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1 EXECUTIVE SUMMARY 

The power quality survey was conducted as an investigation to find the root cause of the power quality 
related problems the welding facility was experiencing together with demonstrating the capabilities of 
EM Energy Solutions’ technology to improve power quality and, subsequently, weld quality. The 
demonstration clearly showed the effectiveness of the AVE units used in this particular case, and the 
report presents power quality before and after AVE installation. The presentation clearly states the 
positive effects the unit had on mitigating power quality related problems in the system. 

AVE: Automatic Voltage Equalizer 
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2 INTRODUCTION 

2.1 Network Connection 

2.2 Transformer details 
 
The transformer supplying the distribution system we conducted testing and demonstration on, had the 
following configuration: 
 
Primary supply voltage: 11 kV (Fed from 11kV transformer) 
Secondary supply voltage: Initially 440V, but raised to 460V due to power quality issues 
Winding: Star/Delta 
Distribution system: Ungrounded/Floating  

2.3 Background for survey 
The purpose of the survey was to inspect and verify power quality before and after installation of AVE 
and AWR units and to improve performance at the welding facility. 

2.4 Existing non-linear loads 
There were several non-linear loads at the facility, such as Inverter driven welding machines, overhead 
cranes, etc. 

2.5 Details of non-linear loads 
Not applicable. 

2.6 Point of power quality measurements 
The power quality analyzers were installed on the transformer secondary side, approximately 9 meters 
away from the secondary side source. 

2.7 Connection arrangements 
The supply voltage was monitored using a direct connection to the 460V secondary side distribution 
bus. The Current was monitored using clip-on current transducers (Rogowski coils). 

2.8 Measuring instruments 
A KW-6314 power quality analyzer, and the integrated AVE power quality analyzer was used to conduct 
the measurements. The sample rate of the readings was 1200 samples per second. 

2.9 Time frame of measurements 
The power quality analysis and unit demonstration were conducted between the 13th and 16th of Feb 
2020. 

3 MEASUREMENTS 
As a brief introduction, the power quality readings were well within the requirements of the industry 
power quality standard EN50160 after installation of AVE units.  

 
The report will explain in detail the power quality improvements that occurred after the installation of 
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the AVE  
 
 

3.1 Test environment  
 

 
Figure 1: Welding machine inside the welding facility 

  
Figure 2: Welding machine at work 
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Figure 3; Data from power quality analyzer available on mobile or tablets. 

  
Figure 4: Clip-on Rogowski coils 
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Figure 5: Waveform log from EMES PQA presented on service laptop 
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3.2 Real-time metering with AVE deactivated  

 
Figure 6: The screenshot above shows real-time information from the unit’s power quality analyzer.  The screenshot is taken during 
operation of the welding machine with the AVE deactivated. In comparison with the screenshot below were the AVE is activated, the 
information from the PQA indicates several power quality related problems when the AVE is off, such as a high voltage unbalance (9,3%) 

3.3 Real-time metering with AVE activated  

 
Figure 7: The screenshot above shows real-time information from the unit’s power quality analyzer.  The screenshot is taken during welding 
machine operation with the AVE activated in comparison to the picture above (figure 6) were the unit was deactivated. Voltage unbalance 
dropped from 9.3% to 0.33% after AVE activation. The power factor increased from 0.907 to 0.927, and a significant drop in energy 
consumption is seen. Active power consumption went from 273,266 kW to 258,833 kW, a reduction of 14.433 kW  (5.28 %). Reactive 
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energy consumption went from 92.5077 kVAr to 77.2133 kVAr, a reduction of 16.5 %. Apparent power dropped from 301.247 kVA to 
279.325 kVA, a reduction of 7.28 %.  

3.4 Real-time metering with AVE deactivated, example 2 

 
Figure 8: The screenshot above shows real-time information from the unit’s power quality analyzer.  The screenshot is taken during welding 
machine operation with the AVE deactivated. In comparison, the screenshot below is with the AVE activated. The information from the PQA 
indicates several power quality related problems such as a high voltage unbalance (8,32%). 

