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Abstract—Microgrids are increasingly being considered to 

provide electricity for the expanding energy demand in the grid 
distribution network and grid isolated areas. However, the technical 
challenges associated with the operation and controls are immense. 
Management of dynamic power balances, power flow, and network 
voltage profiles imposes unique challenges in the context of 
microgrids. Stability of the microgrid during both grid-connected and 
islanded mode is considered as the major challenge during its 
operation. Traditional control methods have been employed are based 
on the assumption of linear loads. For instance the concept of PQ, 
voltage and frequency control through decoupled PQ are some of 
very useful when considering linear loads, but they fall short when 
considering nonlinear loads. The deficiency of traditional control 
methods of microgrid suggests that more research in the control of 
microgrids should be done. This research aims at introducing the dq 
technique concept into decoupled PQ for dynamic load demand 
control in inverter interfaced DG system operating as isolated LV 
microgrid. Decoupled PQ in exact mathematical formulation in dq 
frame is expected to accommodate all variations of the line 
parameters (resistance and inductance) and to relinquish forced 
relationship between the DG variables such as power, voltage and 
frequency in LV microgrids and allow for individual parameter 
control (frequency and line voltages). This concept is expected to 
address and achieve accurate control, improve microgrid stability and 
power quality at all load conditions. 
 

Keywords—Decoupled PQ, microgrid, multisource, renewable 
energy, dq control. 

I. INTRODUCTION 
N reality, every human being needs electricity which the 
most flexible form of energy. In that case electrical energy 

is central to concerns about sustainable development and 
poverty reduction. It affects practically all aspects of social 
and economic development, including livelihoods, water 
supply, agriculture, population growth, health, education, job 
creation and environmental concerns. Energy demand [1] in 
developing countries is growing rapidly. In order to meet this 
demand and at the same time to achieve sustainable 
development objectives on a global scale, conventional 
approaches to energy must be reoriented towards energy 
systems based on renewable energy and energy efficiency. 

Worldwide, there is an increasing adoption of distributed 
generation (DG) in the form of Renewable Energy Sources 
(RES) [2] that form Minigrid and/or Microgrids. In this 
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direction, many issues related to economics, electrical system 
optimization and long-term viability have been focused and 
researched. The control of dc-dc regulator and inverter 
interfaced microgrid network that combines diversity of RES 
is the structure tackled by this research work. This research 
focuses on integration and control of RES microgrid where, 
architecture and controller for dc-dc converter and dc-ac 
inverter interfaced microgrid will be designed and developed. 
This particular focus on renewable energy research has been 
motivated by unavailability of electricity in grid isolated areas 
(mainly rural areas) while there are various electrification 
options from locally available and plenty diversity of 
unexploited RES. 

The proposed microgrid architecture extends the traditional 
integration use of solar and wind generation systems to 
include other diversity of RES such as solar, mini/micro hydro 
generation, biofuel generation, biomass, biogas and oceanic 
(waves and tides) generation instead of fossil fuels to increase 
power density and maintaining reliability and sustainability. 
The proposed control is envisaged to allow the behavior 
aspects of a system to be considered simultaneously and thus 
improve stability and power quality of the micro/mini-grid for 
linear and nonlinear loads during grid connected and islanding 
operation modes. This paper presents a conceptual framework 
of integration of multiple renewable sources of stochastic 
nature for the purpose of supplying a minigrid which may also 
be coupled to the main grid. 

II. RESEARCH PROBLEM AND OBJECTIVE OF THE RESEARCH 
WORK 

As microgrids increasingly being considered to provide 
electricity for the expanding energy demand in the grid 
distribution network and grid isolated areas, the technical 
challenges associated with the operation and controls are 
immense [3], [4]. Management of dynamic power balances, 
power flow, and network voltage profiles imposes unique 
challenges in the context of Microgrids. Stability of the 
Microgrid during both grid-connected and islanded mode is 
considered to impose major control challenge during its o 

In Microgrids, PQ has been used as traditional control 
method which is based on the assumption of mainly inductive 
line impedance. This assumption works fine in a grid 
connected Microgrid but proves failure in the case of isolated 
Microgrid because of poor X/R ratio [5]. Practically, isolated 
low voltage (LV) Microgrids are highly resistive and have 
dynamic power couplings whereby the control for instability 
presents an extra degree of technical challenge. Droop control 
employing PQ method which is being used for isolated 
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Microgrid however, can lead to stability concerns because 
frequency and network voltage cannot be controlled 
independently as in conventional power system unless 
otherwise decoupled [6]-[8]. Nevertheless, the concept of PQ, 
voltage and frequency control through decoupled PQ are very 
useful when considering linear loads, but they fall short when 
considering nonlinear loads, hence present a room for more 
research in the control area of Microgrids. 

