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Abstract: 
 
The quality of the power supplied by utilities today is 
effectively defined in the harmonic standards adopted 
by many countries or by local utility codes.  This is 
primarily due to user demands for quality power so 
that user power interruptions are minimized. 
 
Presented are numerous possible solutions to 
address flicker and a case study for an automobile 
shredder from the planning stages through 
measurements after installation.  The solution chosen 
for this application will be discussed and presented. 
 
Index terms: Active harmonic filter, hybrid VAR 
compensator, hybrid VAR compensation, flicker, 
power quality, total harmonic voltage distortion [THDv], 
VAR compensation 
 
1. INTRODUCTION 
 
Many types of electronic and power electronic 
devices are in use today due to the energy and 
labor savings generated by these devices.  
However, these devices are also contributors to 
the harmonic noise levels inside their respective 
facilities and at the utility level.   
 
All harmonic and power quality standards 
presently in use worldwide deal with the level of 
disturbances seen at the utility.  It is imperative 
that users and utilities both respect these 
standards so that optimization of power usage 
and improved productivity are achieved for all. 
 
However, these standards do nothing to 
enhance performance for users when the 
problems are inside the users facilities.  
Compliance can be achieved by the users 
applying solutions within their plants or at the 
utility connection point.  In general, when 
solutions are applied as close as possible to 
offending loads, an optimization of the facility 
and utility occurs. 
 

One type of utility disturbance that is not 
necessarily caused by electronic loads is flicker.  
Flicker is the result of intermittent short term 
load demand for very high levels of active and 
reactive energy.  This high demand results in 
intermittent voltage sags because these peak 
current demands are not able to be supported 
by the utility or the distribution transformers 
installed for the applications.   
 
If the demand is for real current, the electrical 
system or distribution transformer must be made 
more robust.  This could be supplied by auxiliary 
devices but are for the majority of sites best 
provided by the utility from a least cost 
perspective, unless a small proportion of loads is 
to be supported within a facility. 
 
If the demand is for reactive current, there are 
several options to consider. 
 
2. POSSIBLE SOLUTIONS FOR 
FLICKER MITIGATION  
 
Some solutions are implemented at the load 
level.  They can be:  

 
Change the type of lighting by replacing 
incandescent lights with electronic fluorescent 
lamps which are less sensitive to voltage sags. 
 
Install an uninterruptible power supply (UPS).  
This may be a cost-effective solution if loads 
subject to disturbances are identified and 
grouped together. 
 
Modify the device generating the disturbance.  
For example, use soft starters on motors 
which have to start frequently. Soft starters 
reduce the starting current. 

 
Other mitigation measures are targeted at 
actions focused on limiting the amplitude of the 
voltage fluctuations: 
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Network modifications that increase the short-
circuit current capacity on lighting circuits by 
connecting them as close as possible to the 
power supply point. 
 
Increase the "electrical distance" between the 
disturbing loads and the lighting circuits by 
powering the disturbing loads from an 
independent transformer. 
 
Use reactive compensation that provides real 
time capacitive reactive compensation for 
each phase.  
 
Connect a series inductance on the disturbing 
load. This reduces the inrush current and 
smoothes the peak current demand. 

 
However, if the flicker problem is occurring on 
the utility, there are generally, two methods of 
solution. 
 
One method is to increase the short circuit 
capacity of the utility.  This could be achieved 
by: 
 

Connecting the offending loads at a higher 
voltage level on the utility; 
 
Supply the offending loads from a dedicated 
utility supply; 
 
Separate offending loads from other loads by 
using separate distribution transformers; or 
 
Increase the kVA capacity or decrease the 
impedance of the supply transformer. 
 

 
Another method is to reduce the reactive current 
fluctuations by compensation via auxiliary 
devices. 

 
Installation of synchronous generators 
provides leading VAR. 
 
Static VAR compensators inject leading 
current (capacitors) and lagging current 
(inductors). 
 
Dynamic VAR compensation systems that use 
power electronics to inject leading and lagging 
reactive current upon demand. 
 
Hybrid VAR compensators that use capacitors 
to inject leading reactive current and active 

VAR compensators to inject leading and 
lagging according to load demand. 

 
3. HYBRID VAR COMPENSATOR 
 
A hybrid VAR compensator (HVC) is a custom 
built product consisting of standard PF 
capacitors (detuned preferably) and a standard 
active harmonic filter (AHF) operating in reactive 
current mode only.  They can be applied to 
systems rated up to 20 kV. 
 
The purpose is to inject reactive current to 
replace what would normally be supplied by the 
utility.  By doing so, the size and short circuit 
capacity of the utility supply need not be 
enlarged to prevent flicker.  Alternately, it could 
also be that the flux of the supply transformer is 
saturating, thus causing the voltage sags. 
 
The essence of the design is that the capacity of 
the AHF is equal to the capacity of the PF 
capacitors, except when the load may have a 
need for some level of fixed PF correction.  This 
permits the AHF to cancel the leading reactive 
current of the PF capacitors by injecting lagging 
reactive current when no load demand exists. 
Then as the load demand increases for reactive 
current, the AHF adjusts instantly and 
independently per phase to permit leading 
reactive current flow to the loads so the source 
does have to provide it.  The AHF can inject 
leading reactive current to double the reactance 
of the PF capacitor rating upon demand.  This all 
occurs instantaneously per cycle of electricity.   
See Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  HVC Reactive Current Operation 
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4. CASE STUDY 
 
A recycling facility invested in a new automobile 
shredder to increase the production output 
(Figure 2).  The project faced a major hurdle 
when the local French utility analysed the load 
profile of the shredder and determined that 
special precautions had to be taken to meet the 
flicker grid code.  
 
