6
(a), (b), and (c) respectively. Fig 6(d) shows the PV
power produced by MPPT control and proposed control.
From, Fig. 6(d), the proposed method produced power
near MPPT power and this power is controlled according

to the load variation index to minimize the frequency
deviations. Fig. 6(e) shows diesel power where diesel
power produced by proposed method fluctuates less than
the diesel power produced by MPPT control. Fig. 6(e)
shows the frequency deviations where frequency
deviations produced by MPPT control are + 0.3 Hz. On
the other hand, frequency deviations produced by
proposed method is almost zero. Therefore, it can be said
that the proposed method is effective to reduce the
frequency deviation of the utility and delivers PV power
near maximum PV power.
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Fig. 6. Comparative simulation results of the proposed control
and MPPT control
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