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ABSTRACT 

Customer expectations on Power Quality are growing and 
they are expecting a clean source of power from their 
suppliers for their increasingly sensitive process. 
In order to maintain a clean voltage supply, the utilities are 
forced to implement regulations that oblige end-users to 
compensate disturbing loads. 
This paper will demonstrate the application of a Hybrid 
Var Compensator (HVC) designed to mitigate flicker 
produced by a car shredder. 
The HVC system is composed of an active harmonic filter 
(AHF) that will operate in electronic var compensation 
(EVC) mode injecting in real time lagging and leading 
reactive power, installed in parallel with a detuned 
capacitor bank. 
This solution allows the customer to be connected to the 
grid and meet the utility flicker regulation.  In addition, this 
also allows the utility to guarantee a clean source of power 
to their other existing customers. 
 

INTRODUCTION 

In a context where power quality has become a major 
issue, system operators as well as electricity users have to 
respect magnitude, waveform and frequency of the 
voltage on their systems in order to guarantee the proper 
operation of the equipment.  
This concern regarding power quality is reinforced by the 
widespread use of equipment which is sensitive to voltage 
disturbance and/or generates disturbance itself, the 
necessity for companies to increase their competitiveness, 
and the deregulation of the electricity market. 

Origin of Flicker 
Flicker corresponds to fluctuations in the illumination 
intensity causing physiological strain for humans. 
Voltage fluctuations, at the origin of flicker phenomenon, 
can be caused by disturbances introduced during power 
generation, transmission or distribution, but are mainly due 
to the use of industrial fluctuating loads such as welding 
machines, arc furnaces, rolling mills or motors [1]. 

Limits and regulations 
The system operators are responsible for the power quality 
of the networks. In order to maintain a clean voltage supply, 
they specify limits for the connection of industrial loads that 
will generate voltage disturbance on the electrical system. 

  
 
 
The emission limits of fluctuating installations have to be 
defined with consideration to the subscribed power of the 
customer, the power of the flicker-generating equipment, 
and the electrical system characteristics. The objective is 
to limit the flicker injection from all the installation 
fluctuating loads to values that will not exceed the 
planned flicker levels.  
 
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 or less than a 
Plt of 1 for 95 % of the time[2]. The IEC 61000-3-7 gives 
indicative planned levels for MV power systems of Pst = 
0,90 and Plt = 0,70 [3]. 
 
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, Plt = 0,25 are required in 
France for installations connected to the distribution 
system. 
 

FLICKER MITIGATION METHODS 

Fluctuations produced by industrial loads may affect a large 
number of consumers supplied from the same source. The 
fluctuation magnitude depends on the ratio between the 
impedance of the device generating the disturbance and the 
impedance of the power supply [4].  
Some solutions can be implemented at the load level : 
• Changing the type of lighting 

Fluorescent lamps are less sensitive than incandescent 
lamps. 

• Installing an uninterruptible power supply  
This may be a cost-effective solution if users subject to 
disturbance are identified and grouped together. 

• Modify the device generating the disturbance  
Changing the starting mode of motors which have to 
start frequently, for example, can reduce overcurrents. 

 
Other mitigation measures are targeted at actions focused 
on limiting the amplitude of the voltage fluctuations; 
• Modify the network 

- Increase the short-circuit power by connecting 
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lighting circuits to the nearest power supply point. 
- Increase the "electrical distance" between the 
disturbance-generating load and lighting circuits by 
powering the disturbance-generating load from an 
independent transformer. 
- connect the load at a higher nominal voltage level 
- supply this category of loads from dedicated lines 
- separate supplies to fluctuating loads from steady 
loads by using separate windings of a three-winding 
transformer 
- increase the rated power of the transformer supplying 
the fluctuating load. 

• Reduce the changes of reactive power by the use of 
reactive compensator such as synchronous machines, 
power electronic systems, line commutated Static Var 
Compensator (SVC), forced commutated converters. 

•  Connect a reactance in series 
By reducing the inrush current, a reactance downstream 
from the connection point of an arc furnace can reduce 
flicker by 30 % [5]. 

 
The SVC is the most used device for compensation of arc 
furnaces. This device employs fixed banks of power factor 
capacitors, controlled with thyristors, which can switch 
them on and off rapidly. 
This device provides real time reactive compensation for 
each phase. Flicker can be reduced from 25 % to 50 %. 
SVC has disadvantages such as response time, 
compensation only at fundamental, frequency and 
generation of harmonics and is not cost effective for 
medium size loads. 
 

PRINCIPLE OF HYBRID VAR COMPENSATOR 
OPERATION 

Topology  
 
A HVC system is a custom built solution made of standard 
products within the Schneider Electric equipment portfolio. 
The first major component is a de-tuned capacitor bank and 
the second is an active harmonic filter (AHF) operating in 
EVC mode. The equipment will be manufactured per IEC or 
NEMA standard to meet the client needs.  
 
The HVC approach to reduce flicker is to reduce or 
eliminates the reactive power supplied by the upstream 
transformer and ultimately the power source.  This can be 
achieved by supplying an equal magnitude of capacitive 
reactive power in the system creating a cancelling affect 
such that the source doesn’t supply the inductive reactive 
power drawn by the load. Furthermore, this cancellation 
must occur in a real time fashion to match the rapidly 
fluctuating load inductive reactive power demand in order 
to reduce flicker. It’s important to note that real power 

(kW), other than I²R losses, cannot be reduced. Controlling 
the reactive power supplied by the power source will 
eliminate the power transformer flux saturation that leads to 
voltage drop that translates into flicker when occurring 
repeatedly.  
 