3.5 Real-time metering with AVE activated, example 2 

 
Figure 9: The screenshot above shows real-time information from the unit’s power quality analyzer.  The screenshot is taken during welding 
machine operation with the AVE activated in comparison to the picture above (figure 6) were the unit deactivated. Voltage unbalance 
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dropped from 8.32% to 0.12% after the AVE was activated. The power factor increased from 0.911 to 0.936, and a significant drop in 
energy consumption was seen after AVE activation. Active power consumption went from 408,948 kW to 387,834 kW, a reduction of 5,16 
%. Reactive energy consumption went from 131.518 kVAr to 100.589 kVAr, a reduction of 23.51%. Apparent power dropped from 448.890 
kVA to 414.342 kVA,  a reduction of 7.69 %. 

3.6 Real-time metering with AVE deactivated, example 3 

 
Figure 10: The screenshot above shows real-time information from the unit’s power quality analyzer.  The screenshot is taken during 
welding machine operation with the AVE deactivated. In comparison, the screenshot below were the AVE is activated, information from the 
PQA indicates several power quality problems such as a high voltage unbalance (8,04%) 
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3.7 Real-time metering with AVE activated example 3 

 
Figure 11: The screenshot above shows real-time information from the unit’s power quality analyzer.  The screenshot is taken during 
welding machine operation with the AVE activated. In comparison to picture above (figure 6) were the unit is deactivated, voltage 
unbalance went from 8.04% to 0.59 % after AVE activation. The power factor increased from 0.927 to 0.964 and a significant drop in 
energy consumption was seen after AVE activation. Active power consumption went from 384,586 kW to 340,960 kW, a reduction of 
43.626 kW (11.32 %). Reactive energy consumption went from 97.4402 kVAr to 47.0076 kVAr a reduction of 50 %. Apparent power went 
from 415.086 kVA to 353.817 kVA, a reduction of 14.76 %. 
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3.7.1 Transients and Spikes (Welding machine at full load with ten heads, AVE off) 
 

 
Figure 12: Oscilloscope utilized for detecting spikes and transients during operation of welding machine and other equipment. With AVE 
deactivated, we registered numerous fast switching transients, which will have a drastic effect on the lifetime of welding inverters’ IGBT`s 
and other semiconductors (control systems).  With AVE activated, no transients where detected! The trigger setting was set to 20 volts 
above the peak voltage, meaning that no spike above 20 volts appeared with the AVE active. 

3.7.2 Transients and spikes (Electromotor for the board, AVE off) 

 
Figure 13: Oscilloscope utilized for detecting spikes and transients during the operation of welding machine and other equipment. Without 
the AVE active, we registered numerous fast switching transients, which will have a drastic effect on the lifetime of welding inverters IGBT`s 
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and other semiconductors (control systems).  With AVE activated, no transients where detected! The trigger setting was set to 20 volts 
above the peak voltage, meaning that no spike above 20 volts appeared with the AVE active. 

 

3.7.3 Voltage waveform, AVE off 

 
Figure 14: The figure above shows the oscilloscope waveform of Phase C without AVE active (Low current draw). Compared to the figure 
below (AVE active), we can see a more distorted sinus wave even without any load. 

 
Figure 15: The figure above shows the oscilloscope waveform of Phase C with the AVE active. The sine wave is smooth without any 
distortion from harmonics, transients, or other power quality related problems.  
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3.7.4 Waveform before and after AVE activation 

 
Figure 16: The Waveform log above is captured by EMES PQA during welding machine operation and shows the exact moment when AVE is 
activated. The Waveform before the AVE activation is distorted with a high voltage unbalance (8-9%). After AVE activation, we see a short 
transitional period of 30-40ms where the unit stabilizes the system, removes harmonic distortion, eliminates transients, and reduces 
voltage unbalance (0.5%).  After the AVE is activated, we can see a perfect sinus waveform and a 100% balanced system.  

