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Front cover story

Cable you can trust

Information from Aberdare Cables

Aberdare Cables, a member of the Powertech Group, is a leading African

of cables with five

sites, in three provinces of South Africa, and offshore operations in Mozambique, Portugal and Spain.

The company's customer base includes power
supply authorities, railway and transport
organisations, municipalifies, and companies
in indusiies such as pefrochemical, mining,
wholesale, industrial, construction and
domestic building. The company manufactures
and sells a wide range of state of the ort
products with customer specific adaplation,
design capabilifies and full technical back-up
service. Aberdare Cables prides its self on its
ability to identify and safisfy customer needs
through development of innovative products;
unique, cost effeciive cable solufions for @ wide
range of industries.

Aberdare Cables pursues ongoing fechnology
development programmes, and through
aclive assaciafion with fs local and overseas
dffiates, continues to remain of the forefront
of technology. The company has been
recognised infernafionally as  pioneer in cable
odvancements. Aberdare serves on a number
of SABS and Intemnational Electro Technical
Commission (IEC) cable working groups

Aberdare Cobles s a fore runnerin the industry
with regard to quality. The manufacturing,
quality assurance, testing and research
resources of Aberdare ore of o world-closs

stondard. I fact, the company was one of the
first companies in South Africa to be awarded
the South African Bureau of Standards (SABS)
Quality Assurance Certification, and has
been ISO 9001 compliant for many years.
Aberdare Cables is UL listed and has Basec
QA accreditation.

Aberdare has embraced the empowerment
concept. Today, 30% of the company is owned
by kingwe Consortium and the company has
assisted inthe development of a number of black
enterprises, such s Drumco, the company that
mokes Aberdare Cable Drums. At Aberdare,
education, training and development are
crucial tools o build empowered and dedicated
employees. In his regord the company actively
promotes and follows o number of education
programmes, including adult education,
apprentices, frainees, leamerships and formal
education assistance.

Aberdare Cables has always been an active
supporter and pillar of strength for the
communities in which it operates. The company
is championing a number of social investment
initiofives across our country. The biggest of
these investments has been the continuous.
sponsorship of Sinithembo home for street

children in Port Elizabeth. An on-going supply
of equipment necessary fo creates o sense
of self sufficiency and pride o the Abercare
Centre for mentally and physically disabled
people in Pietermaritzburg. An investment of
R1-million in computer workstations for a new
computer laborafory at the Nelson Mandela
Metropolitan University allows students from
disadvontaged bockgrounds access 1o vital
computer amenities. Half o million Rand
investment is building an administration
block at the Chorles Duna School in New
Brighton. A confinuous provision of equipment
and materials enables Sunfield Homes, in
Johannesburg, to assemble Moon Lights and
cable end caps, which the home sells

Asa proudly South African company, Aberdare
porlicipated actively in the development of the
ICT chorter and the draft DTI BBBEE codes
Aberdare will confinve to adopt a proaciive
opproach o effect the fransformation that the
codes specify and o lead the cable industry
in this regard.

Contact Lisa Botes, Aberdare Cables,

Tel 011 465-4413

lbotes@aberdare.coza &
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60th AMEU Convention

Welcome by outgoing AMEU president

Vally Padayachee, City Power, outgoing AMEU president

Its gives me great pleasure on behalf of the AMEU to formally welcome you fo this 60th AMEU Convention. The
AMEU os an organisation is also over 90 years old and therefore steeped in history. Its also obvious | guess that
an organisation with such a long history has been through various and different eras and challenges. What is also
obvious is that the AMEU has survived challenges long before the apartheid era, survived challenges during the
oportheid era and now it is facing huge challenges in the post apariheid democrafic era since 1994. If you examine
the mandate or the role of the AMEU very closely, | am sure you will agree tht the AMEU, through ifs various activities,
interventions, efc., has played a significant role in ifs long history in assisting the relevant stakeholders in keeping
the lights burning. The challenge of keeping the lights burning, which became very clear last week when we hod
load shedding, is now becoming onerous. To address this particular challenge within the context of adequacy and
security of power supply in the country is, | believe, going fo be the biggest fest for the AMEU as an organization -
depending on the sirategic path we choose fo embark on going forward if could ensure whether we survive as an
organisation. It is therefore within this context that we've attemped o put together as an AMEU a programme for
this convention that will hopefully provide more information, give some strategic direction and elicit open, fair and
healthy debate amongst all of you for the next three days. We've also in choosing the papers tried fo cater s far as
possible for all delegates. We've also been fortunate in the last fwo years to have had the luxury to turn away papers

because we were over subscribed

This convention is also an opportunity for all of you to network, share business cards, etc. However, it must not be all work
and no play - I'd like all of you to have fun. Yesterday most of you did take partin the various sporfing acivifies. Durban
is a beautiful coastal city and like all coastal cifies throughout the world it does bring added advantages. As the AMEU,
we've also ensured that the spouses and partners of our delegates are also kept “enjoyably busy”

Sandile Maphamulo, the incoming AMEU president, and | have a bet — he has indicafed to me that eThekwini wants fo

beat Johannesburg’s very successful convention that was held last year ot Gallagher Estate.

Lets see how this goes! A

AMEU 2007
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Inaugural speech by incoming
AMEU president

| would like to thank my council, eThekwini
Municipaliy for the support they have given me
from the fime | wos elected deputy president elect
1l now. I is important o note that eThekwini
Councilis the major sponsor of ths whole event.
Their sponsorship was not only limifed fo vofing
a sizeable budget for his event, but also came
in the form of unqualified suppor for everything
hat approached them with. | thank my mayor,
Ubaba uXimba, for having the confidence he
has in me, by leffing me loose knowing that |
would never easiy leave his organisation, this
is what | know exposed me widely, and in the
process, colleagues in he indusiry began fo
grow confidence in me leading fo my cooption
in the EMEU executive siructures. | would like
o thank our city manager, Dr. Suticlife, for
his visionary leadership of this beaufiful city,
Krish Kumar for the financial support, my boss
Derek for understanding each fime | have fo
attend ol the engagemens for the AMEU, my
ex boss, Howard (there | did i), never called
him Howard before, always “Mr. Whitehead". |
‘am sure without his careful guidance | may not
have been standing here, and more importantly,
this convention would be hosted somewhere
else. In his absence, | thank him. | thank the
execufive of eThekwini Electricity and stoff for
their support and keeping the ship afloat all
the time. My sincere thanks go fo Rosemary for
single handedly amanging this AMEU convention
from scratch with guidance from the AMEU

Sandile Maphumulo, eThekwini Electricity
incoming AMEU presiden.

very complemeniary in nature. They compefe
for scarce resources, most nolable being skilled
resources. They are complemenary in hat each
aims at infrostructure improvement, especially
the latter three.

As if this was not enough, the NERSA audit of
the distibufion network painted @ gloom and
doom picture. As Greg Tosen arficulated in his
chairman’s report at the IERE/PIESA conference.
some fhree weeks ago, “the power oulages
throughout the country brought into sharp focus
the vulnerabiliy of our power systems, and put
pressure on skilled people fo

Secretoriate, ordeur
How can | forget the Affliates. They are an
infegral part of tis association. Without them,
we would be one legged. s for fhis reason thaf
1wl urge us all fo visit their exhibiion stands
at every opportunity you get. | thank them for
their confinved parficipation and sponsorship of
hese conventions

Al this would have fallen on the desert soil if
1 did not have unqualified support from my
beautful wife, Mrs. Maphumulo. Her support
gives me the courage of the lion and the
stamina of @ camel fo pull through, even in
diffcult fimes.

You can realise that this presidency is actually
not mine, but for the host of peaple that have
contributed to me having this chain around my
neck.

it gives me great pleasure, and af he same
time, humily o stand here before you at his
Convention, ready fo fackle the challenges of
leading this association, which has survived
for more than 90 years.

