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Chapter 07 

 

EVALUATION OF POWER QUALITY DURING STEADY 

STATE AND IMPROVING TECHNIQUES 

 

From the results and observations of the data analysis presented in chapter 05, the 

power quality of each wind plant during its steady state operation is evaluated in this 

chapter. A special attention is given on harmonic distortion and each plant is 

evaluated against the CEB Grid Code and compared with each other to identify the 

most suitable wind technology for Sri Lankan power system. Improvements are 

suggested where necessary. 

 

7.1 Behavior of Harmonics  

Mainly, voltage and current harmonics emitted by each wind plant when the plants 

generate active power are evaluated under this section.  

 

7.1.1 Harmonics in Voltage Waveform 

7.1.1.1 Harmonic behavior at Plant 01 

When active power generation (P) of the WPP varies from kW range to 5 MW, odd 

harmonic orders up to 17
th

 harmonic order are within acceptable margin but even 

harmonics has violated the limits. From harmonic order 17-50, average percentages 

of voltage harmonics is high as 10% and the maximum percentage has risen to 30% 

which is extremely unacceptable. When 5 MW < P < 10 MW, all harmonic 

categories except “(n<11) odd harmonics” have exceeded allowable limits during 

entire measurement interval. Harmonic orders that a high harmonic content is 

detected are mentioned in Table 7.1. 

 

During P < 0, average Total Harmonic Distortion levels of voltage (VTHD) are < 5%. 

During P > 0, average VTHD levels have gone above 7.5% and highest when (850 kW 

< P < 5 MW). When P is in MW range, VTHD has exceeded the maximum allowable 
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limit of 5% for the entire period of measurement. Since the operation of the wind 

plant when it generates power closer to its maximum capacity is of main interest, the 

issue of harmonic distortion needs to be addressed. 

 

7.1.1.2 Harmonic behavior at Plant 02 

In Plant 02 when P is in kW range, only harmonic contents of harmonic orders 23-

50 considerably exceeds the limit and maximum percentage has risen to 52.68%. 

When P rises from kW range to 5 MW, allowable limits of even harmonics for 

(n<23) have exceeded during the entire measurement interval. For 70% of the time, 

(17<=n<23) odd harmonics has risen due to high 17
th

 harmonic. When n> 23, 

harmonic voltages have exceeded maximum limits during entire measurement 

interval.  Averages are as high as 8.7% and the maximum has risen to 14%. When 5 

MW < P < 10 MW, all harmonic categories except (n<11) odd harmonics have 

completely violated the limits. For harmonic order 23-50, average percentages of 

voltage harmonics are very high as 7.56%. Harmonic orders that a high harmonic 

content is detected are mentioned in Table 7.1. 

 

Generally, Total Harmonic Distortion levels of voltage (VTHD) at Plant 02 are (6-10) 

% violating the allowable limit for the entire period of measurement. There are 

sudden VTHD hikes when the active power flow switches direction. During P > 850 

kW, average VTHD levels have gone above 8%. Since the operation of the wind plant 

when it generates power closer to its maximum capacity is of main interest, the issue 

of harmonic distortion needs to be addressed. 

 

7.1.1.3 Harmonic behavior at Plant 03 

In this plant when P is in kW range, harmonic voltages of all harmonic orders are 

well below the maximum limits. Generally, VTHD is less than 5% but, there are 

sudden VTHD hikes when the active power flow switches direction and when the 

voltage difference between 02 consecutive records is larger than 1kV. For a few 

times, VTHD has risen to very high values above 100%. The duration showing this 

abnormal behavior is negligible therefore, VTHD in this plant can be considered as 
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satisfactory. Since the maximum generation at the plant is 157.5 kW during the 

measurement period, it is not viable to comment on its harmonic behavior at higher 

generations. 

 

7.1.1.4 Harmonic behavior at Plant 04 

In Plant 04, average harmonic voltages are well below the maximum allowable 

limits for all power and harmonic categories. Average voltage THD level is below 

1%. Even maximum voltage THD levels are within the limit during entire period of 

measurement. Therefore, voltage harmonic distortion in this plant is negligible. 

