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Executive Summary


Voltage harmonics on the 11kv supply at the XXX are within G5/4-1 limits when pumps 2 and
4 were running.



RMS current harmonics on the 11kv supply are within G5/4-1 with the exception of the 5th
current harmonic.



The 5th RMS current harmonic exceeded G5/4-1 limits when pump 4 (VSD) was running but
was within limits if only pump 2, the constant speed pump, was running.



G5/4-1 also specifies limits for voltage notching but there was no evidence of notching on
the 11kv supply.



Flicker was within limits specified by Engineering Recommendation P28.



Voltage unbalance was within limits specified by Engineering Recommendation P29.



The general supply quality was well within the less constrictive limits of EN50160



There were no significant voltage events recorded.



At present the background voltage and current harmonic levels are within 75% of G5/4-1
when the pumps are switched off, and if the addition of the new drive systems remains
within these planning limits, then connection under stage 2 of G5/4-1 would be agreed.



It is recommended that the drive manufacturers for the new drives be consulted prior to
connection to determine the specified harmonic emissions for the drives to be installed to
see if the addition of these drives would mean the supplies should remain within specified
limits.



A second survey will be conducted once the new drive systems have been installed to
confirm compliance with G5/4-1.

Stephen Redpath CEng MIET
Power and Energy Monitors
A Division of Trans-Euro engineering Services Ltd
22nd June 2014
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Introduction and Scope
Power and Energy Monitors (PEM) were commissioned by XXX to carry out a seven day power
quality survey on the xxx Water Pumping Station at xxx
Site Location: XXX

The purpose of the survey was to establish the present levels of voltage and current distortion on
the 11kV supply before the existing pump drive systems are replaced with more modern efficient
systems.
The levels of distortion were to be compared against Engineering Recommendation G5/4-1.
Other supply parameters were also reviewed and extracts are included in this report for reference.
A second survey is to be completed after the new drive systems are installed to compare the
changes in the supply quality.
Two pumps were running during the recording:
Pump 4, driven by a Variable Speed Drive (VSD) and Pump 2, a fixed speed system.
Pump 2, a ‘fixed speed’ pump.
Both pumps were turned off for a period during the recording to identify any changes in the supply
characteristics.
The survey was conducted at the Point of Common Coupling (PCC) on the 11 kV supply to the
pumping station. The recorder was attached to 100:1 VTs and 40:1 CTs at the 11 kV incomer supply
transformer. There were two measurement CTs available connected to L1 and L3.
The recorder used was a Fluke 1750 Class A Power Quality Analyser and recorded supply data over
the period from 12:42 on the 05/06/14 to 09:52 on the 13/06/14.
The recorder settings are shown below:
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VT and CT Connections inside 11kv Incomer supply measurement panel:
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Comparison of Results to G5/4-1
Engineering Recommendation G5/4-1 sets the planning levels for harmonic voltage distortion to be
used in the process for the connection of non-linear equipment. These planning levels are set with
respect to harmonic voltage distortion compatibility levels. For systems less than 35kV these are set
by international standards. For systems above 35kV by the compatibility levels appropriate to the
UK.
The XXX site would fall into the ‘less than 35kV’ category.
The emission phenomena considered in G5/4-1 are:


Continuous harmonic, sub-harmonic and interharmonic voltage distortion within the
range of 0 to 2500Hz,



Short bursts of harmonic voltage distortion, and



Voltage notching.

Voltage distortion associated with switching transients is not considered in the Recommendation.
Satisfactory operation of the electricity supply system and users’ equipment is only obtained where
electromagnetic compatibility (EMC) between them exists. By limiting the harmonic emissions of
customers’ non-linear loads, G5/4-1 helps to fulfil the technical objective of the UK EMC Regulations
(which implement the EU EMC Directive). G5/4-1 seeks to limit voltage distortion present in
distribution networks to levels below the immunity levels at which equipment function and
performance are likely to be impaired.

