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The effects of poor Power Quality (PQ) for any business are estab-
lished by critically examining two core areas:

• Operational losses such as downtime, equipment failures, scrap, 
rework etc.

• Demand-related costs and penalties as a result of poor Power 
Factor (PF)

Impact Energy (referred to in this article as ‘the company’) represents 
the Elspec (referred to in this article as the global company) PQ Energy 
Saving Concept to add a third dimension to defining and quantifying 
the PQ Blue Print.

Power bill energy (kWh) related costs owing to 
technical network losses

Establishing a PQ consequence and cost fingerprint for any site is the 
key step in driving reliability and engineering value back into power 
networks. The company provides the transition from establishing PQ 
consequence and cost baselines into real financial value through PQ 
measurement and solutions technologies.

Innovative and systematic PQ approach

Energy is supplied on a continuous cycle by cycle basis, therefore PQ 
analysis and loss analysis should be done on a cycle by cycle basis for 
an accurate representation of the performance of a power network.

 
Figure 1: Innovative and Systematic PQ approach.

Technical losses (kWh)

Technical losses are an inherent facet of any power network resulting 
in losses and inefficiencies across key components on the network. 
These losses have historically been an acceptable and ignored cost 
implication for all business types. In the current and future context 
of power constraints and business profitability impact, ignoring any 
opportunity in optimising efficiency, is unacceptable.

 

Figure 2: Degradation of assets occurs in the form of heating of cables, 
insulation degradation, cooling fan problems, tripping of VSDs during 
unbalance conditions which ultimately result in damage to equipment and 
reduction of asset lifecycle.

Reactive energy increases the RMS current through components 
such as transformers and cables, resulting in progressive and more 
often than not premature ageing.

If we add the long term effects of I2R heating with anomalies 
such as switching transients, lightning surges, hot connections, 
sub-standard equipment, poor maintenance practice etc., this sim-
ply compounds the degradation process of critical assets. This has 
a direct impact on the capital planning process and impacting the 
sustainability of any business.

Transformer losses (kWh)

Transformer losses occur as a result of a few factors seen in the for-
mula, here we focus on harmonic currents, eddy currents, hysteresis 
and resistive losses common to transformers.

The presence of harmonic currents increase the transformer core 
losses, copper losses and stray flux losses. The NO LOAD losses which 
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mechanical and electrical issues also occur e.g. torque reductions, 
cooling fan problems, insulation degradation.

Tripping of VSDs during unbalance, under voltage and overcur-
rent conditions are additional concern factors associated with loads.

The effect of the negative sequence field on asynchronous mo-
tors, which are direct connected to the mains (not controlled, such 
as in variable speed) can be estimated using the current Harmonics 
components.

Dynamic real-time voltage stabilisation

For non-linear loads, voltage variation owing to load variations af-
fects power consumption patterns. Through cycle by cycle reactive 
energy compensation, voltage is increased and becomes more stable. 
It is possible to tap down transformers and this has potential energy 
saving benefit.

Figure 3:The Equalizer offers transient-free electronically switched PFC with 
acquisition of target PF (full compensation within one network cycle (typi-
cally five to 20 milliseconds at 50 Hz).

are predominately affected by voltage harmonics consist of Hysteresis 
and Eddy Current losses. Hysteresis loss is due to non-linearity of 
the transformer and Eddy Currents loss varies on proportion to the 
square of the frequency. The LOAD losses on the other hand consist 
of Resistive losses found in the windings, conductors and leads, 
Eddy Current losses from the windings and conductors and thirdly 
Eddy current losses from the tanks and structural steel work of the 
transformer. Another common occurrence caused by Harmonics are 
from the Triple N Harmonics that do not pass upstream is then forced 
to circulate within the closed delta winding of the transformer thus 
leaving the transformer vulnerable to overheating.

 

Total load losses (PT) of a transformer where Harmonics are present 
on a network.

Cable losses 

The presence of Harmonics on cables, influences conductor resist-
ance and further increases operating temperature, this can eventually 
cause early ageing of the cables: Harmonic currents have two main 
effects on cables:
• ‘Ohmic losses’ (I2R losses) in the line and 

neutral conductors as a result of increased 
RMS values of current, results in increased 
temperatures

• Harmonic voltages across various parts of 
the network, this increases the dielectric 
stresses on cables and thus shorten lifespan

Eddy Current which is generated due to relative 
motion of the electromagnetic field and circulat-
ing current in a conductor is the root cause of 
the Skin Effect. This current tends to flow on the 
outer surface of the conductor.

 

Heat generated in a cable.

 
Life expectancy of a cable.

Load losses 

Increased motor currents in individual phases 
result in heating and copper losses. Other 

Abbreviations/Acronyms

FMCG  – Fast Moving Consumer Goods
PF  – Power Factor
PFC  – Power Factor Correction
PQ  – Power Quality
RMS  – Root Mean Square
VSD  – Variable Speed Drive
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The Technical loss considerations and associated implications are 
tabled and hold true for almost all types of industry regardless of 
customer perceptions. Energy (kWh) savings potential of up to 13% 
can be estimated with a confidence level of 80% or greater. This, 
together with any form of quantified operational loss analysis serve 
as a sound basis for investment into PQ Solutions.

