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Leaving South Africa in June 1991 was a leap into the unknown 
for my family and I. I sold my manufacturing business that 
designed and built electronic and electrical equipment for 

various monopolies such as the South Africa Railways, the Post 
Office and the infant Motor Industry that now exports to the rest 
of the world.

Our main money spinner was a range of powder coating guns 
and related equipment that suited the white goods industry and 
motor component manufacturers. Hence my understanding of what 
motivates an engineer (usually technical) and how they approach a 
technical problem and arrive at a solution that works.

The point of motivation to start APT Publications was spawned 
from the experience I had dealing with my own engineering design 
staff. The low editorial quality, lack of real content and information 
in the electrical trade magazines in Australia made it an obvious 
choice to give it a go and see if I could do a better job. With the aid 
of our slogan ‘Written by engineers for engineers’, we did exactly 
that and to this day our Mission Statement runs true. 

With the aid of Jane’s extensive experience of management 
strategies and procedures from her years in the corporate world, this 
imposed the needed disciplines in the company for us to operate 
successfully within Australia.

Today we send each issue to over 12000 E-Magazine readers in to 
more than 30 countries around the world from Asia to the Americas. 
We are able to maintain our original editorial philosophy of having 
the bulk of our content based on articles written by competent 
electrical engineers. In fact, most of the articles we have published 
in this edition of T&D fit this parameter exactly.

VALUABLE INFORMATION
We are constantly given feedback by our readers telling us that they 
appreciate every APT magazine because the articles are unique and of 
great value and hence keep every one of the magazines on their files 
for future reference. However, my greatest pleasure and honour was 
the opportunity the magazines afforded me to meet and spend many 
hours in conversation with such great engineers as David Sweeting 

and E.C.‘George Fox’. George kept me supplied with a constant 
stream of leads for features and articles and names of the right 
contacts to talk with to get the information to publish. Typically the 
‘Three Georges Project’ on the Yangtze River in China is a case in 
point. We started off with a major feature ie. 15 pages covering the 
extent of this massive project (eg Alstom’s 28 turbines were there 
in full detail to read about) and the follow up articles kept arriving 
for several more issues. George’s biggest disappointment was at 
losing the battle to build the Gordon-below-Franklin scheme to the 
combined forces of Bob Brown and Bob Hawke. 

ARC FLASH HAZARD
Australia is very fortunate in having one of the worlds top electrical 
engineers in the form of David Sweeting. His discoveries and 
subsequent follow up scientific investigation proving the truth of 
his original postulate is up there with the worlds top academics in 
the electrical field. However, after 13 years of presenting his latest 
ongoing findings to the powers that be in the higher circles of the HV 
Industry, he still hasn’t convinced everyone he has the right answer.

Maybe if we had continued with our efforts through the EESA of 
finalising that committee together to start with a set of guidelines to 
protect against ‘Arc Flash Hazards’ and then move to the next stage 
with a Bureau of Standards application. However, the ENA shot that 
in the foot and to my knowledge never revised their intentions to 
financing an Arc Flash Standard. Maybe there is still time.

Although Tyrone has now taken over the responsibility of 
publishing good technical articles ‘written by engineers for 
engineers’, I haven’t retired completely and you will still be hearing 
from me for a while nagging you for another article.

From myself, Tyrone and the APT Publications team, we’d like to 
thank a massive number of amazing clients, dedicated engineers 
and administrators who will remain etched in our memory for their 
unconditional assistance and unstinting support and encouragement 
as this is what has made our magazines so successful.

     Roland 
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After delivering three large scale integrated grid-connected energy storage systems in 
Australia last year, S&C Electric Company has been selected to deliver yet another network-
class energy storage system in New Zealand by a consumer-owned electricity distribution 

utility, Counties Power. 

The system will be delivered in partnership with S&C’s New Zealand channel partner PLP 
Electropar, and will be the core of Counties Power’s supply-side energy management pilot aiming 
to test core network and value-added services.

The pilot, which will go live in mid-2017, will look to improve power quality and defer network 
investment. Counties Power will also evaluate the 250kW / 500kWh system for other applications, 
including the use for instantaneous reserve, and its ability to store cheap night-time power for sale 
during peak periods.

The pilot will be housed at the company’s newest substation in Tuakau, North Waikato.



61

READER 
REGISTRATION 

register online at  
www.powertrans.com.au

41

ENERGY
FUTURES

www.powertrans.com.au 3

A VALUE ADD
For those who have a professional status and require Continuing 
Professional Development (CPD) to retain your status, you 
can use this publication to fulfil the educational requirements.  
Contact your association to learn how.

Tyrone Gautier
Managing Director

HEAD OFFICE 
P. O. Box 1195 Kenmore, Brisbane QLD 4069 
Telephone +61 (0)7 3374 2877 
Facsimile +61 (0)7 3374 2899

Website www.powertrans.com.au

Managing Director   Tyrone Gautier 
Email  tyrone@powertrans.com.au

Production Manager Lawrie Borchers 
Email production@powertrans.com.au

Transmission & Distribution is published bimonthly 
and distributed via subscription to electrical consulting 
engineers and personnel within utility companies, 
the mining and sugar industries, heavy industry, 
government departments and local councils within 
the area covered by the Australian “Print Post” Service 
and New Zealand.

READER ENQUIRIES / SUBSCRIPTIONS
Please contact Head Office or register on-line at 
www.powertrans.com.au

 
PUBLISHER
AUSTRALASIAN POWER TECHNOLOGIES (APT) 
PUBLICATIONS PTY LTD

ADVERTISING ENQUIRIES 
Diana McPhee 
Direct Line +61 (0)7 3374 3720  
Email diana@powertrans.com.au

Tyrone Gautier (Managing Director)
Mobile +61 435 424 143 
Email tyrone@powertrans.com.au

COPYRIGHT
© All rights reserved. No part of this publication may be 
reproduced or transmitted in any form or by any means 
electronic, mechanical, including photocopying, recording or 
entry into an electronic database without written permission 
of the copyright owner. 

IMPORTANT DISCLAIMER
No responsibility is accepted by APT Publications, the editor, 
the authors or the printer of any articles for the accuracy of any 
information contained in the magazine or the consequences 
of any person relying upon such information. The contents of 
this magazine should not be relied upon as a substitute for 
professional advice.

Advertisements must comply with the relevant provisions of 
the Competition and Consumer Act 2010. Responsibility for 
compliance with the Act rests with the person, company or 
advertising agency submitting the advertisement. Neither the 
publisher nor editor accepts responsibility for advertisements.

Officers hereby disclaim, to the full extent permitted by the law, 
all liability, damages, costs and expenses whatsoever arising 
from or in connection with copy information or other material 
(“Copy”) in this magazine, any negligence of the Publisher, or 
any person’s actions in reliance thereon. Inclusion of any Copy 
must not be taken as any endorsement by the Publisher. Views 
expressed by contributors are personal views and they are not 
necessarily endorsed by the Editor or the Publisher.

Transmission & Distribution

T&D

T&D

Test & Measurement 34 - 40
Power Transients - 20 Years of Evolution 35

Game Changing Test Instruments 36

20 Years of Earth Testing in Australia 38

Power Quality Measurement in Under 15 Minutes 40

Energy Futures 41 - 53
The “Pressure Cooker” Effect of Intermittent Renewable 
Generation in Power Systems 41

A Reassessment of The Power Sector 43

Smarter Data: Driving The Future of Utilities  44

Anthropogenic Climate Change  47

Increasing Penetration of Distributed Generation 49

Short Line Faults 52

Cables & Connectors 54 - 61
Benefits of Synchronous UHF and IEC-Compliant PD 
Measurements for Effective Noise Suppression 54

Cast Resin Technology 58

Safe Cable Connections Worldwide with Cellpack 60

Overhead Lines 62 - 64
Overhead Line Conductors - Part 8 62











Transmission & Distribution December/January 20178

T&D

CUSTOMER CHALLENGE 
Powercor, electricity distribution utility in 
Victoria, faced a situation where customers 
along a rural powerline were experiencing 
poor reliability. These customers, located in 
Buninyong, a suburb of Ballarat in Victoria, 
experienced three 90-minute outages on 
average per year, resulting in lost revenue 
for local business and inconvenience for 
residential customers. 

Powercor decided to investigate energy 
storage as a possible solution to quickly 
increase reliability and network capacity 
instead of waiting for 2017 and 2019 to 
conduct capital upgrade works. The utility’s 
engineers believed an energy storage system 
could power the line from the battery 
during grid outages and peak-shave during 
times of high demand to reduce stress on 
the network’s assets. 

S&C SOLUTION 
Because Powercor had limited energy 
storage experience, it consulted industry 
expert S&C Electric Company. The utility 
felt S&C’s successful background in 
developing complete, integrated energy 
storage systems for other utilities would be 
helpful in resolving its reliability issues and  
maximize the opportunity to learn about 
this new technology. 

Wanting to learn more about the benefits 
of islanding and peak shaving, Powercor 
identified the Buninyong site as a suitable 
location. S&C then designed, supplied, 
and commissioned a fully integrated 
energy storage solution for Powercor. This 
included a 2-MW S&C PureWave® Storage 
Management System, a 2-MW/2-MWh 
Kokam lithium-ion battery system. S&C 
chose this battery because the lithium-ion 
battery technology would best address the 
utility’s needs. S&C also performed all of the 
associated system studies and protection-
system design tasks. 

By partnering with S&C early in the 
design and procurement processes, 
Powercor was able to draw upon S&C’s 
energy storage experience and work with 
S&C to address the problem. As a result, 
Powercor’s specialist team of grid design 
and construction experts, Powercor 
Network Services, prepared the site and 
performed the majority of the electrical 
installation work. S&C provided the 
detailed electrical design associated with 
the PureWave powerconversation system, 
the battery, the high-voltage islanding 
switchgear, and the necessary sensing and 
measurement equipment. 

In order to reduce the risk of problems 
onsite, S&C performed detailed factory 
acceptance testing of the fully integrated 
energy storage system at its advanced 
energy storage test facility in Franklin, 
Wisconsin, using a team comprised of S&C’s 
design engineers and Powercor’s most 
experienced commissioning engineer. S&C 
also worked closely with Powercor during 
the onsite commissioning and testing to 
ensure the installation did not disturb its 
network to any significant degree. This 
testing process helped S&C to complete 
the installation of the storage-management 

system, battery system, and the third party 
equipment in just 2 weeks. 

VALUED OUTCOME 
Powercor commended S&C’s equipment 
quality and technical capability during both 
factory and site testing. At the time of 
commissioning, the system was Australia’s 
largest installed grid-connected battery 
energy storage system and one of the 
world’s few truly dynamically islanding 
systems of its type. 

To ensure Powercor receives a strong 
return on investment, the utility plans to 
use the system in a four-prong strategy: 
reliability improvement, infrastructure 
upgrade deferment, provision of ancillary 
services, and renewables integration.

ENERGY STORAGE SYSTEM HELPS AUSSIE UTILITY 
IMPROVE RURAL POWER RELIABILITY

S&C Featured Solution: Energy Storage System   |   Location: Victoria, Australia

The finished product, delivering 2 MWh of 
stored energy.

The battery bank being inspected before 
installation.

Crews install the containerized PureWave® 
SMS Storage Management System.

S&C’s PureWave Storage Management System helped Powercor boost its power reliability 
and defer a costly transformer upgrade.

“S&C’s hardware, reputation for dependability and people enabled our organisation to 
implement its vision of a network for the future with great confidence.”

— Warrick Stapleton, Industrial Solutions Manager, Powercor

For more information please contact S&C on SalesAustralia@sandc.com or visit sandc.com

SUBSTATIONS
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The last decade has seen a wide-spread adoption of many 
of S&C’s innovative products in the region, including a host 
of distribution automation and “smart grid” technologies, 

power quality and energy storage solutions. 
As a result, 2012 saw the formation of the Asia Pacific regional 

business unit headquartered in Melbourne, with a goal and 
commitment to provide local expertise to support increasingly 
advanced offerings. With the recent increase in local engineering 
and project management capabilities and a strategy to go direct to 
market in Australia, S&C aims to work closer with the Australian 
utility sector to increase the efficiency of existing networks and assist 
with the implementation and management of new technologies. 

Since inception, S&C’s specialist engineers have developed a 
wide range of innovative technologies for the industry which 
evolved from liquid filled fuses a century ago to sophisticated grid 
automation and energy storage systems of today. In many cases 
(viz type XS cut-outs, interrupter assisted air break switches, circuit 
switchers), S&C has set the industry standard. With a growing 
and strategically critical portion of the business devoted to energy 
storage, renewable energy, and smart grid technologies, S&C 
brings the hard-won experience required to deliver even the most 
complex project correctly the first time. S&C has the power systems 
understanding, grid interconnection experience, and engineering 
expertise to ensure success.

BESPOKE PRODUCT OFFERINGS
Below are just some examples of bespoke product offerings 
available from a company that has become known in the industry 
as the leader in innovative products, services, and long-term value 
because of quality focused initiatives. 

Omni-Rupter® Switches are rated 900 amperes continuous 
in voltage ratings through 29 kV and provide no-external-arc 
interruption, making them ideally suited for the following switching 
duties Line switching Transformer switching Cable switching

S&C’s Omni-Rupter Switches incorporate double member hard-
drawn silver-plated copper blades, plus silver-to-silver contacts 
throughout the switch. Contact construction includes a bifurcated 
blade contact with stainless-steel loading springs to ensure optimum 
multi-point contact pressure.

Five mounting configurations are available to accommodate the 
variety of line constructions encountered on today’s distribution 
systems. An innovative upside down design is also available for 
additional phase-phase bird proofing in areas populated by larger 
birds of prey. 

Vista® Underground Distribution Switchgear (UDS) is 
available with up to six “ways,” in ratings through 38 kV and  
40 kA symmetrical short-circuit. All models feature load interrupter 
switches and resettable, vacuum fault interrupters or arc spinners in 
series with disconnect switches, elbow-connected and enclosed in a 
submersible, SF6-insulated, machine welded steel tank. 

Vista UDS’s most innovative installation offering is the UnderCover 
style. The UnderCover style is ideal for areas with stringent real-
estate restrictions or where aesthetics are extremely important. 
The Vista UDS gear is installed underground, but all operations are 
easily performed by one operator above ground. UnderCover style 
installations can also save money by reducing costs associated with 
trenching and having long cable runs.

Alduti-Rupter® Switches, rated 14.4 kV through 69 kV, 600 
amperes or 1200 amperes continuous and live switching, provide 
no-external-arc circuit interruption of overhead distribution feeders 
and outdoor distribution substations. Available in seven rugged 
three-pole group-operated styles that can be tailored to suit any 
configuration and mount on any structure.

Alduti-Rupter Switches can be furnished in upright, vertical, and 
inverted mounting configurations, permitting extremely compact 
substation designs, an increasingly important consideration with the 
dwindling availability of space in urban applications.

60 YEARS OF PROGRESS
In Australia, S&C Electric Company (S&C) has been active for over 60 years; initially supplying 
traditional S&C products such as fuses and switchgear through local distributors and channel 
partners. Today, S&C deals directly with the Australian market and has extensive local project 
management and engineering capabilities.

For more information please contact S&C on  
SalesAustralia@sandc.com or visit sandc.com

APT CELEBRATES 20 YEARS
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The increasing complexity of energy distribution networks across a range of different markets 
has motivated vendors to transition away from a “sausage machine” approach to substation 
design, to a matrix based one that is application and market specific.  Ormazabal’s substation 
solutions are always designed with a customers unique set of requirements in mind.

For almost three decades Ormazabal has designed, 
manufactured and supplied prefabricated transformer and 
switching substations. During these years the specifications 

associated with these designs have not only evolved technically, 
but are also now driven by additional criteria such as visual impact, 
sustainability, install ease and cost, ability for off-site fabrication and 
test and many more.

Innovation has been the driving force for our growth and that of our 
customers across key markets such as public utilities, renewables and 
electrical energy end users. Some 90,000 plus substations later, a close 
relationship forged with our customers in these markets, has allowed 
Ormazabal to develop a three dimensional approach to substation 
design based on market, application and customer requirement.

To best illustrate this approach, examples of three specific 
Ormazabal substation applications are detailed below.

ORMACONTAINER
ormacontainer is a state-of-the-art, prefabricated container 
alternative that has been specifically developed as an ideal substation 
alternative for photo voltaic (PV) plants, wind farms and industrial 
applications in mining & manufacturing. The container contains all 
the substation related elements in an integrated, customised design 
layout depending on the customers’ unique requirements.

The ormacontainer advantage is that the substation can be 
manufactured, tested and certified at the warehouse prior to site 
delivery. This in turn provides a quick on site turnaround with 
installation and commission of the sub-station typically only taking 
a couple of weeks to complete. This reduces integration risk for all 
stakeholders and greatly reduces the prospect of project overruns

KIOSK
Ormazabal has developed a variety of kiosk type substation 
configurations and sizes suitable for public utilities, mining and more.  

Supplied direct from the factory as a complete unit, the kiosk 
comes standard with a stainless steel enclosure in addition to a 
range of optional extras. By way of example, biodegradable organic 
oil instead of a typical mineral based transformer oil.

PFS UNDERGROUND SUBSTATION
All pfs underground substations consist of industrialised monoblock 
concrete enclosures for Ormazabal’s walk-in type underground 

transformer. Up to 40.5 kV, the pfs substation can house up to 2 x 
1 MVA transformers.

This substation is the perfect solution for councils looking for 
minimum visual, environmental and acoustic impact, or where 
integration with the surrounding area is crucial. In locations where 
long operational life against harsh environmental conditions and 
security are essential pre-requisites, e.g. Defence, then the pfs 
underground substation is the appropriate solution. With more than 
10,000 installed to date, Ormazabal is confident that the pfs is the 
correct recipe for underground substations. 

SUMMARY
As a global provider across a range of markets, Ormazabal 
recognises the importance of delivering specific and innovative 
substation solutions as customers strive to develop more intelligent 
cities, efficient infrastructure and deliver productive projects. The 
above-mentioned are just three such examples of specific substation 
applications. The entire range of Ormazabal substations in its portfolio 
is testament to the complexity of the market and an appreciation that 
a singular substation approach is no longer viable.

For further information contact Paul Risby
PH: (02) 4272 7802 or email pri@ormazabal.com 

DISTRIBUTION SUBSTATION 
SOLUTIONS

Figure 1    A completed ormacontainer substation on route to a 
Queensland solar farm for install

Figure 2    A typical Ormazabal kiosk substation

Figure 3    Ormazabal pfs underground substation design where 
limited space or visual impact need to be addressed 

SUBSTATIONS
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WHO WE ARE
Ormazabal is one of the world’s leading 
companies providing value added products 
and services for the electrical network. 
Ormazabal is the origin of Velatia, an 
international group of industrial and 
technology companies. We are a pioneering 
company whose main hallmarks are in-
house technology and innovation.

OUR HISTORY
Ormazabal was founded in 1967 within 
the Bilbao region in Spain by Javier 
Ormazabal Ocerin. Surrounding himself 
by a highly qualified and focused team 
of professionals thrilled by innovation, 
Ormazabal went about developing their 
own products and solutions. Being a 
pioneer in extensible GIS switchgear 
technology, the family owned company 

grew rapidly as clients enjoyed the mutual 
benefits that the Ormazabal innovation 
evolution strategy bought them.

The Ormazabal global expansion has 
continued and now the company has 
product installed in more than 110 countries.  
This expansion program bought Ormazabal 
to Australia initially by a local distributor, 
Delta Power, in 1997. With a philosophy of 
being as close to the customer as possible, 
Ormazabal eventually acquired the business 
in 2010, setting up a country office in 
Wollongong NSW. Ormazabal Australia 
is now recognised as a proven supplier of 
solutions to utilities, renewables and energy 
end users alike.

THE MILESTONES
Since its inception in 1967, the Ormazabal 
chronicle has been characterised by an 

evolution of significant milestones that 
have not only been game changing for the 
company, but the industry as a whole. From 
simpler times to today’s complex power grids, 
Ormazabal has always been at the centre of 
aligning solutions to customer requirements 
through technological innovation. 

