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Abstract- This paper presents a power management (PM)
strategy based on various operating scenarios to share
power among solar system, electric grid and load. The
synchronous reference frame-proportional integral (SRF-
PI) based control strategy is applied to the grid connected
three phase inverter based solar power generation. The
compared with previous similar studies, the excess power
supplied by solar cell is transmitted to grid without using
storage devices. The characteristic of solar sell is
examined by changing radiation and temperature. In
order to verify the availability of the power sharing
control based PM strategy, proposed system is
established and implemented by using PSCAD/EMTDC
software package.
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I. INTRODUCTION

With increasing of distributed generation systems
(DGs) in AC microgrids, the power management (PM)
strategies of different DGs, loads and electric grid have
been a great importance [1]. Therefore, a proper PM
strategy based power sharing control among parallel
sources is required. Some control strategies for power
sharing control of hybrid power systems have been
proposed in the literature [2, 3, 4]. Reference [2] proposes
two control methods as unit power flow and feeder power
flow in grid connected hybrid system (photovoltaic and
fuel cell). Power sharing method based PM strategies are
discussed to share the power among the available AC/DC
microgrids-multiple sources in [3, 5].

Reference [4] also presents an overview of PM
strategies for hybrid AC/DC microgrids. The fuzzy
control based PM strategy is used for maximum
utilization from renewable energy sources [6]. The
battery storage devices are modeled and wind turbine is
connected to the electric grid in order to optimize power
flow among the battery, the wind farm, and the electric
grid in [7]. The PM strategy is designed for a grid-
connected solar-fuel cell hybrid system to reduce energy
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cost, taking into account the time-of-use electricity tariff
in[8,9, 10, 11].

Particle swarm optimization-proportional integral (PI)
controllers based PM is used to control of hybrid
renewable energy sources in order to ensure power
demand between grid, battery devices and energy sources
[12]. Grid connected hybrid system is presented and
controlled by synchronous reference frame-Pl based
current controller in [13]. While some of abovementioned
studies consist of storage elements to store excess power
in grid connected mode, other studies discuss PM
strategies in islanded mode. In this paper, the
configuration of grid connected solar power system is
shown in Figure 1.

This paper proposes a SRF-PI based PM strategy to
design power flow among solar cell, electric grid and
load power demand. The SRF-PI based power controller
enhances to share power between distribution systems.
The three phase inverter is connected between DC output
of solar system and AC grid. Solar cell is modeled,
design and analyzed under variation of temperature and
radiation. Various PM scenarios are performed in the grid
connected solar power system. The excess power
supplied by solar energy is also transferred to the grid
without using storage devices.

The rest of paper is arranged in following. Section |
overviewed the pervious similar studies. The
characteristic of solar system is analyzed and discussed in
Section Il. The SRF-PI controller based PM strategies are
presented and tested under various cases such as different
load values and night/day mode for solar system in
Section Il1l. Section IV summarized the conclusion
derived from this study.

Il. SOLAR POWER
In accordance with the circuit diagram of a solar cell
as shown in Figure 2, the solar current is determined by
Equation (1) [14]. The characteristic of a solar cell
depends on temperature as shown in Equation (1).
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Figure 2. The configuration of grid connected solar power system
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Figure 2. Circuit diagram of a solar cell

The shunt resistance Ry, is used for accounts of
leakage current [15] and Rg, Iy, Vi, k o, I,, T and

T, are represent the internal resistance of the cell, the

solar cell current, the reverse saturation current, open
circuit voltage, the Boltzmann's constant, the charge of an
electron, operating and reference temperature of solar
cell. The solar cell system is modeling based on
equivalent with mathematical equations. The relationship
between solar current and voltage is written as follow
equations [16, 17].
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The incremental conductance algorithm based
maximum power point (MPP) is implemented in

PSCAD/EMTDC software. The characteristic of solar
system is tested under variation radiation and temperature
as shown in Figure 3 and 4. The DC/DC boost converter
is connected to the solar cell. The control of converter is
based on MPP and Pl controller. Incremental
conductance algorithms based MPP has been proposed to
track maximum power under weather conditions. The
MPP can be obtained by changing the reference voltage
with the amount of AV. As shown in Figure 4a, solar cell
voltage Vsc is tracking MPP voltage Vmpp, successfully.
The incremental conductance method exhibits good
performance under rapidly changing radiation and
temperature in Figure 4b and 4c. The effect of variation
of radiation has been also examined on solar cell current
and power.
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I11. SRF-PI CONTROLLER BASED PM STARTEGY