 

A summarized comparison of the behavior of voltage harmonics for all four Plants is 

mentioned in Table 7.1 and Table 7.2. 

 

Table 7.1 : Harmonic orders with a high voltage harmonic content 

Harmonic category Plant 01 Plant 02 Plant 03 Plant 04 

0
 <

 P
 <

 8
5
0
 k

W
 Odd 

Harmonics 
NA 23-49 Nil Nil 

Even 

Harmonics 
02, 04, 14,16 24-50 Nil Nil 

8
5
0
 k

W
 <

 P
 <

 5
 M

W
 

Odd 

Harmonics 
17 17 NA Nil 

Even 

Harmonics 

02, 04, 08, 14, 

16, 22 

02, 04, 08, 14, 

16, 22 
NA Nil 

5
 M

W
 <

 P
 <

 1
0
 M

W
 

Odd 

Harmonics 

13, 17 & 23-

49 

13, 17 & 23-

49 
NA Nil 

Even 

Harmonics 
02, 14, 24-50 02, 14, 24-50 NA Nil 
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Table 7.2 : Status of Voltage Harmonic levels at different harmonic categories  

Harmonic 

Group 

Status of Voltage Harmonic level 

Plant 01 Plant 02 Plant 03 Plant 04 

n<11 odd  OK OK OK OK 

n<11 even  
OUT OF 

RANGE 

OUT OF 

RANGE 
OK OK 

11<=n<17 odd  OK OK OK OK 

11<=n<17 even  
OUT OF 

RANGE 

OUT OF 

RANGE 
OK OK 

17<=n<23 odd  
OUT OF 

RANGE 

OUT OF 

RANGE 
OK OK 

17<=n<23 even  
OUT OF 

RANGE 
OK OK OK 

23<=n< 50  
OUT OF 

RANGE 

OUT OF 

RANGE 

OUT OF 

RANGE 
NA 

 

All four wind plants use Power electronics converters that cause injection of 

harmonics into the power system. Harmonic emission during lower generations (kW 

range) is higher than in higher generations (MW range). 

 

Plant 01 and Plant 02, which are identical wind plants in design and technical 

configuration, shows a similar behavior with regard to voltage harmonics. These two 

plants emit the highest amount of harmonics of four Plants with an average VTHD 

exceeding allowable limit for the entire period of measurements. Primarily these 

plants show a high 13
th

 and 17
th

 harmonics. In addition to that, high harmonic 

contents are shown in lower order of even harmonics and all higher order harmonics 

until n=50.  

 

Voltage harmonic emission and distortion level at Plant 03 is acceptable.  Since the 

maximum generation at Plant 03 is in kW range during the measurement period, it is 

not possible to comment on its harmonic behavior at higher generations. Plant 04 

shows excellent voltage harmonic behavior with distortion levels well below the 

allowable maximum distortion.  
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7.1.2 Harmonics in Current Waveform 

7.1.2.1 Harmonic behavior at Plant 01 

Average harmonic currents have exceeded limits for all harmonic groups. Until P > 

5 MW, harmonic currents have violated limits for the entire time interval. Largest 

harmonic currents are recorded when active power generation (P) of the WPP is in 

kW range.  Least harmonic contents are when P is closer to plant’s maximum 

generation. There are high 2
nd

, 4
th

, 5
th

, 13
th

 and 17
th

 Harmonics. Harmonic orders 

that a high harmonic current is detected under each power category are mentioned in 

Table 7.3 below. Total Harmonic Distortion levels of current (ITHD) completely 

violates the maximum allowable limit and generally > 10%. The minimum ITHD of 

5% is shown when P is at its maximum. Sudden ITHD hikes are observed when the 

active power flow switches direction and when P jumps to MW range from kW 

range. 