 

3.7.5 Phase Vectors (AVE Off) 

 
Figure 17: Phase vectors are shifted away from their ideal 120 º offset.  

 

AVE On 
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3.7.6 Phase Vectors (AVE On) 

 
Figure 18: Phase vectors in perfect balance with close to ideal 120 º offset.  Also, note the current vectors have moved closer to the voltage 
vectors, indicating an increased power factor. By restoring the ideal 120 º offset and increasing the power factor, AVE ensures optimal 
operation of motors, transformers, and other inductive loads, which again reduces heat, power consumption, and increases equipment 
lifetime.  

3.7.7 Harmonics withouth AVE  

  
Figure 19: Picture is taken during welding machine operation and shows a high level of harmonic distortion when the AVE is deactivated. 
With AVE deactivated, THD levels up to 18% were observed. 
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3.7.8 Harmonics with AVE Active 

 
 
Figure 20: The AVE instantaneously reduces the harmonic content down to a minimum, well within the industry power quality standard 
EN50160. This ensures optimal operation of equipment and control system, reduces energy consumption, and increases system overall 
reliability.  

 

3.7.9 Voltage unbalance 

 
Figure 21: Graph above shows the AVEs’ unique capability to balance the voltage by using electromagnetism to distribute energy evenly 
between the phases. As soon as the AVE is switched off, the phase voltage drifts apart and creates high voltages unbalance. With AVE 
activated the biggest unbalance possible is 0.8% 
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3.7.10 Energy consumption definition 
kW is Working Power (also called Actual Power, Active Power, or Real Power). It is the power that 
performs useful work. 

kVAR is Reactive Power. It is the energy stored in the magnetic or electric field that inductive or 
capacitive equipment (transformers, motors, capacitors, etc.) consumes. 

kVA is Apparent Power. The combination of reactive power and real power is called apparent power, 
and it is the product of a circuit’s voltage and current, without reference to the phase angle. Apparent 
power is measured in the unit of Volt-Amps (VA) and is symbolized by the capital letter S. 

 

Figure 22: Graph above shows the active energy consumption before and after the change of distribution system and activation of AVE. As 
the graph above clearly illustrates, significant changes are seen after AVE activation. Before, the maintenance energy between operation 
and nighttime was approximately 5.5kWh and peaks up to 13kWh this is no longer present or below the unit`s current transducers 
capability to detect. Most of this saving comes for the unit’s unique capability to redirect energy that normally is drained to ground by 
capacity leakage. 5.5kWh wasted energy around the clock will yearly be more than 45 000Kwh!  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

AVE On 



EM Energy Solutions, Ferjemannsveien 4, 7042, Trondheim, Norway 
Tel: +47 41445616 

Page 20 of 32 
 

 

3.7.11 Reactive energy consumption 

 
Figure 23: Graph above shows reactive energy consumption before and after change of distribution system and activation of AVE. As the 
graph above clearly illustrates, significant changes are seen after AVE activation.  

 

 

3.7.12 Apparent energy consumption 

 
Figure 24: Graph above shows apparent energy consumption before and after change of distribution system and activation of AVE. As the 
graph above clearly illustrates, significant changes can be seen after AVE activation. 

 
 
 
 
 
 
 
 
 
 
 
 
 

AVE On 

AVE On 
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4 CONCLUSIONS AND RECOMMENDATIONS 
The system power quality after installation of the AVE and AWR is of outstanding quality. Two power 
quality analyzers have closely monitored the distribution system from the 13st of Feb  until the 17th of 
Feb 2020.   
 
With the AVE activated, the supply voltage is steady and balanced between the three phases. Even 
during the highest loads and current draws, the biggest unbalance observed was no more than 0.3 
percent. The units also ensure that the phase voltages drop equal in time, thus distributing the energy 
evenly between the phases and removing voltages spikes together with transients. 
 
