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Abstract — The need for reduction of burning fossil fuels and 

CO2 emission has led to a change in how electrical power is being 

generated, transmitted and distributed. This has brought about 

the introduction of distributed generation units (DGs) mainly 

renewable energy resources as sources of power generation 

within the distribution network. With the growing use of 

distributed generations and energy storage devices across the 

distribution network, the architecture of the traditional grid 

faces challenges that threaten its safe and reliable operation. In 

this paper, the integration of PV and battery storage system is 

studied. Base models for a PV system and battery storage system 

were developed. The models were designed to ensure the 

generation of active and reactive power from the models and a 

multiagent control which includes a PV management system, 

battery management system and grid management system was 

developed to control the interaction between multiple DGs in the 

distribution network for efficient and reliable operation. Results 

from this study conducted via simulation show that battery 

storage systems are playing a big role in power management in 

the distribution network as they can absorb and produce both 

active and reactive power. 

Keywords — Distributed generation, Multiagent control, 

Distribution network, Active and reactive power management, 

PV system, Battery energy storage system 

I. INTRODUCTION 

With the growing use of distributed generations (DGs) and 
energy storage devices across the distribution network, the 
architecture of the traditional grid faces challenges that 
threaten its safe and reliable operation. Conventionally, the 
traditional grid operation was designed for power transfer 
from one point, generation, to another point, 
distribution/consumption. However, with more DGs and 
energy storage devices introduced at the distribution side of 
the grid, the grid operation becomes more complex. This has 
introduced the concept of microgrids in recent times. The 
interaction of DGs, energy storage devices and load which can 
be controlled independently as a unit or centrally by the grid, 
to produce and manage power in an area is the basic definition 
of a microgrid [1]. 

Most of the DGs found in the distribution network are 
renewable energy-based (wind turbines and solar PVs). These 
types of power generation units have become more prominent 
in the network as a result of the growing concerns due to the 
impact of burning fossil fuels and CO2 emissions on the 
environment [2], [3]. The advantages of these types of DGs 
are their minimal environmental impact as power is generated 
from natural resources and their ability to be set up on a small 
scale for remote areas where the power grid connection is not 
reliable and economical [2]. However, the intermittence of the 

sun and wind pose a big challenge as to how efficiently and 
effectively manage the power grid with these DGs from 
renewable sources. To solve the challenges related to 
intermittence, most researchers have introduced energy 
storage devices into the design of a microgrid. Energy storage 
devices can store power generated during peak generation of 
PV and wind turbines and also output the power stored at 
times when PV and wind turbine generation is at low or no 
generation. All these benefits of energy storage devices' 
flexibility make them very important in modern power 
systems and especially microgrids as they can be used in many 
applications ranging from power management to power 
quality [4].  

For microgrids, active and reactive power management is 
needed for safe and reliable operation. With injection and 
absorption of active power, frequency variations can be 
managed and with absorption and injection of reactive power, 
voltage variations can be managed [5]. For the safe operation 
and stability of the microgrid, frequency and voltage ancillary 
services are important. To achieve frequency and voltage 
regulations, various researchers have employed different 
techniques. 

In [6], frequency regulation using PV was studied. 
However, the study did not include voltage regulation. In [1, 
7–9], V-F and PQ control for PV and energy storage devices 
were studied. However, considerations and impact due to load 
change and interaction between different PVs, and 
management of power was not included in the study. In [10], 
similar to the PV system designed for this study, a grid-
connected abc-dq0 based PV system was developed to control 
both the active and reactive power of the PV system. A load 
frequency control was implemented in [11] for an islanded 
microgrid structure which included a PV and storage system. 

 However, voltage regulation was not considered for the 
islanded microgrid. From the previous studies mentioned, 
though energy storage was considered, the interaction 
between more than one PV, battery and load was not 
considered for power management in the microgrid. In [12], a 
central hierarchical control which includes a primary, 
secondary and tertiary control was implemented to manage the 
power operation of DGs in the microgrid. The study did not 
include an energy storage device as a DG with the capability 
to absorb and generate active power. 