This research intends to introduce the dq frame concept into 
decoupled PQ for dynamic load demand control in an inverter 
interfaced DG system operating as an isolated LV microgrid. 
Decoupled PQ in exact mathematical formulation in dq frame 
is expected to accommodate all variations in line parameters 
(resistance and inductance) and to relinquish forced 
relationship between the DG variables like power, voltage and 
frequency in LV microgrids and allow for individual 
parameter control (frequency and line voltage). This concept is 
expected to address and achieve accurate control, improve 
microgrid stability and power quality at all load conditions. 

III.  REVIEW OF SIMILAR PREVIOUS WORK AND THE EXISTING 
CHALLENGES 

A. Introduction to Microgrids 
Due to the high cost of fossil fuels, concerns regarding 

environmental effects and energy security and statutory 
regulations, renewable energy sources (RES) are experiencing 
a large growth [9]-[11]. RES are growing very fast as global 
modern DG capacity [3]. microgrid paradigm has been a 
promising efficient and effective use to interconnect 
distributed energy resources (DER), which influence the 
presence of grid connected and isolated microgrids. 
Conceptually, the isolated microgrid is like a scaled-DOWN 
version of a large-scale utility grid where the penetration of 
distributed generation in an isolated microgrid is by definition 
100%. 

Integration of microgrid can be termed into two scenarios; 
(i) One considers development trends and perspectives for 

widespread implementation of distributed generation 
based microgrid connected to the grid in either 
distribution or transmission levels. Sometimes they 
would have the ability to pull themselves off the grid 
and function in island mode when necessary to increase 
reliability for the local load. 

(ii) Second scenario is when microgrids operate as 
standalone power supply. 

Various DG integration systems have been developed 
worldwide and some are found in [1], [9], [12]-[15]. All DG 
based RES has no permanent supply (power guarantee), but 
they can make an important contribution covering globally 
electricity demand in terms of annual power supplied. In 
operating terms, this means to cover demand, integration to 
form a MICROGRID and an additional power reserve (energy 
storage) must be available especially to stand alone systems 
[9]. 

 
 

B. DG Technologies 
Microgrid combines diversity of distributed generating 

resources designed to operate in a unique technology that 
build an integrated system for better technical and economical 
operations [1], [10], [16], [17]. Such resources and 
technologies are photovoltaic systems (PV), High 
Concentration Photovoltaic (HCPV), Fuel Cells, wind 
turbines, Micro-turbines, mini-hydropower [9], [18]-[22]. Of 
all renewable energies, only wind energy plays an important 
role in covering about 1.3% of global electricity supplies. 

In order to supply reliable, quality power, the microgrid 
must have mechanisms to regulate voltage and frequency in 
response to changes in customer loads and system 
disturbances as performance objectives. Diversities of 
technologies integration will lead to situations involving 
different equipment with different electric interfaces, opening 
clear paths for complex techniques to be implemented. 
However in many of the resources technology, power 
electronics devices dominate as the DG interface. Therefore 
all related objectives would be achieved in a higher degree as 
far as high efficient power electronics devices will be used and 
appropriate control techniques be developed. 

Development of hybrid power systems based on RES 
represents one step further towards DG and influence 
researches on the application of power electronics as interface 
between various Renewable Energy Technologies (RET) [23]. 
Applications of power electronics in RET is very diverse 
specifically as interface between renewable sources (RS) and 
load and use of digital control schemes driven by software for 
better controlling efficiency, effectiveness and flexibility is 
encouraged [24]. With a large amount of digital load such as 
PCs the control dynamics of the interface must be fast in order 
to deliver sufficient power with high quality. 

Power electronics industry has developed various families 
of power electronic converters often linked by power levels, 
switching devices, and topological origins. Each family of 
power converters has preferred modulation strategies 
associated with it that aim to optimize the circuit operation for 
the target criteria most appropriate for that family. Parameters 
such as switching frequency, distortion, losses, harmonic 
generation, and speed of response are typical of the issues 
which must be considered when developing modulation 
strategies for a particular family of converters. Standard power 
converter topology can be used to implement a new idea, such 
that power converter can be built to be multipurpose [25]-[28]. 

Traditionally, power grids are supplied by sources having 
rotating masses and these are regarded as essential for the 
inherent stability of the system. In contrast, microgrids are 
dominated by inverter interfaced DG units (e.g. fuel cell, solar 
PV arrays, microtubines, storages and wind turbines) that are 
inertia-less, but do offer a possibility of flexible operation. 
Inverter-based DG units tend to have faster dynamics, but 
smaller output impedance; therefore, it can quickly switch 
between grid-connected and islanded modes. However it is 
susceptible to a larger switching transient during transition. In 
general view, the specification of a power electronic interface 
used is subject to requirements related not only to DG itself 
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but also to its effects on the power-system operation, 
especially where the resource variability constitutes a 
significant part of the total system capacity. 