50 YEARS OF CONTINUOUS 
INNOVATION IN THE 
ENERGY INDUSTRY

APT CELEBRATES 20 YEARS
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SECONDHAND
MV & HV 

EQUIPMENT

Over 26 years ago the directors of Excess Power Equipment 
(EPE) saw a need for the supply & hire of fully refurbished 
secondhand medium & high voltage transformers & 

switchgear to the mining industry. With that in mind a property was 
first leased then purchased in the Maddington area due to the close 
proximity to major roads. Refurbished transformers whether sold or 
hired, helped the mining industry with initial cost savings and faster 
delivery times.

As stock levels grew, more storage area was required. EPE purchased 
the adjacent land to their existing premises to accommodate the 
rapid expansion.

SUCCESSFULLY CONTINUED GROWTH 
With the change in economic conditions and seeing a further need 
to offer competitive pricing for new quality products EPE undertook 
research and development to locate suitable manufacturers 
in Thailand, China & Korea. After establishing strong working 
relationships with transformer manufacturers in Thailand and China, 
EPE have successfully continued growth physically and in turnover. 

EPE are always looking for new ways to provide for our client’s 
needs. In so doing EPE developed: Bunded Kiosks, including Cyclone 
rated kiosks and specialised substation skids. 

OFFER ONSITE MAINTENANCE 
Our experience with transformers has allowed us to offer onsite 
maintenance as well as in-house at our Perth Factory. 

EPE also established a cable haul equipment hire division and have 
Sourced new suppliers of medium voltage switchgear. 

T&D

PRE-CAST CONCRETE BUNDS
EPE recognise the large costs associated with on-site work and 
have developed a range of easy to transport, adaptable, modular 
solutions. The design ensures oil spills remain contained and are 
fully compliant to the relevant standards.

NEW TRANSFORMERS
With the ability to provide both distribution and power transformers 
enables EPE to provide our clients with a total solution for their 
power needs. 
Distribution transformers offer copper designed coils, excellent 
delivery times and value for money. 
Power Transformers from 11kV to 500kV, 50kVA-370,000kVA.
With features that include high efficiencies reduce network loss and 
costs. High short circuit and insulating strengths. Low temperature 
rise. Low noise & reliability in operation.

KIOSKS
EPE designs and develops our bunded kiosks are designed 
and manufactured both to relevant standards and for custom 
requirements, with compliance to mining regulations a prerequisite. 
Being completely enclosed, any oil spills remain contained within 
the bunded area, preventing oil damage to the surrounding site.  
No on-site foundations are required. 

Recognising the need to construct for cyclone conditions, EPE 
now produces cyclone-rated units to category D, Terrain 2.88m 
a second. These kiosk designs are continuing to develop as new 
technologies become available.

As a wholly owned Australian company that specialise in medium 
& high voltage transformers and switchgear we work towards 
providing client satisfaction, and in so doing their repeat business.

Excess Power Equipment (EPE) is a major 
supplier of new transformers and associated 
equipment, with a wealth of industry experience 
in mining, power, mobile generating equipment 
and allied industries.
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If you do a web search on Asset Health Indices you will get all 
sorts of links to files, suppliers of software, academic papers and 
much more. So how does one sort through these and decide 

what is right for their specific needs and provide their business with 
a health index or condition rating that adds value to their asset 
management strategies and programs? 

It may disappoint you to know that there is no one solution that fits 
all, there are no silver bullets that will defeat the demon giant data bank 
that holds the answers but only provides questions. There is however, a 
way of starting to understand what data needs to go into that demon 
data bank and why. It lies in the understanding and use of simple tools 
that help decide what data to collect from the assets in question. In 
other words, go back to the start of your condition monitoring program 
and decide what you need to monitor and why. If you have a health 
index then look at what it is telling you about the assets in a way that 
is not necessarily condition related. Look at it from the point of view 
of how critical that asset is to your network if it were to fail tomorrow.

DETERMINING ASSET CRITICALITY
How do you determine what is critical and what is not? Many might 
argue that this is simple and that they know what assets are critical 

to their network and some only find out when planned or unplanned 
outages occur. Very few organisations have a method that they can 
use to identify which assets are most critical in their fleet.

If we take the example of power transformers, it seems obvious 
that the transformer in the CBD is more critical than the one in the 
remote rural environment. If we have a closer look the CBD unit may 
in fact have an N-2 scenario whereas the rural unit may only be N. 
That is, the loss of 1 of 3 CBD units in the substation may have a 
short-term impact on the customers until load is swung to the other 
two transformers so the failed unit is replaced in due course. The 
loss of the rural unit can mean that community has lost supply for 
a greater length of time while load is swung to other substations, 
feeders are reconfigured, emergency generation is bought in and the 
transformer is replaced under an emergency plan. As can be seen, 
the rural unit may in fact have a greater system impact and so could 
be considered as a higher criticality unit. The answers as to which 
is more important lies in knowing the unit loading, area faults, the 
unit condition, the network configuration and the customers being 
supplied. As equipment ages it is vital that it is properly maintained 
but with ever increasing pressures on budgets to do more with less, 
there are often compromises which sometimes contribute to a failure.

DETERMINING CONDITION BASED 
ASSET MANAGEMENT STRATEGIES 

PART 3 - DETERMINING ASSET CONDITION RATINGS

Two questions that many Asset Managers ponder on a regular basis:

• Can I fit monitoring devices on assets to maximise the in-service life and performance of that 
asset with a constrained budget? 

• How can I use the available data from Health Indices and databases to make decisions on fitting 
a device to one asset in preference to another and show it has added value to the network? 

by Kerry Williams, K-BIK Power Pty Ltd

Figure 1   A Typical Condition & Aging Model for Equipment

PART 3 OF A 4 PART SERIES

CONDITION MONITORING
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AREAS OF CONCERN
Deciding on what is critical in the network and fitting appropriate 
monitoring equipment, helps reduce the risk of missing a failure due 
to reduced maintenance. It can even help detect those false alarms 
that cause unplanned outages. As stated back in Part 1 of this series 
of articles the areas of concern for asset managers are; the rate at 
which failures are missed because the system data and trends did 
not detect it and the rate at which false alarms are triggered or 
where a failure is indicated but there is no defect present.

Figure 1 is an asset aging model that shows the life cycle process 
needed for an asset that is well managed to its normal end of 
life. This model (and many like it) look at the assets as not failing 
prematurely, however in reality there is a small percentage of units 
each year that do fail unexpectantly. It may be lower than 0.5% 
per annum but they do happen and need to be managed. What 
this model is suggesting is that by adequately monitoring the asset 
and diligently applying the feedback to correctly maintain the asset 
those unexpected failures will reduce to a far lower level. Having 
said that, it can be deduced that by reducing the failure rates and 
doing only the necessary maintenance, the asset manager can then 
maximise the in-service performance life of the asset. 

Figure 1 shows how the condition monitoring has a clear linkage 
into maintaining of the whole of life of the asset and it is clear 
as to the importance of having not just the condition monitoring 
tools and techniques but also the direct feedback and analysis of the 
data used for monitoring the unit. When the condition of the unit 
is assessed and the data gets fed back into the asset management 
database correctly, then the efficiencies will follow. This will 
not happen in a short time unless the end user has a substantial 
database of historical information that can be put into the process. 
Generally major substation assets have a life span of 40 to 60 years 
and so the data collected today may not seem to be important now 
but may well be vital in 10 or 15 years. 

The blue ovals shown in Figure 1 are milestones associated with 
refurbishing or performing significant repairs on the asset and 
these serve to extend the life and further reduce the number of 
premature failures. There first and last in those milestones are the 
design review and replacement strategy which are both key steps in 
the overall process. Additionally, as the asset tends toward the aged 
or condition end of life the replacement strategy is needed prior 
to total failure. The key here though, is knowing when that total 
end of life has been reached. Ideally the asset should be replaced 
only minutes before total failure but in reality, that is (currently) not 
possible to predict and so a strategy is required.

ASSET CRITICALITY FACTORS & LIFE CYCLE
So how does an asset criticality factor help in this life cycle? The 
answer is not obvious but it is reasonably simple. As mentioned 
previously, by understanding how the assets (not just transformers) 
are used in your network and selecting the right condition monitoring 
techniques for those assets you can gather all the key data that allows 
for the right decision to be made. The criticality factor can assist in 
determining the life cycle maintenance strategy of an asset. If asset 
maintenance plans are formulated for the assets on their type and 
we use a criticality factor to assist with the maintenance strategy 
then every asset could, in theory, have a different maintenance plan. 
That is simply not practical nor economical for any size network. So, 
where the criticality factor comes into play is at the whole of the 
substation level. Here the criticality of the total substation within 
the network can be evaluated. Once that is assessed then individual 
assets can be assessed in relation to their impact on the substation. 
Just as mentioned in the CBD and rural transformer example above 
an individual asset can have a profound impact on the network but 
it is more important to be considered in its location within the whole 
substation and network than as an individual asset.

 Using this type of knowledge can help set the maintenance 
strategy for the substation rather than the individual asset. Then 

working back down the levels and having assessed the asset impact, 
the level of attention specific assets get within the asset maintenance 
strategy can be determined. What is meant by this is that the asset 
type maintenance is not changed but additional attention may be 
paid to how the maintenance on an individual asset is performed by 
setting tighter acceptable limits. An example might be that a circuit 
breaker operating time may be getting slower but is still just inside the 
manufacturer’s limits. Therefore, adjustments could be made sooner 
or additional monitoring may be appropriate to ensure the circuit 
breaker does not become the weak link in the substation chain.

As you can see, the criticality of a site then the assets are vital to 
understanding what needs to be monitored and why. So, what goes 
into a Criticality Factor and how can it be used to determine the 
condition monitoring needed on the asset?

A SIMPLE TOOL FOR SELECTING CONDITION MONITORING 
TECHNIQUES
A few years ago, I spent some time developing a simple way of 
looking at major assets and what condition monitoring techniques 
were needed for that asset. By choosing the most obvious asset 
- the power transformer - a spreadsheet was developed that 
used a weighting system for specific system and performance 
criteria and could be adjusted by the end user. By selecting system 
parameters and the transformer details an output criticality factor 
was developed. That factor then allowed the user to review what 
condition monitoring techniques were needed for that specific 
transformer in its specific network application.

This type of tool allows asset managers to justify a level of 
monitoring across the network. By having each unit assessed on 
a common base the asset manager can look across the fleet and 
decide where to spend his budget to get the best outcome for the 
network. It does not mean that every transformer that has a high 
criticality must get the condition monitoring devices fitted first, that 
is a decision for the asset manager, based on the substation network 
criticality. It does however, give the output of what techniques should 
be fitted as a minimum, those that could be added if the devices 
have it as a standard feature or there are extra funds available and 
then there are those techniques that are not needed on the unit.

ADDING IN THE RISK
Having worked out all the criticality factors and how to apply them 
to individual assets we need to add in the risk factor. As is common 
knowledge, risk is the likelihood of an event times the consequence 
of the event to determine the impact. So how does this and the 
criticality factor help with maintenance strategies? By assessing the 
risks associated with each substation and asset, the asset manager 
can prioritise the application of the condition monitoring devices 
to the assets. If you recall the asset manager has a defined budget 
and needs to decide where to get the best value for the spend. By 
adding in the risk to the criticality it will allow the asset manager 
to set a clear path to ensuring the most critical and highest impact 
assets are monitored first and then work through the fleet with the 
budgets as they are delivered year upon year.

Condition monitoring of 132 kV bushing

Continued page 164



Transmission & Distribution December/January 201716

T&D

Again, this sounds easy and we know that budget constraints 
are what slows these programs down very quickly, however, by  
using the criticality and risk as organisational baselines for justifying 
the expenditure then there is an avenue to justify a sustainable 
or increased budget even if these factors change over the years. 
In essence, the budget, the criticality and the risk are a trio  
that when collectively used properly, allow asset managers to 
maximise the value-added monitoring they need to further maximise 
asset performance.

WHAT CONDITION MONITORING TO APPLY TO AN ASSET
The last piece of this part of the puzzle is to decide on what condition 
monitoring to fit to your asset. This is not an easy step as there 
are many options available and many companies only too willing 
to advise how their product is better than another. The real leveller 
here is the condition monitoring technique. By understanding the 
techniques one can decide what is most valuable for the need within 
an organisation. I do need to mention here that the asset failures 
also have an impact if there are clear failure patterns emerging, as 
these need to be monitored for early intervention.

The first thing here is to look at what you want to monitor, what 
it will do for the asset and why it needs to be monitored. Once you 
understand what added value that technique will give your asset 
management system the easier it will be to decide what product 
to choose. There is also the need to consider how the data from 
the device will be received, analysed and provide information to 
make a decision (sound familiar?). Therefore, that main frame data 
base or warehouse which is the source of all asset condition data 
comes back around to help in the decision-making process. If the 
device cannot give data in a format that can be handled easily by 
your system, then an add-on software package will be needed. 
Ideally add-ons should be avoided unless there is no option as 
these need additional managing and if not kept up to date can 
create a problem with the end asset condition health report. No 
single part of the process can be considered in isolation as they all 

must interface and flow or the information output will have a less 
than desirable network impact.

CONCLUSION
As can be seen from the above there is a very winding road to travel 
when deciding what to monitor, what to spend money on and how 
to integrate it into the organisation. The bottom line is: there is not 
one solution and it will depend on the organisational drivers, the 
asset criticality and what impact the loss of that asset has in the 
network. One take out of this article should be that before you buy 
devices, look at what you will do with that device, which asset it will 
be fitted to and why, along with what value adding it will bring to 
the organisational asset performance. 

I trust you have gleaned some value from these articles and 
can use some aspects to look at how your organisational asset 
management process flows. If there are gaps, then you need to 
challenge yourself to develop a solution that fits the organisational 
drivers. Every business is different and recognise that what works for 
one company may not work for another. What has been provided 
in these articles is a way of looking at the organisational processes, 
data collection methods and assessing if the asset management 
strategy developed is actually what is needed to achieve the best 
asset performance.

The Fourth and Final Article will appear  
in Transmission & Distribution Issue 1, 2017
In my next article, I will provide some detail on the condition 
monitoring selection tool and how it uses a criticality factor to 
select the right condition monitoring technique for the asset. 
I will explain how the criticality factor is developed and how 
the way the asset is used in a network can impact the amount 
of condition monitoring needed and why.

Innovative approach
Invested in client outcomes 

Individualised client services

PO Box 3204, Darra QLD 4076  |  M + 61 (0)409 582 263 
T +61 (07) 3160 1082  |  E  Kerry.Williams@kbikpower.com.au

High Voltage Substation Asset Management
•	 Development	and	review	of	strategies	for		
	 the	whole	of	life	asset	assessment	
•	 Analysis	of	refurbishment	versus	replacement	
•	 Life	extension	strategies	for	new	and	aged		
	 substation	plant
•	 Review	or	development	of	processes,		
	 procedures	and	work	instructions	for		
	 substation	plant	
•	 Failure	Investigations	for	switchgear	and		
	 instrument	&	power	transformers

Condition Monitoring Applications and Analysis
•	 Application	of	condition	monitoring		
	 systems,	data	analysis	and	strategies

•	 Review	of	techniques	&	systems	used	and		
	 prudent	investment	for	monitoring
•	 Complete	review	of	specific	asset		
	 management	processes	and	systems	for		
	 data	collection	and	analysis	

FAT, Audits & Inspections of all  
HV Electrical Equipment
•	 Detailed	manufacturing	plant	audits	for	all		
	 types	of	substation	plant	
•	 Factory	progress	inspections	&		
	 acceptance	testing	

Substation Projects, Design Reviews and  
Risk Management
•	 Development	of	mobile	and	relocatable		
	 substation	solutions	
•	 Review	of	risk	reduction	strategies	for		
	 HV	substations	

www.kbikpower.com.au
Visit our NEW Website:

Substation asset management  
inspections & audits

CONDITION MONITORING
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T R Lord and Associates Ltd t/a

www.lordpowerequipment.com
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WITH TRANSFORMER 
MONITORS  

‘Accuracy is Everything’!

“It astonishes me when people 
tell me that they can get 

monitors for a fraction of the 
Morgan Schaffer ones, so why 

pay more? 

Simple….cheap monitors have 
pricey consequences! 

Calisto on-line DGA monitors 
were one of my best 

investments”.

Hank Van Den Broek,  
Substation Engineer.
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Founded nearly a century ago, Doble’s products and services 
continue to evolve, but its commitment to bring the power 
industry together - and move it forward, has never wavered.

HUMBLE BEGINNINGS
Doble Engineering Company was founded in 1920 by Frank C. Doble. 
Soon after graduation, Frank rented out space at Tufts University 
outside of Boston, Massachusetts USA and began to develop 
diagnostic test equipment for the young electric power industry. 

A HISTORY OF INNOVATION
As Doble expanded its work with more companies, it became clear 
that there was an immense opportunity for increased collaboration. 
In 1934 Doble hosted its first customer conference, giving utilities 
an arena to exchange ideas with each other and Doble, problem 
solve challenges and share the results of the tests they ran with 
Doble equipment. This evolved into the annual International 
Conference of Doble Clients, which will next be held March 12-17, 
2017 in Boston. Through this feedback and collaboration, Doble 
has become a true partner for the power industry providing lab 
services, consulting support, cutting-edge software and state of the 
art hardware products that help make the industry safer, smarter 
and more efficient.

TRANSFORMING AN INDUSTRY
Today, Doble offers a comprehensive and extensive scope of 
diagnostic products and services to test and maintain transformers, 

bushings, protective relays, circuit breakers, rotating machines and 
more. With more than 400 employees and 5500 customers, offices 
across the globe, and 55 million points of test data for more than 
1 million different electric apparatus, Doble is dedicated to helping 
the global power industry overcome its challenges, no matter how 
big or how small. 

PAST - PRESENT - FUTURE
Doble values its partnerships with its customers and with the successful publication Australasian 
Power Technologies (APT) “Transmission & Distribution” magazine. The Doble team offers sincere 
congratulations to APT on the 20th anniversary of this publication and honours its commitment to 
providing useful and practical technical information to the people who work in the power industry. 

Continued page 204
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Doble F-Series Power 
System Simulators and 
Protection Suite Software

We Put the Now  
in Knowledge 

Whether you are testing electromechanical relays 
or state-of-the-art, IEC 61850 designs,  
Doble has the diagnostic equipment and software 
solutions you need to verify system protection.

Our solutions help you verify any protection and 
control circuit and simulate system conditions. Our 
software is flexible and our equipment is modular 
so you can customize your testing program, adhere 

to your company’s practices and procedures, while 
meeting regulatory requirements.

Options include the F6150e or F6150sv Power 
System Simulators and our Protection Suite 
Software. We also offer a variety of protection-
related training courses and seminars throughout 
the year.

Learn more about how Doble can support you with unparalleled solutions, services 
and knowledge.  

Providing Intelligent Solutions for Maintaining Protection System 
Performance and Compliance

Contact Doble Today.   
Len Robson | Regional Sales Manager  
Australia & New Zealand | Doble Engineering Company 
+61 427 215 954 | lrobson@doble.com | www.doble.com
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Earlier this year, Bryan Sayler joined Doble as its new company 
president. Bryan was previously with ETS-Lindgren; both Doble and 
ETS-Lindgren are subsidiaries of ESCO Technologies, Inc. Bryan has 
almost 30 years of experience in developing and implementing 
highly engineered test solutions for wireless, EMC and microwave 
applications in the electronics, automotive and aerospace industries. 

WHAT ARE YOU MOST EXCITED ABOUT?
I’m most excited about the market we’re serving. The power industry 
is at an inflection point in the transition from an analog to a digital 
grid, which comes with a lot of room for innovation. As the industry 
changes, new challenges and opportunities will arise, and I’m excited 
about what Doble can do to help our partners bridge the gaps.