This study addresses these gaps. This paper proposes a 
multiagent control through which the maximum capability of 
a microgrid with various PVs and battery systems can be 
harnessed. Detailed architecture of the battery and PV models 
are discussed in this study. 



Each PV system boasts of a Perturb and Observe based 
MPPT algorithm to always output the maximum power per 
irradiance level. The battery storage houses a PQ control to 
manage the active and reactive power. The local controls 
within the PV and battery system are developed in the dq0 
reference frames using the d-frame to control active power and 
the q-frame to control reactive power. Most researchers have 
used this approach but did not go further to implement a 
working reactive power control for the PV system. The 
reference of the reactive power is always set to zero. This 
study implements a reference based on reactive power load 
demand. The main contribution of this paper which is the 
multiagent control includes; a PV control system to aggregate 
the total PV power, a battery management system to control 
the active and reactive power contribution of the battery 
energy storage system and supervisory control to manage the 
overall active and reactive power within the microgrid to 
ensure no or minimal grid contributions.  

This paper is sectioned into six parts. Section I introduces 
DGs; PV and energy storage and a brief review of some 
control strategies for DGs. Section II presents the control 
design to generate active and reactive power in the PV system. 
Section III discusses the control of the battery system for 
producing active and reactive power. Section IV describes the 
multiagent control used for power management in the 
microgrid. Section V presents results and discussion from the 
simulation study carried out. Section VI highlights the 
contributions and gives a summary of the findings of this 
paper. 

II. CONTROL OF PV SYSTEM FOR ACTIVE AND REACTIVE 

POWER COMPENSATION 

The topology of the PV grid-connected system considered in 

this study includes a PV panel system, a boost converter to 

implement the MPPT algorithm, a three-phase inverter, an L 

filter, local load and an inverter control unit. 

 

The reference power (����) is calculated by estimating the 

power at the maximum point using the MPPT algorithm. This 

power depends on the amount of PV and irradiance levels. 

Knowing the load active and reactive power demand, the 

controller is designed such that for this scenario, when PV 

power (���) is greater than load power (��), the excess power 

is exported to the grid (��). For reactive power compensation, 

if the reactive power demand is within the apparent rating of 

the inverter, the inverter supplies the system with the reactive 

power demanded. The independent control of active and 

reactive power for this local control is made possible through 

the use of the dq0 reference frames which make possible 

independent control of active and reactive power. 

A. PV panel 

The simulation has been performed using 

MATLAB/SIMULINK. The PV panel used for this study is 

a SunPower SPR-315E-WHT-D with 315 W per panel. The 

arrangement consists of 17 modules in series and 10 parallel 

strings to output 50 kW ( Error! Reference source not 

found.) at the maximum irradiance point. 

 
Figure 2: IV, PV curves for typical PV system 

B. MPPT algorithm 

The IGBT in boost converter topology is used to control the 

maximum power output from the PV panels. To ensure 

maximum power extraction from the PV to the load or grid, 

the MPPT algorithm is used. There are several MPPT 

techniques like Perturb and Observe (P & O) in [13], and 

Incremental Conductance (IC) which have been proposed by 

researchers over the years. In [14], artificial neural networks 

based MPPT was discussed for PV systems. These techniques 

have different levels of accuracy, complexity and efficiency. 

 

For this study, the Perturb and Observe MPPT algorithm was 

used to track the maximum power point of the PV system. 

The duty cycle to trigger the IGBT of the boost converter is 

estimated from the MPPT algorithm and using a DC-DC 

signal generator, a PWM signal was generated to trigger the 

switch. 

Figure 1: Grid connected PV model 



 

 
Figure 4: MPPT algorithm and PWM signal generation for boost 

converter 

 

C. Inverter control 

The inverter is a power electronics device that is used to 

convert the DC voltage generated from the PV panels to AC 

voltage. The inverter also makes it possible to achieve active 

and reactive power control.  

 

This control was achieved as mentioned earlier using the dq0 

transformation. The synchronization of the grid and the 

inverter voltage and current is achieved using a Phase-locked 

loop (PLL) to get the angle, 	
. The inverter and load current 

are then transformed from abc to dq0 to decouple d and q 

frames to extract the active and reactive current components 

respectively.  