 

7.1.2.2 Harmonic behavior at Plant 02 

As same as Plant 01, average harmonic currents have exceeded limits for all 

harmonic groups. Until P > 5 MW, harmonic currents have violated limits for 100% 

of the time interval. Largest harmonic currents are recorded when active power 

generation (P) of the WPP is in kW range and least harmonic contents are when P is 

closer to plant’s maximum generation. All harmonic currents are comparatively high 

and gradually decreases from n=2 to n=50. Average ITHD levels have gone very high 

when there is no active power generation. It has reduced by 85% when P is in kW 

range. Further reduction is observed when P rises to MW range. However, Average 

ITHD completely violates the allowable limit and generally (6-10) %. The minimum 

ITHD of 3.7% is shown when P is at its maximum. Sudden ITHD hikes are observed 

when the active power flow switches direction. 

 

7.1.2.3 Harmonic behavior at Plant 03 

This plant shows the highest ITHD levels during P ≤ 0. When P rises to few kilowatts, 

only (n<17 even) harmonic currents has violated the limits. When P>0, harmonic 

distortion level has reduced and reached permissible levels. ITHD hikes are observed 
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when the active power flow switches direction and when the voltage difference 

between two consecutive records is larger than 1kV. 

 

7.1.2.4 Harmonic behavior at Plant 04 

Unlike other 03 plants, Plant 04 gives off a low even harmonic content than odd 

harmonics. Average harmonic currents have exceeded limits completely for all 

harmonic groups when P ≤ 850 kW. Largest harmonic content is shown by n < 11 

Odd harmonic group. When (850 kW < P < 5 MW), only harmonic currents less 

than n= 11 has gone above acceptable margins. When P rises above 5 MW, 

harmonic currents are well below the maximum permissible limits.  

 

ITHD levels at Plant 04 when P is in kW range are around 10% which is much lower 

than Plants 01 and 02 but higher than Plant 03. Average ITHD level have fallen below 

5% when active power generation rises to MW range and further reduces with 

increase of P. Out of all four Plants, only ITHD levels in Plant 04 during P>5 MW 

fully satisfies the grid code requirement. 

 

Harmonic orders that a high harmonic current is detected under each power category 

are mentioned in Table 7.3. 

 

Table 7.3 - Harmonic orders with a high current harmonic content 

Harmonic 

category 
Plant 01 Plant 2 Plant 03 Plant 04 

0
 <

 P
 <

 8
5
0
 

k
W

 

Odd 

Harmonics 

3, 5, 7, 13, 

17, (27 – 49) 

All current 

harmonics are 

comparatively 

high 

05, 07 05, 07 

Even 

Harmonics 
2, (26 – 50) Nil Nil 

8
5

0
 k

W
 <

 

P
 <

 5
 M

W
 Odd 

Harmonics 

5, 7, 13, 17, 

(27 – 49) 

5, 13, 17, (21 – 

49) 
NA Nil 

Even 

Harmonics 

2, 4, (26 – 

50) 
2, 4, (22 – 50) NA Nil 

5
 M

W
 <

 P
 

<
 1

0
 M

W
 Odd 

Harmonics 
5, 13 05 NA Nil 

Even 

Harmonics 
2 02 NA Nil 
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Similar to voltage harmonics, current harmonic content also reduces with the 

increase of power generation in all four Plants. Unlike voltage harmonics, current 

harmonic contents at Plant 01 and Plant 02 are different from each other. Still these 

two plants emit the highest amount of harmonics of four Plants. Plant 01 shows the 

highest distortion with ITHD > 10%. ITHD is (6-10) % in Plant 02. Current harmonic 

distortion level has reached permissible levels in Plant 03. ITHD levels at Plant 04 

have fallen below 5% only when P is in MW range. 

 

As per above discussion, Plant 04 is the best performing wind plant which shows the 

lowest harmonic emission and distortion. It’s the only type “C” wind plant under 

investigation which employs DFIG technology. Harmonic distortion at this plant is 

minimized by the technology applied and due to the power electronics converter 

only rated at 30% of nominal generator power. Harmonic emission and distortion 

levels at Plant 03 are also acceptable with available generations. Plants 01 and 02 

show highly unacceptable harmonic distortion levels in both voltage and current 

waveforms. A suitable harmonic mitigation technique should be immediately 

employed at these two wind plants to control harmonic injection to the power 

system.  