I participated in a very similar transition in the telecommunications 
industry over the past decade or so. Each new generation of wireless 
technology, 2G, 3G & 4G presented new and increasingly complex 
demands which required us to develop new testing methodologies 
and instrumentation. There are parallels with our industry’s transition 
to a digital grid, particularly with all the sensor-based monitoring 
systems and associated data analysis. I’m looking forward to applying 
the lessons learned from the wireless telecom space to the power 
market and sharing it with Doble’s customer base. 

WHAT DO YOU BELIEVE TO BE DOBLE’S KEY STRENGTH?
Our key strength is the depth of engineering talent and consulting 
expertise we bring to the industry. We walk in the shoes of our 
customers and really understand the everyday issues they face. 
We have a deep, fundamental knowledge of our customers and 
understand what is really going on inside a transformer, circuit 
breaker or protective relay network. We use this insight and our 
experience to enable the utilities to solve tough problems. 

WHAT IS YOUR VISION FOR DOBLE?
Our integrated portfolio of instrumentation, software and consulting 
capabilities puts us in a unique position to partner with customers 
to help them smoothly and seamlessly transition from the analog 
world we live in now, to the digital world we will live in tomorrow.

I’m confident that we will continue to develop a number of 
new products and solutions to meet the challenges and demands 
that come out of this transition. We’re helping teams deal with a 
changing regulatory environment, which is just one by-product of 
the digital revolution we’re currently experiencing.

 WHAT’S THE BEST PIECE OF ADVICE YOU’VE RECEIVED 
I’ve gotten a lot of great advice over the years, but I would say the best 
piece I’ve ever received is: make sure you do something that you enjoy.

There’s more to life than just making money or climbing the ladder. 
You need to really enjoy what you do. Fortunately, I’m a techie-nerd, 
so the things that we’re doing here at Doble are very comfortable for 
me. I’m fascinated by how our customers are using our products, so 
there is an opportunity for me to learn something new every day.

For more information about Doble Engineering Company  
visit: www.doble.com or contact Len Robson, 

Regional Sales Manager - Australia & New Zealand 
at +61 427 215 954 or lrobson@doble.com.

Bryan Sayler discusses his Vision for 
Doble and What’s Next for the Industry

Revolutionary multimeters
•  Up to 100,000 count display (model dependent)
•  200kHz bandwidth
•  Accuracy up to 0,02% (model dependent)
•  Multiple analytical tools: time/date-stamped
•  MIN/MAX/AVG and PEAK monitoring
•  Bluetooth/USB communication (model dependent)

www.aemc.com | export@aemc.com
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Pullman Hotel 
65 Queens Road, Albert Park
Melbourne, Victoria
14th & 15th March 2017

SEAPAC 17

The 6th edition of our highly successful South East 
Asia Protection, Automation and Control conference is 
scheduled for March 2017.

This is the go to event for industry participants seeking 
the latest technical expertise, collaboration and 
networking for this crucial  eld.

So if you want to collaborate and network with the 
thought leaders, mark these dates in your diary!

The go-to event 
for protection, 
automation and 
control know-how!

65 Queens Road, Albert Park

Registrations are open! 
We are expecting a lot of interest in SEAPAC 17 
so register early to avoid disappointment. 
Early bird rates are available now!

To � nd out all you need to know go to: cigreaustralia.org.au/seapac-2017
CIGRE contact: +61 (0) 7 3310 8838

Exhibitors 
and sponsors
A variety of 
packages are 
still available.

SEAPAC Conference 2017
Tuesday 14 & Wednesday 15 March 2017
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FOR NOJA POWER’S GROUP Managing Director, Neil O’Sullivan, 
the last five years have passed in a flash. “In 2011, NOJA Power 
was already a major global supplier of electrical switchgear, and 

an award-winning Australian exporter with 90 percent of its products 
heading overseas, but our vision was to become the world leader in 
medium voltage outdoor switchgear,” he explains. “Everything we 
have done since then has been intended to fulfil that target.” 

INVESTS IN ITS STAFF’S SKILLS 
NOJA Power’s staff is the key to realising the company’s vision. Over 
50 percent of the employees - who hail from 50 different cultural 
backgrounds - hold a higher-level qualification, with 17 percent 
at university level. The company invests in its staff’s skills through 
business training, apprenticeships and cadetships, and its employees’ 
health and wellbeing through an award-winning program.

Those employees have designed, manufactured and tested a 
family of one-, two- and three-phase Automatic Circuit Reclosers 
(ACRs) specifically engineered to form the fundamental building 
blocks of smart grids. In developing the OSM series of 15, 27 and 
38kV ACRs, NOJA Power’s engineers looked to the future. The 
ACRs provide a comprehensive suite of protection and automation 
features, and benefit from the use of vacuum interrupters and solid 
dielectric insulation instead of the environmentally unfriendly oil or 
sulphur hexafluoride (SF6) gas used in older switches. Another key 
feature of the OSM series is its controlled internal arc fault venting.

LATEST SUPERVISORY CONTROL 
The ACRs’ RC control and communication cubicles house the latest 
supervisory control and data acquisition (SCADA)-ready units and 
the RC15 version also incorporates built-in Cellular, Wi-Fi and GPS 
capabilities. NOJA Power’s world-leading Relay Firmware enables 
utilities to configure, monitor and operate the ACRs using a 
comprehensive range of advanced detection and protection features. 

NOJA Power’s products are backed by technical expertise across 
the globe that helps utilities maximise their return on investment. 
The Australian HQ services Asia-Pacific and the company’s offices 
in Brazil, Chile, Germany (serving Europe and Africa), the U.K. 
and the U.S look after the rest of the world. Until 2012, all NOJA 
Power’s products were assembled in Australia, but that year a 
second assembly facility, measuring up at 1000m2, was opened 
in Campinas, Brazil. In both factories, NOJA Power’s products are 
manufactured to ISO 9001 and 14001 standards.

TRACK RECORD OF INNOVATION
Over the last half-decade NOJA Power has invested heavily in R&D 
resulting in a stream of innovative products. For example, the OSM 
series single triple ACR, comprising three OSM series 38kV single-
phase ACRs mounted on a single bracket was introduced in 2014. 
The OSM series single triple ACR was specifically designed to meet 
the needs of the U.S. electricity distribution sector.

The investment also extends to software. For example, in 2015, 
NOJA Power introduced its Smart Grid Automation (SGA) software. 
The product significantly increases the flexibility of the company’s 
ACRs simplifying the implementation of smart grids by enabling 
engineers to intuitively develop control and automation applications 
which can then be uploaded to the hardware.

The company’s Relay Firmware undergoes regular revisions with 
the latest version, 1.16, being introduced in November 2016. 
Firmware 1.16 added further advanced protection features including 
detection and protection functionality for broken conductors, 
higher resolution detection for Sensitive Earth Faults (SEF) and 
Admittance Protection for distribution networks that employ earth-
fault reduction techniques. 

LIKE NO OTHER PRODUCT IN THE WORLD 
NOJA Power’s latest product release is perhaps one of the most 
important in its history. Described by O’Sullivan as “like no other product 
in the world,” VISI-SWITCH™ is a 15.5kV, 800A Load Break Switch 
(LBS) that overcomes the drawbacks of SF6 switches by employing 
a solid dielectric and patented visible air gap. The unit also features 
a unique drive mechanism connecting the vacuum interrupters and 
isolators which guarantees a safe operational sequence.

To cope with anticipated demand for its ACRs and VISI-
SWITCH™, NOJA Power has recently invested in a 4300-m2 
Manufacturing Campus to create a single site in Brisbane 
extending to over 16,000 m2. The $10 million investment enables 
the company to enhance its manufacturing capabilities and 
includes an R&D electronics lab and a synthetic test lab.

SUMMARY
But NOJA Power is much more than just a manufacturer of high-
quality electrical switchgear. Its engineers are renowned experts in 
the field of medium-voltage distribution and advocates for technical 
and standards advances in the electricity distribution industry. They 
present at many global conferences, exhibitions and seminars. The 
use of distribution automation and smart grids to both address 
demand for cuts in carbon emissions and accommodate the increase 
in electricity demand to recharge an expanding electric vehicle fleet 
are among the topics that the company has recently addressed.

“I’m proud of what we’ve achieved so far, but this is only the 
start,” says O’Sullivan. “The electricity distribution sector is 
undergoing a revolution like no other in its long history. Every day 
introduces new challenges, such as addressing the security of the 
communications networks that underpin smart grids. My staff relish 
these challenges and each new product or service we introduce to 
overcome them moves us one step closer to realising our ambition 
to be the number one in our sector.”

 For more information visit 
www.nojapower.com.au

INNOVATIVE AUSTRALIAN 
MANUFACTURING

During the last five years, the Australian ACR manufacturer NOJA Power, has built on 
its reputation and customer base in 84 countries by optimizing its market-leading 
products to meet the tough technical challenges posed by smart grids.   
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VISI-SWITCH
® 

 IS COMING 
The VISI-SWITCH® Load Break Switch enables utilities to eliminate environmentally 
damaging gas-insulated switches on medium-voltage distribution networks. It combines 
reliability of enclosed circuit breakers with patent-pending visible air isolation gap popular 
with maintenance staff because it improves safety. VISI-SWITCH features vacuum 
interrupters with solid dielectric to eliminate environmentally-damaging SF6 gas and unique 
drive mechanism to ensure safe sequencing and operation. For more info contact us on: 
sales@nojapower.com.au or www.nojapower.com.au/visi-switch

A Visionary Switch in the making
Unrivalled Safety & Reliability
Join the Load Break Switch Revolution

 www.nojapower.com.au/visi-switch
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Technology is at the heart of the information 
gathering process with Intelligent Electronic 
Devices now being common place and 

integrated parts of the primary equipment itself. 
This has enabled the asset monitoring teams to 
gather a vast array of data on the performance 
and condition of transformers, reactive plant, 
switchgear, cables and transmission lines.

However this view above ignores the move 
towards ever increasing amounts of data in 
order to provide for the new asset management 
techniques and technologies. As an example SCADA systems have 
seen more than a five-fold increase over just 15 years from 1990 to 
2005 in SCADA related data points on a “per bay” basis.

Asset management and condition monitoring systems undoubtedly 
have similar trends with even a much larger range of potential 
sources and pieces of information we need to gather. 

Certainly IEC 61850 must provide protocol type 
capabilities and indeed it uses industry standard 
communication as TCP/IP Ethernet. However, the 
objective is to provide an engineering environment 
for the entire Substation Automation System. In 
fact IEC 61850 1 clause 4 states:

“…but the purpose of the standard is neither to 
standardise (nor limit in any way) the functions 
involved in substation operation nor their allocation 
within the Power Utility Automation System.”

It is clear that the focus is on the entire operation of the substation 
which includes the functions of asset management, as well as the 
protection relay system and the SCADA system. Indeed it recognises 
that these functions will exist in a variety of IEDs throughout the 
substation. The Standard therefore provides a means to satisfy the 
requirement of an all-encompassing engineering process for the 
entire automation system and provides the means that enables IEDs 
to share information.

To correct the “protocol” view, we can paraphrase the definition 
of IEC 61850 as:

“IEC 61850 is a primarily vendor-agnostic engineering process to 
specify systems and configure IEDs to communicate over a LAN.”

FULL DATA MODEL AND SIGNALS
As a requirement to support the engineering process, procurement 
specifications therefore have to be far more than “all IEDS shall be 
IEC 61850 compliant”. Simplistic statements like “the device shall 
have ‘X’ function” need to be far more explicit in terms of the full 

data model and signals that are required for 
correct operation of the system. This may result 
in specifying dozens of Logical Nodes and ‘tens 
times’ that as data objects and attributes used 
in the setting parameters and communication 
with other IEDs. These must all be specified if it 
is required that the devices will provide them.

IEC 61850-90-3 is a guideline Technical Report 
describing the datamodel and communication 
requirements for condition monitoring of:

• Gas Insulated Switchgear
• Transformer
• Tap Changer
• Underground Cables
• Transmission Lines
• Auxiliary Power systems

STATE OF THE ART ASSET CONDITION 
MONITORING SYSTEMS WITH IEC 61850
Access to information means communication between IEDs as well as between IEDs and 
computers.  In this respect there is much confusion in the industry that therefore IEC 61850 is “just 
another protocol” and as a result many conclude “I’m happy with my current protocol so why 
bother to change”. However this view ignores the move towards ever increasing amounts of data 
in order to provide for the new asset management techniques and technologies.

by Rod Hughes, Rod Hughes Consulting Pty Ltd

PROTECTION 
& SUBSTATION 
AUTOMATION

SMART GRID
ASSET MANAGEMENT

CONDITION MONITORING

Data points needed
Small to 
Medium

Small to 
Medium

Large to 
Very large

Speed of communication Very fast
Fast 
Medium term

Fast
Medium term
Long term

Main IEDs as sources of 
information

Switchgear
Protection 
relays

Switchgear
Pole tops

Switchgear
Transformers
Capacitors
Reactors
Cables
Towers and poles
Transmission lines
Auxiliary supplies
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Rod Hughes Consulting Pty Ltd

Rod Hughes Consulting Pty Ltd
ABN 64 137 442 089

Telephone: + 61 8 7127 6357  •  Email: rgh@rodhughesconsulting.com
Ask about our next course in your region: www.rodhughesconsulting.com

Training provider for:
•	 Power	System	Protection
•	 IEC	61850	technology

Consulting and Advisory services for:
•	 System	and	device	procurement		
	 specifications
•	 System	configuration
•	 Fault/incident	investigations
•	 IED	development
•	 Asset	management	plans	and	assessments
•	 Business	case
•	 Implementation	programs

Supplier of:
•	 Helinks	IEC	61850-6	vendor-agnostic		
	 System	Specification	Tool	and	System		
	 Configuration	Tool
•	 TEKVEL	GOOSEWheel	configuration		
	 validation	and	visualisation	tool
•	 FMTP	GridEx	GOOSE	and	Sampled		
	 Value	“Multimeter”

As an example, Condition Monitoring of power transformers 
involves an impressive array of sensors including:

IEC 61850-90-3 describes the potential use of a number of Logical 
Nodes for the Condition Monitoring of a power transformer. Each 
of these logical Nodes has a set of Data Objects and associated 
Attributes which provide specific information points which can be 
used to provide essential information and control of the asset. 

Dissolved gas sensor     Bushing leakage current

Relative humidity (RH) sensor Bushing voltage sensor

Oil temp sensor at RH sensor Ambient temp sensor

Partial discharge sensor Cooling bank status sensor

Direct winding temp sensor Pump/fan current sensor

Load current sensor Buchholz relay

Top oil temp sensor Oil level sensor

Bottom oil temp Pressure sensor

Winding hot spot temp
Conservator membrane rupture 
detector

Continued page 264
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TRANSFORMER LOGICAL NODE DATA OBJECTS

These 155 Data Objects have a further set of individual Data Attributes 
so we can see we now have several hundred individual pieces of 
information all with a named semantic. We can now complete our 
engineering regardless of the ultimate vendor IEDs involved.

As an example, regardless of the IED vendor choice, the alarm for 
the temperature of the insulation oil is always going to be named 
“SIML.TmpAlm”, and always has these three pieces of information 
available, amongst many others:

Every IED supporting oil temperature alarm would reference that 
information using the concatenations:

SIML.TmpAlm.stVal
SIML.TmpAlm.q
SIML.TmpAlm.t

The engineering file can now be developed to define which pieces of 
these standard data models are to be communicated and which IEDs/
computers need to receive them. All that engineering is directly able to 
be cut and paste to the next transformer or the next IED that will serve 
that purpose. It is also now a “library” of functionality that NEVER has 
to be redone - the semantics and information flow are the same in this 
and every subsequent project. Even if in the future a new IED is chosen 
from a different vendor, this only requires verifying the new IED has 
provides the required data model to support the functions. 

Whilst many involved in the industry focus on IED-to-IED real-time 
in-service communications interoperability of IEC 61850, one of the 
most significant benefits is the off-line engineering process defined 
in IEC 61850-6.

The “magic” and power of IEC 61850 is unleashed when every 
stage of the engineering process as applied to every IED as they all 
understand a common data model.

IEC 61850 has three aspects to achieve these objectives
1.  IEC 61850-6 engineering process and file structure used 

by the design office (i.e. instead of “Autocad”, “Word” and 
“Excel”) – System Configuration Language (SCL)

2.  IEC 61850-7 IED data structure and naming of information and 
parameters within the IEDS – Logical Nodes, Data Objects and 
Attributes

3.  IEC 61850-8 and IEC 61850-9 message and command 
formats sent between the devices over the LAN – Reports, 
commands, Sampled Values and GOOSE messages - Abstract 
Communication Services Interface (ACSI)

This is now Reusable Reliable Vendor-independent Engineering 
since it is known to be working, it can be used over and over again 
without further human intervention.

The overall engineering process and lifecycle is quite 
involved and challenging as outlined in my reference site:  
https://ideology.atlassian.net/wiki/x/UICH. We must recognise 
and support the ultimate objective of our engineering is to be done 
“in a manner that enhances reliability, reduces risks and is 
Reusable Engineering”.

Suffice to say, the Part 6 engineering process is intended to 
eliminate human interpretation of the system specification and 
configuration from one engineering process to another, but this can 
only be achieved if the IEDs support the IEC 61850 data models. 
This sets the new basis of specifying and implementing condition 
monitoring systems.

CONCLUSION
The importance of primary equipment to the reliable and safe 
operation of a power system cannot be understated. However it has 
only been the advent of Intelligent Electronic Devices in the 1980’s 
that the possibility to automate and expand the process and amount 
of data collection regarding the condition and performance of these 
asserts has been able to be improved.

Condition monitoring is as much a part of the automation system 
as any other domain and therefore must be integrated into the system 
engineering in all respects. The recently released IEC 61850-90-3 
Technical Report provides guidelines on how this can be achieved in 
order to reduce the engineering costs of the power system.

Logical 
Node

Data 
Object

Data 
Attribute

Type

SIML TmpAlm

stVal
0 = not operated
1 =  operated: i.e. temperature setting 

exceeded  
q Quality of the information

t 
Time Stamp of when the stVal or q last 
changed

Logical 
Node

Description
Number of Data Objects

Status
Measured 

Values
Controls Settings

SIML
Insulation medium 
supervision (liquid)

30 19 1 22

SPDC
Monitoring and 
diagnostics for partial 
discharges   

2 4 1 2

SPTR
Power Transformer 
Supervision   

6 4 1

SIMA
Insulation moisture 
and aging supervision 
(solid)   

3 11 1

SBTP
Bubbling temperature 
supervision   

3 11 1

ZBSH Bushing 2 6 3

CCGR Cooling group control 4 10 7 1

CONDITION MONITORING

Why HVDS?
• Experience with over 15 years of local NZ insight to share
• Expertise with a proven and successful track record
• Independent, knowledgeable and candid advice
• Consultancy incl. CBRM via our Australian colleagues

Core Activities
• In service PD surveys for ground mount switch assets
• Overhead Ultrasonic, UHF and IR assessment in Switchyards 
• VLF mapping of Cables, Offline and accurate
• Instrument Training, basic Calibrations and Spares

Distribution Portfolio
• UltraTEV family of Testers, Alarms and Monitors, EA Technology
• Thermal Cameras – Entry level to Professional, Guide Infrared
• The Safety assured maintenance aperture system, Viewsafe UK

New Zealand | +64 3 962 0225
greg.linton@hvds.co.nz | hvds.co.nz 
Australia | +61 7 3256 0534
neil.davies@eatechnology.com | eatechnology.com

Condition Assessment Services, Products & SupportSPECIALIST

Continued from page 25



Transmission & Distributionwww.powertrans.com.au 27

T&D

PROCESS BUS TRIAL
The purpose of the trial is to understand whether there are any issues with equipment from different 
vendors. We have a single vendor provided process bus system, IEC 61850-9-2LE, already in place 
in several of our substations. As a system integrator ourselves, we want to know that vendor A 
NCIT and merging unit provides the correct sampled value input into a Vendor B protection relay, 
similarly Vendor C SAMU into vendor D protection relay. As the scheme is across a transformer, we 
will have EM CTs on the HV and NCITs on the LV to determine that the differential algorithm of the 
Protection relay operates correctly with the mixed mode inputs.

