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Abstract — This paper presents a three-phase three-wire solar photovoltaic (PV) based DSTATCOM that can improve power 
quality problems. The solar PV system is designed based on peak-sun approach and simulated in HOMER (Hybrid Optimization 
Model for Electric Renewable) software. The technical and economic feasibility of different combinations of the system sizing are 
evaluated based on cost of electricity (COE), the net present cost (NPC) and the percentage of excessive electricity produced. The 
optimum size of PV system the will be able to supply the load with improved power quality features without any additional 
hardware to the system. The cost of electricity (COE) of the proposed system is still lower than the feed-in tariff (FiT) scheme 
provided by the government. Thus, the results showed that the proposed system is viable to improve the power quality at the 
distribution network.  
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I. INTRODUCTION  
 
The Five Fuel Policy was announced in 2011 where 

renewable energy sources (RES) have been recognized as the 
fifth fuel for electricity generation apart from conventional 
fuels which consist of oil, gas, coal and hydro. Accordingly, 
the road map of the 10th Malaysia Plan has planned 
necessary actions to further improve the sustainable energy 
sector through Government’s Transformation Programme 
(GTP) and National Key Economic Areas (NKEA) as a 
proof of Malaysia’s commitment towards a greener future 
and developed nation as envisaged in Vision 2020.  

Sustainable Energy Development Authority (SEDA 
Malaysia) is a statutory body that has been authorized under 
the Sustainable Energy Development Authority Act 2011 to 
administer and manage the execution of the feed-in tariff 
mechanism (FiT) as announced under the Renewable Energy 
Act 2011. Before FiT mechanism is introduced, there were 
only 63.45MW grid-connected renewable energy resources. 
Since the implementation of FiT mechanism on 1st 
December 2011, there were abrupt increases of 450.85MW 
total applications capacity that have been approved by SEDA 
in 2012. Moreover, 1,800 applications of Feed-in Approval 
(FiA) have been approved in 2013 which represents a year 
over-year increment of 188% and the largest contributors 
comes from individuals installations of solar photovoltaic 
(PV) system [1][2][3]. 

The lucrative incentive that has been given by Malaysian 
government has further accelerated the renewable energy 
development growth amongst small producers especially for 
solar PV for the individuals. However, this is an emerging 
new problem that can affect the power quality at the point of 
common coupling (PCC) when small renewable energy 
systems connected to the utility grid which will also inject 

harmonic components [4]. Available international standards 
such as IEEE 929-2000 and IEC 61727 (1995-06) on 
guidance of utility interface for photovoltaic (PV) systems 
has shown that renewable energy resources interfacing 
inverter parallel with the utility grid will be expected to have 
interfacing problem in the future including power quality 
problems [5][6]. This is due to high penetration level of 
intermittent renewable energy sources into the grid that may 
affect its stability, power quality and voltage regulation. The 
utility will assess strictly the system performance to ensure 
its technical performance in term of the system reliability, 
safety and overall efficiency as well as to facilitate the 
interfacing between RES and the utility through strict 
regulatory framework. Besides, power quality problem in 
term of harmonics are also generated from the connected 
nonlinear loads by consumers through fluorescent lights, 
computers, laser printers, fax machines, uninterruptible 
power supplies (UPS), adjustable-speed drives (ASD) and 
power electronic equipment. 

Active power line conditioners (APLCs) are amongst the 
state-of-the-art of the power electronics technology that can 
provide solutions for various problems of power quality 
[7][8]. Improved APLCs in the distribution networks are 
called as custom power devices which consist of Dynamic 
Voltage Restorer, Distribution Static Synchronous 
Compensator and Unified Power Quality Conditioner. The 
most effective and feasible device with faster response 
amongst the custom power devices is Distribution Static 
Synchronous Compensator (DSTATCOM) [9] [1].  

The improved feature of the proposed DSTATCOM is 
the integrated PV/Battery system to supply the compensation 
voltage across the dc-lick capacitor. The DSTATCOM are 
normally connected to the PCC for harmonic elimination and 
load balancing but this requires additional cost to the system. 
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However, this research proposed integrated features of 
DSTATCOM with conventional inverter that can transfer 
active power from the solar PV to the utility with improved 
features for power factor correction, zero voltage regulation 
and harmonic elimination without any additional hardware to 
the system. In summary, this paper presents the technical and 
economic evaluation of a solar PV system based 
DSTATCOM in order to verify its capability in improving 
power quality as well as the feasibility of the system. 