 

7.2 Harmonics Mitigation Techniques 

The harmonics voltages and currents should be limited to the acceptable level at the 

point of connecting wind plant to the power system. Techniques used to mitigate 

harmonic voltages and currents in power systems mainly fall into three categories. 

They are, [48] 

i. Filtering Harmonic Components 

ii. Cancellation of Harmonic currents 

iii. Design considerations of equipment 

 

Each of these approaches has their own advantages and disadvantages. Therefore, 

for a given configuration, the most appropriate mitigation technique should be 

determined after a detailed study on harmonics present at the particular installation.   
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7.2.1 Harmonic Filtering 

An effective means of avoiding interference of harmonics generated by a WPP with 

the power system is to filter out Harmonic components. Harmonic filters connected 

to a power system has two main objectives as, 

i. Reduce voltage and current harmonic components below permitted levels. 

ii. Provide some of the reactive power absorbed by converter systems and 

hence improving power factor. 

 

The selection of a harmonic filter must be based on System Configuration, 

Harmonic profiles and the kVA requirement of the installation. Basically there are 

four types of filter responses. [38] They are illustrated in Figure 7.1. 

 

Figure 7.1 : Basic types of Filter Responses 
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Basic Harmonic Filter (HF) classification is as follows. 

 

 
 

Figure 7.2 : Classification of Harmonic Filters 

More details on each of these configurations are described in following sections. 

Basically, a Series connected HF compensates both harmonic currents generated by 

the harmonic source and the voltage distortion in the supply system. A series 

conditioner has to be sized for the total power rating. On the other hand, a Shunt 

conditioner needs to be sized only for the harmonic power. 

 

7.2.1.1Passive harmonic filters 

Passive filtering is the simplest conventional solution to mitigate the harmonic 

distortion in a power system. Passive harmonic filters, as the name specifies; are 

constructed from passive elements such as resistors, inductors and capacitors 

therefore, do not depend upon an external power supply. But, use of passive 

elements at high power levels makes the filter heavy and bulky. Passive filters 

provide a low impedance path for specific harmonic frequencies to flow out of the 

system.  They offer a value-added function of achieving power-factor correction of 

Harmonic Filters 
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inductive loads. But, sometimes passive filters do not respond properly to the 

dynamics of the power system. A passive filter should be installed as close as 

possible to the harmonic source to provide maximum protection for the upstream. 

Harmonics can be substantially reduced to 30% by using passive filters. 

 

Passive filters can be classified into tuned filters and high-pass filters. The actual 

value of the low-impedance path for each single-tuned filter is affected by the 

quality factor of the filter inductor which determines the sharpness of tuning. 

Passive filters are much suitable for 3 phase 4 wire distribution systems. The 

combination of four single tuned filters for 5
th

, 7
th

, 11
th

 and 13
th

 harmonics and a 

second order high-pass filter tuned around 17
th

 harmonic is a widely used filter 

configuration for a system with three-phase thyristor rectifiers. [48] 

 

7.2.1.1.1 Series passive harmonic filter 

The Filter is connected in series with the harmonic producing device. Harmonic 

current produced flows towards upstream of the power system. The Series Passive 

harmonic filter behaves as a current acceptor at its tuned frequency.  It divides 

harmonic current in inverse proportion to the impedances according to Kirchhoff’s 

law. The purpose of series filter is to reduce the magnitude of harmonic current that 

flows back to the supply network. Consequently, harmonic voltage distortion would 

result. This configuration is popular for minimizing 3
rd

 harmonic. Advantages and 

disadvantages of the Series Passive Filter are given in Table 7.4. 