We found in our implementation of Station Bus, 
interoperability doesn’t necessarily mean that you have 
a seamless integration. It is more critical for sampled 

values and process bus, so we want to ensure that compliance to 
the standard and interoperability are exactly what we think they 
should mean. We are preparing for the trial to be commissioned 
towards the end of 2016, however, are in the process of setting up 
the system and testing it the lab before we install at site. 

PREVIOUS FIELD TRIALS AND RESEARCH
The last field based process bus trial that Powerlink Queensland 
completed was back in 2009 [1]. It used merging units from two 
different vendors as well as two EM CTs and a single Protection 
IED. A differential element in the IED used current inputs from the 
combined CT/VT on the line side of the CB and the EM CT in the 
reactor neutral. The other two current inputs were mapped into the 
IED for comparison and disturbance recorder purposes.

The field based trial objectives included: testing the Smart Digital 
Optics Fibre Optic CT (FOCT), testing the interoperability of the FOCT 
and combined CT/VT using an IED, testing the mixed application of 
conventional and NCITs for reactor protection and allowing staff to 
gain experience using this technology. 

Between 2010 and 2013 Powerlink was an industry partner for a PhD 
project “Assessment of Precision Timing and Real-Time Data Networks 
for Digital Substation Automation” undertaken by David Ingram [2]. 
The research examined two aspects of a multifunction process 
bus: precision synchronising of sampling for analogue to digital 
conversion using PTP over ethernet and the behavior and interactions 
of various protocols that share the data network. The project took 
a practical approach to the assessment of performance rather than 
using simulation techniques. 

The research laid a solid foundation for the future implementation 
of process bus at Powerlink. The test bed has ‘been hibernating’ in 
the lab but now it will form a basis for the Process bus trial. 

PROCESS BUS ROADMAP
As a transmission utility and system integrator our role is to provide 
a safe, cost effective and reliable network to transport high voltage 
electricity. Process bus enhances safety through the elimination of 
potentially lethal instrument transformer secondary circuits. The 
rare event of conventional current transformers failing explosively 
creates a hazardous scenario - porcelain fragments and oil travelling 
through the switchyard. These effects can be substantially reduced 
by using NCITs. Since the trials outlined above and as part of our 
ongoing communication with equipment vendors it is obvious that 
there is substantially more process bus equipment being offered in 
the marketplace. This process bus equipment is becoming more cost 
effective and warrants investigation from our perspective.
Whilst carefully listening to vendors and understanding their products 
is important we must also ensure that the primary and secondary 
systems that we design and commission must meet specific criteria. 
These systems must adhere to the prescribed standards, be able to 
be integrated with our existing station bus secondary systems, be 
cost effective, be futureproof, as well as meeting our stakeholder’s 
requirements. It is with this in mind that the process bus roadmap 
was developed. 

A process bus road map includes:
• An investigation and recommendation for an auto-reclose 

blocking scheme for the cable section on a feeder using FOCTs
• i-GCB (Intelligent gas circuit breaker) trial with NCITs
• Investigate IEEE 1588 PTP 
• Investigate remote I/O and standalone merging units (SAMUs) 

in the switchyard 
• Investigate process bus network architectures for sampled  

value streams
• Transformer condition monitoring using sampled value interface
• Meters and synchrophasors using sampled value interfaces
• Investigate testing equipment, tools and developing 

standardised test methodologies

Auto-Reclose Scheme using NCITs/FOCTs
The status of this investigation is that a full technical specification 
has been completed for the system and consultation is in progress 
with potential vendors. The specification outlined requirements for 
design, construction and testing solutions. 

i)  i-GCB Trial with NCITs
This trial includes the installation of additional NCITs on a 
conventional dead tank circuit breaker at the refurbishment site. 
The objective of this from our perspective is to trial NCITs in a multi-
vendor process bus solution. The i-GCB incorporates a combination 
of conventional bushing CTs as well as non-conventional Rogowski 
coils and potential dividers on each side of the SF6 circuit breaker. 
The i-GCB is a dead tank arrangement.  Figure 1   Overview of 2009 Trial - Reactor Protection [1]

By Bruce Capstaff, Katie Hadley and Lyndall Josey, Powerlink Queensland

Continued page 284
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Figure 2   Lab based process bus test bed 2013 - equipment diagram and network connectivity [2]

CONDITION MONITORING
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ii)  Investigate IEEE 1588 Precision Time Protocol (PTP)
The i-GCB trial will allow us to build on previous research into IEEE 
1588 PTP for time synchronisation of sampled values as well as 
investigate mixed modes of time synchronisation (PTP and 1PPS) 
depending on the availability of IEEE 1588 compliant equipment. 

iii)  Investigate Remote I/O and SAMUs in the Switchyard
A process bus solution includes the installation of remote I/O and 
SAMUs in the switchyard. It is therefore important that we perform 
our own trials so that we have confidence that this electronic 
equipment is able to withstand environmental factors. 

This process bus trial will include the installation of remote I/O 
relays and SAMUs housed in a double skinned kiosk in the switchyard.

iv)  Process Bus Network Architecture
A process bus network is required for the transmission and 
distribution of sampled value data. This process bus trial, using the 
NCITs from the i-GCB, will be a good opportunity to investigate and 
trial different process bus network topologies.

The station bus network architecture has been reviewed with the 
aim of reducing the cost of network devices. It is a requirement that 
a new process bus network topology should not require any major 
re-design of the station bus network.

v) Transformer Condition Monitoring
The refurbishment project includes the purchase of a new 250 MVA 
auto-transformer which will allow us to investigate and procure 
monitoring devices that utilise a sampled values interface.

vii)  Metering and Synchrophasors
This trial will provide an opportunity to investigate meters and 
synchrophasor equipment that utilise a sampled value interface.

viii)  Tools and Methodologies for Process Bus
This trial will allow the evaluation of vendor test equipment and 
development of standard test plans to interface with the new 
sampled value interfaces.

PROCESS BUS TRIAL
Under separate works at the refurbishment site, a new 275/110kV 
transformer and dead tank 110kV circuit breaker will be installed.

The conventional CTs on the dead tank CB will be connected to 
the operational system, and the NCITs will be connected to a trial 
process bus system. There will be complete isolation between the 
secondary systems of the operational and trial systems. 

The main benefit once the transformer and CB are commissioned 
is that any changes and subsequent testing to the trial system can 
take place without affecting the in service operational system. The 
trial system will therefore in no way interfere with the operational 
requirements of the CB.

The FOCT heads and downlinks that were used in the reactor pilot 
project in 2009 have been refurbished and will be installed on post 
insulators on the HV side of the transformer. The post insulators will 
be procured as well as a separate fibre optic termination box. A new 
merging unit with IEEE 1588 time synchronisation will be procured 
as the merging unit originally used was a prototype and is no longer 
fit for service.

A spare protection CT core in the new transformer HV bushing 
will be used for connections with stand-alone merging units. There 
will also be provision for a spare CT core in the LV bushing and 
VT circuit from the LV bus VT’s for connection to other stand-alone 
merging units. 

The circuit breaker NCITs will be connected to a process bus network 
via their corresponding merging units with IEC 61850-9-2 interfaces.  

The protection IEDs will connect to a station bus in isolation 
from the operational station bus. There will be an Engineering PC 
installed in the control room with provision for remote access via 

Powerlink’s operational wide area network. The PC will also have 
provision for a virtual HMI.

This trial has the potential to install transformer monitoring 
equipment with sampled value interfaces.

5 out of the 6 conventional CT cores provided with the dead tank 
i-GCB will be utilised for the operational protection and control system. 

The 6th CT core will be utilised by the i-GCB vendor for their own 
metering trials.

The two protection and control panels that were built as part of 
the process bus research project will be installed in the control room. 
It is intended to reuse as much of this equipment as possible. The 
intention is to upgrade the firmware of the equipment that is being 
reused. There is also provision to install and evaluate new loaned 
equipment from IED vendors. 

Re-design of the existing panels will be required to house all of the 
secondary systems equipment required for the trial system including 
protection IEDs, ethernet switches, time clocks and merging units. 
The IEDs will be able to accept either conventional CT inputs or 
sampled values. The re-design of these panels will be undertaken 
inhouse. Re-wiring, testing and installation of these panels will be 
undertaken inhouse. As this system will be installed in parallel to the 
operational system in separate panels, changes can be made to the 
trial system without affecting in-service equipment.

 A double skin outdoor marshalling kiosk will be purchased to 
house the loaned stand-alone merging units, remote I/O, any 
outdoor IEDs, DC supplies, fibre optic terminations and instrument 
transformer wiring for the stand alone merging units. This outdoor 
kiosk will also be fitted with temperature and humidity transducers 
which will be connected to a remote I/O device. These quantities 
will be conveyed to the HMI in the control room for environmental 
trending and analysis.

The design, testing and installation for this outdoor kiosk will be 
undertaken inhouse.

If process bus meters are available, these will be measured against 
standard meters. Similarly synchrophasor equipment, power quality 
monitors, digital disturbance recorders and travelling wave fault 
locators can be installed and tested when digital CTs with suitable 
sampling rates are available.

The equipment will operate in parallel to an existing conventional 
secondary system. The process bus system will perform monitoring 
only. (i.e. no tripping to primary plant).

i)  Trial Objectives
As well as fulfilling some of the activities outlined in the process bus 
roadmap, there are specific outcomes that we are seeking as part of 
the trial. These include:

• Gain an understanding of what different vendors are providing 
and thinking for the primary plant interfaces to the circuit 
breakers and CTs / VT’s

• Gain an understanding of each vendors process bus protection 
and control system 

• Gain an understanding of the interoperability between merging 
units and IEDs (of the same vendor and of different vendors)

• Gain an understanding of the time signals required for 
the equipment

• Gain an understanding of different network arrangement options
• Gain process bus design experience
• Identify new tools and equipment required for commissioning 
• Gain process bus testing and commissioning experience 
• Gain experience with outdoor kiosks suitable for housing 

electronic equipment
• Assess the current status of process bus equipment both from a 

primary and secondary point of view
• Gain knowledge and understanding to develop a concept 

document for Powerlink’s vision for the future  
IEC61850-9-2 design

Continued page 304
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Figure 3   Process bus trial - high level line diagram equipment connectivity
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ii)  Trial Timeline
The timeline has shifted marginally since earlier this year. Booking 
of internal resources for construction, testing and commissioning 
has now been confirmed. The benefit of having the process bus 
system isolated from the operational system will allow for future 
modifications as required once the system has been is commissioned.
A high level project timeline is as follows:

Detailed Design May 2016
Construction at Powerlink Queensland early August 2016
FAT Testing  end August 2016
Installation at site November 2016
FAT and Transformer Bay Commissioning Feb 2017

iii)  Design and Configuration
We have been encouraged with the support we have received from 
equipment vendors. The design and configuration of merging units 
and IEDs from different vendors has provided us with an insight into 
how each vendor is implementing process bus with their equipment.

As part of the trial, each merging unit and IED will be configured as 
per the vendor’s recommendations. If vendor A supplies a stand-alone 
merging unit and an IED, then initially the sampled value stream from 
that merging unit will be subscribed to by the same vendor’s IED. 

The configuration within the IED will initially be quite basic 
compared to Powerlink’s standard station bus configurations. They 
will be based on the vendors default configuration (provided a 
suitable configuration is supplied). It is envisaged that the IED will 
be configured to perform basic protection functions (differential 
or distance depending upon the type of IED), initiate internal 
CB Fail, issue trip outputs via GOOSE and produce buffered and 
unbuffered reports to the HMI. The internal disturbance recorder 
will also be configured and trigger for disturbances and transformer 
energisation. The disturbance recorders will also cross trigger to the 
other IEDs. The IEDs will be configured inhouse with assistance from 
the vendors as required. 

The stand-alone merging units and IEDs will be supplied with 
suitable time synchronisation inputs as per their requirements. It is 
envisaged that at least four clock outputs signals will be provided. 
These are IEEE 1588 (PTP), 1PPS, IRIG-B and SNTP. 
Various aspects of the sampled value streams will be examined 
to gain an understanding of the equipment’s adherence to the 
IEC61850-9-2LE standard. There are several different types of 
network analysis tools that will be used including packet capture, 
packet analysis, traffic analysis, traffic generation and network 
impairment emulation. Figure 4 shows a packet analysis of the 
sampled value protocol. 

The interface board on the existing lab test set is in the process 
of being upgraded to generate sampled values streams directly into 
the IEDs. Once upgraded the test set will support IEEE 1588 (PTP).

The Engineering PC will have all of the vendor’s software 
installed for the configuration of merging units, IEDs, clocks and 
network equipment. Some network analysis software will also 
be installed.

The bulk of the design and configuration tasks will be undertaken 
in the lab before the panels and outdoor kiosk are shipped to site.

iv)  Site installation
The onsite contractor engaged for the refurbishment project will be 
responsible for primary installation works excluding installation of 
the optical CT, downlinks and connecting droppers.

The Powerlink Field Services team will be responsible for installing 
the FOCT, downlinks and termination box, outdoor process bus 
kiosk and test panels in the existing control building.
The Powerlink Field Services team will also test and commission the 
i-GCB, FOCT, the equipment in the outdoor kiosk and the IEDs in 
the test panels.

While some of the equipment is new, the Field Services team has 
extensive experience in testing and commissioning the single vendor 
process bus systems that Powerlink already has in service.

Figure 4    Dissection of a sampled value frame LHS [4], wireshark captures of a ABB stand-alone merging unit middle and relay test set RHS

Continued page 324
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MONITORING
The Engineering PC will have a virtual HMI installed. The HMI will be 
the same type as used in the station bus system, however it will only 
monitor the process bus merging units and IEDs. The Engineering 
PC will provide remote interrogation facilities to the merging units 
and IEDs. Powerlink staff will be able to remotely connect to the 
PC. This is the only interaction the trial system will have to the 
operational network. 

As the process bus trial is a system that will perform monitoring 
only. (i.e. no tripping to primary plant), there is also unique 
opportunities to trial configuration changes and testing without 
extensive isolation procedures and perhaps to even trial certain 
aspects of this type of work remotely.

CONCLUSIONS
This will be the first time that Powerlink implements an in-house 
process bus design using commercially available products. While 
Powerlink has the people and systems in place to specify, design, 
build, operate and maintain an IEC 61850 substation, it is important 
to understand where the challenges and limitations of a process 
bus installation exist. This trial provides a wonderful opportunity 
for Powerlink to gain engineering and field experience as well as 
realising several key steps on the process bus road map. At the 
conclusion of this trial in 2019, Powerlink will have investigated and 
gained a high level of knowledge, experience and expertise with the 
process bus.

Figure 5    Preliminary equipment layout of test panels LHS and 
outdoor kiosk front and rear RHS
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The new mechanical repair splice MTRS has been developed to  
overcome many of the issues effecting poor jointing of bare  
overhead conductors with either compression,  
helical or spring type splices.

MECHANICAL TENSION REPAIR SPLICE

DRIVING AUSTRALIAN  
MANUFACTURING  
FORWARD




SICAME AUSTRALIA HQ
23-25 Union Circuit,
Yatala, QLD, Australia
(+61) 7 3807 7022
(+61) 7 3807 7522
sales@sicame.com.au
www.sicame.com.au

SICAME AUSTRALIA NSW
4/36 Holbeche Rd,
Arndell Park, NSW Australia
(+61) 2 9621 3155
(+61) 2 9622 7120
sales@sicame.com.au
www.sicame.com.au

The Piranhas are an ideal connection solution for an array of wet  
area and underground power distribution applications.
Wherever you need to distribute power in a wet or humid 
environment such as underground, there is a Piranha to suit.
Piranha connectors are safe and easy to install. The result:  
increased reliability and cost effectiveness.

Exported to:
• USA
• South Korea
• New Zealand
• South East Asia

PIRANHA series 
underground 
waterproof 
piercing 
connectors.

SICAME AUSTRALIA CONGRATULATES APT PUBLICATIONS ON THEIR 20TH ANNIVERSARY!



PREPARE FOR 2017...
Continuing the growth trend!
•	 BOOK	EARLY to grab prime exposure for your BEST SELLERS
• Promote your NEW Products
• List all products and services 
• Ensure complete market coverage
•	 Digital Format Available 

ADS Hyperlinked to your website!

Received by over 19,000* Readers print + electronic in 
Australia, New Zealand and across the globe

2017 CATEGORIES

Arc Flash Mitigation Outsourcing

Automation
Power Conditioning Equipment  
& Services

Cables HV, Conductors & Fittings Power Factor Correction

Cables Industrial & Fittings Power Generation

Cables Low Voltage & Fittings Power System Measurement

Communications Systems & Equipment Protection & Control

Connectors & Accessories Refurbishment & Services

Consultancy Services Renewable Energy

Distribution Equipment & Services Safety Equipment & Accessories

Emergency & DC Power Software Monitoring & Control

Fibre Optics Surge Protection

Filtration Switchgear  Low Voltage

Fuses & Fittings Switchgear Medium Voltage

Instrumentation Test & Measurement Switchgear High Voltage

Insulators Training & Assessment Services

Lightning Protection Transformers

Lubrication Transformer Accessories & Services

Motor Control Gear Transmission Equipment & Services

Motors & Drives

NO	CHARGE	listings	for	
ADVERTISERS^

FOR ADVERTISING ENQUIRIES, CALL US TODAY!
Tyrone	Gautier	 Ph: +61 7 3374 2877 • 0435 424 143 • tyrone@powertrans.com.au

Diana	McPhee Ph: +61 7 3374 3720 • 0407 154 019 • diana@powertrans.com.au

Mara	Cozzi Ph: +61 7 3369 6044 • 0405 721 571 • mara@powertrans.com.au

*Source: Print readership, powertrans.com.au & EDM platform.   
^Conditions apply. Contact your Account Manager for more information. 

SIGN	UP	BEFORE16	DEC	TORECEIVEA 10%DISCOUNT!



Transmission & Distributionwww.powertrans.com.au 35

CHK, an engineering 
company, was founded 
in 1974 by Campbell 

Houston Keenan, an electrical 
engineer, based in Sydney 
Australia. The business developed 
its first fault indicator, the pole 
mounted RPU3 (for the medium 
voltage market) and the LM04 
micro-ohm meter in 1988. The 
business commenced distribution 
of the first Polylogger in 1991 and 
released the first PowerMonic, 
the PM20 in 1996. The business 
evolved and renamed as CHK 
GridSense, eventually sold in 

2010 to a multi-national in the US which further developed its 
medium voltage products to include the LIQ60 overhead line 
conductor mounted sensor. In 2014 CHK GridSense was closed and 
former employees now continue the business in Australia as CHK 
Power Quality (CHKPQ). To date, CHKPQ is the only engineering 
company in Australia which designs and manufactures power 
quality equipment to international standards for both LV and MV 
power networks.  

During the past twenty years CHK has evolved the PowerMonic 
range to include the PM30, PM40, PM35 and PM45 models. 
CHKPQ continues to service and support the PowerMonic which is 
still widely used by many customers. 

RANGE OF POWER QUALITY ANALYSERS
Building upon the experience, know-how and success of the 
PowerMonic CHKPQ recently released the MIRO Class A(1) range of 
power quality analysers which are designed to address applications 
for the modern marketplace and where space and accessibility are 
restrictive. The MIRO PQ35 and PQ45 are precision instruments 
that offer comprehensive and reliable compliance monitoring 
and reporting of low voltage circuits. Built for high performance, 
toughness and focus on ease of use, the MIRO range are  
the workhorse instruments of choice for a variety of power 
monitoring applications including: power quality analysis; supply 
compliance checks and voltage investigations; power flow studies; 
energy audits; mains signalling; solar and railway systems; and 
transformer monitoring.

DEVELOPED BY WORKING WITH USERS
An important, but unmeasurable feature is the new CITRUS software 
which users claim is the most ‘friendly and easy to use’ interface 
which they have experienced. It is based on the original PowerView 
software and incorporates features that CHK has developed by 
working with users of the PowerMonic over many years.

