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Abstract: The brief description of a microgrid development project currently in progress is proposed in this paper. The main 

objective of this paper is to improve power quality. In this project, the economic dispatch and weekly operation planning are the 

methods of Microgrid control where the main objectives are to minimize fuel cost and CO2 emission. The objective of having 

Microgrid is discussed. The main components of  Microgrid and the technique on how the Microgrid central controller was 

developed. to control the voltage and frequency the Microgrid controller managed in both grid connected and islanding mode as 

well as maintained them within mandatory operational limit of respective operation code. A microgrid comprises distributed 

generation, energy storage, loads, and a control system that is capable of operating in grid-tied mode and/or islanded mode. An 

active power loss is also significantly reduced. By using the simulation results we can study the Microgrid system and also to 

demonstrate the workability of the concept. 
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I. INTRODUCTION 
      A microgrid is a modern distributed power system using 

local sustainable power resources designed through various 

smart-grid initiatives. It also provides energy security for a 

local community as it can be operated without the presence 

of wider utility grid. In Malaysia, due to encouraging 

government policy and very attractive incentive integration 

of renewable energy (RE) resources into electrical grid is 

increasing substantially. The main objective of the later 

methods is to improve power quality [3-4]. The main 

advantage of Microgrid is to reduce the negative impact of 

PV output variation on the voltage and frequency. In the 

network Microgrid is also expected to reduce active power 

losses. The Microgrid controller should be able to 

manipulate the reactive power output from the renewable 

generators without reducing their active power dispatch 

capability. If this concept of control is proven successful, it 

will be duplicated for a pilot implementation in one of 

distribution network in Malaysia. A microgrid is defined as a 

localized group of electricity sources and loads that normally 

operate interconnected, and acts as a single controllable unit 

that is synchronous with the traditional centralized grid 

(macrogrid), but can disconnect and function autonomously 

as physical and/or economic conditions dictate. The 

government RE targeted that by 2020 is 11 % of Malaysian 

electricity generation mix is as depicted in Fig1. This 

percentage is targeted to increase exponentially (17% in 

2030 and 73% in 2050) to support the Malaysian sustainable 

economic growth in the future [1-2].  

    Large amount of the RE as distributed generation (DG) 

however is expected to create challenges due to variability of 

these resources to power system operation. Thus, in response 

to these challenges, a new paradigm in operating power 

system with the significant presence of RE is proposed tp 

adopt. In this new paradigm, a part of distribution network 

comprises of RE generators is suggested to be operated as a 

Microgrid [3-4]. Microgrid can be considered as a part of 

technology under Smart Grid to realized active management 

of distribution network [5].  

 
Fig.1. Malaysia National Renewable Energy Goals.  

  Microgrid components are includes central controller and 

energy storage. Different control options and strategies are 
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being investigated in each of the above projects [3-4]. The 

factor influencing these includes energy market scenarios 

and type of resources available in those regions. Another 

important factor is the local renewable energy policy and 

incentives provided by the local government. 

II. MICROGRID COMPONENTS 

      The Microgrid under development is a part of low 

voltage network in one of TNB’s owned premises in the 

central region of peninsular Malaysia. This Microgrid is 

comprise of photovoltaic generation sources, fuel cell 

generation sources, battery storage, adjustable load and two 

natural loads. The layout of this Microgrid is depicted in Fig. 

2. 

 
Fig.2. Proposed Microgrid architecture. 

       The objective of operating Microgrid is however 

focusing on prototyping and demonstrating real-time 

reliability management tools, developing system security 

management tools, and conducting applied research on 

advanced measurement technologies and control[3-4]. The 

economic dispatch and weekly operation planning are the 

methods of Microgrid control where the main objectives are 

to minimize fuel cost and CO2 emission is presented in this 

paper. The controller has two additional control methods 

which are tie-line and local frequency control.  

III. MICROGRID POWER SYSTEM 

     Microgrid is a small power system with the ability to 

operate in parallel or independently with the main grid. 