C. Control Issues and Technical Challenges in Microgrids 
Instability and power quality in microgrids is considered in 

terms of voltage and frequency variations due to variation of 
resources and dynamic load demand. In a good power quality 
network the power generated must be equal to the load 
demand at any particular point of time [4]. FACTS and D-
STATCOM devices using PQ control scheme have suggested 
for reactive and active power control in order to alleviate 
instability problems in grid connected microgrids and droop 
control for isolated microgrid, employing traditional method 
for power control based on the assumption of mainly inductive 
line impedance [4], [6], [29], [30]. Artificial Intelligence (AI) 
algorithms have been among the efforts to find high accuracy 
for tuning controller parameters in order to improve the 
system control and stability [29], [31]. 

Integrating renewable energy sources into the main grid or 
microgrid to any considerable degree can expose the system to 
issues that need attention lest the functionality of the main 
grid/microgrid be impaired. Penetration of RES into electricity 
generation has introduced many technical and non-technical 
challenges such as power generation intermittence, power 
quality, reliability, safety, protection, load management, grid 
interconnection, controls, new regulations, integration of 
resources and operation economics which are now active areas 
of research around the globe [32], [33]. 

A new active power and voltage control scheme for single 
and parallel inverters that operate in the islanding mode is 
presented in [6]. The control scheme regulates both the active 
power and voltage magnitude of the inverter. The reactive 
power output from the voltage-regulated inverter was kept 
unregulated and left to change with the load because the 
inverter interfaced distributed energy sources have reactive 
power generation capabilities. The proposed control scheme 
can be applied in droop control method to handle the active 
power sharing among parallel inverter-interfaced distributed 
energy resources operated in the islanding mode. The 
disadvantage of this method is that the voltage changes with 
the reactive power as the load varies. This will bring 
instability in real implementation. 

Operation modes of microgrids are described in [30] where 
as local-level distribution generation and system-level was 
described in [34]. Stability has been mention as a major 
control problem in [30] while PQ and voltage source inverter 
control schemes were mentioned as control strategies in grid 
connected and islanded operation of the microgrid [35], [36]. 
Each control scheme controls active and reactive power 
depending on the load demand. However limitation in 
applications for PQ and V-f control schemes and reasons for 
this limitation has been highlighted in [30]. 

Carrasco et al. [24] presented the integration of wind and 
photovoltaic (PV) to including appropriate storage-system 
technology as supplement and an alternative to large 
conventional central power stations specially in off grid areas. 

In [14], Ou et al. presented multi-input power converters as 
controllers for grid connected and autonomous hybrid. Power 
electronics has been suggested as interface devices, and the 
new trend in the use of power electronics for the DG 
integration has been established. However, in all these cases 
the dynamic control of the power demand in the systems has 
been hardly mentioned. 

The coordinated control of large number of distributed 
sources with probably conflicting requirements and limited 
communication is a very challenging problem imposing the 
adoption of distributed intelligence techniques. In order to 
achieve better control and accuracy, artificial intelligence and 
other optimization techniques have been used for tuning 
controller parameters [29]. 

For a complex structure microgrid, where reliability is 
priority, every microsource is connected to a point of common 
coupling (PCC) and incorporate communication infrastructure 
and control levels like microsource controller (MC), load 
controller (LC), microgrid control centre (MGCC) and 
distribution management system (DMS) [30], [37], [38]. 
However, schemes of this kind are complex and expensive to 
be implemented in rural areas of many developing countries. 

IV.  PROPOSED MICROGRID SYSTEM WITH MULTIPLE 
RENEWABLE ENERGY SOURCES 

Fig. 1 shows the proposed system of an inverter interfaced 
microgrid supplying local load and a distant load 1S . Multiple 
DG are concentrated to the common DC bus and used to 
supply some connected DC loads and storage. In 
interconnection mode of operation, decisions on local 
generation are based on the availability of the primary energy 
sources. Network restrictions, namely capacity of the MV/LV 
transformer or LV network congestions have to be strictly 
respected. When failures occur in the MV or HV system, the 
microgrid is automatically transferred to isolated islanding 
operation supply the local load connected to the microgrid. 
Seamless transition between the interconnected to the 
islanding mode is crucial to uninterrupted continuity of 
supply. 

If a system disturbance provokes a general blackout at the 
upstream MV or HV networks, the microgrid can support 
during black-start, helping in this way the upstream. In the 
present networks, islanding operation is expensive since the 
costs of the generation plant and additional system automation 
and control must be borne. 

