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A Simplified Active-Reactive Power Control
of Distributed Energy Resource Integration
with Distribution Grid
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Abstract: Power system load demand is been increasing every day. If generation doesn’t meet the required load
demand, power system becomes un-stabilized. There is a need for increased generation capacity to meet up with
required load demand. Use of fossil fuels for power generation creates green house problems, high cost and also
extinction of fossil fuels is a concern for future generation. Distributed energy resources are a good preference over
conventional fossil fuels which can be easily extracted from the environment free of cost. This paper explains the
photo-voltaic system integration to grid through voltage source converter for active power injection keeping reactive
power as null value. Voltage source converter is controlled by using a proposed simplified PQ control theory in this
paper. Simulation work was carried out considering two cases for fixed active power injection and variable active
power injection; results were obtained using MATLAB/SIMULINK software.
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1. INTRODUCTION

Electrical energy is been the key for growth in technology. It is one of the important needs in our daily
schedule. Use of electrical energy in rural areas was later after independence in India. But now the situation
is changing drastically where electricity is important factor in daily life. This increase in load demands
additional power generation. Generally power is produced in bulk from conventional power generating
stations where fossil fuels like coal, gas, nuclear energy are used. Use of fossil fuels increase the running
cost of power generation as fossil fuels are high in cost [1-3]. Fossil fuels are in extinction these days and
might not be available in mere future. Power generation using fossil fuel emits more pollution and is a
concern globally and thus makes power researchers to think of alternative source of energy from which
electrical energy can be produced. This makes a way for use of renewable energy resources as alternative
energy source for power generation [4].

Renewable energy is freely available from the environment of no cost. Power generation from renewable
energy source doesn’t emit any green house gases making generation eco-friendly. With renewable energy
source, power generation can be made at the load centre locally since they occupy very less space. Renewable
energy sources like photo-voltaic (PV) systems, wind and fuel-cells are commonly used resources to produce
electricity [5-6]. A PV cell is widely used of all available resources and is termed as distributed energy
resource (DER). Excessive reactive drop in wind energy system and use of hydrogen in fuel-cell system
makes them to review over PV cell system.

Distributed energy resource can be broadly classified in to two categories based on their connection
to the system as grid connected system and standalone system. If the generated active power from the
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DER is fed to grid, it is termed as grid connected DER system and if the power generated from the DER
is not fed to the grid system is termed as standalone system [7-9]. Grid connected system can feed active
power and can also stabilize the system during peak load hours. Standalone system can also be called as
islanded mode. Power generated from the standalone DER can individually feed local loads without grid
support.

Grid connected system requires converters for its operation and many control strategies were proposed
by researchers to control the DER converters [10-17]. A simplified active-reactive power control algorithm
was proposed in this paper for the control of DER converter. The proposed control was tested for systems
considering two conditions, one is the system with fixed active power injection from the DER and the
other is variable active power injection from DER. Comparative analysis between the conventional PQ
theory and the proposed simplified PQ theory was not presented but the proposed control strategy was
very simple in construction eliminating the use of some components used for the extraction of power
elements which are present in conventional PQ theory. Models were developed and results were obtained
for the two conditions with proposed control strategy using MATLAB/SIMULINK software. Typical
DER configuration systems and its classification were explained in subsequent section of this paper. DER
integration with distribution system and proposed simplified active-reactive power control algorithm was
detailed in next sections. Proposed active-reactive power control for DER integration was also detailed in
coming sections of this paper.

2. TYPICAL DISTRIBUTED ENERGY RESOURCE (DER) CONFIGURATIONS

Distributed energy resources are small renewable energy source which can deliver electrical power to grid
to stabilize power system. To meet the increasing load demands, DERs are a viable solution injecting active
power in to the distribution system.

2.1. Grid Connected DER System

PV system is considered to be DER in this paper. Output of a PV cell will be low voltage DC. This obtained
low voltage output needs to be stepped up to required voltage. For stepping up low voltage DC to high
voltage DC, a DC-DC converter is needed. Boost converter which is simple is employed in this paper to
step up low voltage DC to high voltage DC. The system to be connected to grid, boosted DC should be
inverted to AC using an inverter and the inverted output is fed to grid through interfacing inductors. Typical
grid connected DER system was shown in Figure 1. Active power is been injected to grid from PV system
and this system can be handy to stabilize the grid during peak hours. Keeping reactive power zero, active
power is injected in this paper.