Note (1): From IEC 61000.4.30-2012, Class A is used where 
precise measurements are necessary. Any measurements of a 
parameter carried out with two different instruments complying 
with the requirements of Class A, when measuring the same signals,  
will produce matching results within the specified uncertainty for 
that parameter.

POWER TRANSIENTS -  
20 YEARS OF EVOLUTION

CHK Power Quality is delighted to be included in this November 2016 anniversary edition of Power 
Transmission and Distribution magazine. In the inaugural issue twenty years ago (November 
1996) CHK announced the release of the first Australian designed and manufactured power 
quality analyser, the PowerMonic PM20 under the heading ‘POWER TRANSIENTS’.

The Powermonic three phase 
logger and disturbance analyser 
[original 1996 inaugural issue 

photo of the PM20]

Experts in Power Quality

MIRO - Australia’s first Class A Power Quality Analysers designed 
and manufactured in Australia by CHK Power Quality

•	 Ideal	for	all	PQ	Analysis:	supply	compliance	checks	and	voltage	investigations,	
	 power	flow	studies,	energy	audits,	mains	signalling,	solar	and	railway	systems		
	 and	transformer	monitoring
•	 User	customisable	voltage/harmonic	compliance	reporting;	Power	direction
•	 CATIV,	600V	(PQ45);	Differential	and	isolated	voltage	channels	(>10kV)
•	 Portable	and	rugged	for	all	weather	conditions	(IP66)	
•	 Integrated	GPS	and	communications,	FTP	uploads:	no	external	peripherals
•	 Local	support	and	free	software	and	firmware	upgrades
•	 Detachable	voltage	leads;	Includes	two	temperature	channels	and	probes

Address:	Unit 1, 3 Tollis Place, Seven Hills, NSW 2147, Sydney, Australia				Tel:	+61 2 8283 6945				Fax:	+61 2 8212 8105
Website:	www.chkpowerquality.com.au				Enquiries:	sales@chkpowerquality.com.au

MIRO PQ35

APT CELEBRATES 20 YEARS
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European manufacturer Sonel has lifted the bar once more two 
more game-changing test instruments comprising:
• Battery powered 10A Micro-ohmmeter with winding 

resistance capability
• Handheld Power Analyser with full widescreen colour graphics

10 AMP MICRO-OHMMETER
Traditionally micro-ohmmeters were divided into two categories:
1. General purpose for joints, contacts, continuity resistance 

measurement for non or low inductive applications
2. Specialist winding ohmmeters for high inductive 

measurements such as transformer, motor or generator 
winding resistance

The price difference between the two types is usually significant 
due to the need to include discharge and de-magnetisation into the 
winding ohmmeters. 

Two Instruments in One
Sonel has re-written the rule book with the new MMR-650 by 
merging both applications into a single compact 3.5kg instrument 
but keeping the price around the same as a traditional high quality 
general purpose micro-ohmmeter.

The MMR-650 can be used to measure the resistance of any 
device from a busbar, cable joint or breaker contact to the windings 
of a power transformer, motor or generator.

Winding discharge and de-magnetisation of the test object are 
built-in.

Another first is the use of Li-Ion battery power eliminating  
the need to monitor battery charging to suit the characteristics  
of old NiMh batteries thus avoiding the irrecoverable deep-
discharge syndrome.

The next notable difference is “no switches”. The MMR-650 is 
controlled totally from the full colour touch screen which we are all 
familiar with on our smart phones and tablets.

Multiple Functions
All functions are represented by icons on the home screen where 
operations such as test current, inductive or non-inductive testing, 
demagnetisation, temperature compensation or heat run analysis 
are set from the touch screen.

Comprehensive Kit
Unique to the MMR-650 is that it is supplied with both Kelvin Spike 
and Kelvin Clip leads eliminating the need to option the alternative 
lead as is common with many competitors. Also included is the 
charger, carry bag, calibration certificate and software all ready for 
immediate use. 

GAME CHANGING  
TEST INSTRUMENTS

T&D

SONEL MMR-650 
Micro-ohmeter.

TEST & MEASUREMENT
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Pacific Test Equipment Pty Ltd

Sydney Melbourne or your State Distributor
T +61 2 9659 2300 • F +61 2 9659 2311

E sales@pacifictest.com.au
www.pacifictest.com.au

For more information, please contact

POWER QUALITY ANALYSER
Power Quality Analysers generally fall into two categories:
1. Large memory with basic on-screen information designed for 

long term recording and later analysis by PC, and
2. Full-screen display for maximum real-time information but with 

memory when recording is required.
Sonel is well established with the first type with its PQM-702 
& 703 but the new PQM-707 is Sonel’s solution for the second 
application. The new addition features an industry leading 180mm 
full colour touch screen with the capacity to display up to 8 
channels simultaneously.

Display choices include 8-channel oscilloscope, 8-channel 
recorder, digital display of all measured parameters, vector diagram 
of 3 voltages & 3 currents with phase angles and indicator of 
inductive or capacitive plus harmonic bar-graph with the ability to 
select display of voltage, current and phase.

Touch Screen Control
As with the MMR-650 the PQM-707 is fully controlled by the touch 
screen, eliminating the typical complex key entry or PC set-up of 
most other power analysers.

Suitable for All Networks
The PQM-707 can measure and record on all networks including 
single phase, 2-phase, 3-phases star or delta (with or without 
neutral) and DC. 

5 Voltage & 4 Current Inputs
Voltage inputs comprise A, B, C, N & E enabling measurement 
between phases or phase to N or to ground. Voltages up to 760V 
AC or 1,150 DC can be measured directly and recorded. 

Current up to 3,000A AC is measured by the standard Rogowski 
Coils and up to 1,400A DC with the optional Hall-effect probe. For 
small AC currents 10A and 100A probes are available.

Measure & Record all Parameters
The PQM-707 measures and records all parameters including:
• Active, reactive, distortion and apparent power
• Active, reactive and apparent energy
• Power factor, cos and tan φ
• Voltage & Current harmonics to 40th 
• Short & Long term flicker
• Inrush current
• Voltage sags & surges

Sonel Analysis Software
The PQM-707 includes Sonel Analysis software which is common 
to all Sonel power analysers and can be upgraded free from the 
internet for the life of the instrument.

Power Supply
The built-in Li-Ion battery will typically power the PQM-707 for 6 
hours or the instrument can be powered from the mains or any 12V 
DC source, such as a vehicle battery.

Expandable Memory
Standard memory is a removable 4GB micro SD-card to allow easy 
exchange or memory upgrade.  

SONEL RELIABILITY & SUPPORT
All new products are covered by Sonel’s 2-year warranty with the 
added comfort of Sonel’s Australian service and calibration support 
exclusively through Pacific Test Equipment.

Wide Distribution
Sonel products are available from Pacific Test Equipment, Sydney & 
Melbourne or interstate distributors Unitest - WA, Electrical Supply 
Solutions - NT, Bennic - NQ and Electrical Agencies - Tas.

Measuring transformer winding resistance with the SONEL MMR-650.

T&D
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In November 1996 I penned the first lines on the latest advances 
in Earth Testing for the first edition of Power Transmission & 
Distribution magazine. 

Twenty years on the concept has been refined and developed 
greatly improving the dynamics and substantially reducing the time 
needed for testing.

Prior to the arrival of the GEO-X, all earth systems had to be 
isolated before testing which often meant taking the substation off-
line. While not a major problem on distribution substations in those 
days when they could be taken out of service with a minimum of 
formalities, it wasn’t so easy with SWER subs.  

The other unique capability of the GEO-X was the extending 
of the selective method to simplify the measurement of the earth 
resistance of transmission towers, a task that previously was 
extremely laborious and time consuming. 

TESTING OF SWER SUBSTATIONS
Prior to the arrival of the GEO-X, the testing of SWER substations 
and transmission towers was particularly onerous and frequently 
avoided but with increasing expectations to observe due diligence, 
testing could no longer be regarded as “too hard”.

The GEO-X was an instant success, particularly for power utilities 
with large numbers of substations to test and under increasing 
pressure to minimise planned outages. Almost every power utility in 
Australia invested in the GEO-X, particularly those with vast SWER 
networks. That many are still in service today is a testimony to the 
quality of the original design and quality of manufacture.

Following the success with utilities, major contractors to the 
utilities saw the potential of faster, more efficient and more accurate 
earth testing and became the second largest user.

Sadly Norma which later became LEM-Norma hasn’t survived as 
long as its instruments. When LEM-Norma ceased to exist, further 
development of this leading technology looked like stagnating. 

GAP EMERGING IN THE MARKET
Fortunately the world’s oldest instrument manufacturer, Chauvin 
Arnoux of France, saw the gap emerging in the market and 
developed the 6471, sold under the AEMC brand in Pacific-rim 
countries, including Australia and New Zealand. 

The AEMC 6471 took the concept of the GEO-X to the next level 
by increasing the measurement range particularly in stakeless mode, 
improving the performance in poorer soil conditions, automating 
the calculation of soil resistivity, adding a memory to store test 
results and improving the robustness of construction.

SUMMARY
The result was a far more capable and user friendly instrument; 
however the big leap forward came in measuring the earth resistance 
of transmission towers with the advent of the GroundFlex option.

Whereas the GEO-X used a rigid and fragile 320mm split-core CT 
which had to be fitted around each leg of the tower in turn (if they 

actually fitted), the GroundFlex utilises four 5m flexible Rogowski 
coils which can be placed around all four legs simultaneously and 
the readings automatically summated displaying the earth resistance 
of the tower within seconds of pressing the start key!  

The AEMC GroundFlex is distributed exclusively in Australia and 
New Zealand by Pacific Test Equipment.

20 YEARS OF EARTH 
TESTING IN AUSTRALIA

By Keith Bensley, Pacific Test Equipment

In 1996, measuring Earth Resistance had just been revolutionised with the introduction 
into Australia of the Austrian designed and manufactured Norma GEO-X with the 
new concept of Selective and Stakeless methods of in-service testing.

From the original article “Selective Earth Testing”, published in our  
Launch Edition in November 1996 showing the Norma GEO-X.

The latest AEMC Ground Flex Kit.

APT CELEBRATES 20 YEARS
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• Over 470 Channels Reporting to the Standards (1sec to 12hrs) 
• 32 Troubleshooting channels with single cycle detail
• 8 channels for auto-ranking waveform capture.  
• Over 1Ms/sec (24576 samples per cycle at 50Hz). 
• No need to set thresholds

Agent for Australia

Other models, kits and accessories 
in the range are available from 
Central Test

THE RANGER PM7000
A COMPREHENSIVE HIGH PERFORMANCE TOOL FOR ALL YOUR P.Q. MEASUREMENT NEEDS

The kit includes new guides that allow systems to be configured 
and connected more quickly and easily than before: it takes 
less than 15 minutes from unpacking the analyser to starting 

to log real data. It enables power engineers to set up their power 
quality analyser and begin recording 470 general parameters and up 
to 32 detailed channels of power quality data, including transient 
waveforms, in less time than was previously possible. 

VECTOR DIAGRAMS IN THE CHECKLIST 
Power analysers can be configured in several different ways, and 
getting the correct physical set up of leads and software can be 
difficult. The new Outram PM7000 Hook-Up Checklist and Guide 
to Factory Configurations help engineers set up the analyser in less 
time, whilst also helping to prevent configuration errors. Vector 
diagrams in the checklist explain how to interpret the readings 
from the analyser, whilst an LED “traffic light” system gives clear 
indication that the system has been set up correctly.

MAKING IDENTIFICATION OF THE PERIODS 
Outram power analysers have always offered some of the shortest 
set-up times due to their Single Cycle Adaptive StoreT technology, 
which eliminates the need to set trigger levels. 

This unique storage regime records down to a single cycle those 
disturbances that are most likely to show the cause of power quality 
issues, no matter how long the recording period. In addition, the 
powerful auto-ranking waveform capture feature automatically 
stores the waveforms of the greatest disturbances or abnormalities 
during a recording, and presents only the most severe, making 
identification of the periods when power quality problems have 
occurred fast and straightforward. 

SUMMARY
The Outram power analyser kits contain everything required, 
including fully-fused voltage leads and Rogowski coils accurate to 
1%, to record power quality data and detect disturbances that could 
indicate the cause of power quality problems. The systems also ship 
with a netbook or windows compatible mobile phone, which has 
been configured to communicate with the analyser “straight out 
of the bag”.

The Outram PM7000 power quality analyser is now supplied in 
these “ready-to-go” kits and can be ordered with a mobile phone 
or netbook that is factory configured for immediate communication 
with the analyser. 

POWER QUALITY MEASUREMENT 
IN UNDER 15 MINUTES

Outram Research - a specialist manufacturer of leading-edge power quality analysers – has 
launched its new PM7000 kit, to enable package to power quality measurement in just 15 minutes.

TEST & MEASUREMENT
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Reliable and competitively priced electricity is the foundation 
of modern society and the economy. Power systems must 
balance the total electricity generation with the total 

customer demand for electricity, otherwise the power system will 
collapse within seconds, resulting in blackouts and catastrophic 
consequences. Customers’ electricity needs vary continuously 
over time and are mostly inflexible because of the essential role 
of electricity. It is critical that the combined generating system can 
adjust the amount of electricity produced over time, which can vary 
by a factor of three.

FUNDAMENTALS OF POWER SYSTEM OPERATION
i Power systems have fundamental needs: load following, 

flexibility and dynamic response
ii Increasing intermittent renewable generation in a power 

system has a “pressure cooker” effect and can involve an 
unaffordably high level of integration costs

iii Every power system is different but, in most systems, the 
practical upper limit for renewables is around 40% of total 
electricity generated. This may be exceeded but it is likely to 
require a greater level of interconnection with adjoining power 
systems, more energy storage, increased recourse to demand-
side management and regulatory changes.

iv The scale-up of intermittent renewables not only diminishes 
the robustness of a particular power system but can also 
magnify the short and long-term risk of investing in non-
renewable generation assets and the power grid itself.

LOAD FOLLOWING AND DYNAMIC RESPONSE 
Power systems depend on there being sufficient generators to 
continuously adjust their electricity generation to follow the varying 
electricity needs over time; with the flexibility to ramp their output 
up and down. There is also an essential need for generators to 
be running at part load so they can dynamically and immediately 
respond to breakdowns of other generators, taking over within 
seconds. Intermittent renewable energy sources such as wind power 
and solar PV cannot perform these additional roles that are essential 
for a reliable, secure and low-cost electricity supply. Other types of 
generators are required. 

ACHIEVING SYSTEM RELIABILITY THROUGH ENERGY 
STORAGE 
These essential roles have traditionally been met through conventional 
generators storing energy in various stages of their generating process 
so they can respond instantaneously, or within seconds, minutes or 
hours. Energy stored in dams, coal stockpiles or gas pipelines can 
be accessed and fed into the power plants in minutes to hours’ 
time-frames, enabling generators to follow the hourly variations 
in total customer load. High-pressure steam stored in boilers, and 
high pressure water in penstocks, can be regulated in seconds by 
adjustment valves, enabling shorter term response. Rotating kinetic 
energy in heavy turbines and generators is immediately available and 
is automatically converted into electricity the instant the power system 
starts to slow down following a breakdown elsewhere, or, in the 
case of intermittent renewables, a reduction in the energy resource. 
Electrical and magnetic energy in generators is instantaneously 
released following a fault or voltage surge on the network, playing a 
critical role in power system stability, voltage control and high speed 
power system protection. It needs to be determined whether this was 
a key factor in the recent South Australian blackout following the loss 
of synchronism of the Heywood interconnector. Both wind-power and 
solar PV are technically incapable of storing, controlling and releasing 
energy in any of these ways, and simply convert the available wind 
or sunshine into electricity depending on the prevailing weather 
conditions. It is technically possible to interrupt customer electricity 
supplies or to release energy stored in batteries to partially meet some 
of these roles, however these options have limited utility compared 
with conventional methods.

COSTS OF INTERMITTENT RENEWABLE GENERATION 
Small quantities of intermittent renewables can be fed into 
conventional power systems, with the only cost being the additional 
life-cycle costs of the energy conversion process as the displacement of 
conventional power generation capacity is minimal and there are still 
sufficient conventional generators for the other roles. Once renewable 
penetrations exceed approximately 10%, the costs of renewables 
integration progressively increases. A ‘pressure cooker’ effect starts 
where the strain on the remaining system causes additional costs and 
requires curtailment of surplus renewable generation.

The main reasons for the increasing costs are:

Breakdowns of large generating units often occur unexpectedly and, to avoid the interruption 
of supply without notice, the sudden reduction in electricity generation must be immediately 
replaced by other generators. Power systems mostly operate extra generators at part load 
that can immediately respond to these unforeseen events without tripping interconnectors.

By Professor Simon Bartlett AM, University of Queensland

ENERGY POLICY INSTITUTE OF AUSTRALIA PUBLIC POLICY PAPER 6/2016

THE “PRESSURE COOKER” 
EFFECT OF INTERMITTENT 

RENEWABLE GENERATION IN 
POWER SYSTEMS

ENERGY FUTURES

Continued page 424
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A. lower utilisation of capital intensive conventional generators 
increases their average cost;

B. the more renewables, the more flexibility is needed to 
compensate for their intermittency;

C. as conventional generation is displaced, the cost of load 
following and dynamic response ancilliary services increase;

D. curtailment of surplus renewable generation is necessary at 
times of high wind and sunshine; and 

E. the increased reliance on interconnections, energy storage and 
distribution management.

Integration costs depend on the characteristics of the remaining 
generators, market design and the nature of the intermittent 
renewable energy resources. However costs increase rapidly and, 
at 30% to 40%, can exceed the levelised cost of the renewable 
resources themselves.

Despite suffering reduced revenues, which can threaten their 
viability, the remaining generators must remain available. 

CONCLUSIONS
In any power system, as the rate of penetration of intermittent 
renewables increases, the impact on the remaining generators increases 
rapidly. At times of high wind and/or solar generation, the renewables 
could supply nearly all of the total system demand (for penetrations 
as low as 25%), leaving no room for conventional generation unless 
renewable energy is spilled, exported to neighbouring power systems 
or stored. Yet, some level of conventional generation must be 
continuously operated for the other essential roles and its ability to 
turn down will depend on its flexibility. Renewable generation by its 
very nature can quickly disappear, placing huge ramping requirements 
on the remaining conventional generation, particularly at times of 
total customer peak load.  

The impacts on power system security and costs vary with the 
characteristics of the power system, the flexibility of remaining 
generation, the extent of interconnection, the availability of 
energy storage and the regulatory requirements governing the 
market. As a general guide, the maximum practical penetration of 
intermittent renewables is similar to the annual capacity factor of 
the renewable energy resource; for example, 35% for wind-power 
and 25% for solar PV. 

The practical limit for intermittent power generation in most power 
systems is around 40% of total electricity generated. Every system is 
different but, as a general rule, when intermittent power generation 
exceeds this level, system security requirements demand increased 
operational flexibility from the remaining conventional generation, 
causing additional costs for them. As well, the costs of back-up from 
additional interconnection with other systems, energy storage systems 
and demand-side management may be considered unaffordable.

Research and demonstration of energy storage systems needs 
therefore to be accelerated. As technology currently stands, 
electricity cannot be economically stored at scale except as potential 
energy by large hydro-electric pumped storage projects.

Finally, it might be noted that there can be a flow-on effect for 
investments in all long-lived energy assets within power systems. The 
scale-up of intermittent renewables not only diminishes the robustness 
of a particular power system but can magnify the short and long-term 
risk of investing in non-renewable generation assets and the power 
grid itself. This is because the total available revenue must be shared 
between all asset owners and because all asset owners, as well as 
consumers, will suffer if the power system collapses.

This article is republished with permission from EPIA - Energy 
Policy Institute of Australia www.energypolicyinstitute.com.au.
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Sub-transmission and distribution in particular have changed 
organically over decades in response to new population centres, 
and growth and decline of various industry sectors. The issues 

we’re facing include RoCoF, dominant harmonics and voltage stability 
as parameters of power quality. However, protection coordination is 
critically dependent on these parameters as well. 