The power quality has now been analyzed and found to be in excellent condition after the installation 
of the AVE. The welding quality is expected to be significantly improved. We advise SHI to monitor the 
welding quality of each welding head closely and, if necessary, adjust the settings to optimize the effect 
of the clean and stable power supply. 
 
Welding machines found at this site utilize inverters with semiconductor technology, so-called IGBT`s. 
Semiconductors like IGBT`S degrades every time a voltage spike or a transient appears in the system. If 
the amplitude of the transient is high enough, it will break instantaneously. Poor power quality and 
systems containing a high amount of transients can have a drastic effect on the lifetime of an IGBT-
welding machine, and in some cases, it could shorten the lifespan down to weeks or months. Therefore, 
we expect a significantly increased lifetime on the machines and reduced maintenance and production 
stop.  
 
AVE can withstand the most powerful surges without damage to itself or anything it protects. The laws 
of physics do not change, but our understanding of them does; AVE works on a fundamental 
electromagnetic principle, which means it reacts at the speed of current flow and protects all 
downstream equipment from the smallest voltage imbalances to the most powerful surges. 
 
When activated, AVE makes an immediate correction to any phase voltage imbalance. It prevents 
transient voltages such as those generated by switching power electronics or phase faults. Additionally, 
it uses electromagnetic interaction of mutual induction to control voltages, protect electrical equipment 
and reduce degradation over time. 
 
Based on the results and improvement seen after installing our unit, we recommend installing AVE on 
all the transformers. AVE installation will ensure a clean and stable power supply resulting in less 
energy consumption, prolonged equipment lifetime, higher production output, less NPT, and a safer 
distribution system. By installing our units, the operators also get a complete overview of the power 
quality of the system. This information is available on a web server or through a wired connection.    
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Figure 25: Picture shows how fast the AVE reacts to a voltage imbalance and stabilizes the system. The reaction time is less than 0.9ms. 

 

 
 

5 ENERGY SAVINGS 
Comparison of the active, reactive and apparent power from the 13th to 16 th of February 
shows a significant lower energy consumption when the AVE is active. 
 
Energy savings by installing the AVE is achieved by optimising the power quality and ensure 
a stable voltage supply without any voltage imbalance or harmonic distortion. The AVE will 
keep the voltage balanced and phase vectors perfectly 120 degrees offset using state-of-
the-art variable transformers. Voltage imbalance will be held within 1 percent, ensuring 
optimal performance. 
 
The AVE also redirect energy to the system which normally is wasted to ground through 
capacitive leakage. Power will now instead be redirected back into the system to optimize 
phase voltage balance. With optimized phase voltage balance, electrical equipment will 
consume less energy, ensuring substantial cost savings.  
 
Harmonics cause eddy currents that restrict current flow through the motors causing the 
motors to be less energy efficient. With AVE the harmonics are reduced, and the motors 
run cooler and use less energy (watts or true power), reduce the volt-amp draw (apparent 
power), reduce the VAR power (imaginary power) increase the power factor.  
 
To determine the exact amount of saved energy for this system is difficult due to the 
continuous change in energy consumption and the change in quality of incoming power 
based on other big consumers in the shipyard.  But we can clearly see a lower consumption 
and an energy reduction that varies from 5,5kWh up 49 kWh depending on what type of 
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machines running, amount of unbalance, harmonic countent and incommining power 
quality. This means an total active energy reduction from 7% – 16 %.  Normally the energy 
saving by installing our units cause a payback in one year or less.  

 

6 SYSTEM IMPROVEMENTS 
 
Balanced voltage 
AVE will keep the voltage balanced and phase vectors ideally 120 degrees offset using state-of-the-art 
variable transformers. Voltage imbalance will be held within one percent, ensuring optimal 
performance. 
 
Reduced energy consumption 
Stop wasting capacitive energy to ground. Power will now instead be redirected back into the system to 
optimize phase voltage balance. With optimized phase voltage balance, electrical equipment will 
consume less energy, ensuring substantial cost savings. 
 