The Point of Common Coupling
The implementation of G5/4-1 depends on defining the ‘point of common coupling’ (PCC). This is not
necessarily the voltage level at which the equipment is connected.
The PCC is the point at which the consumer is connected to other consumers on the Public Electricity
supply.
Consumers with high power demands will normally be connected to the medium voltage network, in
which case the medium voltage level will be the point of common coupling. The XXX site falls into
this category as the site is fed by a dedicated distribution transformer with nominal ratio of
11kv/400v and no other consumers are fed by the 400v system, so the PCC is 11kV.
The Distribution Network Operators (DNO) will only apply G5/4-1 at the PCC, in the case of the XXX
site at 11kV.
The levels of harmonic current and voltage at intermediate points in a consumer’s own networks are
solely at the discretion of the consumer.
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Figure 1 below shows different stages of PCC as defined by G5/4-1. The XXX site would represent a
stage 2 assessment.

Figure 1

Planning levels for the various voltage levels are given in tables 1 to 5 of G5/4-1. The Relevant tables
are extracted from G5/4-1 and shown below.
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Figure 2 shows the THD (voltage) at the 11kv PCC at the XXX site over the recording period 05/06/14
to 13/06/14. The highest THD (voltage) recoded was 2.76%, i.e. less than 75% of the THD limit of 4%
as defined in G5/4-1 table 1.

Figure 2

Figure 3 shows the voltage and current (RMS) recorded over the corresponding period. Pump 4
(VSD) was off between approx. 23:30 on the 8th of June and 18:00 on the 11th June. Pump 2 (fixed
speed) was off from approx 13:00 to 14:00 on Monday 9 June.
The THD shows little deviation when the pumps are either on or off and would indicate that the THD
present is due to existing background levels of harmonic distortion.

Figure 3

Figure 4 shows the voltage harmonic spectrum for harmonics h1-25. The ‘grey bars’ represent
maxim values the coloured RYB bars represent the average values for the recording period.

Figure 4

Figure 5 shows the voltage harmonic spectrum for h25-h50. Note the scaling is increased for clarity.
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Figure 5

Note than none of the voltage harmonics exceeds the limits defined in Table 3 of G5/4-1.
Table 12 of G5/4-1 provides the maximum permissible harmonic current emissions per customer in
Amperes, RMS per phase. A copy of the table is included below for reference.

Figure 6 shows the current RMS harmonic spectrum for h02-h25. The odd current harmonics at h05,
h07, h11, h13, h17, h19 are apparent and h05 exceeds the limits specified by G5/4-1 table 12. Note
that only L1 and L3 measurements are shown due to the configuration of the HV CTs. L2 can be
assumed to be the same due to the balanced loads.
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Figure 6

Figure 7 shows h05 in detail for the recording period. As can be seen the harmonic current reduces
when Pump 4 was turned off and reduces virtually to zero when both pumps are off. This indicates
that Pump 4 (a Variable Speed Drive) is the biggest contributor to harmonic currents and that the
pumps are the primary contributors to the current harmonic distortion. In fact with Pump 4 (VSD) off
and Pump 2 (constant speed) running on its own, the 5th Harmonic drops to within limits stated in
table 12 of G5/4-1.
It should be noted the other harmonics currents showed a similar reduction with the pumps were
turned off.

Figure 7

It should be noted that although there is an excessive 5th harmonic current the corresponding
voltage harmonic (h05) remains within limits of 3% and would therefore indicate the 11kV supply is
of relatively low impedance.
Figure 8 shows the spectrum of RMS harmonic currents for h25 to h50 which are of negligible
values.

Figure 8
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G5/4-1 7.4.2 states: When the existing background levels of harmonic distortion are less than 75% of
the individual harmonic order planning levels, the equipment maybe connected without detailed
consideration by the DNO if the total current emissions from all non-linear equipment comply with
the limits given in Table 12.
At present the background voltage harmonic levels are well within 75% of G5/4-1 when the pumps
are switched off, and therefore, if the total current emissions of the new drive systems remain
within the limits given in Table 12 off G5/4-1, then connection under stage 2 of G5/4-1 would be
agreed.
It is recommendation that the drive manufacturers for the new drives be consulted prior to
connection to determine the specified harmonic emissions for the drives to be installed.
It should be noted that these figures represent the existing plant and a survey will need to be
conducted after the new drive systems are installed to see if the harmonic levels have improved or
worsened.
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Notching
Voltage notching occurs during rectifier commutation when two phases of the supply are effectively
short-circuited. The Figure below is an explanatory diagram (taken from G5/4-1) of voltage
notching.