AFFECTING POWER QUALITY SIGNIFICANTLY 
Until the late nineties, the swing equations governing turbine-
generators were the paradigm for RoCoF. Voltage stability was 
achieved by synchronous condensors, static var compensators and 
capacitor banks. Harmonics were mainly a problem at the distribution 
end as electronic loads continued to increase, in particular VSDs, 
electronic ballasts, HVAC and IT. Technical losses piled up as a result 
of lax power factor restrictions. Voltage harmonics at pcc were 
treated as a consumer problem due to their non-linear loads but 
things have changed: harmonics are being generated by rooftop 
solar and DG connected to MV and sub-transmission networks 
affecting power quality significantly.

SERIOUS STABILITY ISSUES
The problems associated with the rise in virtually zero inertia 
generation associated with wind and solar DG have not been 
addressed sufficiently. The power converters of these energy 
sources use phase-locked loops in order to remain in synchronism. 
No longer subject to the inherent stability of high inertia, they 
critically depend on the transfer functions governing feedback 
mechanisms and therein lie serious stability issues. Consider, for 
example, with the unavoidable differences in PLL response between 
various generators: power oscillation that can bring down part of 
a distribution system where a significant phase-to-phase or phase-
to-earth fault has developed, beyond the operational envelope of 
reclosers. Less drastic, but capable of causing severe power quality 
deterioration, are large load fluctuations.

RELATE DIRECTLY TO CONSUMER SATISFACTION
Since the early 2000’s in the USA, and throughout the EC there has 
been a build-up in real-time transmission network monitoring, chiefly 
PMUs. The use of this technology has proven itself as an effective 
power flow management tool. GPS-based multi-node synchro-
phasor observation in conjunction with GOOSE and other intelligent 
switchgear and protective relaying has proven invaluable for 
substation reliability as well as intelligent despatch control. The large 
phase angle differences in transmission lines and the high voltage 
levels make for very accurate observations and success in monitoring 
power flow is now being translated to sub-transmission, and MV 
and LV distribution. Here, as in transmission grids, power flow is 
important as radial networks are changing to more complicated 
topologies. However, power quality parameters including flicker, 
imbalance, and harmonics are perhaps even more essential as they 
relate directly to consumer satisfaction with the ‘product’.

OPENING OUR INDUSTRY TO PAPERS & DISCUSSION
With the likely pace of DG penetration in distribution networks 
quickening, the need for power quality monitoring adapted to big data 
is becoming an essential requirement. The near real-time profiling of 
networks, with appropriate critical parameter silos available to permit 
both network study and control, cannot be considered as a mere 
academic exercise. Transmission & Distribution (T&D) is an appropriate 
platform for papers and technical notes for the development over time 
of a comprehensive set of themes as mentioned here. T&D have always 
communicated directly to the engineering cohort, and obviously will 
continue to do so. However in addition to its focus on maintenance, 
power quality and instrumentation, they are opening their pages 
to papers and technical notes from the generation, transmission 
and distribution sectors. Their contributions on technological 
and operational developments being spawned as a result of the 
World’s thirst for renewables will be invaluable. Developments from 
companies and academia working on leading edge monitoring and 
control systems will be equally important for this discussion.

A REASSESSMENT OF THE POWER SECTOR
Historically transmission has been less affected by power quality but now with the steady increase 
of wind and solar, and the closing down of thermal baseload, the time for fresh design concepts 
has arrived for the overall generation, transmission and distribution systems. 

by Philip Kreveld
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In late October, National Geographic launched a free documentary, 
addressing the issue of climate change and once again bringing 
a conversation about sustainable futures into the forefront of 

public discussion. 
In just four days from launch, the film had accumulated over six 

and a half million views on YouTube. With internationally acclaimed 
movie star Leonardo DiCaprio as its spokesperson, the film is just the 
latest in a series of high profile conversations about climate change 
highlighting public interest in the need for action on sustainability. 

THE EVOLUTION OF THE UTILITIES
The traditional energy model has remained unaltered for over a 
century. Power flowed one-way, from generator to consumer. 
The Utilities industry enjoyed near-complete autonomy in their 
operations, with their role critical in driving economic growth.

But recently, the traditional energy model has become outdated.   
Our changing climate has driven renewable energy policy to 

the forefront. Energy efficiency has become a priority over energy 
infrastructure. The cost of renewable technologies, like solar, have 
fallen. Household and commercial decision-makers now have access 
to the world’s data at their fingertips, with the explosion in smart 
devices. The grid has become smarter, accommodating new sources 
of power. 

With the technology, insights and motive to generate, store and 
monetise their own energy, consumers have begun to morph into 
“prosumers” - both consuming and producing energy in order to 
meet needs. 

Today, the energy model as we know it has been inverted - 
replaced by the two-way transmission of energy. For the first time in 
history, utilities and consumers are now on an almost equal footing. 

WHAT IS DRIVING THE PROSUMER MOVEMENT?
Firstly, the increased availability and accessibility of energy 
intelligence through smarter data has enabled us to take charge of 
our energy consumption habits. 

Smart meters now help homeowners and businesses alike track 
their usage and identify cost saving opportunities. This is particularly 
important in electro-intensive industries such as steel making, where 
workers can now observe patterns in energy production use and 
highlight areas where efficiencies could be applied.

In corporate settings, intelligence on energy use can be shared 
with staff and used to encourage them to actively partake in cutting 
costly usage, another example of distributed intelligence.

SMART GRID PROGRAMS. 
A second trend has been the introduction of smart grid programs. 
Power utilities and grid operators in some regions have introduced 
smart grid programs to encourage commercial and industrial 
consumers to use energy management best practices, especially 

during peak times when there are risks of grid blackouts. Strong 
financial incentives for best-practice energy consumption now exist 
in a pre-set, predictable way and are making it easy for decision 
makers to encourage better energy management practices. 

A third factor driving change is falling prices for renewable 
technologies making the generation and storage of energy much 
more accessible. 

According to the Clean Energy Council, more than 15,000 
Australian businesses have adopted solar panels. And they’re seeing 
the benefits - not only on their ability to meet stricter emissions 
targets, but on their bottom line, with $64 million saved on energy 
bills last year alone, a welcome figure for important decision makers 
looking to financially justify change. 

This trend isn’t unique to business. Renewable integration is 
also a reality for homeowners, with around two million Australians 
making good use of the sunshine through the installation of rooftop 
solar panels. 

Smart phones, smart vehicles, smart homes and smart gauges 
have all helped drive the prosumer movement, with new technology 
allowing for increased measurement of energy drains across the board. 

The improvements in technology, the acquisition of knowledge 
and the distribution of actionable data have all come as a means to 
justify and enact positive, sustainable change in for businesses and 
consumers alike.

UTILITIES IN A NEW PARADIGM
Meeting the demands of a growing prosumer movement will not 
come without significant change for the Utilities. 

While we all want to do our bit to reduce energy consumption, 
the fact is that with a rising population, society’s appetite for 
energy is set to rise a further 41 per cent by 2035. With an ageing 
generation and transmission infrastructure, meeting this demand is 
going to become even harder. 

Environmental regulations are also forcing the industry to look to 
new strategies for managing the impact of energy generation and 
use on the environment and frequently, traditional energy generation 
solutions are no longer meeting the increasingly strict standards. 

New renewable energy is coming online, but is inherently 
intermittent. Uncertainty around its unpredictability is holding back 
its broad application, with instances like the recent South Australian 
black outs, being used as a platform to criticise renewable energy 
sources – despite them not being at fault in the grid’s failure. 

All these factors contribute to a utility environment which faces 
real challenges in balancing massive demand on a potentially volatile 
grid, is rapidly changing with fluctuating energy pricing a polarised 
energy debate which makes it difficult to action change.

Amidst all of this, one solution lies in data. 
Almost 90 per cent of all the data in the world has been generated 

over the past two years alone. People and machines are gaining 

SMARTER DATA: DRIVING 
THE FUTURE OF UTILITIES 

At the forefront of this movement however, are not the movie stars and political figures 
advocating for a sustainability agenda, but the consumers of energy, both corporate and 
private, who are starting to demand the power to take charge of their energy consumption. It 
is this movement that is underpinning the future direction of our utilities. 

by Simon Mouat, Vice President of Energy, Schneider Electric

ENERGY FUTURES
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easier access to more and more intelligence, and they expect 
solutions that connect to that intelligence and help them makes 
sense (and goof use) of this massive amount of data.

This data, which is driving the prosumer movement, is set to help 
the Utilities industry overcome some its biggest challenges. Here 
at Schneider Electric, we believe the next chapter in the energy 
evolution begins with learning how to leverage the exponential 
growth of data in a smart way. 

UTILISING DATA: EFFECTIVE DEMAND RESPONSE
Demand response occurs when a  grid operator identifies a customer 
who has consumed a large amount of energy and requests him or 
her to limit energy use for a period of time - often in exchange for  
an incentive, such as discounted prices. 

This process temporarily brings stability to the grid when demand 
is high, such as on a very hot or very cold day. By implementing 
these demand response programs, utilities are able to optimise the 
existing grid, rather than expand costly infrastructure. More recently, 
advancements in technology have enabled utilities to automate this 
process - making it a practical, viable option. 

Demand Response also gives consumers the opportunity  to adjust 
their power usage, in real time, in response to grid conditions or price 
signals to sell a controlled reduction in demand in the energy markets, 
especially during high price periods. Some consumers opt to turn on 
local generators and remove the need to limit energy use at all, or 
monetise their excess power, supporting the needs of the grid at the 
time. Incentives like this help improve customer retention.

TURNING THIS VISION INTO REALITY 
The revolution sweeping the walls of utility corporate boardrooms 
has begun. The centrally managed, fossil-fuel dominated 
approach of the past is being challenged by the rapid entrance 
of emerging technologies, driven in part by increased regulation 
and prolific acceptance of the need for increased sustainability 
reaching the mainstream.

While both utilities and prosumers stand to benefit from this new 
energy model, there are challenges to be addressed to enable a 
smooth transition.

The integration of renewables brings with it risks in terms of safety, 
reliability and efficiency. Supply can be intermittent - what happens 
if the wind doesn’t blow or the sun doesn’t shine? Renewable 
technologies can also be more exposed to wear and tear. Demand 
response programmes also present challenges. Utilities and businesses 
need to weigh up investment in new technologies, with long-term 
impact on costs, and varying energy supply needs to be closely 
monitored to ensure critical systems are not left without power. 

However, through the closer collaboration of utilities and 
consumers, supportive regulation, and the increasingly wide-
spread availability of smart technologies, these challenges are 
certainly surmountable. 

There is no doubt that the emergence of the energy prosumer 
heralds a significant shift in how energy will be generated, 
distributed, and consumed in the future. For those who embrace 
this change, there is much to gain. 
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Anthropogenic climate change (ACC) 
theory is having an immense effect 
on the power generation industry. 

Programmes introduced to combat climate 
change have huge financial and other 
implications for the industry, and are impacting 
the cost of electricity in many countries. In the 
face of this questions are being asked as to 
the validity and applicability of the theories. 
The Fossil Fuel Foundation recently held a 
workshop that looked at alternative views on 
the facts surrounding climate change and both 
its causes and effects. This article ventures into 
this uncharted territory.

The fundamental theory behind ACC is 
that the climate is changing in a dangerously 
abnormal manner and that this change is caused 
“largely” by the emission of carbon dioxide into 
the atmosphere from human sources.

The main player in this game is the United 
Nations International Panel on Climate Change 
(IPCC), which is supported in its efforts 
by numerous international environmental 
organisations and hundreds of smaller national 
and regional non-profit organisations (NPOs) 
of various types. It is important to note at 
this point that the mandate of the IPCC is to 
“assess on a comprehensive, objective, open 
and transparent basis the scientific, technical 
and socio-economic information relevant to 
understanding the scientific basis of risk of 
human-induced climate change”.

CAN CLIMATE BE HALTED OR REDUCED
The theory itself has not had as much impact 
as the corollary belief that the change in 
climate can be halted or reduced by reducing 
CO2 emissions, and the whole gamut of 
ACC response or mitigation programmes is 
focussed on achieving this aim. The ideal state, 
embodying carbon free, low carbon, carbon 
neutral, clean energy, green energy, etc., has 
become almost a modern holy grail. Outside of 
the scientific world, the theory has taken on the 
aspects of a religion or ideology, with a variety 
of extremist views and actions emerging. As an 

ideology the aims of a low carbon, carbon free 
society are now being pursued for their own 
sake rather than for any ensuing benefit or 
impact, and are becoming further and further 
divorced from any scientific basis.

It is easy to see why this scenario has gained 
acceptance, as it places humanity in control of 
the planet, with the power to influence nature 
on a large scale. It is thus easy to sell to society, 
and it appeals to the social tendency of 
working together to achieve a common goal 
as well as leading to the warm fuzzy feeling 
that we are doing something for the good 
of the planet. The approach carries a strong 
moral high ground message, and subtly 
appeals to the religious belief that if we repent 
of our “environmental sins” we will be saved 
from the consequence of them. It is can also 
easily be manipulated for political or financial 
gain which makes it easy for governments 
to implement environmental taxes and other 
measures claiming that any sacrifices made 
are worthwhile.

The ACC is also characterised by selective 
reporting, and selective use of facts, which 
gives a biased and incomplete picture of the 
situation. According to Prof. Phillip Lloyd, an 
ex-member of the IPCC, statements issued 
by study- or workgroups have been changed 
before publication to emphasise certain 
aspects of reports and to suppress others.

IS CLIMATE CHANGING?
There is no doubt that the climate is changing. 
In fact it has always been changing, perhaps 
more in the long term than in the observable 
short term, and to imagine that the current 
“benign”  climate of this planet will remain so 
is either foolishness or pure human vanity. The 
planet has well known variations in its orbit 
and rotation, the solar system changes in a 
variety of known and perhaps unknown ways, 
and the universe is alleged to be expanding. In 
addition, each of the estimated billions of stars 
out there is pouring out energy which reaches 
this planet in some form or the other, we 

are subject to changing gravitational forces, 
clouds of cosmic matter, and are subject to 
the unknown influence of dark matter and 
dark energy. How can we imagine that under 
those conditions the climate will remain static? 
Those who study the history of the planet have 
charted regular changes in climate over the 
past millennia, so if one wants incontrovertible 
proof of an unstable planet it is there.

So if there is climate change what is the 
problem? The question is whether this is 
“normal” climate change or “abnormal” and 
here we run into the first problem. What is 
normal climate change? Even here we run into 
problems as some climate change caused by 
natural sources in the past would be devastating 
for humanity. The test for normality should be 
based on comparing the current changes with 
recorded changes or proxy derived changes 
in the past. Even so, some natural changes in 
climate in the past if repeated, would have a 
devastating effect on humanity, so an attempt 
to establish what normal climate change is 
would probably be fruitless.

CONSTANT STREAM OF ALTERNATIVE 
THEORIES
The barrage of media reporting on climate 
change creates the impression that ACC is 
the only theory around, but it appears that 
contrary to the mantra that “the science 
is settled”, there is a constant stream of 
alternative theories and studies emerging, 
which claim that human actions are a very 
small factor in climate change, and that the 
climate changes are driven by other more 
powerful factors having planetary, solar and 
cosmic origins. These are not light-hearted 
commentaries but are backed up by hard facts 
and serious credible research. In spite of the 
fact that they do not find their way into the 
mainstream media or the scientific sector, one 
does not have to look far to find them. The 
internet is full of reports of such studies. There 
are reasons however, why these alternatives 
do not get the consideration they deserve.

ANTHROPOGENIC 
CLIMATE CHANGE

UNANSWERED (AND UNASKED) QUESTIONS
Anthropogenic climate change (ACC) theory is having an immense effect on the power generation 
industry. Programmes introduced to combat climate change have huge financial and other 
implications for the industry, and are impacting the cost of electricity in many countries. In the 
face of this questions are being asked as to the validity and applicability of the theories. The Fossil 
Fuel Foundation recently held a workshop that looked at alternative views on the facts surrounding 
climate change and both its causes and effects. This article ventures into this uncharted territory.

by Mike Rycroft, features editor,  EE Publishers South Africa
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The first reason is that most studies are 
the work of individuals or small groups of 
scientists, who don’t enjoy the prominence 
that the IPCC does.

The main reason for its lack of acceptance 
is again human nature, because most of these 
theories are “bad news” carrying the message 
that the causes of climate change are natural 
and therefore there is nothing that humanity 
can do to alter what is happening. Compared 
to ACC, these theories place mankind in the 
position of a powerless victim, subject to the 
vagaries of nature. Neither do they offer any 
opportunity for exploitation, for power or 
profit, which could be a strong reason why 
they are ignored.

IMPACTS OF CLIMATE CHANGE
Here there is a huge divergence of opinion, 
varying from apocalyptic (IPCC) to the 
suggestion that a changed or warmer climate 
will be beneficial, opening up areas currently 
unusable, and resulting in increased food 
production. Unfortunately, the worst scenarios 
are the ones which receive the most attention. 
We are faced with a barrage of claims of 
extreme events being due to climate change 
from extreme weather conditions to rising sea 
levels to earthquakes and tsunamis. Very few 
survive close investigation but are nonetheless 
used effectively by supporters of ACC theory. It 
appears that everything is speculative and we 
don’t really know what the impact will be.

NON-SCIENTIFIC DRIVERS
Unfortunately, the ACC movement is not 
only driven by science. There are two main 
drivers outside of the scientific sector, the old 
partnership of power on the one hand and 
profit on the other.

Let us look at profit first. Climate change is 
big business, both for the business world and 
the NPOs. The value of climate change business 
is conservatively estimated to be of the order of 
$1,6-trillion per annum. The value of carbon 
trading alone is estimated at $87-billion. The 
main concern that came from the failure of 
COP17 was from the financial sector, which 
decried the fact that the carbon market, which it 
no doubt expected to yield huge profits, had not 
developed according to plan. NPOs also benefit, 
providing employment to professional activists 
and associated staff, with environmental NPOs 
run like businesses, having CEOs and other 
executive staff in their organisations.

The other driver is power, which 
extends across the whole spectrum of 
organisations supporting ACC theory, from 
the IPCC, through national governments and 
international organisations to the smallest 
NPO. ACC provides a platform for the exercise 
of power without restraint, because none of 
these organisations will be held accountable 
for any adverse consequences of their actions.

Few people know that the UN and its 
organisations have immunity from prosecution, 
and that the IPCC can never be prosecuted for 

its actions, whatever the consequences of these 
actions are, and whatever the validity of the ACC 
theory turns out to be. This immunity promotes 
an atmosphere of unrestrained power.

Conspiracy theorists see the environmental 
movement as being taken over by political 
extremists, and while this might be an extreme 
view in itself, there is no doubt that the IPCC 
and the climate change movement presents a 
huge opportunity for exercising political power 
on a global scale. The adoption of policies 
which allow governments to regulate all sorts 
of aspects of the economy is a threat, more 
so because the perpetrators can take a moral 
high ground stance and claim it is being done 
for the good of mankind.

A final driver, of course, is the back-to-the-
wall position of the IPCC. Having adopted 
this theory and convinced many countries to 
spend huge amounts of money on climate 
change mitigation programmes, there is no 
way, even in the face of the most convincing 
evidence, that this organisation could ever 
change its tune. The most one could expect 
would be a moderation of its predictions, 
and even that is unlikely.

CUT DOWN ON FOSSIL FUELS?
There is a good reason to move away from 
fossil fuels (not carbon based fuel - which can 
be renewable), and this is simply that the supply 
of fossil fuels is limited and will eventually run 
out. It has been stated that the carbon in fossil 
fuels, especially coal, is too valuable to burn to 
provide energy. Carbon is a major component 
of just about everything that we use, from 
food to pharmaceuticals to clothing, so the 
idea of a “carbon free” economy is misplaced. 
It makes good sense to move to an alternative 
non-fossil fuel based source of energy, and 
conserve the source of carbon.