Mitigate transient events 
The larger the transient, the more AVE will counteract it. Protect equipment from damaging transients. 
Conventional semiconductor-based surge protection devices are too slow and often allow as much as 
five times nominal voltage into the system. With AVE installed, that is history; nothing reacts faster than 
the electromagnetic field!  
 
Reduced harmonics 
Prevents control system lockups by keeping the ground-reference free from noise. 
 
Extended life expectancy on motors and equipment 
Only a 3% voltage imbalance can cause motors an 18% temperature increase and a reduction of 
efficiency of 3.4%. This imbalance will cause a significant temperature increase and a reduction in life 
expectancy. Keep your voltage balanced and keep your electric motors cool.  
 
Arc-Flash mitigation 
Most Arc-Flashes start as a ground fault. AVE will prevent the first arcing ground by discharging energy 
from the distribution system, subsequently avoiding phase to phase faults. This protection will reduce 
Arc-Flash potential by more than 85 percent. 
 
Save costs 
Energy savings, together with reduced maintenance and increased equipment lifetime, will give a 
payback in one year or less.  
Prevention of one Arc-Flash or transient event can easily save more than the cost of an AVE.  

 
Increased personnel safety 
With the comprehensive ground fault detection system, the operator can address the issues in a timely 
and safe manner. The system also protects against Arc-flash and transient overvoltage, increasing 
workers' safety. 
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Reduced downtime 
Less equipment changeout and maintenance, together with increased personnel safety. 
 
Reduced 𝑰𝑰 𝟐𝟐𝟐𝟐 losses 
𝐼𝐼 2𝑅𝑅 losses will be drastically reduced with optimal phase voltage balance.  
 
Reduced 𝑪𝑪𝑪𝑪𝟐𝟐 emissions 
Reduced energy consumption and equipment changeout contribute to decreased emissions. 
 
Increased production output 
Based on all the advantages above, raise both the production output and earnings.  
 
EMP Protection 
Due to the fundamental design based on mutual induction and the fact that it reacts with the speed of 
the current, it can mitigate distortion in the GHz range.  
 
Business advantage 
Give your business a leading-edge technology advantage. There is nothing like EM Energy Solutions’ 
revolutionary technology on the market today. 

 
 

7 IMPORTANCE AND BENEFITS OF VOLTAGE BALANCING 
Voltage imbalance is a large and expensive problem in all industries that are relying on electrical 
machines and power electronics to secure their production output. Only minor imbalances can create 
considerable increases in current draw, phase vector distortion, and additional costs due to increased 
power consumption. 
Electrical equipment relies on a stable power supply to be able to operate according to specifications. 
Voltage imbalances can occur due to both external events and internal events. In most cases, internal 
events created by electrical equipment connected to the same 3-phase distribution bus cause these 
voltage imbalances. 
Voltage imbalances can come in a variety of forms. It can be a continuous imbalance over a long period 
created by unbalanced load between the 3 phases. It can also be imbalances with an extremely short 
duration in time created by power electronics or external events like, for example, lightning strikes. 
The vital factor to remember is that these events create voltage imbalances on the main distribution 
bus. 
In terms of the welding industry, the welding machines are relying on a clean and stable power supply 
to be able to perform according to specifications. The machines are operating with high currents, and 
these currents need to be within a specific range to be able to produce a quality weld. 
Any imbalances in the voltage will, in this case, have a massive impact on the quality of the welding, 
because it is closely related to the current magnitude. As mentioned earlier, only minor voltage 
imbalances are prone to have a considerable impact on current levels. Modern IGBT welding machines 
contain power electronics that provide the welding rod with a high current, low voltage source to be 
able to create a quality weld. 
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A key component in terms of power electronics is the IGBT. This transistor has a very high switching 
frequency, often several thousands of Hertz. The good thing about this is that one can achieve a very 
high degree of control of the current supplied to the weld. The drawback is that they tend to create 
current harmonics back into the system, which again produces voltage harmonics and voltage 
imbalances. These harmonics and imbalances affect all other electrical equipment connected to the 
same bus, thus degrading the overall distribution power quality. 
 