 
II. SYSTEM CONFIGURATION 

 
The solar photovoltaic (PV) powered DSTATCOM is 

designed to study its technical and economic viability in 
order to facilitate power quality improvement system at the 
distribution network. The selection of solar PV system is 
based on great abundance renewable energy resource of solar 
irradiation in Perlis, Malaysia. The objective of this research 
is to sustain the availability of power supply in case of power 
failure to regulate voltage at point of common coupling 
(PCC).  

  
A. DSTATCOM System 

 
Nowadays, as micro grid has considered as a new 

technology for future grid with integrating renewable energy 
sources in the utility grid, power quality improvements have 
become the main research area. Moreover, DSTATCOM is 
well suited to the decentralized system since it can allows 
these intermittent renewable energy resources to meet utility 
requirements such as bus voltage, power factor and low-
voltage ride-through requirements. The main advantage of 
DSTATCOM is the sophisticated power electronics control 
that can regulate effectively the current injection into the 
distribution bus. Furthermore, DSTATCOM can cancel the 
effect of poor load power factor, reduce the harmonics in 
load currents and regulate the bus voltage during power 
failures such as sag, swell and etc. Figure 1 represents the 
basic configuration of the DSTATCOM at the PCC between 
the supply and load in the distribution system. 
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Figure 1: Basic configuration of DSTATCOM 

 
The main advantage of DSTATCOM is the sophisticated 

power electronics control that can regulate effectively the 
current injection into the distribution bus. Furthermore, 
DSTATCOM can cancel the effect of poor load power 
factor, reduce the harmonics in load currents and regulate the 
bus voltage during power failures such as sag, swell and etc. 
The simple operation of DSTATCOM is illustrated in Figure 
2. A variable voltage, Vd is generated by DSTATCOM 

which is nearly in phase with the source voltage Vs. The 
voltage across the inductance of the coupling transformer 
and filter, L which is VL is Vs – Vd with a small amount 
around 5 to 20% in per-unit value. If Vd is less than Vs, VL is 
in phase with Vs and IL lags Vs by 90°. In this case, 
DSTATCOM will act like a generator that produces leading 
(inductive) reactive current. On the other hand, DSTATCOM 
will produce lagging (capacitive) reactive current if Vs is less 
than Vd, where VL is antiphase with Vs and IL leads Vs by 90° 
[11] 

 

 
Figure 2: Basic operation of DSTATCOM. 

 

B. Site Selection 

 
The solar PV powered DSTATCOM is located at 

Renewable Energy Lab UniMAP, Arau, Perlis. The location 
is latitude 6°27.7’ north and longitude 100°21.2’ south as 
shown in Fig. 1. Arau has a tropical climate with a frequent 
and significant rainfall during monsoon season from Mac to 
November. However, there is short dry season during 
December till February which the ambient temperature once 
recorded at 40.1°C in 1998 which is the highest in Malaysia. 
It can be considered amongst the driest area in Malaysia 
since its annual rainfall is just above 2000 mm.  

 

 
Figure 3. Location of Solar PV based DSTATCOM 

 
Nevertheless, the short dry season has slight effect on the 
whole climate. Furthermore, there is a significant high 
amount of solar irradiance with scaled annual average of 
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4.97 kWh/m2-day. The location of solar PV based 
DSTATCOM is located in Table I is the monthly solar 
irradiance available and the clearness index for Arau, Perlis. 
These data were retrieved from NASA Surface Meteorology 
and Solar Energy database which monthly average solar 
global horizontal irradiance were obtained since July 1983 
up to June 2005.  

TABLE I.  MONTHLY AVERAGE SOLAR GLOBAL HORIZONTAL 
IRRADIANCE 

Month Clearness 
Index 

Daily Radiation 
(kWh/m2/day) 

January 0.564 5.260 
February 0.592 5.860 
March 0.560 5.810 
April 0.541 5.650 
May 0.497 5.060 
June 0.484 4.820 
July 0.483 4.840 

August 0.456 4.690 
September 0.450 4.650 

October 0.439 4.370 
November 0.450 4.230 
December 0.485 4.420 

 
Apparently, the great abundance of solar resources with 

average clearness index of 0.50 will maximize the energy 
production of solar PV panels installed in the area. By using 
Peak-Sun approach, the lowest solar insolation which is 
4.230 kWh/m2-day occurs in November will be used to 
estimate the annual solar energy production. The advantage 
of using this approach is the design month will be the worst 
solar insolation in wet season and allow availability of 
electrical energy for the whole year with a more optimum 
design.  