 

Table 7.4  : Advantages and Disadvantages of Series Passive Filter 

 

Advantages Disadvantages 

Provides high impedance at tumed 

frequency 

minimally effective for harmonics 

other than tuned frequency 

Does not cause system resonance Should be rated at fulll load current 

Does not import harmonics from 

other sources 

No limits in harmonic current therefore 

the risk of overloading 

Improves Power factor  
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7.2.1.1.2 Shunt passive harmonic filter 

The Filter is connected in parallel with the source of harmonic distortion and 

provides a low impedance at its tunes frequency hence keeps harmonic currents out 

of the power system. It also provides some smoothing on voltage waveform. Shunt 

passive filters are the most common type of passive filter as they are cheaper 

compared to the series passive filters and carry only a part of the total load current. 

Advantages and disadvantages of the Shunt Passive Filter are given in Table 7.5. 

 

Table 7.5 : Advantages and disadvantages of Shunt Passive Filter 

 

Advantages Disadvantages 

Provides high impedance at tumed 

frequency 

minimally effective for harmonics 

other than tuned frequency 

only required to carry harmonic 

current and not the full load current 
Can cause system resonance 

Improves Power factor 
No limits in harmonic current therefore 

the risk of overloading 

 

A passive filter deals only with harmonic frequencies it was designed for. Therefore, 

Multiple filters are required to satisfy typical desired harmonic limits. More than one 

shunt or series passive filters can be used with or without each other in a power 

system. To overcome fixed compensation, large size, and resonance which are 

general drawbacks of passive filters, active filters appear as a dynamic solution. 

 

7.2.1.2 Active harmonic filters 

Active filters are made of both active and passive elements thus require an external 

power source. Active filters employ power electronic switching to filter harmonic 

components. They are self adapting and capable of filtering a wide frequency band. 

A great interest on active filters has come out due to wide availability of 

semiconductor devices such as IGBTs and Power MOSFETs with fast switching 

capability and analog-to-digital converters at reasonable prices. 
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An active harmonic filter involves a controller that detects the instantaneous feeder 

current. It extracts the harmonic current from the detected current by means of 

digital signal processing. Then the filter produces a waveform equal in amplitude 

and opposite in phase that cancels out the harmonics caused by nonlinear 

components. By this way, active filters can reduce harmonics by approximately 

90%. Active filter is a flexible solution for any type of non linear load. They are 

widely used for compensation of variable frequency drives to reduce the effects of 

renewable energy sources on a grid. Unlike traditional passive filters, modern active 

filters are capable of performing multiple functions in addition to harmonic filtering 

as, [48] 

i. Reactive-Power Control for Power Factor Correction and Voltage Regulation 

ii. Load Balancing 

iii. Flicker reduction 

iv. Damping 

v. Isolating 

 

Active harmonic filters have following advantages over passive filters. 

i. Reducing Total Harmonic Distortion by 90% where its only 30% in Plant of 

passive filters 

ii. Improving overall power factor 

iii. Not affected by frequency variations 

iv. No risk of resonance 

v. Don’t get overloaded 

vi. High filtering performance 

vii. Flexible in application - Adopts with variations in load and harmonic 

spectrum and can be programmed to filter specific harmonic frequencies. 

 

Disadvantages of Active harmonic filters over passive filters are, 

i. Higher cost 

ii. Active filters are not preferred in filtering harmonics from small loads  

iii. Switching frequency noise generated from fast switching devices and appear 

in compensated source current; requires additional filtering. 
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There are two types of power circuits applicable to active filters as Voltage-Source 

PWM Converter (VSC) and Current-Source PWM Converter (CSC). A VSC is 

equipped with a dc capacitor and a CSC is equipped with a dc inductor. In practical 

applications, voltage source converter is preferred over Current Source Converter as 

VSC shows high efficiency, smaller physical size and low cost. 

 

A number of different configurations for the active harmonic filter have been 

proposed and some of them are in commercial stage at the moment. The main two 

configurations are briefly described in following sub sections. 

 

7.2.1.2.1 Shunt active harmonic filter 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.3 : Shunt Active Harmonic Filter 

 

Shunt Active Filter is one of the most fundamental configurations of active filters. 