The AVE is an Electromagnetic High Resistance Grounding unit that will oppose any phase to ground 
voltage imbalances with the speed of the electromagnetic field. It consists of three single-phase 
variable isolation transformers that are connected in such a way that energy transfer from the high 
voltage to the low voltage phases will occur during a situation of voltage imbalance. Like any other 
transformer, they have a primary and a secondary side, and the secondary side of the three single-
phase transformers are connected in series with a steel grid resistor. If the system is 100 percent 
balanced, no current will flow in the circuits' secondary side. In real life, this will never be the case, 
since there will always be some minor imbalance between the phase voltages. 
When there is a voltage imbalance, a voltage drop and a respective current will be induced in the 
circuits secondary side. The scale of the voltage imbalance will determine the current and will 
simultaneously burn off excess energy in the steel grid resistor, together with feeding energy back into 
the low voltage phase. 
As mentioned, the unit reacts with the speed of the electromagnetic field, which is close to the speed of 
light. This physical fact makes it able to suppress imbalances up to the GHz frequency range. 

 
Since the amount of reaction is based on the voltage imbalance, it can be considered a self-regulating 
device. The initial response does not solely rely on the scan time of the controller nor the reaction time 
of field electronics. In addition to being a self-regulating device, AVE also has adjustable variable 
transformers, which will work as a second line of defense to optimize the phase voltage balance in a 
situation where it is an imbalance more prolonged in time. 

 
Our units have recently been tested at the PNDC lab at Cumbernauld Scotland. 
https://pndc.co.uk/  (See the attached test report) 
From the final test report, we could see that we were able to reduce a 12 percent imbalance down to 
0.23 percent. During this recovery, the unit was only consuming 10mA of current. 
 
We also saw the unit’s ability to pull the phase vectors for both current and voltage closer to their ideal 
value of 120 degrees offset. In one test, we saw a reduction in consumption of around 500VA apparent 
power when it was correcting a phase voltage imbalance of 9 percent.  
This energy-saving emphasizes the importance of having a truly clean and stable power supply. In the 
long run, vast amounts of savings can be obtained in terms of energy cost savings together with 24/7 
protection against transient events and continuous production output.  
 

https://pndc.co.uk/
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Figure 26 Figure above shows the voltage phase angles logged during voltage imbalance testing. The AVE will instantaneously correct phase angels 
and ensure an ideal system where the phase vectors are equally separated by 120 degrees. This correction ensures that three-phase power transfer 
at any moment in time is constant, which is preferable to many three-phase loads, including motors, and will have a significant impact on the 
longevity of the motor and its efficiency. 

 
All transformers bus ducts have a capacitive leak current to ground like any other electrical device. Even 
the computer you are using now has some degree of leak current that goes to ground. In a normal 
distribution line, this leak current is drained to ground in a wasteful manner. With our unit, this current 
will be redirected into the distribution lines to optimize phase voltage balance.  
The amount of leak current is based on the transformer kVA rating, and it will, over time, add up to 
substantial amounts of wasted energy and increased power bills.  
It is important to remember that our units do not handle any load current to achieve optimal phase 
voltage balance. If we compare the AVE with traditional surge protection technology, which tries to 
reduce the voltage by draining high amounts of noise affected current to ground, the AVE will only use 
mA range of current to balance the phase voltages. 
 In systems with very poor power factor, capacitors are used to increase the power factor. These 
capacitors have a limited life span, which again can be reduced even more by transient events like 
voltage spikes. With the AVE, you will protect the capacitors, thus reducing maintenance cost and 
downtime by having to replace expensive capacitors before their stated lifetime has passed. 
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8 PICTURES OF INSTALLATION 

 
Figure 27: AVE installed at the welding facility 

 

 
Figure 28: AVE and AWR installation overview 
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Figure 29: EMES PQA 

 
 
 