C. Load Profile 

The load profile chosen for this system is a summary of 
total electrical energy required to operate the power quality 
improvement facility in a residential load with a scaled 
annual average of 10 kWh per day. By using Homer Pro, a 
synthetic residential load profile can be generated according 
to the design system needed. Since the area selected is 
within the tropical region, thus no cyclic annual variation 
occurs within peak month for winter and summer season. 
Random variation on the load profile is based on the 
uniform load profile throughout the year. Fig. 3 illustrates 
the daily load profile of scaled annual average residential 
load of 10 kWh per day with peak value 1230 W at 6.00 pm. 
The load profile indicates that electricity usage increases at 
6.00 am and 12 noon for daily activities. 

 

 
Figure 4. Daily load profile of scaled annual average residential load of 10 

kWh/day. 

D. Solar Photovoltaic (PV) System 

In this research, flat plate of polycrystalline solar PV 
panels are used to design the system. The electrical 
parameters of the selected solar panel at standard test 
condition is tabulated in Table II. 

TABLE II.  ELECTRICAL PARAMETERS AT STANDARD TEST 
CONDITIONS (STC)  

Model YL250P-29b
Manufacturer Yingli Solar 

Power Output (Pmax) 250 W 
Voltage at Pmax (Vmpp) 30 V 
Current at Pmax (Impp) 8.49 A 

Open Circuit Voltage  (Voc) 37.7 V 
Short Circuit Current  (Isc) 9.01 A 

 
According to Table I, November is found to be the 

lowest solar irradiation and chosen as the design month in 
order to maintain the availability of renewable energy 
resource for the DSTATCOM. Amp-hours (Ah) delivered 
from PVs to the inverter is estimated with (1) by 
considering 5 peak sun hours per day, 90% of Coulomb 
efficiency (ηCoulomb) and 90% of de-rating factor. Thus, amp-
hours to load are obtained as 34.4 Ah per day per string. 
 
	 	 	 	 	  

	                                                                        (1) 
 
In order to deliver sufficient power to the load, peak value 
of 1230 W at 6.00 pm is chosen as the design load. By 
including safety factor by 20%, the ac load demand of 
DSTATCOM is estimated as 1500 Watt-hour per day. Thus, 
inverter dc input is 73.5 Ah per day by using (2) with 85% 
inverter efficiency (ηinv) at 24V dc system. 
 

	 	 	 	 	

	 	 	 	
                    (2) 

 
Since the rated voltage of the PV panel YL250P-29b is 

30 V at Pmax, then it is technically designed for 24V system. 
Thus, 2 strings of PV panels are required to supply 73.5 Ah 
per day with 34.4 Ah per day per string. For battery sizing, 
the battery bank is assumed to be placed in a well-ventilated 
room with 25°C and 100% storage capacity. Nominal 
battery capacity at 25°C with C/20 can be obtained as 183.8 
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Ah which can be supplied by 4 batteries of 6V, 225Ah 
Trojan T-105 in series as in (3). Since the Trojan T-105 is 
wet lead acid battery, the maximum depth of discharge 
(DODmax) is 0.8 by default and discharge rate factor based 
on temperature (DRTemp) is given as 1 [12][13]. From the 
ideal case calculation, the PV system will be able to supply 
the load since the inverter dc output will be able to produce 
1403 Wh per day. This is slightly higher than the load which 
is 1230 Wh per day. Even in the drought season, the PV 
system will be able to supply the load throughout the year 
since the lowest irradiance has been taken into 
consideration. 

 

	 	 	 	
	 	

	                   (3) 

 

 
Figure 5. Design of the PV based DSTATCOM system. 

III. RESULTS AND DISCUSSIONS 

HOMER software is used to optimize the combination 
components of the PV system by evaluating its technical 
and economic feasibility. The PV system designed for this 
paper is compared with different nominal discount rate or 
real annual interest rate of 12%, 6% and 3%. Based on the 
detailed availability of hourly solar global horizontal 
irradiance, the optimized configuration of PV system 
simulated is 4 kW PV panels, 1 battery of 48 V Cellcube 
FB10-40 and 5 kW inverter of Leonics STP219CPH with 
initial capital cost of RM 39,800. The effect of nominal 
discount rate will cause the net present cost (NPC) 
decreased inversely proportional with the decreased of 
nominal discount rate. It is very important to know the 
effects of variation of nominal discount rates on the system, 
since it will affect the net present cost and cost of electricity 
throughout the life cycle of the PV system designed. Table 
III tabulated the simulation results based on sensitivity 
analysis of different nominal discount rates. Cost of 
electricity (COE) for 3% nominal discount rate is the least 
cost as compared to the other options. Since the cost of 
electricity charged by the utility company is about RM 
21.80 for the first 200 kWh, then RM 0.73 can be 
considered feasible for this case. The Feed-in Tariff also can 
be taken into consideration since the rate is still above RM1 
for 1 kWh which is still can compensate the cost of 
electricity in producing the electrical energy.  