As illustrated in Figure 7.3, it is connected in parallel with the system therefore need 

to be sized only for harmonic power to be compensated. The Shunt Active Filter 

operates as a current source injecting equal and opposite (phase shifted by 180
0
) 

harmonic compensating current thereby keep supply current sinusoidal. It generally 

supports harmonic orders from H5 to H25. With an appropriate control scheme, the 

Shunt Active Filter can compensate the load power factor. The main advantage of 

Shunt Active Filter is that it is of self limiting type in terms of harmonic cancellation 

provided. If the harmonic currents drawn by the non linear loads are greater than the 
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filter rating, the filter automatically limits its compensating current to its maximum 

rating and will continue to correct up to the maximum current rating. The active 

filter will not get overloaded and will function continuously without damage. Shunt 

Active Filter technology has proven to be commercially successful.  

 

7.2.1.2.2 Series active harmonic filter 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.4: Series Active Harmonic Filter 

The Series filter, as illustrated in Figure 7.4 is connected in series with the system 

through a transformer and acts as a voltage source. It compensates both harmonic 

current generated by the non-linear loads and voltage distortion present on the 

supply system. The Series filter must be sized for total load rating. The Series Active 

Filter technology is still in laboratory stage and not yet established in the market. 

 

7.2.1.2.3 Hybrid active/ passive harmonic filters 

The hybrid conditioner is a combination of an active filter and passive filters which 

may be either series or parallel type. It’s a good technical-economic solution for 

harmonic filtering combining advantages of both active and passive filtering. A 

hybrid filter offers cost effective high filtering performance covering a wide range of 

frequency band and power rating. Combination with the passive filter significantly 

reduces the rating of the active filter. Hybrid filtering is ideal for the conditions 

where both voltage and current harmonic distortion is present than conventional 

pure filtering.  
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In Hybrid Filters, harmonic filtering task is divided between two types of filters. The 

passive filter carries out basic filtering with tuned filters (5
th

, 7
th

 order etc.), a high-

pass filter for the higher order harmonics and the active filter; through its precise and 

dynamic technique, covers the other harmonic orders mainly lower order harmonics. 

 

7.2.2 Harmonic Current Cancellation 

Cancellation of harmonic currents is another effective harmonic suppression method 

that can be used in power systems. Transformers with phase shift can be employed 

to cancel out certain harmonic currents. Supplying harmonic producing loads with a 

- and a Y-Y transformer in parallel makes 5
th

 and 7
th

 harmonics cancel out at the 

PCC. This is due to the 30
0
 phase shift between two transformer connections.  

 

When information technology (IT) equipment is heavily in use, there will be a high 

content of triple-N (odd multiples of three) harmonics that can cause overloading of 

the neutral. Zig-zag transformers and delta wound isolation transformers are 

effective against triple-N harmonics but have no effect on other harmonics. [48] 

 

7.2.3 Design Considerations of Equipment 

Since the demand for power electronic devices is increasing day by day, it is 

essential to design those devices to minimize harmonic production thus ease the 

burden on the grid. With the issues of power quality, industries are tempted to utilize 

for devices with lower distortion. Significant technical improvements have been 

done on Adjustable Speed Drives, Uninterruptable Power Sources, Battery Charges 

and Fluorescent Lamp Ballasts recently. [48] 

 

7.2.4 Recommended Harmonic Mitigation Method  

In above Plants 01 and 02, both plants use a Six Pulse Bridge as the Full Power 

Converter. A Six Pulse Bridge theoritically produces harmonics with orders of 6n ± 

1. [48] As the most appropriate harmonic mitigation method for above two Plants, 

my recommendation is to install a Hybrid Harmonic Filter consisting of a Shunt 

Active Filter with separately tuned filters for 5
th

, 7
th

, 13
th

 and 17
th

 harmonics.  



95 

 

Figure 7.5 illustrates the basic diagram of a hybrid filter consists of an active filter 

and a passive filter. The total filtering unit is connected in parallel with the network. 

 

 

 

 

 

 

 

 

 

 

Figure 7.5: Hybrid Filter with an Active Filter and a Passive Filter 

 

Chapter 08 describes the computer modeling and control of a shunt hybrid harmonic 

filter together with the results of the simulation carried out under the 

MATLAB/Simulink environment. 