Microgrid capacity extends from a few kilowatts to a few 

Megawatts. It is actually a cluster of small capacity 

generating units together with energy storage devices and 

controllable loads connected to a low voltage network and 

operated to supply the electrical energy to local area for 

various purposes [6]. Microgrid concept is believed to be a 

part of evolution of power system that comprises distributed 

generation. The unique features of Microgrid are; it can be 

operated as a part of medium or low voltage network and it 

can also operate autonomously in an islanded mode, which 

enhances reliability of supply in case of faults in upstream 

network. It can be resynchronized back to the network after 

restoration of the upstream network.In Microgrid, distributed 

geneators (DG) will generate sufficient energy to supply 

most or all of the local load demand [3, 5-6]. The importance 

of having a pilot Microgrid test-bed is clear with the very 

ambitious government policy in promoting integration of RE 

in Malaysian generation mix. Most of RE are PV sources 

which is highly intermittent in nature. With substantial 

amount of RE generators, a lot of technical issues affecting 

the operation of the distribution network are expected to 

surface. These issues are voltage fluctuation, harmonics and 

increase in fault current level to name a few.  

      As Microgrid is a new concept, it requires a physical test 

bed to prove its working concept before being implemented. 

Even though the control method proposed had been 

demonstrated to effectively control the voltage, the 

demonstration is only through digital simulation. There is no 

guarantee that the method works in the physical system. The 

need for a test-bed is recommended to test the method or any 

similar approach. The test-bed should contain various type of 

DG, communication infrastructure and programmable 

central controller in addition to typical equipments available 

in conventional electric distribution network. RE resources 

are in different stages of maturity. It is quite a challenge in 

getting all of them operate together in a stable, concerted 

way to accomplish the goals of efficiency, security and 

reliability. Moreover each region has different energy policy 

and incentive on RE. These differences are evident from a 

number of projects which is already in progress influencing 

the objective of Microgrid central controller. Malaysia as a 

developing country located close to equatorial line has 

different energy policy and incentive on RE compared to 

advanced countries with temperate climate.  

IV. CONTROL OF MICROGRID 

      Microgrid controller is designed to operate 

autonomously by predicting and dispatching the power 

reference of the Microgrid active sources. Optimization 

process is used in finding the power references for these 

sources. The main objective is to keep the voltage inside 

Microgrid within operational limit at all times as in [10]. In 

the optimization however, the objective function is to 

minimize active power losses. The voltage magnitude is 

treated as a constraint. 

TABLE I: Microgrid Component 
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Mathematically, the optimization problem is written as, 

                      (1) 

Where 

     : active power of fuel cell generation system 

     : active power of battery energy storage system 

     : reactive power of PV generation system 

     : reactive power of fuel cell generation system 

     : reactive power of battery energy storage system 

The objective function is subjected to, 

A. Cable loading limits 

                          (2) 

B. Bus voltage limits 

                                   (3) 

C. RE active power limits 

                         (4) 

D. RE reactive power limits 

                        (5) 

where NB is the number of buses, NC is the number of 

cables and NRE is the number of RE units. The optimization 

process is performed on the Microgrid network based on 

DIgSILENT power factory simulation model.  

 

     The optimization process finds optimal power references 

for minimum active power losses while at the same time all 

the constraint are met. AC optimization interior point 

method is used as an optimization algorithm. The 

ptimization simulation is run for every one hour of natural 

load profile which are tabulated in Table II.  

TABLE II: Natural Load Profile 

 

  The data is based on the hourly recorded output from the 

BIPVs installed in the premise. It can be seen that the 

maximum power generated by the BIPV is between 11:00 

am and 4:00 pm. This is typical output of BIPV during clear 

sky day. During the cloudy day or rainy day, the output is 

less. Building integrated PV (BIPV) output for the respective 

time is shown in Table III.  

TABLE III:  Bipv Output Profile 

 

     The optimal power references are saved in the database. 

This data base is used to train artificial neural network for 

generalization. In this second stage, the Matlab software is 

used. The whole procedure is portrayed in Fig. 3. 

 
Fig.3. Microgrid controller development process. 

      The Microgrid controller scheme that was developed is 

depicted in Fig. 4. The inputs are forecast of PV output from 

BIPV, instantaneous power from the upstream network and 

forecast of Microgrid natural load. The outputs are the BIPV 

reactive power reference and power reference for FCGS and 

BESS. 
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Fig.4. Microgrid controller input and output. 