One may wonder why the theme, “Phezu
Komkhono" (Get on and do ). The country
is inundated with many flagship projects. The
Gautrain, the EDI restructuring, 2010 FIFA
World Cup hosting, universal access by 2012
(coinciding with the ruling party’s centenary
celebration), and building of new generation
capacity justo name a few. These projects have
an unusual relafionship. They are competing, yet

implemen and operate new investments fo meel
the high demand for electricity”. Jus last week,
we all witnessed wide ranging controlled power
outages fo fy and bolance supply and demand.
As a result of this load shedding managemen,
me and my electricity staff have been dubbed
idiots, and o for me and Vijay, brainless, by
one of the so called businessmen, M. Rorke.
As professionals, we must just be resilient and
do what we do best, and ignore hose that
iy o derail us from doing what is best for the

country.
All these challenges call for us fo do business
differently. We must address these challenges
as a united front. Why should we compete
with each other when we can cooperate?
There is no use of us fighting over the scarce
skills available in the industry. We need to find
creative ways of resource ufilisation. What
stops me, in Durban, from requesting Eskom
fo assist me in areas where | lack skills, and
then steal the same skills from them? Their
only alternative will be o steal back from me,
and in the process increase our cost of doing
business. We have to work together in the
building of these skils. We must opfimise our
training resources, both from goverment and
the private sector. We are all in this fogether.
The example of the cooperation in the building
of the skils bose is the envisaged cooperation
between Eskom and the AMEU fo frain moster

electricians. Noude van Rensberg will be
presenting a paper covering this as well
The other issue thot needs addressing is AMEU
involvement within the ESI. Overthe years AMEU
has ployed a crucial port facilitating information
exchange among the industry players, and
By with guidance for under resourced
bers. We have contributed in various waysin
res"udunng issues. We pride ourselves on being
proactive in mafters of nafional importance.
Together vith Eskom, we have formed a 201 0ESI
Forum bringing togetherall role players ensuring
that preparation for the hosting of the Soccer
World Cup is on track for all host cifes, and for
cifies hoping fo provide bose camp faciifes.
The comifiee has been insirumental i licising
with both DME and National Treasury for 2010
infrastructure reloted funding, ond f the same
fime researching FIFA fechnical requirements for
electricity supplies, both within and outside the
maich venves. Clinton and Peter will el us more
on that in their oint paper
Of particular importance is the relationship
between the AMEU and SALGA, While of lote
we have had some associations springing
up claiming to be SALGA technical advisers,
the AMEU has a lof fo show and fo prove
that it holds this position. | love compefition,
and | love challenges. Af the end of the day
it is what we do and how we manage our
relationship with SALGA tht wil separate us
from the rest. We freasure our relationship
with SALGA. Our consfifufion endorses his, as
the membership of the AMEU comprises the
municipalities represented by both the heads
of electricity and councillor members. | can
assure all councillors present that the AMEU
will endeavour fo serve their inferests, and |
request councillors fo work with us as well. We
are different sides of the same coin. Whether
we like it or not, we cannof be separated.
Councils are our bosses
Asforthe DME, | would also like fo forge close
relationships with the Department. There are
many areas of cooperation that we can have,
including fraining for increased ES!skils in the
country. We can provide practical fraining for
interns that DME may want to.engage. On his,
we hove already started discussions with Martin
and will extend them to Oripie o well
Lodies and genflemen, before | stand between
you and the rest of e proceedings, | have fo
stop here. Angingegeqe amagula sengathi
kuyemukwa
Clle. Visvin Reddy, thank you for your opening
prayer. Cllr. Logie Naidoo (depuly mayor of
eThekwini Municipalit), thank you for your
kindness and moking yourself available fo
open this convention and for welcoming us
in your werm city (the city thot never sleeps).
Kevin Nassiep, thank your for an electrfying
keynote address.
To all the delegotes, we have been given the
green light for his convention and le it begin

AMEU 2007
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Report of the AMEU general secretary
for the period 2005 - 2007

by Jean Venter, Van der Walt & Co., AMEU general secrefary

The AMEU, now in its 92nd year of existence,
continues fo play a sirategic role in the
electricily distrbution industryin particular and
in the energy sector in generol

During the period under review, the AMEU
executive council met on four occasions,
while the eight council commitiees met on six
occasions each

| can report that member attendance af
executive council meefings and committee
meefings is exceptionally good. The open
committee policy that the council has now
pursued for some years, hos resulted in
various siakeholder organisations such as DI
Holdings, Eskom and NERSA being regular
participants in many of the AMEU committee.
meetings. This level of outreach and open
porticipation hos created strong bonds for
the AMEU with these stakeholders.

The council strengthened the capacity of
the association around two years ago by
appointing Peter Fowles, a past president and
honorary member of the AMEU, fo the posiion
of “strafegic advisor”. This position combined
the roles of technical secretary previously held
by Jules von Ahlfien and Al Fortmann, with

Update on EDI

new needs o increase AMEU representation
on stakeholder committees, and the need
for AMEU fo provide inputs info many new
legislative and industry processes. In addition,
Pefer has also acted as o consultant fo smaller
municipalifies on behalf of the AMEU, to
advise on industry restructuring processes
Pefer has also played a key role in creating an
information bridge between the AMEU branches
and national activiies of the AMEU and the
industry in general

‘The AMEU Affiliates remain one of the backbones
of the AMEU, and their pariicipation now under
the leadership of Bob Wallace has been vital
1o the success of the organisation. During the
period under review, the then chairman of the
Alfliates committee, Trevor van Niekerk, passed
‘away, and an inferim election was held fo elect
a new chairman for the commiftee.

Financiall, the associafion s ina sirong poston.

Unqualifed financiol audt reports were issued
for both 2005 and for the 2006 financial years.

Financiolsurpluses were generated in both years,
afferfoking into account planned transfers from
historical reserves, aimed af reducing he asset
base fo more realisc levels

restructuring

the 60th C tion of the

The CEO of EDI Holdings
(AMEU)

The chief executive officer of EDI Holdings,
Phindile Nzimande, addressed delegates on
the opening day of the 60ih Convenion of the
Association of Municipal Electricity Undertokings
(AMEU), held a he Infernational Convention
Cenre in Durban on 15 - 17 October 2007.
The convention, which was held under
theme: Phezu Komkhono, “Get on with i,
was affended by a variely of key stakeholders
from the eleciricity indusiry such as electrical
engineers in the distribution industry,
municipal managers, municipal treasurers,
manufaciurers of electricity distribution
equipment as well as representafives from
elecricity uflties from the African continent,
amongst ofhers.

Nzimande used this opportunity fo inform
delegates about the cabinet decision of 25
Oclober 2006 relafing to the EDI resinuciuring
process, inferms of which sixwall-to-wall Regional
electricty distibutors (REDs) must be created as
public enfies regulaled by the National Energy
Regulator of South Afica (NERSA).

Phindile Neimande, CEO of EDI Haldings

She also used this occasion fo bring
delegates up fo speed with developments
in the restructuring process for the elecricity
distribution industry, especially progress made
since the cabinef decision.

Over and above the cabinet decision of 25
October 2006, the other topics that were
covered in the presentation by Nzimande are
the following

Max Clarke confined fo edit the AMEU News
providing excellent industry reporting fo our
membership. The monthly electronic bullefin,
now edied by Nadia von Niekerk of the AMEU
Secretarial, is distributed on a monthly bosis fo
members. In this regard we need fo acknowledge
the vital role that Peter Fowles hos in producing
strategic content for the electronic bulletin
without which it would not be as valuable
‘communication medium to the AMEU.

On a branch level some concern is emerging
on the level of member paricipation i branch
meetings, and a meeing of the finance
committee has been scheduled to workshop
this matter and fo provide recommendations
on what can be done fo broaden branch
porticipation.

During 2006, the Engineering Council of
South Africa (ECSA) recognised the AMEU as a
“Voluntary Association. Our members, many
who are registered with ECSA, can now earn
CPD points by attending AMEU conventions,
branch evens, and committee meefings

It is my pleasure fo submit this report on the
activties of the AMEU over the past two years.

of Municipal Electricity Undertakings

The current structure of the electricity
supply industry

Key challenges facing the electricity
distribution industry

The objectives for EDI restructuring

The RED ONE experience
Implementation chollenges

Key considerations and implementation
enablers

The RED establishment roadmap

* “Deal” formulation

The chief evecufive officerwas accompanied o the
convention by executives and senior management
of EDI Holdings, who participated actively in
deliberations and aciiviies for the durafion of
the convention. EDI Holdings also mourted an
exhibition stand ot the convention which sought
o amplfy Nzimande's message by ditribufing
informaion ond promolional moteriol about EDI
Holdings and the restructuring process.

Contact Phindile Nzimande, EDI Holdings,
Tel 012 316.7701,
phindile.nzimande@ediholdings.coza &

AMEU 2007
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Progress towards sustainable REDs

by Dr. W J de Beer, EDI Holdings

In the global confext, restructuring and the
e desiuios. While we her the ciaim many fimes that we are us
uniqueness can, at times, be questioned.