In a HVC topology (figure 3), the de-tuned capacitor bank 
supplies a fixed amount of capacitive reactive power in the 
electrical system (leading var). The AHF, in EVC mode, 
injects capacitive or inductive reactive current, leading or 
lagging var in real time with a 20 ms response time to match 
the load rapidly fluctuating demand in inductive reactive 
power. When the load reactive demand is zero, the AHF 
injects lagging reactive current to cancel the leading 
reactive current of the fixed de-tuned capacitor bank. As the 
load inductive reactive power increases, the AHF adjusts its 
output such that the HVC precisely matches the load 
reactive power demand.  If the load inductive reactive 
power demand goes beyond the de-tuned capacitor bank 
output, the AHF starts injecting leading var along with the 
capacitor bank. (Refer to figure 1) 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:   HVC dynamic operation curves 
 

CASE STUDY 

 
A recycling facility invested in a new metal shredder to 
increase their production output (figure 2). Schneider 
Electric designed the distribution system for this expansion. 
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. 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. These new facts threatened 
the expansion project. The end user turned to Schneider 
Electric for a more cost effective and efficient solution. 
After reviewing the requirements, Schneider Electric 
proposed a custom designed HVC system that would meet 
the grid code flicker requirements which proved to be 
cheaper and delivered in a timely fashion helping the end 
user complete the expansion on time within the allocated 
budget.  
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The metal 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 in rotation. 
 

 
 Figure 2:  Shredder mechanical operation 
 
The rotor is moved by an asynchronous motor rated 
2350kW supplied at 6kV. 
When, for example, cars are injected into the shredder, the 
hammers strike and shred steel. This causes pulsating 
mechanical torque on the rotor. These torque variations 
cause important inductive reactive power being drawn by 
the asynchronous motor and increases the apparent power 
demand on the 6kV electric feeder system (table 1). 
 

 
Table 1:  Shredder power operation characteristics 
 
Consequently, voltage drops are induced across the 
impedances of the electrical supply network. These low 
frequency repetitive voltage drops cause the flicker. 
 
The shredder is supplied by a dedicated transformer from 
the public distribution 20kV network. The HVC is 
connected in parallel with the shredder on the 6kV busbar 
(figure 3). 

Pre-sizing study 
The design study aims to quantify the levels of flicker 
caused by the shredder and determine a feasible technical 
solution. 

The end user flicker level targeted for the pre-sizing study 
was a Pst equal to 0.35. The supplier’s objective is to 
guarantee a Plt lower than 1 on their network. 
The pre-sizing study steps are described as follows: 
 
From the overloads defined by the shredder’s manufacturer, 
the level of Pst was estimated by calculating the voltage 
drops and their frequency of occurrence. 
The first step consists of modelling the network’s equivalent 
impedance components, R and X, composed of the HV 
distribution network, the step down transformer and the 
cables. 
 
For our application, the impedance could be expressed as 
follows:  
Z = R + j.X, therefore Z = 0.0372 + j0.8217 @6kV. 
The voltage drop is calculated from the following simplified 
formula: 

²
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QXPR

U

U +=∆
 

 
R being the sum of the resistance and X being the sum of 
the reactance of each of the network components. P is the 
real power (kW) and Q the reactive power (kvar) both from 
the connected load. 
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. To achieve 
this feat, we chose to compensate the inductive reactive 
power drawn by the load by injecting real time capacitive 
reactive power on the 6 kV bus with the HVC system, 
yielding a cancelling affect. 
 

 
Table 2:  Voltage drop & capacitive kvar required for 
overload situation 
 
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 1570kvar associated with an AHF rated +/- 1250kvar 
(figure 3).  
This solution makes it possible to compensate  the full 
inductive reactive power of the asynchronous motor during 
nominal operation (1332 kvar) with 1488 kvar left over to 
inject in real time during the shredder over load operation 
(max of 1357 kvar). That can be described by this simple 
expression: 1570 kvarc – 1332 kvari + 1250 kvarc = 1488 
kvarc. 
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Installation 
 

 
Figure 3:  HVC installation single line diagram 

 
 6 KV de-tuned capacitor bank 
 

 
480V Active Harmonic Filter  

Performance analysis 
Measurements were taken at the secondary of the 4500 
KVA 20:6kv 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 well below a Plt of 1. 
The HVC system also corrects the power-factor (pf) of the 
installation near unity. In fact, the Cosine phi 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 attenuates most of the total 
harmonic distortion in voltage on the network by partially 
filtering the 5th harmonic current. 

CONCLUSION 

The HVC system installed on the steel 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. Furthermore, other power quality 
benefits were realized. The harmonic distortion in voltage 
and current was reduced and the Power Factor penalty was 
alleviated creating a more energy efficient industrial work 
site. 
 
This type of equipment can also be used for crane 
application, spot welder application, large motor start, etc. 
 
The future development of the HVC will include larger 
power range and voltage controls working in parallel with a 
cosine phi target. 
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