2.2. Standalone DER System

Standalone DER system was shown in Figure 2. The only difference between grid connected system
and standalone system was that the output of grid connected DER was fed to grid whereas the output of
standalone DER was fed directly to AC load, without support from grid. PV system output was fed to boost
converter to step-up low voltage DC output to required level of voltage. This was fed to inverter circuit to
invert DC to AC. Obtained AC feeds three phase load directly. This is very much useful in remote locations
and where grid connection was not available. Also since the system works independent of grid, stability is
not at all related to this system.
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Figure 1: Grid connected DER system
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Figure 2: Standalone DER system

3. INTEGRATION OF DER WITH DISTRIBUTION SYSTEM
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Figure 3: Integration of DER to distribution system

Integration of distributed energy resource to power distribution system was shown in Figure 3. The
output of a PV system will be typically a DC type and is fed to inverter circuit. Inverter converts DC to
AC and the obtained AC is fed to the power distribution system via interfacing inductors. Typically an
integrating converter which converts DC to AC acts as a voltage source converter (VSC) which consists
of static switches. Active power is been fed to grid via interfacing converter while reactive power is set to
zero from DER. This fed active power can be used to meet load demand and also due to presence of DER,
active power from main source produced from conventional generation can be cut down to some extent
reducing running cost and pollution.
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4. SIMPLIFIED ACTIVE-REACTIVE POWER CONTROL ALGORITHM

The proposed control strategy was very simple in construction eliminating the use of some components
used for the extraction of power elements which are present in conventional PQ theory. The proposed
simple active-reactive power control theory was shown in Figure 4. Information regarding sine and cosine
wave are obtained by sensing grid voltage and giving to PLL. Initially the actual values of active power
and reactive power were sensed from the system. Active power is then compared with reference active
power and error signal was fed to PI controller obtaining direct component of current. Similarly, actual
reactive power was compared to reference reactive component and error obtained is fed to PI controller to
obtain quadrature component of current. Both direct and quadrature components of current were combined
keeping zero sequence current set to zero. The combined signal was sent to dg-abc transformation along
with the sine wave and cosine wave information obtained from PLL thus obtaining reference three phase
current. This reference current is compared with actual value of current obtaining gate pulses when passed
through PWM generator. Integration of DER to grid using proposed active-reactive control is shown in
Figure 5.
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Figure 4: Proposed active-reactive control
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Figure 5: Integration of DER to grid using proposed
active-reactive control
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5. MATLAB/SIMULINK RESULTS AND DISCUSSIONS

Table 1
Simulation Parameters
Parameter Value
Phase-Phase grid voltage 440 V RMS
Active Power 2 KW
Interfacing inductor 7.5 mH
DC link voltage 800V

Case 1: Grid connected DER system injecting fixed active power
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Figure 6: Three phase source voltages of grid connected DER system
Table 1 shows the system parameters used to model the grid connected DER system. Figure 6 shows

the three phase source voltage of grid connected DER system which shows all three phases are balanced
having amplitude of 360 V.
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Figure 7: Three phase source currents of grid connected DER system

Figure 7 represents three phase source currents in grid connected DER system. All three phases are
balanced and have amplitude of 40 A. All the three phases have the same amplitude and frequency.

Figure 8 shows the power factor angle between source voltage and source current in three phases of
grid connected DER system. In all the three phases shown, source voltage and current waveforms does not
have phase difference between them indicating power factor is maintained nearer to unity.

Figure 9 shows three phase outputs of inverter from which active power is transferred to grid. Output
shown is waveform obtained before filter. Three level output is obtained before filter and active power is
injected to grid.
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Figure 8: Power factor angle between source voltage and current in three phases of grid connected DER system
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Figure 9: Outputs in three phases of inverter integrating grid to DER system before filter
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Figure 10: Active and reactive power of DER system injected to grid

The active and reactive power injected to grid from DER system through inverter is shown in Figure
10. Active power is maintained at 20KW constant and reactive power is maintained at zero indicating no
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reactive power consumption. Active power is maintained at constant value since fixed active power is been
fed to distribution system from DER.

Case 2: Grid connected DER system injecting variable active power
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Figure 11: Three phase source voltage of grid connected DER system
injecting variable active power

Three phase source voltage of grid connected DER system injecting variable active power from DER
is shown in Figure 11. Even though the active power fed from DER to grid is varaible, the source voltage
in all the three phases of grid are maintained constant at 360 V.
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Figure 12: Three phase source current of grid connected DER system
feeding variable active power

Three phase source currents in grid connected DER system was shown in Figure 12. In this case variable
active power is fed to grid from DER system. Variable active power is fed to grid from the instant 0.5 sec.
Before 0.5 sec, three phase source currents are maintained at 40 A constant in all the three phases and after
0.5 sec currents are varied since variable active power is fed to grid from DER.

Figure 13 shows the power factor angle in three phases of the distribution system and both source
voltage and current waveforms does not have phase difference between them indicating power factor is
maintained nearer to unity. Since variable active power is fed to distribution system from instant 0.5 sec,
there is a slight distortion in current at 0.5 sec. But after 0.5 sec, no phase angle difference was observed
indicating power factor is nearer to unity even when variable active power is fed to distribution system
from DER.

Figure 14 shows the three phase output of the inverter before filter. Three level output is obtained from
output of inverter before filter. Active power from DER is fed to distribution system through inverter and
output in three phases was shown.
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Figure 13: Power factor angle in three phases of distribution system
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Figure 14: Three phase output of inverter before filter
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Figure 15: Active and reactive power injected to distribution system from DER
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The active and reactive power in distribution system fed from DER is shown in Figure 15. Variable
active power is fed to distribution system, in this case up to 0.5 sec, constant active power of 20KW is fed
and from 0.5 sec active power of 40KW is fed to distribution system and reactive power is maintained at
zero indicating no reactive power consumption.
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Figure 16: Total harmonic distortion in source current of system

Figure 16 shows total harmonic distortion of 4.9% in source current within acceptable limit. Though
the variable active power is fed from DER to distribution system, total harmonic distortion is not large in
source current and well maintained within 5%.