 
Figure 30: EMES PQA data available on mobile platforms 
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Figure 32: Distorted current waveform 
supplying a 3 phase rectifier 

9 HARMONICS EXPLAINED 
   

An ideal load will draw a current with sinusoidal waveform from an undistorted supply voltage; however, a 
non-linear load, such as a rectifier, will produce a distorted current waveform. A mathematical procedure 
[Fourier analysis] will show that the distorted waveform can be expressed as a fundamental sinusoidal 
waveform plus a series of harmonics which are sinusoidal waveforms at frequencies which are multiples of 
the fundamental frequency. As an example, a square wave 
can be expressed as a series- sin(t) + 1 sin(3t) + 1 sin(5t) + 1 sin(7t)   

3 5 7 
 
 
 
 
 
 
 
 
 
 

 
The magnitudes of the harmonics represent a measure of the distortion and may be expressed as a 
percentage of the fundamental waveform or as r.m.s volts or amps. The total harmonic distortion, THD, 
is equal to the square root of the sum of the squares of each harmonic, and for the square wave 
example, this would be about 47%. For a power distribution system, it is usual to 
consider harmonics up to the 50th, i.e., 50Hz to 2500Hz. 
 
The harmonic currents are said to be generated by the load, and they flow into the supply producing a 
corresponding distortion of the supply voltage, the magnitude of which depends on the supply impedance; a 
high fault level supply will have lower distortion and vice versa. This voltage distortion is imposed on all users 
connected to the supply at the point of common coupling and must be limited to avoid malfunctions. Some 
problems which may arise from harmonic distortion are listed below- 

 
• Overheating of conductors. 
• Overloaded neutral conductor. 
• Additional losses in transformers and motors.  
• Additional capacitor currents (power factor correction). 
• Resonance effects further increasing the harmonic currents.  
• Nuisance tripping. 

 
Typical harmonics from a three-phase rectifier (6 pulses) are 5th, 7th, 11th, 13th …etc [6n + - 1] with the 
magnitudes depending on the circuit impedance [reactors and capacitors]; although other harmonics will also 
be introduced if the supply voltage or circuit is not balanced. 

Specification EN50160:2010 “Voltage characteristics of electricity supplied by public distribution systems” 
includes maximum acceptable magnitudes of harmonic voltage distortion on LV systems, up to the 25th 
harmonic. 

Figure 31: Supply voltage with low distortion 
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10 GLOSSARY 
 
EMC- Electromagnetic compatibility. Equipment should be immune to electrical noise emitted by itself 
and other equipment. Emissions may be radiated or conducted. Harmonics in the supply are low 
frequency conducted emissions. 
 
EMES- EM Energy Solutions, Norwegian company with market revolutionary technology for power 
quality optimization.  
 
PQA- Power Quality Analyzer 
 
AVE- Automatic Voltage Equalizer. Revolutionary unit for power quality optimization. The unit is based 
on electromagnetism and reacts to any voltage imbalance with the speed of the current flow.   
 
AWR- Automatic Waveform Restorer. Based on the same technology as AVE but designed for mitigation 
of harmonic distortion. 

 
THD- Total harmonic distortion. This is calculated as the root of the sum of the squares of all harmonics. 
Note that measured THD figures will not take into account impedance correction (k factors) detailed in 
G5/4. 

 
Fault Level- The current or energy that will flow if the supply is short-circuited. The fault level may be 
expressed in amps or volt-amps. For a three-phase system, the fault level is 3 x V x A. 100MVA is a 
typical fault level for an 11KV supply. 

 
PCC, Point of Common Coupling- The point in the distribution system where other consumers are 
connected. Voltage distortion produced by one consumer will be imposed on the others. 

 
MCC- Motor Control Centre 

 
DB – Distribution board 
 
IGBT - insulated-gate bipolar transistor (IGBT) is a three-terminal power semiconductor device primarily 
used as an electronic switch which, as it was developed, came to combine high efficiency and fast 
switching 
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