The restructuring experience of countries

such as the United Kingdom, Australio, New

Zealand, Unifed Stotes, Latin America, Spain,

Indio, Broz, Argenfina, Poland, Nomibia and

Germany amongst many ofhers could be

leveraged and effectively ufised fo ensure the

successful fransformation of the EDI in South

Africa. In researching EDI reform in other

countries it i clear thaf the reform is informed

by o number of drivers, infealio:

*  Customer service expectations

*  Customer choice

+ Socio economic drivers

+ Increasing access 1o affordable energy
sources

« Economic growih requirements

« Assel management challenges

«Efficiency improvemen requirements

« Investment / funding requirements

«  Improved regulation

Considering the challenges facing the EDI in

South Africa one could add the following in

addition to the above points:

+ Achieving, from an electricity distribufion
perspective, universal access for all
households by 2012

« Maintaining the low cost of electricity

« Address the sustainabiliy of the EDI

+ Create sustainable employment
opportunities

From the above it is therefore clear that many
of the global EDI reform drivers are equally
applicable inthe Souh African contex!. However,
when considering the global restructuring
drivers, challenges, progress and restructuring
successes, two significant differences are
evident in comparing the situation in South
Africa with most of the other counries around
the globe; namely that in the case of South
Africa the EDI resiructuring is taking place in
a voluntary environment and that there are
no privaisation mofives. Having the enabling
legislation in place to faciltate this process
contributes significantly fo clarity, momentum
and the reduction of extensive discussions
which yield lile, if any, benefits. Furthermore
in the case of South Afrca the focus is not on
privatisation or centralisation since the business
model is clear that the national government,
local government and Eskom will be the
sharsholders of the future REDs. It thersfore
implies thot e assefs of the 187 municipalites

licensed to distribute electricity and the ossets
of Eskom Distribufion will be merged into six
independent companies, operating under
the Public Finance Manogement Act (PFMA).
Considering the current approach fo.the
restructuring in South Afrca, recognifion must
be given to the extensive opportunities created
for allstakeholders fo parfcipate in the process
nd o influence the business model developed
for South Afrca.

It s important o nofe thot whils the generafion
‘and transmission components of the eleclricity
supply indushy (ESI) are criical from  supply
side perspective, itis the distribution component
of the volue chain which defermines fhe abilty
o daliver qualit services from an eleciricity
perspeciive fo end customers. Without a sound
disribution system it would be impossible fo
ealise realisic economic growth in line with
government objecfives in fhis regard.

Business model

The ESI in South Africa has been dominated
for many years by Eskom which operates a
classic vertically infegrated utility business
operation. This implies that all of the key
electricity supply value chain components i.e.
generafion; transmission and distribution are
vested in the same business. Municipalities
on the other hand have predominantly played
a role in the disribufion environment with a

electricity distribution industry (EDI) have become synonymous over the
nique in South Africa with respect fo e EDI reform, the

efficiency/business improvement and value
creation. While o model leaning fowards
cenralisation might bring financial savings,
the REDs need to be customer-focused and
close to the customer from a service delivery
perspective and therefore he model selected
for South Africa is a decentralised model.
Local government has the responsibiliy fo
ensure delivery of electricty fo the customers
within the municipal area of jurisdiction
and the proposed decentrolised RED model
will be well positioned to ensure effective
service delivery. The relafionship befween
the relevant municipality and the relevant
RED will be regulated through a Service
Delivery Agreement (SDA) s contemplated
in the Municipal Systems Act 2000 Section
81. The business model is further developed
along the lines of appropriate best practices
and wil be an integrated value chain-driven
organisation with a distinct “wires” focus
and o distinct “refail” focus supported
by a common corporate and support
service. Furthermore the business will be
designed to leverage current appropriate
best practices which will be complemented
by appropriate best procices identified
through benchmarking and evaluation of
international best performing uilifes.

Extensive EDI modelling and evoluations have
indicated that there are significant efficiency
1o be gained

limited number of also having
a limited generation capability. None of the
municipalifiesin South Africa with a generation
capability has sufficient generation capacity to
meet the electricity demand wihin their own
area of jurisdiction.

The above situation provides Eskom with
a monopoly position within the South
African electricity market context. The
vertically integrated business model s widely
regarded as o less than opfimal approach
since it offers amongst others 'the option
of hiding inefficiencies, working against a
level industry playing field and restricting
real market developments. However Eskom
must be commended for their contribution
to the ESI in South Africa since 1922
For an effective industry it is essential to
have economies of scale, the ability to
generote revenue of o rofe affordable to
the customers and to meet the capital
and operating challenges while creating
shareholder value. There is therefore a clear
relationship between a sustainable RED,
it

outside the payroll area. These opportunities
include the refinancing of the curtent indusiry
debt, managing of debtors, addressing the
billing challenges, addressing fechnical and
non-technical energy losses and leveraging
shared services within the industry and legacy.
parent organisations. Leveraging on the
leamings derived from power failures in other
countres, the distribution grid between REDs
will b operated in an integrated manner while
here will be a sirong drive: towards overall
network automation, automatic mefer reading,
‘automatic metering information management
and infegrated assef management.

In addition to the impact on reliability
improvement such an approoch is regarded as
essential fo ensure effective load management,
fo protect the distribution grid integrity and to
enhance the customer inferface opportunities.
The RED will buy energy based on the wholesale
electricily picing system (WEPS) principles and
all customers served off the wires under the
control of the relevant RED will contribute to
W Spliconl h

revenve, copital confinuous
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RED creation: serving the interests of
key industry participants

Current asset owners.

In line with existing legislation applicable fo
municipalities, in the restructured industry,
municipalities vill remin the service authority
while the REDs will be the service providers.
While i is recognised that there are current
pockets of excellence in the EDI and that
revenue s generaled, when assessed holistically,
the industry is not sustainable in its current
format. The industry is marked by significant
under-investment in asset management,
lack of infrastructure investment fo suppor
future growth, an increase in power failures,
inconsistent customer service sondards and

sill have access fo the current credit control
instruments. Therefore there should be no
risk to any municipality from a cash flow
or credit rafing perspeciive subject fo good
municipol goverance and effective municipal
management. In the case of Eskom Holdings,
compensation for heir asset contribution vill be
deltwith in occordance vih the asset franser
framework fo be agreed upon.

Customers

Serving the customers effectively,iespective of
customer category and in partcular suppor fo
poorer houssholds, is high on the restructuring
agenda which the current industry siructure is
ot able to effecively address. There are many
examples in the current industry of significant

are evident. While some of the current osset
owners aftribute blame to the uncertainty
created through the resiructuring process as
the reason for not inve in their electricity
distribution businesses, the reality is thot this is

inabl s no mert

in fariffs, service standards,
oll out of socio-economic policy, customer
options and choice. Since the future REDs.
will be a sevice provider in o nawly-defined
area with a more representative customer

thot all electricity customers currently served by
muricipalites wil franser to the relevant RED
while all Eskom Distribution customers with
an electicity consumption of less than 100
GWh per annum at one consolidated point,
willtransfer to the relevant RED. All customers,
irrespective of size, where applicable, will
contribute o the wires chorges associoted with
the delivery of energy. Although the intention is
notto infroduce customer choice o this stage, it
is envisaged that the Naional Energy Regulator
of South Africa (NERSA) will have fo give this
matter urgent aftention fo avoid o market
establishment by defaul. Furthermore the RED
business model is designed fo accommodate
future competition in the electricity market
should it be infroduced.

Staff

The EDI is currently experiencing a significant
skills shortage which immediately offers
the opportunity for reskilling and providing

base, i can be inr

in pursuing this approach, It clear that even an
instituion ke Eskom (recognising thot Eskom
ot nvesed sigicaty i now generaon

), invested less

ic instruments such as
electrfication and free basic electricity (FBE)
will be rolled out in @ consistent manner and
will reach the torgeted customer segment. It

in wpnus expenditure over the last decade o
reflected in the significant improvement in fheir
debt o equity rafio which improved from 2,93 in
1986 100,04 in 2005. In analysing the indushy
asset base per distrbution business t suggests
thot there is limited correlation between what
is faken out of the business, what the business
investment requirements are and what the
business can susiain over a period of fime.