V. MODELING AND SIMULATION OF MICROGRID 

OPERATION  

     All generation systems inside Microgrid are modelled as 

a three phase detail models. The whole Microgrid network 

with its components is depicted in Fig. 5.  

 
Fig.5. Snapshot of Microgrid model in SimPower 

Systems. 

      BIPV, FCGS and Battery energy storage system (BESS) 

interface to the low voltage network via 3 phase power 

electronic converter utilizing IGBTs as switching devices. 

The switching of IGBT is controlled by signal generated by 

pulse width modulation method (PWM). The voltage 

references for PWM are calculated by inverter controller. 

The controller is implemented in dq coordinate which enable 

the independent control of active and reactive power. The 

inverter control method is explained[6]. Fig. 6, Fig. 7 and 

Fig. 8 display the output voltage and current respectively 

from BIPV, FCGS and BESS.  

 
Fig. 6. PVGS output voltage and current. 

      All the waveform is captured during full generation 

capacity at steady state operation. Voltage waveforms seem 

to be almost perfectly sinusoidal but the current waveform 

looks distorted. From detail analysis on the waveform, the 

total harmonic distortion for voltage and current are 

tabulated in Table IV. 

 
Fig.7. FCGS output voltage and current. 

TABLE IV: Total Harmonic Distortion 
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   As can be seen the Fig. 8 that current output from FCGS is 

more distorted as compared to the current output from BIPV 

and BESS as depicted in Fig. 7 and Fig. 9.  

 
Fig. 8.   BESS output voltage and current. 

      With the Fourier transform analysis, the value of 

distortion for FCGS was calculated to be nearly 2% for 

THDv and close to 10% for THDi. This value are consider 

high for modern inverter that utilizing IGBT devices for 

switching. This is something interesting to be found. Even 

though the interfacing converter is utilizing exactly the same 

control algorithm, the distortion measured in current output 

is not similar. This finding indicate that the individual 

converter is claimed to produce very low current total 

harmonic distortion typically less than 5% [4], when it is 

connected to the bigger electricity network, the current THD 

at the point of interconnection can be higher. This is due to 

the facts that a certain harmonic components resonate with 

the system impedance or the existing electrical network 

already contaminated with the harmonic. The addition, the 

converter contributes to higher harmonic contents. 

 
Fig.9.Active and reactive power references from 

Microgrid controller. 

       To demonstrate the workability of the Microgrid model 

and the developed Microgrid controller, a simulation is run 

for 48 hours operation. This case is to demonstrate that the 

voltage and frequency can be maintained within allowable 

operational limit during both grid connected and islanding 

mode. During islanding mode, the dispatch power from each 

generation inside Microgrid is change accordingly so that the 

voltage and frequency can be maintained within operation 

limit. The dispatch power from each generation is depicted 

in Fig. 10. The voltage is shown in Fig. 11. It is clearly seen 

that the frequency and voltage varies throughout the 

simulation but the variation is still within allowable 

tolerance. 

 
Fig. 10. Frequency and voltage inside Microgrid. 

 
Fig.11. Active power losses comparison. 

VI. CONCLUSION 

      The main advantage of Microgrid is to reduce the 

negative impact of PV output variation on the voltage and 

frequency. In the network Microgrid is also expected to 

reduce active power losses. This paper has introduced briefly 

the renewable energy development in Malaysia and the 

government policy is mentioned. Feature and components 

that constitute Microgrid is also described with the overview 

of Microgrid control feature. A microgrid comprises 

distributed generation, energy storage, loads, and a control 

system that is capable of operating in grid-tied mode and/or 

islanded mode. The method of how the Microgrid central 

controller was developed in this paper. To control the 

voltage and frequency the Microgrid controller managed in 

both grid connected and islanding mode as well as 



V. RAJIV GANDHI NAIK, B. MANTRU NAIK 

International Journal of Scientific Engineering and Technology Research 

Volume.06, IssueNo.19, May-2017, Pages: 3606-3611 

maintained them within mandatory operational limit of 

respective operation code in Malaysian. The Microgrid 

controller should be able to manipulate the reactive power 

output from the renewable generators without reducing their 

active power dispatch capability. 
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