Figure 9 is a snapshot of the voltage waveforms and shows no signs of notching.

Figure 9
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Summary of other supply characteristics
The Following section provides a summary of the other recorded supply parameters.
EN50160 is a European standard and gives the main voltage parameters and their permissible
deviation ranges at the customer’s point of common coupling in public low voltage (LV) and medium
voltage (MV) electricity distribution systems, under normal operating conditions.
EN 50160 gives only general limits, which are technically and economically possible for the supplier
to maintain in public distribution systems. The limits are not particularly rigorous for the supplier as
the harmonic levels are less stringent than G5/4-1 for example and only considers up to the 25th
Harmonic. However it provides a reasonable indication of the general quality of the supply.
EN50160 limits:
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Recorded Summary (EN50160)
The chart below provides a summary of the EN50160 of the XXX MV supply and indicates all the
associated parameters were well within limits.
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Recorded Summary Events (EN50160)
The following table shows no voltage events (dips, swells or transients) occurred outside EN50160
limits on the voltage supply even when the pumps were being turned off or on.

Recorded Summary Harmonics (EN50160)

The recorded voltage harmonics were within EN 50160 but refer to the G5/4-1 section in this report
for further details.
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Recorded RMS Voltage and Current

Min/Max On
Annotations Shown
Viewed as: Phase to Phase

The RMS voltage remained stable throughout the recorded period the RMS current clearly shows
when the pumps were turned on off and on.

Recorded RMS Voltage and Current Detail
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Recorded Events CBEMA
The Voltage event parameters are summarized in the Power Tolerance Envelope or CBEMA curves
shown below. Each cross on these graphs represents a voltage event. The area outside of these lines
depict events defined as transients, sags or swells varying from high frequency to a relatively long
duration which are often associated with equipment malfunction.
The only recorded event, which incidentally remained within the CBEMA limits, was associated with
the large current surge causing a slight voltage variation when the fixed speed Pump 2 was turned
on.

Phase L12 Voltage
Phase L23 Voltage
Phase L31 Voltage
Phase L1 Current
Phase L3 Current
Event View: Tolerance
Event Trigger: Voltage
Viewed as: Phase to Phase
Event #1
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Recorded Flicker
Recurrent small changes of the network (grid) voltage amplitude cause the flickering of light sources.
The effect is often referred to as ‘flicker’ and is a significant power quality parameter. Flicker is due
to voltage drop generated over the source impedance of the grid by significant changes in load
current by equipment or a facility.
Flicker is expressed in terms of two parameters: short term flicker severity PST and long term flicker
severity PLT. PST, measured over a ten minute period, and PLT, which is a rolling average of PST
values over a two hour time frame.
The limits for flicker in the UK are defined in Engineering Recommendation P28 and are repeated
below.

The charts below are the recorded flicker levels for the XXX site and show they remain with limits
specified by ER P28.
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Flicker Pst

Phase L12 Voltage
Phase L23 Voltage
Phase L31 Voltage

Flicker Plt

Phase L12 Voltage
Phase L23 Voltage
Phase L31 Voltage
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Unbalance
The green trace on the chart below shows the level of voltage unbalance between the three phase
voltages. The unbalance never exceeded 0.375% over the recording period and is well within limits
defined by ER P29 which is 1.3% for systems with a nominal voltage below 33kV.
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Recorded Power L1, L3

kW: L1
kW: L3
kW: Total

Demand Period: 10 min
Min/Max On
Bottom Chart Represents Power at the time shown by cursor
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Recorded Power Factor L1 L3

PF: L1
PF: L3

Demand Period: 10 min
Min/Max On
Bottom chart Represents Power at the time shown by cursor
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