The dependency of current assef owners, in
particular municipalities, on the surpluses
derived from their electricity businesses fo
support other activites is recognised. With
respectto municipalies, the business fransaction
willbe siructured such that he audited surpluses
derived from their electricity businesses will
continue fo flow fo the relevant municipality
after the resiructuring. Transfer of funds from
the relevant RED to the relevont muricipality
will fake place on o frequency os agreed fo
betwean the o partes fo address cash flow

is that in the current industry
there is cross-subsidisation and for examle in
the 2003/4 financial year, Eskom subsidised
their direct domesfic customers and direct
landrate customers fo the order of R2,1-bn.
While cross-subsidisation cannot easily be
removed it s envisaged that the EDI under
REDs will move fo more costreflective farifs.
The need for friff cross-subsidisation fo poorer
customer categories is recognised. However
the importance of transparent subsidisation
is also recognised. Tariff harmonisation is
envisaged fo foke place over a five yeor peri

ond a balanced approach vill be adopled fo
assist the government in addressing poverty
chollenges, while ol customers will enioy o
cleor pricing signal which s essentiol in ferms
of poverly alleviation, economic growth and
business sustainability. It is essentiol that the fariff
harmonisation inifiafive i informed through an
extensive cost of supply study.

Furthermore

Customer Supply Interruptions

—+—With Storms
—=— Without Storms

Fig. 1: Source data: Ofgem.

inthe industry. Recent surveys in the EDI suggest
that the average age of the largest percentage
of the fechnical staff is >50 years. Itis of interest
1o note that there is a reasonable correlation
between this finding and what is experienced in
countries like the United States, United Kingdom
and Australio. The challenge is therefore a
global challenge and it can be expected that
there will be more opportunities infernationally
for skilled South Africans and therefore there is
aneed o train more than what is required in the
local market. The future EDI should be able fo
provide secure employment and present more
opportunities for development and growth
Based on current analyses there is no reason
1o believe that staff_employed in the electricity
distribufion industry will experience job losses
as a result of the restructuring.

Assessment of global EDI reform

In ossessing the global ED! reform success
rates, it s inferesfing fo riote how quickly blame
is apportioned to the restructuring inffcfive
for current incidents which can be directly
Jinked to “sins of the past” or inefficient reform
management. The lack of, amongst others,
capital investment in infrasiructure, effective
asset management, loss of crifical skills, lock
of transfer of insfitutional knowledge and poor
management by the business owners prior
o the restrucuring in many cases creates
the worst business challenges during and
immediately after restructuring. Examples of
where resiructuring had 1o fake the blame “in
he eyes of the public” are amongst ofhers fhe
Auckland powerfailure, California blackout and
some black outs in Brazil, It is therefore clear
that restructuring is not an overnight quick fix
solution; it requires time and in many cases
significant capitol and otherresource invesiment
o turn the industry around. However, what is
imporfant is that the longer the restructuring
is delayed the more complex the furn around
sirategy becomes, the higher the isk that things
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willfuther deferiorate before it gets better and

the longer it il toke fo
benefits. Where companies were faced with
significant capital requirements it became o
challenge fo provide returns obove the cost
of copital. While tis recognised thot some of
the restructuring inftctives did not meet oll the
reform objectives there ore sufficient success
case availoble fo provide comfort that the EDI
reform in South Africa willbe o success, subiject
o us learning from both the successful as well
as the not so successful global fransormaion
initiofives. It is therefore crifical that the
resiructuring fakes place before the “expiry of
the sell by date” of the reform process and the
abilty fo realise the restructuring benefits in the
medium ferm.

Based on some research, there is no
conclusive evidence which suggests that there
i any signifcot performonce and eficincy

vusaoNmod

#j‘\

Losses as Percentage of Units Distributed

o Sl —— Sesboard

f’ffffff C

Fig. 2: Source dafa: Ofgen,

well-defined wires and retail businesses with
specific focus on senvice delivery. There are
exomples of nitiatives with o

rivate and

companies. Therefore, the model proposed
for South Africa which will see the industry
operating as a public entity with national
government, local governmen and Eskom os
the shareholders i regorded as an appropriote
option. Furthermore this model will posiion fhe
REDs fo meet inter olia the osset investment
and electrification challenges facing the
indusiry. Global EDI reform, where effecively
implemented, indicates the following:

*  Improved service delivery

Customer suppN interruption reduction

marked focus on cost cutting, however this is
clearly nota sustainable sirategy and t reinforces
the need for a holistic approach to efficiency
improvement and business opfimisation. By its
nature the wires or engineering component
of the electricity distribution business is a
monopoly business I is herefore imporont
that astrong

the orea of jurisdiction of the City of Cape
Town. Furthermore, staff transfers could not
foke place, agreement could not be reached
on compensation for asset confribution and
thersfore the business arrangement had fo be
structured through contractual arrangements
beiween RED 1 and the parent eniiies while
these key aspects were sil fo be negofioted.
The absence of oppropricte enabling legisition
further complicated the establishment of

o ensure that the industry operaes effecively,
tht the customers’ interest is profected
and that open access to the distribution
networks is allowed. Furhermore, a sound
regulatory regime complements the risk profle

RED 1.RED | ity of Cape
Town during 2007 and the Service Delivery
‘Agreement which the City had with RED 1 was
cancelled. What is however important fo nofe
is the contribution made by RED 1 during its
period of operafion which infer alia includes:

. i : reduction in
technical losses; reduction in non-technical
losses; and metering and billing

* Toal factor productivity (TFP)
improvement: 2,14% Victoria (Australia);
and 1,80% Tosmania (Australic)

+ Shared services creates opportunities and
contributes to efficient businesses.

Fig. 1 illustrates the improvement over the

period 2001/02 to 2005/06 in the managing

of customer outages in UK businesses, which
reinforces the benefits which can be derived
through the correct focus.

I considering the relevance of the information

reflected in the graph above it is important fo

nofe that the electricity distribution indusiry
in South Africa has significant potential for
improvement in the managing of customer
supply inferruptions os well as reducing the
technical and non-technical losses. The graph
below indicates the progress made by the UK
elecricity distribution businesses in reducing
technical losses It is important fo nofe, that
relafive fo South Afica, the businesses in the

UK started their fechnical losses improvement

from a lower base than what is the case is in

South Africa. This implies thot the opportunity for

improvement in the management of fechnical

s well s non-technical losses is higher than

in the case of the UK.

Furthermore the global trend clearly supports
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investor confidence which is very important.
In analysing the restructuring experience in
Australia there is a clear indication that it is
essential for the successful funcioning of the
electricity market ot the rules be established
upfront ond thot the market be established.
Sound administrafion is required fo administer
the legislafive framework within which the
market must operate and natural monopoly
businesses require effective regulafion.

Whot cleary influences the level of performarnce
of any business is the quality and abilly of the
leadership and management to ensure that
shareholder value s creoted, that the customer
interest is looked ofter and that the business
meets its socio-economic responsibilities.
Hence the correct recruitment and placement
of the right leadership and management is
crifical.

While it is imporfant to leam from the global
experience, the RED establishment experience
in South Africa, ond in particular RED 1,
should not be ignored. In June 2005 RED 1
wos estoblished as @ municipal entiy, wholly
owned by the Ciy of Cope Town. Due fo the
absence of an osset ransfer framework which
could facilifate the fransfer of the electricity
distibution relofed assefs from Eskom ond the
City of Cape Town fo RED 1, a contraciual
mechanism had fo be designed fo allow
RED 1 control over the electricity business within

Significant integroted

electrification delivery

*  Introduction of effective control mechanisms
1o manage the Eskom-related power supply
limitations

* Introduction of benchmarking

*  Highest infrastructure capital investment in

their area of supply

Conclusion

The EDI restructuring history in South Africa
dates back to the eorly 90s and while it
is recognised that based on international
experience, reform in the elecricity industry
fokes fime, it is essential that the EDI reform in
South Africa will very soon see the first REDs up
and running, Progress is essential fo_ provide
comlfort fo !hu 8,3 million customers served by
this industry, to create investor confidence, fo
support the projected economic growth and
fo provide security to the 31 000 employees
directly employed in this industry.

If the ES is nof restructured and an effective
electricity market is not developed, it is most
unlikely that independent power producers
(IPPs) will come and invest in the South Africa
energy market. It s essential that o well defined
market must be established to provide clear
business signals fo energy producers os well
as customers and investors. Without o defined
market and appropriote morket rules it is
very difficult fo predict future opportunifies,
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production requirements, refums, cost signals
e cb i

Based on infernafional research and the reclifies
ofthe South Af

market and no certainty about the ES| business
model, i i essenial that the resiruclured EDI
be positioned in such o woy that it will be able
1o respond effectively o any future market
siructure. South Africa cannot afford another
“electricity distribution industry restructuring
within a restructuring”. The complexity of
selecting an appropriate business model and
fo restructure an electricity distribution industry
in an environment with so many aspects
pertaining fo the market undefined must not
be underestimated.