 

Description of change 
in supply conditions

Range of saving 
(typical values)

Accuracy of 
estimation using 
continuous cycle by 
cycle measurements 
(error in %)

Savings due to reactive 
current and Harmonics 
Reduction

Transformers
• Current reduction
• Harmonics     Reduction 
(Skin Effect, Hysteresis)

0,25% - 0,75%
0,25% - 1,0% (*)

± (5 – 10)%
± 50%

Cables
• Current Reduction
• Harmonics Reduction 
(Skin Effect)

0,5% - 1,0% (**) ± (5 – 10)%
± 15%

Load
• Harmonics Reduction 
(Skin Effect, Hysteresis, 
Negative Sequence field 
due to 5th, 11th, etc)

1,0% - 3,0% (*) ± 30%

Saving due to optimal 
voltage control

One step – 2 – 5% 2,0% - 4,0% ±(5 – 10)%

Two steps – 5% 6,0% - 8,0% ±(5 – 10)%

Total range saving (4 – 9)%
Approxi-
mately

(6 – 13)% 
Approxi-
mately

±m20%

• Pending on the THD(V) and THD(I) level
• (**) Pending on distance

 
Table 1: Energy saving (kWh) – typical values.

Simulations and modelling

Once the comprehensive PQ Study has been completed using G4K me-
tering devices, site network data are captured that feed into the formula-
tion of site electrical models. The data includes transformer short circuit 
impedances and tap positioning, cable impedances, type and lengths 
and other relevant data. The models are then used for simulations of 
various PQ scenarios to determine network losses, potential solutions 
and savings, and the formulation of an official energy saving report.

Simulation

In this step the plant is presented by one line diagram for simulation 
purpose where static load is replaced by dynamic (cycle by cycle).

Saving due to current reduction

In this step, losses saving due to current reduction as a result of reac-
tive power compensation are calculated by simulation.

Saving due to Harmonic losses 

The harmonic losses, including skin effect, hysteresis and negative 
sequence are calculated and estimated in two modes of operation:
• Without compensation and filtration
• With compensation and filtration
The saving is the difference between the two modes.

Saving due to voltage control

The minimum voltage level is determined based on long period of 
measurement. The consumption before and after voltage tap down 
is calculated by simulation and the saving is the difference.
Total saving is the sum of the losses reduction due to current and 
harmonic reduction and the saving which is created due to voltage 
tap down.

 
Figure 4:  Total saving.

Energy efficiency concept in action

Two cases are presented where clients engaged the company on 
their PQ and Network Optimisation Studies. The progress to date on 
both these projects are advanced based on the systematic approach 
described earlier with clients being presented Savings and Business 
Case Models to inform their investment decision.

The identity of clients cannot be revealed at this stage. During 
post-implementation of the projects with verification of PQ enhance-
ments and energy savings realised, further project information will 
be made public.

Case Study 1:  
Fast Moving Consumer Goods (FMCG) industry in SA

The client in the FMCG industry has branches located across the 
country and is using the Business Case Models for one site to inform 
a group wide roll-out of the project.

In this case the site has two 11 kV municipal feeders stepped 
down through two 11/0, 4kV transformers into a 400 V distribution 
and load network. 

The site has poor PF of 0,8 and instances where PFs drop signifi-
cantly to levels of 0,4 during large reactive load start-up and demands. 
The site also has high 5th harmonic component due to inherent loads 
connected.
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Transformer A Transformer B

Savings due 
to current reduction

0,07% 0,09%

Savings due to
harmonic reduction

0,5% 0,5%

Savings due to 
voltage control

2,37% 2,52%

Total energy savings 
potential for the site

6,05% (kWh)

Total demand savings potential 300 kVA

Table 2: Through the introduction of distributed 400 V Equalizer 1 220 kVAR 
real-time PFC tuned to filter the 5th harmonic the site has the savings poten-
tial as quantified through the Energy Saving Concept.

The simulations demonstrate the increased and stabilised voltage 
levels (V) for Transformer A, the reductions in RMS current (A), the in-
crease in True Power (P) and the reductions in Reactive Energy (kVAR).

Figure 5: Measurement without compensation (black) and simulation with 
Equalizer (pink).

Case Study 2:  
Commercial building in Gauteng Province

The client manages a large commercial building in the Gauteng area 
and has an installed base of approximately 17 MVA transformers. 
The site has distributed traditional contactor based PFC that has been 
switched out of service for an extended period due to technical failures 
over the years. The Municipality supplies the site at 11 kV through 
multiple feeds onto bus and cable distribution networks.

Poor PFs as low as 0,4 during peak reactive loading start-ups 
and 0,8 during steady state nominal loading are seen consistently 
across majority of the load centres. The site does not have high loss 
incurring individual harmonics. Some transformers are significantly 
under-loaded and present an additional opportunity to optimise 
networks and reduce losses.

Technical losses are an inherent facet of any power 
network resulting in losses and inefficiencies across 

key components on the network.

Through the introduction of distributed 400 V Equalizer 4 MVAR real-
time PFC detuned 7% the site has the following savings potential as 
quantified through the Energy Saving Concept. 

 

Transformer A Transformer B

Savings due to 
current reduction

0,04% 0,06%

Savings due to 
Harmonic Reduction

0% 0,5%

Savings due to 
Voltage Control

3,75% 3,26%

Total Energy Savings 
Potential for the Site

4,0% (kWh)

Total Demand 
Savings Potential

1 200 kVA

Total Energy and Demand 
Cost Savings Potential 
over 6 year period 2016-2021

R29,3 M
(based on 12 months latest historical billing 
and annual tariff escalations of 8%)

Table simulations of two transformers that are representative of the other 
transformers that run similar loads and hence representative of the site as 
a whole.

Conclusion

The energy constraints and rising costs facing South African power 
users impose a critical examination of all inefficiencies within the 
operation, and specifically within power networks, in order to drive 
profitability and ensure sustainability. The global company’s Energy 
Saving Concept, backed by proven PQ measurement and solution 
products, takes the guesswork out of quantifying the PQ Energy 
Cost Blue Print. Energy optimisation projects are in process around 
the country with energy users embracing the concept of turning PQ 
Technical losses into Saving PQ Rands.
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