6. CONCLUSION

Use of fossil fuels for power generation increases the running cost of generation also increasing pollution.
Renewable energy sources are viable to produce electrical energy with less running cost and pollution
free. Distributed energy resource like PV system can inject active power to power distribution system to
meet the ever growing load demand. Typical DER configurations and integration of DER to distribution
system were explained in this paper. This paper depicts the distributed energy resource integration to
distribution system to inject active power needed to meet load demand. DER is integrated with a voltage
source converter consisting of switches. Static devices in voltage source converter are controlled using a
simplified active-reactive control theory which was explained in detail. This simplified control theory was
stated for injecting fixed active power and variable active power and was found suitable for integration
to distribution system. With the said control strategy harmonics in source current were also reduced and
maintained within nominal limits. Comparative analysis between the conventional PQ theory and the
proposed simplified PQ theory was not presented but the proposed control strategy was very simple in
construction eliminating the use of some components used for the extraction of power elements which are
present in conventional PQ theory

References

1.  A.Bag,B. Subudhiand P. K. Ray, “Grid integration of PV system with active power filtering,” 2nd International Conference
on Control, Instrumentation, Energy & Communication (CIEC), Kolkata, 2016, pp. 372-376.

2. D.Noel, F. Sozinho, D. Wilson and K. Hatipoglu, “Analysis of large scale photovoltaic power system integration into the
existing utility grid using PSAT,” SoutheastCon 2016, Norfolk, VA, 2016, pp. 1-7.



318

Kesa. Jyothi, H.S Jain and K.S. Srikanth

10.

11.

12.

13.

14.

15.

16.

17.

V. S. Bugade and P. K. Katti, “Dynamic modelling of microgrid with distributed generation for grid integration,”
International Conference on Energy Systems and Applications, Pune, 2015, pp. 103-107.

N. Eghtedarpour, E. Farjah, Control strategy for distributed integration of photovoltaic and energy storage systems in DC
micro-grids, Renewable Energy (Elsevier), Volume 45, September 2012, Pages 96-110.

NS Jayalakshmi, DN Gaonkar, “Modeling and control strategy for grid integrated distributed generation systems with
maximum power extraction capability”, International Journal of Engineering, Science and Technology, Vol 6, No 2
(2014), pp 101-110.

Mohammad Monfared, Saced Golestan, Control strategies for single-phase grid integration of small-scale renewable
energy sources: A review Renewable and Sustainable Energy Reviews (Elsevier), Volume 16, Issue 7, September 2012,
Pages 4982-4993.

L. Jacob and D. S. Nair, “Standalone hybrid power generation - control technique for dump power,” International Conference
on Energy Efficient Technologies for Sustainability (ICEETS), Nagercoil, 2016, pp. 96-100.

A. Belila and B. Tabbache, “A control strategy of hybrid system “diesel-photovoltaic-battery” for stand-alone applications,”
IEEE 15th International Conference on Environment and Electrical Engineering (EEEIC), Rome, 2015, pp. 860-865.

B. Belvedere, M. Bianchi, A. Borghetti, C. A. Nucci, M. Paolone and A. Peretto, “A Microcontroller-Based Power
Management System for Standalone Microgrids With Hybrid Power Supply,” IEEE Transactions on Sustainable Energy,
vol. 3, no. 3, pp. 422-431, July 2012.

Indu Rani B, Saravana Ilango G, Nagamani C., “Power flow management algorithm for photovoltaic systems feeding DC/
AC loads,” Renewable Energy 2012;43:267-75 (July (1)).

Dahono PA. New hysteresis current controller for single-phase full-bridge inverters. Power Electronics, IET 2009; 2
(September (5)): 585-594.

Zang H, Yang X. “Simulation of two-level photovoltaic grid-connected system based on current control of hysteresis
band”, Power and Energy Engineering Conference (APPEEC) Asia-Pacific 2011; p. 1-4.

Azab M. “A new direct power control of single phase PWM boost converter,” Circuits and Systems. 46th IEEE Midwest
Symposium 2003; p. 1081-1084.

Yao Z, Xiao L. “Control of single-phase grid-connected inverters with non-linear loads” /IEEE Transactions on Industrial
Electronics 2012, pp 88-99.

Elsaharty MA, Hamad MS, Ashour HA. “Digital hysteresis current control for grid-connected converters with LCL filter,”
37th Annual Conference on IEEE Industrial Electronics Society IECON 2011) 2011; p. 4685-4690.

Dai X, Chao Q. “The research of photovoltaic grid-connected inverter based on adaptive current hysteresis band control
scheme,” International Conference on Sustainable Power Generation and Supply (SUPERGEN 09) 2009; p. 1-8.

Miranda UA, Rolim LGB, Aredes MA. DQ “Synchronous reference frame current control for single-phase converters,”
Power electronics specialists conference 2005; p. 1377-1381.