To date the distribution industry hos been very
fortunate that the focus on the generation and
transmission capacity challenges overshadowed
the challenges in his sector. However considering
a potential economic growth of 6% and faking
into account whot Eskom is currently invesfing
in addressing the generation and fransmission
challenges, it is  given that should the EDI
confinue o its current level of performance,
it will not be able o sustain the potential
economic growth, power failures il increase
and the cost fo operate will ollow the same
trend. Iis therefore essential fo ensure through
ransparent regulation and clearly defined
mechanisms that effective elecircily service
delivery takes place and that the restructuring of
the EDI be accelerated while there is st limited
fime o rescue the current situation.

itis evident that
the crifical success factors for @ successful EDI
reform and sustainable REDs are inter alic:

Enabling legislafion.

An established electricity market: well
defined rules; clear and fransporent energy
rading regime; and well-defined and
transporent farif regime

Strong, credible regulafion for the wires
business and a single regulafor: incentives
for good performance; and incentives for
meeting future growth demands.

Oversight fo ensure grid integriy.

n access 1o the distribution wires
underpinned by defined access rules and
charges

Customer profection.

Customer choice.

Agreement with the key legacy asset owners
to parficipate in the RED establishment

Well-defined RED governance sructure:

right level of stokeholder commitment and for
the current industry leadership fo recognise that
the national interest, the growth of the country
and the long-term sustainabiliy of both the EDI
and the legacy entities are more importantthan
the potential short-ferm gains achieved by any
parficular entity resisting the process.
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Preparing Melbourne’s electrical supply for
the 2006 Commonwealth Games

by Keith Frearson, Sincloir Knight Merz and Neil Watt, manager network

evelopment, Citipower, Austrolia

The biggest event ever staged in Victoria, the 2006 Commonwealth Games, presented an enormous challenge 1o the

CitiPower and Powercor Australia distribution bu:

served almost all of the games venues.

CitiPower Powercorp Australia responded fo
the event by forming o specific operational
management struciure fo supplement ifs
normal business operations and long ferm
planning. In the lead up to the event, 16 MVA
of addifional capacity and over 10 MVA of
portable generation was installed.

During the eleven days of the event in March
2006, CitiPower and Powercor Australia
maintained the power supply fo all venues
without loss of service.

This outcome was due o extensive pre-
planning, isk analysis and o carefully defined
operational plan. Colloborative relafionships
were formed wih the event organizers and
government bodies that resulted in CitiPower
and Powercor Australia playing o leadership
role in defining and then meeting power
tequirements. These relationships will endure
ond aid fulure endeavours

This paper looks af the risks, impact and
expectations on a power uilty as it responds
10 o significant mulfinational and globally
broadcast event foking place within ifs supply
area over an extended period. It summarises
the lessons learmed through what proved fo be
an extremely successful response by CitiPower
and Powercor Australia to i service delivery
responsibiliies.

Introduction

Held over 11 doys in March 2006, the
Melbourne Commonwealth Games was the
biggest event ever staged in Victoria. The
following stafistics give an indication of the
size of the event:

* 71 nations or ferritories participating

* 7200 athletes and offcials

* 3100 media representafives

* 1,6-million fickets sold

+.90 000 visiors

All the major venues were in the CifiPower
network area in the inner suburbs of Melbourne.
Three of the ofher six venues were located in
the Powercor supply area in regional cities
around Victorio.

CitiPower and Powercor Australia are two
of the five electricity disiribution businesses
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The Yarra River during closing ceremony.

supplying the State of Victoria. Although they
operate separate networks, the companies
operate largely s o single entity. They are
jointly owned by the Hong Kong-based
Cheung Kong Group, and locally listed Spark
Infrastructure.

Garnes venues were supplied of medium voltage
(11 KV in CifiPower and 22 YV in Powercor)
and other smaller venues af low voltage
(415 V/240'V). The sub-transission network
supplying this system s run at 66 kV for both
CiiPower and Powercor.

This was the first time that all major venues
were operating ot full capacity ot the same
time fogether with an extensive open space
cultural programme attracting around
100 000 people nightly. It was comparable
o having the Australian Football League
Grand Final, the Formula 1 Grand Prix, and
the Australian Tennis Open all af the same
time confinuously every day for 2 weeks. The
Melbourne CBD wos an exiremely busy place
during this timel

What is seldom recognised are the power
nfrastructure impacts and the requirements fo
support such an event. It is only when supply
fails thot the power utilities are noticed. In this

ess, owner and operator of the electri

ity distribution networks which

dayand age, reliable electrical supply s foken
for granted.

Melbourne 2006 and the Office of
Commonwealth Games Coordination (OCGC)
were he event organisers; they engaged three
contractors. These three contractors were
allocoted different ospects of the games
organisation, including major venue supply
arrangements, broadcasting, public domain
areas and project management. CitiPower/
Powercor had o deal with allthree contractors
separately.

This paper looks ot the management of
electricity supply for this event in ferms of power
infrosfructure assets, incident management,
resources, service levels, and business
reputation. By outlining the process that was
adopted fo deal with the risks identified,
distribution businesses that foce similar events
in the future can usefully draw upon this
experience.

Risks and assessment

Research began some 18 months prior fo the
gomes info what organisers and government
expected from CitiPower and Powercor. For
example, what loads could be expected of
major venues? Organisers were not ready for
questions like this, but this did not stop the
proactive approach

The Sydney-based electriciy distributor Energy
Australia was contacted regarding their
experience wih the 2000 Olympic Games
This cided the preparation process as crificol
risks were highlighted.

Exensive analysis was conducted of critical
high voltage feeders supplying all venues,
existing asset copacity, contingencies and
resources. This analysis provided the basisfor a
games-specifc risk management assessmen,
and external experts (engaged through the
Sydney and Athens Olympic Games) were
also engaged 1o crifique and enhance these
plans.

System siress fests were conducted fo establish
aload benchmark prior 1o load build up and
o veriy loads connected. This involved major
venues turning on all their electrical equipment
of the some fime.
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CifiPower's board of directors was comifted
o doing their part to contribute to making the
the games a success and endorsed fully the
management approach and operational plans
that were developed fo minimise outoges and
optimise response during the event.

The fact that normal average outages were
reduced by half for the period showed that
good management and not just good luck
delivered these results.

Key focus areas

1t was important to ensure fhat aftention wos
paid to more than just the electrical assets
Thus the business’s strategies fargeted:

« Assets:for capacity, maintenance and
system integrity

Image: for reputation and media

for 24/7

Incident management:
responsiveness

People: for resources to provide the
enhanced service level

* Senvice: 1o ensure we continued fo meet
cummm normal daily needs during the
evernt

S!ahholdarsflov successful relationships
and meefing their expectations

With these focus areas in mind, careful atiention
was given o planning and operational phoses.
The business's profocols and procedures for
the games period had fo be clearly defined
1o ensure a very systemafic approach for
his project. Load augmentations and pre-

(marquees, fents, efc) were being erected
using umund dvlv-n bk o
mitigated with daily patrols of assels during
the games setup phase.

+ .Overall system load: presented high risk
due to variable factors such as weather.
The previous year’s system maximum
‘demands were also in March (the fime of
the Melbourne Games). The co-incidence
of lood during m. s goiis ues also

emptive maintenance cerfainly to be :w::’:-c of the. wadod MM b

completed well th well B A

as accreditation and access issues. or inspections. AII venue feeder
g oo 114 2000 Omphes mainfenance and ion management

CitiPower/Powercor met with Energy Ausiralia

to share ifs Olympic experience. From this, the

following “learnings” were idenified:

Security of supply o high profile events and

‘broodcast facilities is crifically important

Mlmmms other works during games fo
the risk of voltage fluctuations

. Commumcmion strategy to games control

and venue management

were brought forward and all loads
confinuously monitored.
© Access fo ossefs: on issue for the lead
up fo and during the event. Appropriate
accreditation for staff and vehicles was
essential and proved 1o be the most
challenging. CiiPower Powercor did not
want a situation where a simple fuse failure.
would inferrupt crifical equipment during
the opening ceremony for minutes which

must be well managed (personnel and

equipment)

Use existing processes that work well

Be prepared for last minute requests and

changes.