A. SRF-PI Based Power Controller

The well-known synchronous reference frame (SRF)
based various control method can be used for control of
the active power filters, micro-grid, distribution
generation systems [18]. In balanced three-phase systems,
SRF-PI based power and current controllers provide good
performance. The three AC signals V., |4, convert to

in synchronous reference frame Vg, Iy, in order to use in

power and current controller. The schematic diagram of
SRF-PI based control strategy consist three main parts: i)
synchronization unit, ii) power controller and iii) current
controller as shown in Figure 5. The orthogonal voltage-
current signals Vg, lqq Using in power and current

controller is expressed in following Equations (4)-(6).

S =[ larer —lq | Kp +Ki /s ]+ 0L 15 +Vy (4)
Sq = [ lorer —1a ][ Kp +Ki /s ]-oLl, +V, )
:g Vd I:)ref +Vquef
S RV VE
(6)
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Active and reactive powers related with orthogonal d-
g signals are written in following [19]:
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B. PM Strategies
The remaining power or excess power (AP) supplied by

solar system is calculated by the difference between grid
Py and the load electric power B _. The excess power

AP can be transmitted to the grid storage devices. The
flowchart of the PM strategies is shown in Figure 6.
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Figure 4. The characteristic of solar cell under variation of radiation
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Figure 5. SRF-PI based power controller
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Figure 6. Flowchart of various PM scenarios

In order to confirm effectiveness and correctness of
the performance of the power sharing control based PM
strategies, the system is evaluated under various load
power. The system is developed by PSCAD/EMTDC.
The PM strategies depend on the magnitude of electric
power load P . The several case studies with the PM

strategies are written in following equations.
AP =Ry, — P (®)
e If AP <0 then the solar power production is not
sufficient and grid power Py should be operated.

o If AP =0 then the solar power production is sufficient
and grid power Py is not required to start-up.

o If AP >0 then the solar power production is sufficient
and excess power P, is transmitted to grid.

excess
o If solar power is at night mode, then electric grid
supplies power to load demand.
The power balance in the DC bus and three phase
output power can be written as follows equation.

T1pv_boost_conv Psc_dc - Pinv - Plosses =0 (9)
where, the power of P 4 is ensured by the solar cell

and B, 1S the power consumed by inverter. The

efficiencies of inverter and boost converter are assumed
to be constant 7;,, =0.93, 775, poost_conv =0.96.

The simulation results for various PM scenarios are
given as graphically in Figure 7. In this system, if solar
power is sufficient, then power supplied by solar system
is transferred to load power demand. Its excess power
supplied by solar system is also transferred to electric
grid as shown in Figure 7a. Figure 7b shows that if
unavailability of solar energy is occurred, electric grid
ensures power load demand. Figure 7¢ depicts that there
is not excess power and so electric grid is not required
start up. At night mode, solar system does not generate
power. Load power demand is ensured by electric grid as
shown in Figure 7d. Numerical results are also given for
various PM strategies in Table 1.

Table 1. Numerical results for power management strategies

I:)L Pg Pinv AP:Pexcsss
0.05 MW |-0.038 MW | 0.088 MW | 0.038 MW
0.15 MW | 0.062 MW | 0.088 MW | -0.062 MW
0.088 MW | 0.0 MW | 0.088 MW 0.0 MW
Night Mode | 0.088 MW | 0.088 MW 0 0
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Figure 7. Results for power management under load variations;
(a) excess power, (b) solar power is not sufficient,
(c) not excess power, (d) not generated power by solar (night mode)

IV. CONCLUSION

In this paper, SRF-PI controller based PM strategy is
applied to the grid connected solar system. Power sharing
method is discussed to share power flow among the
electric grid, solar system and load. According to the
availability of solar system power, electric grid supplies
power to load demand or the excess power supplied by
solar system is transferred to electric grid. Compared with
previous similar studies, there is no need to store energy
storage in the system. This advantage provides low cost
system. The grid connected solar power system is
examined and analyzed under various load values and
night/day mode of solar system. The effectiveness of the
system is verified by using PSCAD/EMTDC software
package.
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