 

The references of the d and q frames are the input from the 

MPPT algorithm regulating the DC link voltage and the 

reactive component, q, of the load current respectively. The 

active and reactive power produced by the inverter is adjusted 

using a PI controller that tunes the error between the reference 

and inverter output in each reference frame. The signal gotten 

from the PI controller is collated to get the d and q frames and 

transformed back to the abc frame. Finally, a PWM signal is 

generated to switch the inverter. 

 

 
Figure 5: Inverter dq control schematic 

D. L filter 

The L filter in this PV system design is used to filter out or 

reduce harmonics that were produced by the inverter due to 

its PWM switching. The L filter was designed using the 

methodology proposed in [15]. The maximum inductance 

value of the filter hence is given by; 

��� =
��

�

�����
 × 10%    (1) 

Where; �� is the grid voltage, �� is the grid frequency and � 

is the inverter’s rated power. 

 

III. CONTROL OF BATTERY SYSTEM FOR ACTIVE AND 

REACTIVE POWER COMPENSATION 

The structure of the battery system is similar to the PV system 

designed in section II. The topology of the battery grid-

connected system considered in this work includes a battery, 

a three-phase inverter, an L filter, local load and an inverter 

control unit. The major difference in the structure of the PV 

and battery system is the inverter control.  

 

For this study, the PQ model was designed also in the dq0 

reference with the inverter current transformed from abc to 

dq0 and the active and reactive power of the battery inverter 

compared to a reference to output desired power values. The 

resulting signal is transformed from dq0 back to the abc 

frame. The schematic for this model is shown in Figure 3. 

 

Figure 3: Grid connected Simulink Battery model 



 
Figure 6: Reference generation for inverter dq control of the 

battery system. 

IV. SUPERVISORY CONTROL TO MANAGE DGS 

This section details the interaction between the designed 

DGs. The PV and battery models designed and discussed in 

Sections II and III were compressed to allow easy plugin of 

models into a distribution network.  

 

The task of the supervisory control is to ensure minimal 

interaction with the grid. This supervisory control has three 

agents that ensure the proper functioning of the microgrid. 

The function of the controller is to manage the active and 

reactive power demand and generation within the microgrid. 

 

 
Figure 7: Multiagent supervisory control 

The first agent is a PV management system that aggregates 

the total power and number of PV connected to the network. 

The second is a battery management system that manages the 

battery contribution to ensure charging of the battery when 

PV generation is in excess, and discharge when PV 

generation is lower than the load demand. The third agent is 

the grid management system. This controller is a supervisory 

control that monitors and acts when there is either a change 

in the PV generation or load demand and acts accordingly by 

sending control signals to the loads. 

 

For this study, 5 PV models with a maximum capacity of 50 

kW each at maximum power point, local loads of different 

power ratings, a battery module and a utility grid (415 V) 

were connected to model a distribution network. 

 
Figure 8: Network connection schematic 

V. RESULTS AND DISCUSSION 

A. PV active and reactive power simulation results 

In section II of this paper, active and reactive power control 

for a PV system was proposed. For validation, this system 

was simulated using SIMULINK. The result showing active 

and reactive power contributions from the PV system is 

shown in Figure 9. 

The nominal voltage for the simulation is 415 V and the 

frequency of the grid and system is 50 Hz. 

 

 
Figure 9: PV system Active and Reactive power 

Figure 9 shows the active and reactive power of the load, PV 

and grid. The plots also show the following scenarios; drop 

in load demand for active power but no change to reactive 

power, drop in load demand for reactive power but no change 

to active power and drop in active and reactive power load 

demand. 