Flicker levels are defined in standards or 
national regulations.  As an example, EN 50160 
requires that, under normal operating conditions, 
the long term flicker severity caused by voltage 
fluctuation should be equal to or less than a Plt 
(long term) of 1 for 95 % of the time. IEC 61000-
3-7 gives indicative planned levels for MV power 
systems of Pst (short term) = 0,90 and Plt = 0,70. 
 
The limits for individual emission levels are 
generally defined by a contractual arrangement 
or by national regulations. As an example, limits 
for individual installations of Pst = 0,35 and Plt = 
0,25 are required in France for installations 
connected to the distribution system. 
 
The grid operator suggested a dedicated power 
line to feed the expansion.  However, that would 
take several months to build and cost several 
hundreds of thousands of euros. 
 
The automobile shredder (Figure 2) in question 
is equipped with hammers (2) fixed on the 
periphery of the cylinder called a “rotor”. When 
metal enters the crusher, they are shredded by 
the hammers as they rotate.  As each hammer 
strikes, the AC motor stalls until the hammer 
passes through the metal.  When the AC motor 
stalls, the reactive current increases to 6 to 8 
times the full load design current of most AC 
motors.  Most utilities, designers and users fail 
to take this high pulsed load into consideration 
when the utility supply system is chosen. 
 
These new facts threatened the project. After 
reviewing the requirements, it was proposed that 
a custom designed HVC system would meet the 
grid code flicker requirements that proved to be 
less costly and delivered in a timely fashion 
helping the end user complete the expansion on 
time within the allocated budget.  
 
The AC motor for this application is rated 2350 
kW at 6 kV.  Table 1 lists the real power (kW), 
total apparent power (kVA), reactive power 

(kVAr), and Cos φ (displacement power factor).  
The rated levels are shown along with the 
calculations for three different types of overloads 
expected. 
 

         
Figure 2: Automobile Shredder Machine 

 
 

 
Table 1: Estimated current measurements during 

operation 
 
5. THE INVESTIGATION 
 
A study of the automobile shredder was 
conducted at the 6 kV connection level to 
calculate the flicker levels and corresponding 
real, total, and reactive power requirements 
associated with the voltage sags. 
 
Using the information provided by the shredder 
manufacturer and the utility, a model was 
constructed.  For each mode of the shredder 
overloads, the voltage drop was estimated 
(Table 2).  Also calculated was the maximum 
voltage drop allowed to achieve a Pst of 0.35.   
 
The results show a need for a dynamic 
compensation system rated 2820 kVAr 
connected directly to the 6kV bus.  The system 
applied consists of a fixed de-tuned capacitor 
bank rated 1570 kVArc and an AHF rated +/- 
1250kVAr (figure 3). This solution makes it 
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possible to compensate for the full inductive 
reactive power of the AC motor during nominal 
operation (1332 kVAr) with 1488 kVAr left over 
to inject in real time during the shredder over 
load operation (estimated maximum need of 
1357 kVAr required). That can be described by 
this simple expression: 1570 kVArc – 1332 kVAri 
+ 1250 kVArc = 1488 kVArc. 
 

 
Table 2: Projected Voltage Sags and kVAr 

Requirements 
 
 
Based upon the above simulation, an HVC was 
designed for 6 kV.   
 

 
Figure 3:  Electric One-line Drawing of Installation 

 
 
 
 
 

 
6. Installation Analysis 
 
Measurements were taken at the secondary of 
the 4500 kVA 20:6 kV transformer. The results 
obtained are shown in Table 3. 
 

 
Table 3:  HVC performance results 

 
The installed HVC rated 2820 kvar can limit the 
flicker induced on the network to well below a Plt 
of 1. 
 
The HVC system also corrects the displacement 
power-factor (Cos φ) of the installation to near 
unity. In fact, Cos φ is increased from 0.874 
inductive in real time to 0.993 inductive; 
eliminating any PF penalty imposed by the 
energy supplier. Also, the use of a capacitor 
bank equipped with detuned reactor tuned to 
215Hz (50Hz supply) attenuates most of the 
total harmonic voltage distortion on the network 
by partially filtering the 5th harmonic current. 
 
7. CONCLUSIONS 
 
The HVC system installed on the automobile 
shredder helped meet the flicker grid code 
requirements and allowed the end user to 
complete their expansion project within the 
allocated budget and on time. Additionally, other 
power quality benefits were realized. The 
harmonic distortion in voltage and current was 
reduced and the PF penalty was alleviated 
creating a more energy efficient industrial work 
site. 
 
HVC can also be used for crane and arc welder 
applications, as well as large AC motor sites 
with frequent starts, and other difficult 
applications. 
 
The future development of the HVC will include 
a larger power range and voltage controls 
working in parallel with a Cos φ target 
requirement. 
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