Key risk areas

From the key focus areas and “learnings” from

Energy Australia, the main risk areas were

specifically identified as:

 Opening and closing ceremonies: these
events would present the greaest load,
crowd volume, dignitaries, and media
attention.

Damage to underground assefs: was
a possibility when temporary facilties

would be broadcast around the world.
Historical CBD supply
failure

The Melbourne central business district
(CBD) electricity supply suffered two outage
incidents in 2001 which prompted o review
of the network design — porficularly the
appropriateness of the securify standard. The
review was carried out jointly by Sinclair Knight
Merz (SKM) and Cifipower.

In both events inifial plant outages were
followed by secondary faults @ number of
days loter that resulted in loss of supply to
areas of the CBD. The review found that
there was little or no flexibility to reconfigure
the 66 KV sub-transmission network after an
outage (either planned or unplanned) and

Fig. 1: Multile transformerended feeder configuration.

this lack of flexibility was one of the major
reasons behind the two outages. To provide
improved network flexibilty would effectively
require the network fo be designed fo a higher
security standard.

The key finding of the review was that although
Citipower was following their current (N-1)
planning criterio, if the CBD sub-transmission
network had been designed fo higher security/
planning standards (eg “N-1 Secure” or
“N-2"), the CBD outages of 2 January and
9 November 2001 could either have been
avoided or reduced in severity.

SKM recommended elimination of mulfiple
transformer-ended feeder configurations by
adding new switchgear at several critical
sites. With the existing configuration, a single
66V circuit supplies a number of transformers
at different substations but with only one
circuit breaker — at the source. All switching
and isolation is usually achieved by means
of monually operated isolators. A forced
outage would take out a number of
66/22 KV transformers albeit ot different
locations (see Fig. 2). The network has been
designed with an “N-1" security standard so
that the loss of any single transformer does not
cause customer supply inferruption. The design
has usually proved adequate in the past,
however, in the event of a prior transformer
outage, a subsequent fault elsewhere in the
network could cause tripping of an additional
66/22 KV transformer and result in tofal loss
of a substation (due to overloading of the
remaining fransformer).

The improved 66 kV switching capability could
only be achieved by rebuilding or refurbishing
existing substations af considerable expense
because of space limitafions.
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It was olso recommended that additional
66 kV fies between 220/66 kV terminal
stafions be created fo provide improved load
transfer capability. These fies would ensure.
supply reliabilify in the event of a catastrophic
failure of a 220/66 kV transformer and would
support the move fo the recommended higher
security standard.

c.mpamon of Melbourne CBD
supply security

In 2003 SKM conducted a confidential survey

population, electrical loading and business
activities to be “similar” to Melbourne. These
cities all had CBDs with electrical loading of
between 200 MW and 700 MW (Melbourne).
The electricity systems supplying these cities
were then ranked from “most secure” to
“least secure” on the basis of their current
documented security criteria, and on the actual
compliance with that criterion as represented
by an assessment of the load (MW) at risk
under specified N-1 contingency conditions.

The CBD of Melbourne ranked second lowest
‘onthe “securiy of supply” scale of those cifies
surveyed, even though it had the highest CBD
load (700 MW) of those citis.
Infrastructure impact

Lood requirements

Once indiidual gomes venve loadings were
provided, a number of

Fig. 20: Existing MCG lights arrangement.

run to their maximum capacity. These feeders
are then arranged info groups where each
feeder group has its own dedicated standby
feeder. A feeder group con consist of up fo
10 feeders in some cases. In the event of
a contingency, the standby feeder will be
switched in fo support the load from a faulted
feeder.

The standby arrangements ot each games
venue existed but were extensively reviewed.
An example of one of the projects identified
was the introduction of a second standby
feeder into the MCG. Initially, one feeder
was providing backup for the feeder group
consisting of nine 11 kV feeders.

This situation was deemed to be high risk as
this particular feeder group supplied 4 major
games venues in close proximity fo each
ather. In the event of a contingency, the single
standby feeder would not be able o provide
support for the remaining venues if another
contingency occurred. This was o new scenario
as not all venues have previously operated
concurrently. Therefore a second standby
feeder was infroduced from a separate zone
substation. This increased reliability especially
in the case of the 6 MCG lights supplied at
11 k. The newly infroduced standby feeder
then continued beyond the lights fo support
the other venues.

It was observed that although the load
estimates provided by the games consultants
seamed appropriofe, they did not fake info

projects were carried out. These projects
were identified early and construction was
completed 3 months before games start.

The projects carried out were for two specific
and distinct reasons:

Increase security of supply to major
venues: installing significant standby
or alfernate supply capabilities and
introducing additional backup feeders.

* Increase available capacity at the main
upgrading transformers or

installing additional ransformers.

The CifiPower CBD high voltage network is
arranged such that 11 kV feeders are able fo

18

amount of extra lighting and computers/
laptops present at venues (due fo extensive
broadcasting facilities) would add of least
10% to the load figures provided due to the
harmonic content. With this in mind, additional
capacity was installed through the use of
extra transformers ond by upgrading existing
transformers.

Other works included installing two 1,5 MVA
kiosk substations along the nearby Yarra River
for dispersed cultural events. These kiosks
supplied low voltage distribution boards that
supplied cables running underwater fo supply
the extensive Flofilla Parade of 71 fish along

Fig. 2b: Allered MCG lights armangement.

the Yarra River representing the compefing
nations. The kiosks also provided supply to
numeraus big screens and other performing
arts facilies. Prior fo the gomes there were
no installed assets in this area, and now these.
Kiosks remain affer the games 1o support
future events.

For low voltage-supplied venues, it was
confirmed that each venue substation had
a suitable low voltage infer-connector to an
adjacent substation. This ensured thot in the
case of a transformer foult, limited supply
could still be provided whilst the equipment
wos being repaired.

Inspection and maintenance

Asset maintenance was a high priorify. All
scheduled inspections were confirmed fo be
within policy. Additional substation, public
Jighting and reliability patrols were organised
on a daily bosis. These patrols identified
any structure being erected in the vicinity of
overhead assefs (“no go zones”). Corona
(ultraviolet) and infrared surveys of key assefs.
were also conducted prior to the games
commencing

Al plonned maintenance on assets supplying
venues wos undertaken earlier than planned
including zone substation equipment, high
voltage insulator washing and vegetation
management.

A specific distribution substation maintenance
checklist and oudit regime targeted ot all
venue feeders was established to deliver
opfimal asset performance. Substations were
inspecied to confirm ring main unit ypes, high
‘and low voltage switchgear currently installed,
ventilation, condition of fuses, and mobile
phone reception.

Work restrictions

Many games venues were “locked-down”
one month before the start of the games. This
greatly offected access o assets in terms of
routine maintenance, planned network and
customer projects, and fault response.
CitiPower and Powercor self-imposed several
work restrictions in order to mifigate the
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impact of games restricted areas, risk of
disruption to electricity supply and visual
or traffic impact in key areas. This included
rescheduling planned works outside of the
gomes period, not working on feeders or
z0ne substations supplying key venues, and
estricting oll plonned works across CifiPower
network near major venues or the CBD. These.
restrictions olsa cofered for road event routes
such as the Queen's baton reloy and several
road-based event roufes.

Works on sub-transmission lines were also
estricted. Verification was sought and gained
that no upsiream transmission osset works
(5P Ausnef) would affect zone substations
supplying key games events. Load shedding
schedules were reviewed and revised in order
to avoid impact on games venues.

Some projects however were sfll permitted fo
go chead provided they did not impact any
gomes venues or if they addressed o health
and sofefy issue.

Enhanced field response

A roster of on site field technicians was
organised o attend and monitor many venues
in order o minimise swilching fimes and fo
avoid access issues.

Whilst ot these venves, the field technicians
reported current, voltage and transformer
temperatures on an hourly basis fo the control
room where this data was entered into o
specially designed load monitoring model.
This model contained a single line diagram of
‘each major venue substation with the uflsafion
of each asset cleorly visible a al times.

This doto wos linked fo a seff-updating graph
fo give o full load profile at anyiime, at any
venue.

Alorm and critical olarm levels were marked on
the graph. This greatly improved system status
reporting as well as the abilty for the control
room o identify overloads before crifical limits
were reached.

Additional dedicated fault response units
(flying squads) were also deployed during the
‘gomes period. This was done in conjuncfion

with ensuring spare equipment was placed
at strotegic sites as well as hoving stondby
generators available. The access restrictions
imposed by venues meant that bringing in
large equipment such os transformers in
response o a significant outage would be
extremely difficul. It was determined that
standby generators would be of greater
volue and these were designated ot specific
locafions.