 

The simulation results as presented in Figure 9 show that 

between 0 and 0.1 seconds, the load demand for active and 

reactive power was met by the PV system with zero 

contribution from the grid. Between 0.1 and 0.2 seconds, the 

load demand for active power was reduced by 20 kW. The 

reduction in load demand leads to the difference of 20kW 

exported to the grid. However, there is no change to the 

reactive power at this point. At 0.2 seconds, there is a drop in 

reactive power demand by 10 kVar but no change in active 

power demand. The PV system was able to provide just the 

amount of reactive power, while still providing active power 

to the load and exporting the remaining to the grid. At 3 

seconds, there is a drop both in active and reactive power load 

demand. This drop increases the active power exported to the 



grid to 40 kW and the active power load demand of 10 kW is 

still met by the PV system. At this point also, the reactive 

power demand drops to 20 kVar. 

 

From this simulation, the PV system can contribute to both 

active and reactive power management in a microgrid by 

meeting local load demands of both active and reactive power 

and still export excess power to the grid. 

 

B. Supervisory control for DGs simulation results 

The main aim of this supervisory control is to ensure adequate 

management of active and reactive power in the microgrid. 

Unlike the case of the PV, where excess power was absorbed 

by the grid, the battery energy storage can absorb and give 

excess power, this allows for minimal interaction of the 

microgrid with the main grid. For validation, this system was 

also simulated using SIMULINK. The result showing active 

power management of the multiagent control system is shown 

in Figure 10. 

The PV system generation capacity used for this study is 50 

kW at an Irradiance level of 1,000 �/�� and temperature of 

25 ℃ and battery capacity is 200 kW. 

 
Figure 10: Active power management using the multiagent control 

Figure 10 shows the power exchange curves for the PVs, 

battery system, loads and the grid. The plots show the 

following active power management scenarios; a PV 

connection to the network and reaction of other components, 

a PV disconnection from the network of other components, 

and contributions of the battery storage. 

 

The simulation results as presented in Figure 10 show that 

between 0 and 0.1 seconds, the load demand of 100 kW was 

met by the battery storage. At 0.1 seconds, the first 50 kW PV 

was connected. Immediately after the connection was 

observed, the controller sent a turn-on signal to the load to 

consume the power generated and this was connected to the 

network, and the battery storage was able to take part in the 

transient stability to ensure proper connection. The same 

reaction was observed for the connection of the remaining PV 

systems. At 0.8 seconds, the load demand from the network 

is a total of 300 kW with 100 kW from the battery, 200 kW 

from the PVs connected to the network and no export or 

import of power to and from the grid. At 1 second, the first 

PV is disconnected and the controller disconnects 50 kW 

worth of load from the network. The same case was observed 

upon the disconnection of the other PV systems. At 1.7 

seconds, the 100 kW load was disconnected from the 

network. Since there is no generation at this point, the energy 

storage also generates or consumes no power. At 1.8 seconds, 

there is still no load demand and a 50 kW PV system was 

connected. The control system was able to detect the 

connection and allowed the battery system to charge by 

consuming the PV generation in the network still with no 

export or import to and from the grid and load demand. 

 

Figure 11 shows the active power, reactive power and state 

of charge profile of the battery during the simulation. From 

this, it can be observed that since there was no reactive power 

demand, there was no generation of reactive power. 

However, the state of charge of the battery gradually declined 

as the battery was feeding a load of 100 kW. Upon 

disconnection of the load at 1.7 seconds, there is no power 

demand from the battery and generation within the network 

so the state of charge does not change. At 1.8 seconds, one 

PV is connected to the network and this power generated is 

consumed by the battery. This reflects in the state of charge 

as the curve gradually begins to increase till the simulation 

was completed. 

 

 
Figure 11: Battery active and reactive power contribution 

 
Figure 12: Frequency of the microgrid 



VI. CONCLUSION 

Though this research is still in the preliminary stage, the PV 

and battery systems have been proven in this study to have 

very important roles to play in the stability of the distribution 

network through the provisioning of ancillary services in the 

distribution network. 

 

From this paper, it can be concluded that PV and battery 

systems can take part in ancillary services as both DGs allow 

for independent control of active and reactive power. The use 

of a multiagent control also helps to manage active and 

reactive power within a microgrid to ensure the system is 

safe, stable and reliable. 

 

VII. APPENDIX 

 

IV, PV curve for SunPower SPR-315E-WHT-D 
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