TABLE III.  COST SUMMARY OF PV SYSTEM SIZING  

Nominal Discount 
Rate (%)

Net Present 
Cost (RM)

Cost of Electricity 
(RM) 

Operating 
cost (RM)

12 42372.56 1.48 328
6 44508.64 0.95 368
3 46353 0.73 376

 
Furthermore, cost summary of the optimized PV design 

of the chosen configuration with the least cost of electricity 
is represented in Table IV. The capital cost of the system 
consists of PV panels, batteries, inverter and other balance 
of system (BOS) is RM 39,800. Assume that the PV panel 
will be able to sustain for 21 years of life span, then no 
replacement cost will occur for the PV modules. The big 
chunk of the capital cost is still the PV cost which is 80% 
from the total cost. Then, the replacement cost of the battery 
and inverter are RM 2,657.60 and RM 3,000 respectively. In 
addition, operation and maintenance (O&M) cost are 
expected from PV modules and battery which incur about 
RM 2,437.80. The salvage cost which is the remaining value 
of the component at the end of its life span is also taken into 
consideration since HOMER assumes linear depreciation of 
the components. The major total cost of the PV system 
comes from the PV panels which are 71% of the total life 
cycle cost throughout the 25 years. On the other hand, 
battery and inverter incurs another 16% and 13% 
respectively.  

TABLE IV.  COST SUMMARY OF THE OPTIMIZED PV DESIGN  

Unit 
Capital 
(RM)

Replacement 
(RM)

O&M 
(RM) 

Salvage 
(RM) 

Total 
(RM)

PV 32,000 0.00 696.53 0.00 32,697 

Battery 4,800 2,657.60 1,741.30 (1,719.40) 7,479.60

Inverter 3,000 3,893.30 0.00 (716.41) 6,176.90

System 39,800 6,551.00 2,437.80 (2,435.80) 46,353 

 

 
Figure 6. Daily PV output based on hours of availability. 

 

Figure 7. Battery state of charge (SOC) in % based on hours of availability. 
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Figure 8. Inverter output power in kW based on hours of availability. 

The PV system is designed for 21 years of life cycle 
with 80% derating factor. The generic flat plate PV system 
will be able to supply 5,826 kWh per year which provides 
100% renewable energy supply as requested. On the other 
hand, the AC primary load is 3,647 kWh per year which will 
be supply fully by the PV system. The excess electricity 
produced by the PV system is 929.5 kWh per year which 
contributes about 16%. Since it is less than 20%, thus this 
excessive energy can be considered as low and acceptable 
for the system. Performance of the PV output is illustrated 
in Fig. 5 which shows that the peak-sun occurs around 5 
hours between 10 am to 3 pm daily throughout the year with 
maximum output of 3.87 kW. The total hours of PV 
operation is 4363 hours per year. Besides, the performance 
of the Cellcube FB10-40 battery is also shown in Fig. 6. The 
nominal capacity of the battery is 833 Ah that can withstand 
96 hours without power supply. As be seen that the state of 
charge (SOC) is almost 90% throughout the year which will 
maintain the battery in good condition since the discharge 
capacity lower than 80% will normally degrade the battery 
performance and reduce its expected life. The operating 
hours of 5 kW inverter is 8,749 hours per year which is fully 
utilized by the system. The inverter performance is 
presented in Fig.7 with the efficiency of 96%, contributes 
only 152 kWh per year loss of energy. 

IV. CONCLUSIONS 

The DSTATCOM can provide harmonics elimination, 
voltage-flicker reduction, power factor correction, voltage 
regulation and load balancing which will solve the power 

quality problem due to the high penetration of renewable 
energy resources in the distribution network. With the 
proposed system, the PV system will be able to supply the 
load with improved power quality features without any 
additional hardware to the system. Since the feasibility of 
the PV based DSTATCOM has been simulated extensively 
using HOMER, the cost of electricity is only RM 0.73 
which is still lower than the FiT scheme provided by the 
government. Thus, the proposed system is viable to protect 
the distribution network from power quality problems that 
are caused by renewable energy resources interfacing 
problem. 
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