 

7.3 Flicker Emission and Mitigation 

According to the data analysis, all four wind plants under investigation had issues 

related to flicker. The most preferable technique to mitigate the flicker is reactive 

power compensation. Hybrid filters proposed above for Plants 01 and 02 are capable 

of controlling reactive power and reducing flicker in addition to filtering of 

harmonics. As described under section 6.6, a suitable STATCOM device can be 

incorporated to reduce flicker emission at Plant 03 in addition to mitigating voltage 

variations.  In Plant 04, the Short Term Flicker Index has risen above the specified 

maximum only for 0.3% of the measurement interval which is negligible. Further, 

the maximum recorded Long Term Flicker Index in Plant 04 is well below the limit 

therefore, incorporating mechanisms to mitigate flicker is not recommended at the 

moment. 
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7.4 Behavior of Power Factor and Power Factor Improvement 

Methods used to improve power factor in power systems are briefly described under 

this section and suitable power factor improving methods are suggested for each 

Plant. 

 

7.4.1 Power factor improving methods   

Conventional devices and equipments used to improve the power factor in power 

systems are, [37] 

i. Static Capacitor 

ii. Synchronous Condenser 

iii. Phase Advancer 

 

7.4.1.1 Static capacitor   

Installation of Static capacitor banks is the most widely used power factor 

correction technique, mainly by the industries. Capacitors are connected in 

parallel with the inductive loads which decreases system power factor. These 

capacitors provide leading capacitive current which decreases the lagging 

inductive component of load current partially or totally thus improving the power 

factor of the load circuit.  

 

Capacitor banks offer several advantages like low loss, less or no maintenance, 

operating in normal atmospheric conditions and ease of installation. The major 

drawback of capacitor banks is the surges resulting when switching the capacitors. 

The capacitors have a short life time (8-10 years) and when capacitors are 

damaged, repairing them is highly uneconomical. 

 

7.4.1.2 Synchronous condenser 

An over-excited synchronous motor running on no-load is called a Synchronous 

Condenser. When connected in parallel with the power system, it behaves as a 

capacitor and draws a leading current and partially eliminates the lagging reactive 

current, thus improving the power factor of the circuit. [37]  
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7.4.1.3 Phase Advancer 

Phase Advancer is an AC exciter used to improve the power factor of induction 

motors. The power factor of an induction motor is low as the stator winding draws 

exciting current that is lagging behind the supply voltage by 90°. When exciting 

ampere-turns are provided by means of a Phase Advancer, the induction motor 

operates on leading power factor as an over-excited synchronous motor. To achieve 

this, the Phase Advancer should be mounted on the main shaft of the motor and 

connected to the rotor circuit of the motor.  

  

7.4.2 Improving Power Factor at Wind Plants 

In Plants 01 and 02, power factor is closer to unity when active power generation is 

in MW range. But in average, a high reactive power consumption is shown at both 

Plants. Therefore, power factor improvement at these two plants is essential. Since 

Active Filter units are capable of Power Factor Correction and Voltage Regulation 

in addition to harmonic filtering, the hybrid filters proposed under 7.1.4 for 

harmonic mitigation can be employed for power factor improvement in these two 

Plants. 

 

Plant 03 shows the poorest power factor of the four Plants. To improve the power 

factor, a suitable STATCOM device as described under section 6.6 can be utilized. 

Plant 04 has the best power factor variation but still needs to be improved. Since 

there is no other suggested power quality improvements for Plant 04 to combine, an 

appropriate power factor improvement technique as the “Phase Advancer” can be 

employed. 

 

7.5 Comparison of Wind Plants during Normal Operation 

An overall comparison on performance of four wind plants under study during their 

normal operation is illustrated as a radar chart in Figure 7.6.  
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Figure 7.6: Performance comparison of four wind plants during their normal 

operation (Original in Colour) 

 

As per above illustration, Plant 04 shows the overall best power quality 

characteristics during normal operation as well. 

 