Carbon free sources, which are in vogue 
at the moment, include renewables such as 
wind, solar and nuclear energy. Unfortunately, 
renewable energy has become a new holy 
grail for the NPOs and targets such as 100% 
renewable energy are being pursued for 
their own sakes, without any thought given 
for the implications. “Renewable energy is 
the answer” has become the new mantra of 
various organisations.

The long term effects of large scale wind and 
solar farms is unknown, and unfortunately the 
negative effects of these technologies that are 
becoming apparent are being played down by 
their supporters. A well-known characteristic, 
namely variability, has been ignored in 
projections of the ability to achieve targets. 
Hydro power, another renewable source, has 
come under criticism from environmentalists 
for the impact that the associated dams have 
on the environment. Wind power is known to 
kill birds and bats, facts which are played down 
by supporters.

Although nuclear energy is a well-established 
technology and the long term impacts are well 
known, there is a strong fundamentalist anti-

nuclear sentiment, coming from the same 
source that supports ACC, which impacts on 
the potential of using nuclear as a “carbon 
free” energy source. The current argument 
being bandied about is that the capital cost of 
nuclear is unaffordable, which carefully ignores 
the fact that the capital cost of an equivalent 
energy generating renewable energy plant 
would be much more.

We should be looking at an alternative fuel 
source to fossil fuels, but in doing so, should not 
be driven by ideology, or popular sentiment, 
but by hard facts. Making the wrong choice 
could be devastating for both this and future 
generations. Energy poverty can soon drive the 
world back into a global subsistence economy.

ADAPTION SCENARIOS
Obsession with the belief that we can halt 
climate change has created the impression 
that no attempts at adaption are necessary, but 
adaption plans are being implemented quietly in 
the background by a number of organisations. 
Maybe in an attempt to hedge their bets, the US 
is implementing policies on “resilient networks” 
which are designed to withstand “increasing 
extreme weather events”. At the same time the 
World Energy Council has issued a document 
entitled “The road to resilience − managing and 
financing extreme weather risks”. All of these 
assume that there will be increased extreme 
weather risks independently of any climate 
change mitigation and are prudently proposing 
the adoption of resilient infrastructure to meet 
any threat.

Interestingly, the resilient network model is 
based largely on micro-grids using distributed 
generation sources, and relies heavily on 
renewable energy sources. The WEC document 
looks at the financing aspect as well as technical. 
If a small portion of the money currently being 
spent on mitigation measures was diverted to 
creating resilient networks, any future threat 
could be reduced significantly. The ACC 
mitigation programme has drawn attention 
away from the fact that, irrespective of what 
happens with greenhouse gas emissions, 
nature will still bombard us with earthquakes, 
volcanic eruptions, tsunamis, solar storms, 
cosmic radiation, meteor showers, tropical 
storms etc., all of which have the potential to 
disrupt our power supply networks.

WHERE SHOULD WE BE HEADING?
In the face of the fact that we really do not 
know whether the climate change which is 
being experienced is normal, or catastrophic, 
and that neither do we really understand 
the causes, the best path to take would be a 
mixture of mitigation and adaption. Hedging 
your bets in the face of uncertainty is always a 
good practice.

This article was published by EE Publishers 
http://www.ea.co.za South Africa in the  

Nov/Dec2015 issue of “Energize” magazine, 
and is replublished with permission.
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The Australian experience, in common with power distribution 
in many other countries including the USA, is that of organic 
growth in distribution networks with only partial monitoring 

and control capabilities being included along the way. With more 
and more DG being inserted in networks knowledge of network 
topology, monitoring of power quality and power flow as well as 
control is becoming critically important. Electrical networks were 
designed for voltage drops towards points of consumption whereas 
DG, injecting energy at various points in distribution networks 
can upset what was previously a ‘given’. Wind and photovoltaic 
(PV) energy sources interface to distribution networks via power 
converters with as consequence the creation of voltage harmonics, 
unbalance, and flicker. This is an obvious concern for utilities.

The maintenance of voltage stability and flicker as well as the 
changes in production can also be compromised by the integration 
of renewable energy because of its variable nature, see figure 1. 

Not only is production due to wind shifts and clouding but there are 
also changes occurring on the basis of very short time scales, often 
within a minute, challenging tap-changer control, refer figure 2.

It is evident that a much better understanding of the interaction of 
renewable energy sources and the distribution grid is necessary in order 
to contain the risks to power quality as mentioned above; and that 
network coherent data can provide an understanding to the operators.

The importance of gathering, on a continuous basis, multi-nodal 
network, time-synchronised data cannot be overstated in order 
to provide reliable power with good power quality. The latter is 
increasingly subject to stress due to power converters of solar photo-
voltaic (PV) generation and wind generators. Important parameters 
in addition to harmonics and predominant harmonics are line/phase 
voltages and their nodal phase angles. 

ENHANCE NETWORK STABILITY
A well-known example of network coherent data is the synchrophasor. 
Synchrophasors have been shown to enhance network stability and 
control in transmission systems by replacing state estimation with 
hard data. Phasor measurement units (PMU) are dedicated to record 
current and voltage phasors synchronously at supply frequency. 
Their deployment requires considerable investment in complex 
communication and management infrastructure in order to derive 
maximum benefit.

The synchrophasor measurement and data exchange system for 
transmission systems can also be used to advantage in distribution 
networks as has been shown in the USA where the concept of 
micro-synchrophasors is being used increasingly. The prefix ‘micro’ 
comes about because the phase angle differences in distribution 
line nodes can be as small as micro degrees. Practical experience 
obtained in South Africa by Professor Johan Rens and his team of 
researchers of Potchefstroom University with the CT Lab power 
quality analysers indicates the reliable measurement of phase angle 
differences as small as 0.0001°.

As voltage values become lower and distances between nodes 
decrease, the sensitivity aspect of the measuring apparatus 
becomes more and more important. A field study carried out by the 
Potchefstroom University team at the point of common coupling 
(pcc) 100 kms distant from a solar PV farm is shown in figure 3.

INCREASING PENETRATION 
OF DISTRIBUTED GENERATION

By Colin Kinsey, Power Systems Specialist, Power Parameters Pty Ltd

Figure 1

Figure 2 Figure 3

Non-despatchable energy is changing the operation of substations. Monitoring 
micro-synchrophasors is basic to gaining control of power flow stability and 
coordination of protection systems.

Continued page 504
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By means of micro-synchrophasor measurement utilising appropriate 
measurement apparatus, a new world opens up in terms of voltage 
stability and control in distribution network operation. By adding 
harmonic components to the coherent phasor data, power quality 
issues can be far better addressed. 

POWER FLOW MONITORING 
The importance of power flow monitoring for wind generators 
and large scale solar PV plant to achieve network stability cannot 
be overstated. The main thrust of this article is the need for 
comprehensive monitoring of distribution networks on GPS-based 
timing so that data obtained can be accurately related through its 
time-stamps with substation and transmission events. This is not to 
diminish the importance of substation supervisory control and data 
acquisition (SCADA) systems; rather it is an argument for having 
extensive multi-nodal monitoring with SCADA capabilities.

Synchrophasor monitoring units (PMU) in the control of transmission 
line-generator grids dates from the late eighties and have come 
into wider use in order to provide means of avoiding severe system 
interruptions due to instability such as those experienced in Florida, 
USA in 2003. The voltage at a particular node in a network can be 
described by the expression:

The synchronised observation of voltages on a transmission 
line at two points by means of their synchrophasors will provide 
information of power and reactive power flow including direction. 
If the respective synchrophasor angles are θ1 and θ2, the real and 

reactive power flowing from point 1 to point 2, P + jQ is given by 
the expression: 

The voltages are rms amplitudes, δ is the difference between θ1 and 
θ2 and R + jX the impedance between point 1 and point 2. For a 
stiff transmission line, X >> R so that P and Q are respectively are 
given by:

In Australia a limited number of PMUs are deployed in Wide Area 
Monitoring (WAM) shared between Ausgrid and Transgrid at 
substation level on 132 kV and 330 kV buses.

NETWORK STABILITY
Micro synchrophasor measurement is used mainly for data gathering in 
distribution networks rather than control as can be the case with PMUs. 
Micro synchrophasors provides valuable network stability 
information on:
• Dynamic power flow and VAR exchange during system events
• Fault induced delayed voltage recovery (FIDVR)
• Phase and frequency response of system events
• Detection of local and inter-area oscillations
• Natural frequency and damping factor of networks at specific 

points under specific conditions
• Interaction of generator/turbine flux control and networks

Micro synchrophasor measurement requires a smaller total vector 
error (TVE) than with PMUs as phase angle deltas are smaller so that 
noise plays a larger role because line distances are relatively short 
compared to that of transmission systems. Phase angle noise is more 
prominent due the presence of harmonics in significant amounts 
from many power semiconductor loads including solar PV inverters. 

At distribution levels other power quality and load profile 
information are also essential, including:
• Steady state energy flow (active and reactive power)
• Voltage and current unbalance (sequence components)
• Voltage and current harmonics, interharmonics and THD
• Voltage dips/swells
• Rapid voltage and current events
• Fast transients
• Under/over-frequency events

Higher frequency harmonic and interharmonic issues are highly 
localised by virtue of linearly increasing impedance with frequency. 
GPS synchronised data is therefore essential in distribution systems 
for it needs to be correlated with data from numerous other 
sources within the distribution and transmission systems. Data 
simultaneously recorded at different locations can be combined to 
derive insight into the impact of network incidents.

POWER GENERATED NEEDS
The inclusion of wind generators and large scale solar PV in 
distribution networks places emphasis on extensive monitoring. 
In both cases power generated needs to be synchronised to the 
distribution network. The distribution network in turn receives 
power from high inertia, traditional plant, however, the phase angle 
and voltage amplitude stability at the point of connection might 
be severely impacted by other nearby or distant distribution loads.

As the total power of solar and wind plants increase, the negative 
effects on turbine and inverter stability will be more prominent. 
With the current low percentage penetration this may appear as 
an unlikely scenario and stability issues will basically be confined 

A Vecto II Power Quality Analyser developed by CT LAB and a Mikrotik 
3-G router monitoring ±1us GPS synchronised micro synchrophasors, 
power quality and energy consumption data on a large switchboard 
installation in Johannesburg South Africa

Where υt and Vm are the instantaneous voltage and maximum
voltage respectively, ω is the network angular frequency and θ is the 
phase angle reference.

Continued from page 49
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to the distribution networks. However if one takes into account 
the mention politically of 50% penetration in alternate energy, 
even if that finally results in a more credible figure of say, 20%, the 
distribution network injections will be felt in the transmission grid. 
Under high DG penetration conditions synchronous generators 
would adjust their angular positions to account for the injection of 
the alternate energy sources causing relative angles between some 
to increase and other to decrease depending on the grid topology. 
The synchronising capability between the remaining synchronous 
machines is then a function of the rotor angles differences, the 
voltages at the terminals of the machines, the electrical impedance 
between the nodes of the machines, and their inertia. 

Concentrating on present conditions of wide dispersion 
of alternate energy resources, maintenance of power quality 
in distribution networks rather than the potential effects on 
synchronous generator stability is the main game. As already 
stated this requires extensive power quality monitoring capability. 
Slack networks are part of the Australian experience and this 
places particular emphasis on voltage and phase angle stability, 
particularly in situations where the capacity of the alternate energy 
source is a significant proportion of the short circuit value of its 
feeder at the power source location. By the same token large load 
variations in the vicinity of a DG plant feeder can cause short term 
islanding intervals as has been experienced in wind farms. Such 
events cause a serious deterioration in power quality for nearby 
branch circuits. 

Fault induced delayed voltage recovery events become 
transparent when extensive power quality monitoring is in place. 
However caused (HVAC, large motor plants, dairying plant, regional 

manufacturing) the detection of such events and interaction with 
islanding protection of large scale solar and wind farm generators 
is essential. SCADA recording at substation level can hide the 
effects of multiple islanding-reconnection events reinforcing the 
need for monitoring close to DG plant. 

SUMMARY
Extensive micro synchrophasor deployment combined with power 
quality and load profile recording facilitates network topology 
verification, topology switch status, and phase identification 
and balancing. GPS-based monitoring of DG as part of network 
monitoring reveals masking effects of loads requiring little input 
depending on diurnal cycles and wind conditions. Topology status 
can be derived from the state variables of real and reactive power 
flow via voltage and phase angle, given connectivity and impedance 
levels. Another feature of importance in improving network reliability 
can be provided by the detection of sectionaliser switch status and 
therefore the ability to transfer to adjacent feeders during fault 
conditions. Transformer utilisation can be monitored so that these 
are controlled to operate within their kVA capacity.

As to future developments, the likely advent of demand response 
(DR) via the deployment of advanced metering infrastructure as 
economic and political pressures on the cost of electrical energy make 
themselves felt, these will encourage the gradual adoption of some 
features of flexible AC transmission systems (FACTS) philosophy for 
distribution networks in order to maintain good voltage control. 
The role of highly time synchronised multifunction power quality 
analysers throughout distribution networks will become increasingly 
important in the control of VAR compensation.

THE TRANSFORMER  
PEOPLE

SMART ENGINEERING,
LIFETIME RELIABILITY
Our transformers are renowned for their reliability.  They 
are designed and manufactured fit for purpose, with smart 
engineering to meet our customers’ needs.  Our team of 
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quality by delivering solutions that go the distance. 
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The short line fault (SLF) is so-called because the fault location 
is a short distance down a transmission line from the circuit 
breaker as shown schematically in Figure 1. The fault current 

level is expressed as a percentage of the terminal fault current level, 
i.e. the circuit breaker rated short circuit breaking current, and 
designated as L90, L75 and L60. L75, for example, is thus 75% of 
the above circuit breaker rating.

At current interruption a transient recovery voltage (TRV) will appear 
on both sides of the circuit breaker. The source side TRV is determined 
by the system parameters and can be overdamped (aperiodic) or 
underdamped (oscillatory). The line side TRV is determined by the 
line parameters, which are distributed rather than lumped, and is 
travelling wave based rather than some form of oscillation (Figure 
2). The composite circuit breaker TRV is the difference between the 
source and line side TRVs with a starting point of the voltage drop 
on the line at current interruption. The source voltage recovers to 
the system voltage and the line side voltage goes to zero.

LINE SIDE TRV
Travelling waves follow the laws of electricity, Ohm and Kirchhoff laws 
and so on. The basic case for travelling waves on a transmission line 
is shown in Figure 3. The incident voltage wave Vi is accompanied by 
a current Ii which charges the line capacitance as the waves progress 
along the line. The surge impedance of the line Zi is given by Vi / Ii. The 
waves arrive at a discontinuity, a change in the line surge impedance, 
resulting in a reflected wave Vr travelling in the reverse direction to 
incident waves and a transmitted wave Vt travelling in the same 
direction as the incident wave Vi. The equations for Vr and Vt are:

 where Zt = Vt / It.

Two cases are of interest. In the first case, the line is open-circuited, 
Zt infinite, and Vr = Vi, i.e. total reflection with no change in polarity 
occurs. In the second case, the line is short-circuited, Zt = 0, and Vr = -Vi, 
i.e. a negative return wave is generated to cancel the incident wave.

For the short-line fault event, at current interruption the voltage at 
the circuit breaker equals the voltage drop on the line and the voltage 
profile on the line is triangular (Figure 4). The decay of the voltage can 
be represented by steady state waves each equal to half the voltage 
and travelling in opposite directions, also as shown in Figure 4. Figure 
5 shows the propagation of the two waves in steps of one-quarter of 
the travel time on the line with the blue wave essentially chasing the 
red until both have reversed polarity. The process then repeats itself 
until the voltage decays to zero.  The voltage at the circuit breaker is 
deduced from the profile on the line, i.e. voltage at the breaker end 
of the line (Figure.6). The voltage has a saw tooth wave shape and 
is shown in Figure 7. Note that this representation is illustrative and 
does not include damping of the waves, which is discussed below.

With reference to Figure 1, the peak value in kV of the voltage 
drop on the line using IEC terminology is given by [1,2]:

If damping is not considered, the peak value of the line side 
transient   will be twice this value. However, damping must be taken 
into account as represented by a so-called peak factor (equivalent 
amplitude factor) k = 1.6 giving:

at a time equal to twice the travel time on the line to the fault location. 

The rate of rise of the line side transient is given by:

The time to peak tL is:

and the distance to the fault l is

where c is the speed of light 300m/µs .

TESTING
Type testing is required for L90 and L75 and also at L60 if the 
minimum arcing at L75 exceeds that at L90 by a quarter cycle or 
more [2]. The test line surge impedance is specified at 450 ohm. 
The test is based on a single line to earth fault for a number of 
reasons [3]. The source side TRV values are therefore taken from the 
standard terminal fault values but divided by the pole factor.

SHORT LINE FAULTS

By David Peelo, DF Peelo & Associates Ltd, Canada

Figure 1   Schematic representation for short line fault

Figure 2   Source and load side TRVs

Figure 3   Travelling waves on transmission line

The short line fault (SLF) is so-called because the fault location is a short 
distance down a transmission line from the circuit breaker.
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The test requirements are calculated using the above equations.
For example, take the case of a 145 kV, 40 kA, 50 Hz rated circuit 

breaker and testing at L90.

and the corresponding distance to the fault l = 393m.
The effect of added capacitance Cadd, such as a CVT, in actual 

applications is sometimes a consideration. UL is not affected and the 
revised RRRVadd is given by [1, 3]:

where CL is the line capacitance derived from the surge impedance   
ZL and the line inductance L. The added capacitance needs to be 
within a certain distance to the circuit breaker to be effective.

REFERENCES
[1] D.F. Peelo, “Current Interruption Transients Calculation.”  

John Wiley & Sons Ltd., 2014.
[2] IEC 62271-100 High-voltage switchgear and controlgear –  

Part 100: Alternating-current circuit breakers.
[3] IEC 62271-306 High-voltage switchgear and controlgear –  

Part 306: Guide for IEC 62271-100, IEC 62271-1 and other  
IEC standards related to alternating current circuit breakers.

Figure 4    Voltage profile on line at current 
interruption and wave travel directions

Figure 5   Propagation of steady state waves on the line

Figure 6   Voltage profile on the line

Figure 7   Voltage at circuit breaker line side after current interruption
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Partial discharges, localised electrical discharges that only 
partially bridge the HV insulation, generate electromagnetic 
waves in a broadband frequency spectrum due to their 

short rise times and short durations. For a PD measurement only a 
fraction of the complete frequency spectrum is used by applying a 
band-pass filter system to the original signal. This can be done in 
accordance with the IEC 60270, which allows an assessment of the 
apparent charge level. This charge level can be used to estimate 
the risk potential of the internal erosion process of the PD pulses 
or to compare the results to similar measurements. In general low 
PD band-pass center frequencies in the range of some 100kHz 
are used for the measurement. Therefore the measuring result is 
influenced by external disturbances which are not originating from 
the test object due to low attenuation signal paths. With higher 
measuring frequencies in the range of some 100MHz a significant 
attenuation of external disturbances can be reached, as signal 
propagation is almost impossible for this combination of distance 
and selected frequency. In the contrary short-distant PD pulses will 
show spectral energy in this UHF range. The UHF-method therefore 
is much more resistant against external disturbances, allowing only 
nearby PD signals to be detected by the PD acquisition unit. As 
a major drawback the UHF-method cannot be calibrated. Results 
from different measurements are not comparable. 

With synchronous PD measuring systems it is possible to 
combine the benefits of both PD detection methods, IEC and 
UHF. With the UHF-method allowing a focusing on relevant PD 
pulses the synchronously recorded IEC PD results can deliver the 
respective charge information. Therefore it is indispensable to find 
a coherence of single PD pulses in both detection methods. With a 
fully digital synchronous PD analysis system it is possible to achieve 
this coherence in real-time during the PD measurement. Hence it 
is possible to generate classical phase-resolved PD patterns (PRPD 
patterns) from a calibrated PD detector by using only PD pulses that 
were also detected in the UHF range.