In Fig. 1, the net dc bus power ( dcP ) is determined by the 
sum of all connected microsources to the respective bus. The 
accumulation involves power from all available sources and 
the storage system (Ps). The total power at the DC Busbar for 
n available energy sources and storage system is given as, 

 

s

n

i
dcdc PiPP ±= ∑

=1

))((        (1) 
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where, )(iPdc  is the thi  DG connected to the regulated DC 
Busbar. 

The DC bus power remains after consumption by some 
local DC loads, is converted to AC by the inverter to feed load 

1S  at a standard load voltage, 1V , as shown in Fig. 1. The 
complex power at inverter output is also shown in the figure. 
The active and reactive power at inverter output is given in 
exact mathematical formulation by (3) and (4); 

 

jQPS +=            (2) 
 
With load angle of ø, the active power and reactive power of 
the load are respectively given in (3) and (4). 
 

)( φCosSP =           (3) 
 

)( φSinSQ =           (4) 

 
Fig. 1 Proposed configuration of the multisource microgrid 

 
In (2) and (3) both resistance and reactance are taken into 

consideration during analysing and tuning controller 
parameters for the microgrid in contrast to previous designs 
where resistance is usually neglected. Maintaining stability 
and power quality in the islanding mode of operation requires 
the development of sophisticated control strategies and need to 
include both generation and demand sides. In a good quality 
power network there must be a match between supply and 
demand at any particular point of time, where power balance 
in (5) has to be applied. 

 

X

m

j
jLR

m

j
jL

n

i
iS

n

i
iS QQPPQP +++=+ ∑∑∑∑

==== 1
,

1
,

1
,

1
,     (5) 

 
where n and m represents number of microsources and loads 
connected at the microgrid respectively, RjLiS PandPP ,, ,  

represents supplied and consumed active power, active power 
due to load and network resistive losses. On the other hand, 

XjLiS QandQQ ,, ,  represent supplied and consumed 

reactive power due to connected load and network reactance. 
The proposed control strategy is anticipated to improve the 

stability and power quality of isolated microgrids and grid 
distribution based microgrid with greater penetration of DG at 
remote locations. A total voltage harmonic distortion (THD) 
of not greater than 5% as set by IEEE standard 519-1992 is 
also a target in this research. 

V. PROPOSED RESEARCH METHODOLOGIES 

A.  Proposed Methodologies 
1) Model of a single line diagram of a generalized power 

system incorporating microgrid as a single generator, load 
and grid, and derive mathematical representation of the 
generalized model. 

2) Power electronics converters (AC-DC, DC-DC, DC-AC) 
are used as RES/DG interface to the power system 
depending on requirements. An inverter will be developed 
in this case and a passive filter utilized to minimize 
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harmonics for the current injected into electrical network. 
Energy storage will also be included as active power 
compensator during resource variability or change in load. 

3) PQ control strategies in direct and quadrature axes (dq) 
reference frame will be developed and tested on the 
generalized model of grid connected microgrid. Load will 
be varied and study the dynamic behaviour and stability 
of the control and controlled system. Then the system will 
be allowed to operate as an island. Decoupled PQ will be 
developed and introduced into the system for further 
study. Short circuit and resource variability tests at fixed 
connected load will be performed in order to realize 
voltage status, frequency behavior and dynamic power 
flow. The outcome would tell the effectiveness of the 
proposed control technique and controller performance. 
Vector control technique will be developed and employed 
to control the inverter interface. 

4) Study the effect of DG penetration in power systems by 
accessing the voltage profile along the distribution 
system. The system will be simulated without DG, with 
increased DG capacity, single load at the load bus, and 
with uniform load distribution along the distribution 
network. This study will enable to study the effects of 
increased DG capacity on network voltage profile and 
control aspects along the distribution network. A case 
study will also be made on real/potential grid connected 
Migrogrid by applying real data to the model for further 
studies and verification. 

B.  Materials and Tools for Undertaking the Research Work 
Matlab/Simulink Software will be used to undertake 

simulations and analytical studies of the proposed system. In 
addition RT-LAB Real-Time Digital Simulation and 
Controller facility has been acquired. The facility will be 
employed to undertake Real-Time Digital Simulation and 
possible prototype implementation of the proposed concept. 

VI.  CONCLUSIONS 
Due to technological development, there is always 

increasing demand of energy requirement. Since electrical 
energy is the most convenient form of energy, there is 
continuous research work on the methods of conversion and 
integration of any available source of energy into electrical 
energy. This research direction is therefore prime as part of 
global research works on renewable energy sources, 
conversion and integration technologies. It is important to note 
that this research is very vital nationally and internationally. 
This is because the outcomes can enlighten on the possibilities 
of deploying several multiple sources of environmentally 
friendly renewable energy to supply Microgrids in rural areas. 
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