Public lighting and general asset patrols
were also underioken daily during the games
period.

Other activities

Extra efforts fo aid the business during the
games period olso included information
technology and telecommunications support
for the operations base. This included o
ban on system changes by other CifiPower
business units (information technology,
telecommunications, and the customer call
centre) for the duration of the games.

Venue protection operating points were
recorded o ensure a proactive response
o potentiol overloads. Minimum operating
settings for venue transformers were the main
focus. Fuse sizing, condition, and stocks
were reviewed for low voltage distribution

Level 3 escalotion status, instead of the
normal Level O or 1.

The results

Al the inficfives, guidelines, restrictions and
work procedures during the games were put
into an operation plan document.

After implementing this operation plan, the
overall results were as follows:

+ Demand-116,8 MW more than the same
period last year

Energy - 13 000 MWh more thon the same
period lost yeor

Capacity ~ 16,4 MVA installed and
10 MVA poriable

Assets - 140 maintenance activities
brought forwar

Reliabiliy for the forinigh) - custoers off
supply 4451 (average 7011).

Stoff - 68 directly involved over the 2 weeks
on rosters with another 115 indirectly
involved in the lead up.

No outages were sustained af any of the main
Commonwealth Games venves.
Legacy

As result of the projects carried out, the
following network benefits were real

Enhanced it 1o major venues

high load and high femperature.

Onsite generation provided by M2006 ot
each venue wos also verified prior to gomes
commencement.

The system stress fests of venue loads were
conducted 2 months before and again 2 weeks
before games.

Incident management

The CifiPower network contingency and
escalation management plan arrangements
were enacted for the duration of the games.
The Victorian electricity supply industry
operates at contingency escalation levels
from 0, to the most severe level 5. For the
period of the games, the CitiPower network
management team operated af a minimum

Fig. 3: MCG North single line diogrom.
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and open space areas
Minimal outages

Significantly enhanced reputation with
stakeholders

Whole of business support

* Increased revenue for the period

The Commonwealth Games also presented
o chance fo extensively fest the CitiPower-
Powercor network and its associated
contingency plans. This in tum tested the
processes and systems currently in place as.
to their effectiveness for network reliabi
Learnings for others

* Ensure extensive pre-planning

+ Engage all stakeholders and forge
successful partnerships

Fig. 4: MCG North load profie.
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Ensure normal rosters and emergency

plans are not compromise (e ————
Pro-acively chase load requirements early 10 oll customer
Get a seat in the games central operations by wm‘xd :&. w“muf any n!-mam e m«mln i |

supply 10 ollcustomars, In aiion

Nlse ity e ol gl

Lock i resources and schedules early etrmleionlin
Deploy a fllfime resource fo manage the The network can wihstand fhe loss of o crcal sement fogether il
profect and aclions register Modifed N-2 teaer s of el dlmen. i scuty sondad o o
Secure appropriote and Epslelbin SR EED. _
access for stoff ond vehicles i con wiihe d d
Define work restrictions and no-go areas socurty.
Prepare for securiy lockdowns and road Torm used i Nattonl Elochic Code o descrbe @ powersysam
closures Satisfactory operafing siate

prescribed welope (voltage y, faul m‘h, ,
Prepare for last minute requests (Section 4.2.2 NEC) s el Agusicns (rchoon ""“""‘V gl mas roingr,
Confirm who s funding projects and get is considered fo ba o1 sk
acceptance in writing Fi St otk oain s b i of o captley
Ensure all sites/assels are secured  [AQUNEC) e e

physically and monitored confinuously

Test emergency backup plans, particularly
communications

Be oware of changes fo venue conirol and
comman

Test access, accreditofion and confingencies
as lockdowns occur

Monitor load build up af all venues

Conduct desktop scenario exercises and
system stress fests

Establish clear responsibilifies for the
gomes management teom

Toble 1: Definition of ferms.

Operate ot heightened incident escalation
Levels

* Build on existing processes as much as
possible rather than establish many new
processes

Source

This document is a summary of the following

popers

Wat, N 2006. “Planning end Monaging the
Electricity Supply for the 2006 Melbourne
Commonwealth Games*, paper presented
fo the Electric Energy Soclety of Australia
Annual General Meefing 2006.

Frearson, K & Watt, N. “improving CBD Secury
of Supply”. A
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ESI preparedness for the 2010 FIFA
Soccer World Cup

by Clinton Carter-Brown, Eskom (chairperson of the 2010 ES] Forum) and Peter Fowles, AMEU

In the winter of 2010 the eyes of the world will be focused on South Africa for the FIFA Soccer World Cup (SWC). South
howcased.

Africa and the African continent will be

Millions of viewers will tune in fo motches, the
broadcast of which wil be crfically dependent
on the provision of uninterrupted high qualify
electrical power. Electrical supply problems
thot disrupt matches or broadcasts will reflect
poorly on the entire electrical supply industry
(ESI), South Africa and Africe. Furthermore
the load associated with an estimated
300000 10 500 000 foreign visitors may cause
problems in local distribution nefwork.

2010 load and the electrical
supply chain

The main electrical loads ossocioted with the
2010 SWC include:

Stadiums: the 10 stadiums in 9 ot cities
ot which the matches will be played.

Base comps: each of the 32 teams will
have o “base camp”, and are expected fo
arrive at base camp p fo 2 months prior
1o the start of the fourament. Base camps
could be located anywhere in southern
Afco, including neighbouring countries.
Troining venues: before each match
(typically 5 doys beforehand) teams wi

venues within the host cities (4 training
venues per host ciy).

Fon parks: FIFA fon parks are expected fo
be located in host cities ond other cities,
including cifies outside of South Africa
FIFA hotels: hotels ot which FIFA wil
establish their local offices and command

© Medi

city municipal supply areos. As municipal
generafion is limited, the host cifies are
dependent on Eskom for supply. Hos ciies
may be supplied via Eskom distibution,
or directly from the Eskom transmission
nefwork of e.g. 275 kV.

+ The internal stadium distibution nefworks
supply individual loads such as stadium
lighting.

« Other loads stuated in South Africa such
as base camps, raining venves, fan parks,
FIFA hotels, media cenires and supporler
accommodation, tourism and fransport
will foll in both Eskom and municipal
supply areas.

A problem in the supply chain (Eskom

generation, Eskom fransmission, Eskom

distribution, municipal distribufion or stadium
distribufion) will reflect poorly on the entire ES|,

South Africa and Africa.

It is crifical that all role players in the ESI

work together fo minimise risks and opfimise

approaches. Role players include:

« Eskom.

*  Host cifies and municipalities.

* Owners of the 2010 event stadiums.

* 2010 local organising committee (LOC).

* Association of Municipal Electrical
Undertakers (AMEU).

+ Department of Minerals and Energy

(OMmE)

* Nafional Energy Regulator of South Africa
NERSA).

« South African Local Government
Association (SALGA)
Strategy to deal with 2010
Eskom and the AMEU established o 2010
ESl Forum in August 2006 with the objective
of raising awareness of issues related fo the
provision of adequate electricity supplies
during the tournament. Five meefings have
subsequently been convened and aftended
by representatives from the 2010 host cifies,
AMEU, Eskom, DME and NERSA. There has
been limited LOC parficipation. SALGA has
recently nominated a representative fo attend
forum meefings.
The forum does not have formal decision
making capacity. fs purpose is for information
shoring and facilifation. Where necessary,
issues and risks are escalated o ofher role
players.
Key electrical risks
The following 2010 reloted elecrical supply
tisks have been identified:

Increased load due fo general load growth

The 2010 fournament coincides with the South
Aftican winter load peak with the first motch
due to be played on 11 June 2010. Load

il be hosted ot
e st Bt e which
will form the hub for broadcasting and
reporting

Supporters: the accommodation, fourism
and transport needs of visitors.

In relation to the South African peak demand,
the magnitude of the addifional electrical lood
is expecied fo be relatively small. Complexity
and risk arise due fo the uncertain nature of
this load, including ifs location. Certain loads,
such as stodium lighting and broadcasting,
have onerous power qualiy requirements. A
momentary inferruption or voliage dip could
disrupt broadcast fo millions of viewers.

Fig. 1 illustrates the key 2010 reloted loads
and fhe elecirical supply chain. The following
should be noted:

* Al stadium supplies are located within host
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Problems in any ink in the
chain can disrupt supply to
criticalloads.