CASE STUDIES OF UHF/IEC PD MEASUREMENTS
The combination of synchronous IEC compliant PD measurement 
and UHF PD detection was field-tested on two HV set-ups in the 
laboratory and on-site, respectively.

XLPE TEST CABLE
This combination method was demonstrated in the laboratory on 
an HV set up with artificial PD sources, shown in figure 1. A short 
64-kV-class XLPE cable length was terminated with a PD free water 
test termination and an outdoor termination, respectively. One of the 
insulating spacers of the outdoor termination was designed as a UHF 
sensor, to be seen in figure 2. This sensor port was connected to a UHF 
PD detector measuring in synchronicity to the conventional PD system.

Additionally, a conventional PD measuring circuit with coupling 
capacitor, measuring impedance and PD measuring system was 
connected to the HV test set-up. This measuring path was calibrated 
to allow PD measurements according to the IEC 60270.

To generate PD activity the outdoor termination was prepared with 
artificial PD sources as well as other more distant parts of the set up.

Figure 3 shows the PRPD pattern, recorded by the PD acquisition 
channel connected to the coupling capacitor.
This PD pattern was generated by using the IEC method with a PD 
filter band pass setting of 300kHz center frequency with 300kHz 
filter bandwidth. It shows several different PD patterns, overlapping 
in the phase-resolved diagram.

Looking at the results of the UHF method, to be seen in figure 
4, only a few of the PD events recorded by the IEC method can be 
allocated to the outdoor termination.

BENEFITS OF SYNCHRONOUS UHF AND 
IEC-COMPLIANT PD MEASUREMENTS 
FOR EFFECTIVE NOISE SUPPRESSION
Partial Discharge (PD) measurement is a worldwide accepted tool for quality control 
of high voltage (HV) insulation systems. Outside screened laboratories PD signals 
are generally superposed by noise pulses, a fact that makes PD data analysis more 
difficult for both human experts and software expert systems. Therefore the handling of 
disturbances is one of the main tasks when measuring PD.

By A. Kraetge, M. Krüger, S. Hoek, K. Rethmeier, OMICRON, Austria

Figure 1    HV test set-up with test transformer, terminations, 
short cable length, coupling capacitor

Figure 2   UHF sensor at outdoor termination 
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By using this synchronous PD acquisition method, both PD patterns 
are based on the same set of PD data, gathered absolutely at the 
same time. Therefore every single PD pulse of the IEC PRPD pattern 
can be crosschecked with the UHF PRPD pattern to eliminate the non-
relevant pulses from the IEC PRPD pattern. A more simple way is to 
compare the phase position of the PD clusters in both PRPD patterns, 
as the occurrence of the PD pulses is not affected by the method of 
PD detection. Finally, the IEC PRPD pattern can be corrected with the 
information of the UHF PRPD pattern, as to be seen in figure 5.

It can be seen that the main PD activity from the outdoor 
termination only caused 4 significant pulse clusters in the IEC-
compliant visualisation. The charge magnitude of these discharges 
can therefore easily be measured as 300pC.

Figures 6 and 7 show a comparison of a further artificial PD fault, 
initiated at the outdoor termination of the cable test loop.

In this case both PRPD patterns show a similar pattern. The PD 
activity therefore can clearly be assigned to the outdoor termination 
and measured in pC.

ON-LINE TRANSFORMER MEASUREMENT
To evaluate the performance of the combined UHF/IEC method 
on-site field-measurements were taken on a 333MVA single-
phase auto-transformer (see figure 8) (380kV/220kV/30kV) during 
normal operation.

The transformer was taken out of service to install the PD 
equipment and for charge calibration. For PD decoupling the 
measuring tabs of all available bushings were used.

For this outdoor application the PD measuring system was 
protected by a water-proof case.

As one of the main benefits of the used PD systems the PD 
acquisition units could be placed very close to the HV bushings of 
the transformer. This minimised the required length of electrical 
connection cables which allowed PD signal acquisition with high 
bandwidths and minimised electromagnetic disturbances. 

Another UHF PD detector was added to the synchronous PD 
system. A UHF probe was inserted inside the transformer tank via 
an oil pipe and connected with a coaxial cable to this PD detector.

After using the build-in frequency sweep function a measuring 
frequency of 310MHz (1.5MHz bandwidth) was selected. The 
results of the synchronous PD measurement of the 245kV bushing 
are shown in the following figures.

As usual for on-line PD measurements the PRPD diagram shows 
a significant 3-phase corona cross-talk from the substation and the 
near overhead transmission lines, as to be seen in figure 11. No PD 
activity from the transformer could be detected as the measured 
disturbances were of more than 2nC.

Figure 9 shows the (not calibrated) PD activity measured by the 
UHF method.

Figure 3   PRPD pattern, fc=300kHz, bandwidth =300kHz Figure 6   PRPD pattern, fc=300kHz, bandwidth=300kHz

Figure 7   PRPD pattern, fc=440MHz, bandwidth 3MHz 
(note: pC-scaling of y-axis not valid)

Figure 4   PRPD pattern, fc=290MHz, bandwidth 3MHz 
(note: the labeling of the y-axis is not calibrated)

Figure 5    Corrected PRPD pattern, fc=300kHz,bandwidth 
=300kHz
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The recorded PD pattern showed no external interference, as the 
internal UHF-sensor was perfectly shielded against external influences. 
A typical PD pattern (discharges in oil) can be seen. As the UHF method 
cannot be calibrated, the displayed charge readings are not valid.

In order to obtain a valid PD charge information the PD results 
from the IEC-method had to be taken.

Therefore the external disturbances were successfully gated with 
the information of the UHF PD acquisition unit. Figure 10 shows the 
corrected PD pattern recorded at the transformer bushing tab.

As demonstrated the results of the UHF PD sensor can be used to 
eliminate all pulses from the classical electrical PD measurement in 
order to concentrate only on relevant pulses coming from inside 
the transformer. As a result, the charge of exactly these PD pulses 
can be found out.

CONCLUSIONS
The separation of multiple PD sources and noise is absolutely 
mandatory for a clear PD data analysis. While handling single 
PD faults, PRPD patterns and pulse-sequence analysis will work 
best in order to deliver reliable results. Synchronous multi-
channel PD measurements provide new and advanced options 
of PD evaluation, such as combining IEC-compliant results with 
UHF PD data. Therefore a powerful hardware is needed to allow 
synchronous PD acquisition in a time frame of a few nanoseconds 
and real-time data-handling. The presented digital PD measuring 
system is capable of performing this kind of measurements, as 
proven in many PD tests in the laboratory and especially under 
noisy on-site conditions. 

With UHF PD detection and synchronous IEC compliant PD 
measurements a valid charge information can be gathered out of 
noisy PD data. Noise pulses or PD pulses from far HV apparatus 
can be neglected to ensure a concentration on relevant PD pulses 
coming from the test sample only.

Figure 8   PRPD pattern, electrical PD measurement, 
centre frequency: 1MHz, bandwidth: 1.5MHz, all PD data

Figure 10   Gated PRPD pattern, 245kV bushing, electrical PD 
measurement, centre frequency: 1MHz, bandwidth: 1.5MHz

Figure 9   UHF PD measurement, internal UHF probe, 
centre frequency: 310MHz, bandwidth: 1.5MHz
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CAST RESIN TECHNOLOGY
PUR cast resins are an indispensable part of long-term reliable protection of cable connections. 
This casting compound impresses with outstanding mechanical characteristics such as strength 
and hardness. Cast resin joints must offer an overall long-term protection in terms of insulation 
values and resistance for all kind of cable accessories and cross sections. 

Resins must withhold several types of requirements 
when used for power, signal and control cable applications. 
Cellpack manufactures several types of cast resins which have 

various properties and application possibilities. Most of the resins  
are delivered with two components in a two chamber mixing bag 
which permits, after mixing, an easy pouring of the liquid. The mould 
and the poured resin then form a complete self supporting system 
which protects and insulates the connection against humidity and 
external factors.

TWO CHAMBER MIXING BAG
The scope of delivery for all cast resin straight-through and branch 
joints, or universal connection and branch boxes, of Cellpack include 
a cast resin tailored to the pre-selected field of application. The cast 
resins are further available individually in two-chamber bags with 
separation bars or particularly user-friendly cartridges, if requested. 

The mixing of the cast resin component and the hardener is effected 
directly before the filling into the moulds which are designed with at 
least one filling opening.

QUALITY AND SERVICE
Cellpack has gained worldwide recognition for the highest material 
and product quality with standards being continuously controlled 
in high-performance laboratories and testing facilities in Germany. 
This high benchmark also applies to the availability and delivery 
service of the products. The quality standard “Swiss Quality - Made 
in Germany“ is the commitment of the manufacturer.

For more information on Cellpack and the Mobile Training & 
Education Centre which is available to support any company event 
where you are wanting to educate or demonstrate product options 

and to support your end users - visit www.cellpack.co.nz
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SAFE CABLE CONNECTIONS 
WORLDWIDE WITH CELLPACK

Power utilities, electrical wholesalers, specialist electrical 
trades and the industry - they all share one thing in common: 
requiring a high operational safety for the power supply 

services in the distribution network as their first priority. The system 
solutions and products developed by Cellpack for complex, high-
tech applications have significantly contributed to this. 

ENVIRONMENTAL & TECHNICAL SPECIFICATIONS
Voltage, impedance, power: in the face of unchangeable physical 
realities, the designs of electrical networks around the world are as 
varied as the imagination allows. Climatic environmental conditions 
and technical specifications are critical factors - but government 
restrictions such as Health and Safety at Work are also mandatory 
requirements for the development of electrical products.

RELIABLE FUNCTIONING
With the customer-oriented understanding of technologies and 
the distinctive culture of innovation, Cellpack committed itself 
to concentrate, not only on the demands of the customers for 
technically innovative and thoroughly tested products, but also to 
ensure the safe and reliable functioning of the system solutions.

SUMMARY
Established at the end of 2014, Cellpack had been active for over 5 
years in Australia and since May 2015 in New Zealand, with a number 
of distributors in Australia focusing on various market segments in both 
Low and Medium Voltage applications whilst in New Zealand Electropar 
will assist to offer solutions and guarantee product availability.

For more than fifty years, and right up to the present day, Cellpack has produced only one 
thing: cable connecting systems and accessories for low and medium voltage up to 42 kV. This 
has given us a unique know-how, covering the entire range - from preparation of raw materials, 
specifications of the cast resins and gels, creating the formulas for the plastics, to mounting and 
packaging of our cable accessories.
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At some point in time every interconnected electrical network, 
as a result of a clearing a line fault, may result in a thermal 
overload of the associated interconnected lines. The issue 

that the Network Operator is required to resolve is “How long do I 
have to rearrange or offload the network before either line clearance 
infringements occur or a thermal overload will result in permanent 
conductor damage due to annealing ?” In most cases this type of 
contingency is well known and planned for well in advance.

For the same reasons of clearance infringement and annealing, 
transmission line designers are also interested in the short circuit 
rating of conductors particularly for overhead earthwires.
There are two possible transient thermal states for a conductor,
i quasi steady state where a step change in current flow results 

in a short term temperature change and the heat stored in the 
conductor equals the heat gain less the heat loss. This rating is 
normally used by operators for emergency purposes; and

ii transient state or short circuit rating assuming no cooling 
or more commonly known as the adiabatic state where the 
heat stored equals the heat gain. This rating is used by line 
designers, planners and protection engineers to determine the 
maximum allowable conductor annealing.

Because of the time constants of the thermal transients, other 
than an assumed initial condition, meteorological parameters do 
not have a significant influence on the quasi steady state and the 
transient thermal state of a conductor.

QUASI STEADY STATE CONDUCTOR THERMAL 
CHARACTERISTICS
The quasi thermal state condition or time dependent temperature 
rise for a homogenous conductor assuming constant forced 
convection & radiative heat loss then the first order heat gain 
equation as a function of current is,

where m is the mass per unit length; c is the specific heat capacity 
of the conductor; I is the current; Rac is the ac resistance; Ps is the 
solar heat gain and, 

θ = Tav – Ta  = average conductor temperature rise
θ1 = Tav1 – Ta  = initial average conductor temperature  

  rise at time t1

θm = Tavm – Ta  = asymptotic average conductor  
  temperature rise

The heat gain equation and associated characteristics after a step 
change in current is illustrated in figure 1.

Two conditions are of interest, firstly the short time overload and 
secondly the short circuit temperature rise.

Short time conductor temperature rise for various levels of 
overload current and comparing Triton 400mm2 AAC with Mercury 
110mm2 AAC assuming an initial day time summer conductor 
temperature of 85°C are shown in figures 2 and 3.

OVERHEAD LINE CONDUCTORS
CONDUCTOR QAUSI STEADY STATE & TRANSIENT CURRENT RATINGS

PART 8

By Gary Brennan, Endeavour Energy, Australia

This is the eighth of a series of articles about overhead line conductors which have been 
presented in recent issues of Transmission & Distribution.  The previous subjects have been on 
general power line design & conductors; permanent conductor elongation; general change 
of state equations; conductor parameters; conductor fatigue, conductor annealing and steady 
state current ratings. This article will discuss quasi steady state and transient current ratings. Future 
articles will cover conductor corona; corrosion and finally conductor types & selection. 

Figure 1   Conductor heat gain equation nomenclature

Figure 2   Short time heat gain for Triton 400mm2 AAC

OVERHEAD LINES
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Figure 2 illustrates an example of Triton conductor initially operating 
at 85°C subjected to a 20 minute, 40% overload of 1,294 A and the 
conductor temperature will reach 419°C. 

Comparing figures 2 and 3, Triton cross sectional area is about 
4 greater than Mercury thus the Mercury temperature rise is 
significantly greater as the current density is almost twice that of 
Triton for the same percentage current rating increase. Hence, for 
an overload condition of say 40% for 10 minutes with an initial 
conductor temperature of 85°C, the temperature rise for Triton and 
Mercury will be about 156°C and 615°C respectively. This illustrates 
a simple example that larger homogenous conductors have a 
greater short time overload capacity without excessive increases 
in temperature rise compared to smaller conductors. The example 
also illustrates that the Mercury would have sustained permanent 
conductor annealing and was operating at very close to the melting 
point of aluminium of 660°C.

A dominate feature of both these examples is the initial conductor 
temperature of 85°C. 

TRANSIENT STATE CONDUCTOR THERMAL CHARACTERISTICS
Conductor transient state thermal characteristics are similar to the 
quasi steady state thermal characteristics. Conductor temperature 
rise for various levels of short circuit currents comparing Triton and 
Mercury assuming an initial conductor temperature of 40°C are 
shown in figures 4 and 5.

The short circuit temperatures re-emphasises the differing current 
densities and associated joule heating of Triton and Mercury. For 
example a short circuit current of 25 kA for 10 cycles results in a 
final conductor temperature for Triton and Mercury of 51°C and 
217°C respectively.

After conductor temperature and immersion durations are 
determined, the annealing cumulative damage1 may be applied. 

I would also like to take the opportunity to remind the reader about 
the application of conductor operating temperature design criteria1.

The recommended maximum conductor temperature for 
aluminium is about 200°C which is about ¹⁄3 the melting temperature 
of aluminium of 660°C. In the case of figure 5 for Mercury, this 
illustrates that there is a high risk of conductor annealing and  
“fusing” as a result of a 20 kA fault for 40 cycles which results in a 
final calculated temperature of 775°C. 

SHORT CIRCUIT CONDUCTOR THERMAL RATING
The short circuit or transient thermal state condition for a 
homogenous conductor, assuming 
i uniform current distribution within the conductor and the wires;
ii the resistance temperature characteristic of the conductor is 

linear; and
iii the specific heat of the conductor is constant and the heating 

is adiabatic; that is due to the transient nature of the current 
flow the heat gains and losses at the surface of the conductor 
are ignored, 

then the first order current withstand equation as a function of final 
temperature rise is,

where A is the cross sectional area; λ is the thermal conductivity 
of the conductor; c is the specific heat capacity of the conductor; 
ρ is the conductor resistivity; ά is the temperature coefficient of 
resistance; t is the time; T1 is the initial temperature and T2 is the 
final temperature and I is the current. 

Short circuit current ratings are particularly important for 
determining overhead earthwire sizes. To illustrate typical overhead 
earthwire (OHEW) current time ratings, typical OHEW will be chosen 
rather than the previous Triton and Mercury AAC examples. Short 
circuit conductor time no damage characteristics for various typical 
OHEW are shown in figure 6 on the next page.

The selection of an OHEW is based on meeting the short circuit 
current and protection operating time. Take for example a 132kV 
transmission line terminating at a substation with a designed fault 
level of 20 kA and a design based on primary protection failure with 
local back up protection operation of 20 cycles. From figure 5 and 
assuming the no damage temperature rise for AAAC/6201 and 
OPGW is 210 and 200°C respectively then 140mm2 OPGW and Pearl 
AAAC meet the design criteria. The Cherry ACSR/GZ and the 7/3.25 
SC/GZ would exceed acceptable maximum design temperatures and 
some annealing damage would result.

Figure 3   Short time heat gain for Mercury 110mm2 AAC

Figure 4   Short circuit heat gain for Triton AAC

Figure 5   Short circuit heat gain for Mercury AAC

1 Transmission & Distribution Article, August/September 2016 
Overhead Line Conductors Pt 6 – Annealing; G. Brennan

Continued page 644
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INITIAL CONDITIONS
The initial conditions is the subject of organisational policy and 
depends on how the network and more particular how power lines 
will be operated. The initial conditions chosen for this article are,

OPERATING CONDITION INITIAL CONDITION

short term overload
conductor operating at maximum 
temperature, 1 m.s-1 forced convection 
and 1000 w.m2 direct heat gain

short circuit overload 40°C conductor temperature

short circuit rating 40°C conductor temperature 

CAUTIONARY NOTE
In general the work carried out by Dr Vic Morgan from the CISRO 
would suggest that the calculated values of final conductor 
temperatures are somewhat lower than that determined by the 
calculation methods described.  This is in part due to the assumptions 
associated with thermal rating equations.

SUMMARY
Conductor quasi and transient thermal ratings are an application 
of a number temperature rise equations. These ratings do not rely 
on knowledge of prevailing meteorological conditions but rather 
assume some initial conditions. The initial conditions require an 
organisation policy based on an understanding of how the network 
and more particular how power lines will be operated. This article 
has provided a basic understanding of some of these matters.

This concludes this article and the next article to be published in 
this series on conductors will be on conductor corona.
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Figure 6   Short circuit current ratings for typical OHEW’s

2 TB 207 covers thermal behaviour of conductors with current density 
less than 1.5 A.mm-2.
3 TB 601 covers thermal behaviour of conductors with current density 
greater than 1.5 A.mm-2.

OVERHEAD LINES

Continued from page 63



28TH MINING ELECTRICAL SAFETY

CONFERENCE
DATE  2017 To be advised

VENUE To be advised
  

For further information
please visit the conference website
www.mesaqld.com.au

or contact the MESA Secretary - Lionel Smith on 07 3330 4250

There has never been a better time to come and be part of a safety conference aimed at 
providing industry led presentations.

The conference program at the 28th MESC will feature technical presentations, innovation 
presentations and case studies giving you first hand knowledge of what is happening in the 
electrical sector of the Australian mining industry.

Industry led presentations on earthing, arc flash management, variable speed drive 
information, lightning controls, wireless systems are some of the topics to be presented as 
well as updates on Australian Standards.

This is a safety conference aimed at providing invaluable information from the industry for 
the industry.

There will be the large exhibitor display showcasing the latest products and services available.

For more detail on the conference program please visit the conference website - mesaqld.com.au

Register to attend the conference that is aimed at all those who are responsible for the 
management and safety of electrical equipment and systems within the mining industry.

REGISTRATION IS OPENING SOON!



For more information contact IDC Technologies:
1300 138 522  •  conferences@idc-online.com  •  www.idc-online.com

Technology Training  
that Works

Proudly presented by

The new revision to high voltage Standard AS 2067 has now been published and 
most sections have changed. This conference will focus on those related  
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