Eskom Distribution

Eskom
Generation

Eskom Transmission

Municipal Dist

Visitor Training venves, Fan Parks.
FIFA hotel,
tourism & transport

Fig. 1: Electricol supply chain
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growth until 2010 will place further stress on
generation, fransmission and distribution.

Power qualiy and security of supply for
stadiums

Lighting and broadcosiing loads are sensiive
1o momentary interruptions and voltage dips.
A voltage dip fo lighting supplies could result
in @ 40 minute delay due fo the lighting cool
down and restart fimes. In addiion fo ensuring
supply adequacy vio equipment redundancy,
uninterrupted confinuity of supply is essential
via dip proofing and UPS.

Power quality and security of supply for other
crifical FIFA loads

Adequate power quality (continuity and
‘waveform) is required for crifical FIFA loads
such as fraining venues, fan parks, FIFA hotels
and media centres. These loads may be
geographically distibuted within the host cities

been compiled by members of he forum, and
provides guidslines for the electrical supply to,
and reficulation within, the stodiums in which
world cup games will be hosted. In order fo
comply with FIFA requirements [1], three tiers
of supply are recommended

First fier of supply

« Preferred Supply: the preferred supply
is the normal supply fo the stadium
provided by the local supply authority.
This supply should be a firm supply via
a minimum of two dedicated MV feeders
from the local HV/MV substation(s). The
preferred supply incoming feeders fo
the stadium should have unit profection
and be operated in parallel ensuring an
uninterrupted supply fo the stadium in the.
event of a fault on any one of the feeders.
Each feeder must also be capable of
supplying the maximum expected stodium
load for on indefinite period. Ideally the
closestcommon couseof failue forhese

he

supply areas. The locations and magnitudes of
some of these loads are notyet known.

Base camps

The decision on the location of base camps is
likely o only be mode by feams offertheir group
(and match venues in the knockou stages of the
toumament is known. As the qualiying process
will only be completed o the end of 2009,
the finol 32 teams wil probably only make
this decision early in 2010. It is anficipated
that numbers of supporters vl want fo base
themselves near their favourite feam. This
behaviour could have o positive economic effect
on the area around the chosen base camps
s well as an impact on the electricol demand
around his area. The scenario of large numbers
of supporters following some of the feams
during the foumament creates the potential for
the eleciriciy demand in the vicnity of some
of the base camps fo increase by os much as
the demand for  small fo medium sized fown.
This may have a huge impact on the electricly
network supplying smaller fowns/cities/resort
areos where this addifional load may represent
a very significant increase o the normal demand

DME business plan submission

Each host cify hos submitted a business plan fo
the DME identiying the electrical nfrastructure
projects that need 1o be fundedfo support heir
2010 effor. The fotal funding requested by the
Host Cities exceeds R2-billion,

Eskom project identification

Eskom has identified o number of projects
(distribution and transmission) deemed
necessary for host cify supply sirengthening
required for 2010. These projects are bulk
infrastructure projects fo ensure adequate
supply fo each host city. Projecs that are not
already approved ore in the process of being
included in business case and rolling plan
submissions for the 2007/8 financial year
and beyond.

Project summary report

A 2010 ES! project summory report has been

Id bethe mainransmision
station (MTS) o the
<Uppl o the VI substaion used fo
provide supply fo the stadium. N

these stadium supplies must be linked fo
any under-frequency or ofher automated
load

o ensure adequate supply 1o and within the host
cifies [3]. It covers Eskom transmission, Eskom
distribution and municipal host city electrical
projects. It must be nofed that

loa ysterm for the duration
of the world cup.

‘Alternate Supply: the altemate supply should
be provided by a set of local generators
which are capoble of synchronising with,
‘ond operating i parallel it the preferred
supply. The aliernate supply needs to
be of sufficent capacity fo enable it to
independently supply all important stadium
loads for a minimum of 3 hours such
that games can continue uninferrupted
in the event of the complete failure of the
preferred supply.

In the event of failure of the preferred supply,
the change over operation fo the alternative
supply (local generation) should be achieved
via an automatic changeover system. This
should ot cause an inferrupfion fo any crifcal
loads as oddressed via the 2nd and 3rd fier

supply recommendaions

Second fer of supply

Asitis not practicable or necessary fo provide
lium loads, inde dent

profile and exceed the capacil of the network.
Increased load associated with visitors

The number ofvsiors fo South Afrca for a o
month period spanning the event is expected
1o be of the order of 300 000 fo 500 000.
The location and movement patterns of these
visitors are not yet known.

2010 ESI Forum progress

Progress of the 2010 ES| Forum can be
summarised as follows:

Stadium supply racommendaions

A document fifled for the

dip proofing for
dip-proofed supplies are only proposed for
stadium lighting and broadcasfing supplies ie.
loads that are sensitve fo dips or inferruptions
and are critical for the continuation and
broadcasting of the game.

Backup supply for the ciiical loads must be
able 1o operate for af least 3 hours.

Third fir of supply

Al equipment needed fo ensure the orderly
evacuclion of the promises under emergency

the vast maiority of these projects are required
regardless of the 2010 FIFA fournament, and
are essentiol fo meet normal load growth. In
some cases the 2010 FIFA fournament has
moved the project required completion daes
forward. These projects need fo be completed
in order fo ensure an adequate and reliable
electrical supply.

Position paper on base camps

A position paper has been drafted on the
possible risks associated with 2010 base
camps [4]. This position paper is aimed
for circulation to municipalities and the
accommodation and fourism industy. It aims
fo create awareness of the possible impact
that base camps could have on local electrical
infrastructure, and the need fo liaise with
electrical service providers.

Media stafement
A joint media stafement has been issued by
Eskom and the DME, informing the media
of the proactive foint planning inifiotive and
o correct misinformation regording possible
risks.

Activities going forward

The following need fo be addressed by the
forum in consulation with key siokeholders:
Mnicipol bulk infrastructure funding

The projects lsted in the DME host cify business
Heralead fimated;

conditions lighiing,
‘emergency/selected lfs, PA and CCTV systems

range between | and 3 years. Requirements of
the Minicioal B

2010 soccer world cup stadium supplies” has

‘a minimum of 1 hour of normal operafion.

it difficult for mur

palifies wishing fo order
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long lead fime materias if the funding for
these projects has nof been confirmed.

Itis essential that the projects identified
by the host cifies are inifiated as soon
as possible so that required completion
dotes for the 2009 Confederation Cup
and the 2010 FIFA fournament can
be met. Further delays may result in
required completion dates not being
met, with the subsequent risk of power
inferrupfions.

The DME have confirmed funding of
R7,5-million for each host city stadium
for the 2007/8 financial year. There is
however no funding commitment from
Treasury (vio the DME) for 2008/9
and beyond. The DME indicated that
additional funding may be available via
the integrated nafional electrification
planning (INEP) unit within the DME
This funding would however be
limited and would also be dependent
on municipalities not meeting farget
spending on electrification.

Unless increased funding is made available
in the following financial years (via the
medium term expenditure framework),
the burden of this funding will fall on the
municipalies

In order fo mifigate the risks associoted
with profects that remain unfunded, an
assessment of the risks and possible
operational contingency plans is
required

Stadium supply recommendations

The stadium supply recommendations
need fo be disseminated fo stadium owners
and elecrical consultants involved with
the stadium electrical design. A review
of the stadium electrical designs may
be required fo assess alignment with the
recommendations

Base camps

The risks associated with base comps
should be mitigated os follows:

The 2010 ESI Forum position
paper needs o be disseminated to
municipalities and potentiol base camp
bidders,

Potential base camps need fo be
identified and the associoted electrical
networks assessed fo identif risks.

Other FIFA loads

The location of fraining venues is known,
however other facilifies such as FIFA hotels
and communication centres need fo be
confirmed and the distribution nefworks
assessed.

Visitor locations and movement

Scenarios for visitor numbers, location
and movement need fo be developed and
combined with load models fo establish
possible loading implications.

Operafional planning

In addition o electrical infrastructure
capital projects, operational issues need
to be addressed. Planned maintenance
will need to be coordinated fo ensure that
generation availability is maximised and
network risks fransmission and distribution
including Eskom and municipalities) are
minimised for the duration of the 2010
fournament.

Operational risk assessment and planning
between Eskom and the municipalifes s the
subject of @ companion paper

Stakeholder liaison

It is imperative that all stakeholders
establish close working relationships and
work together to ensure that risks are
mifigated and problems are addressed in
the most effective monner

Conclusions

The 2010 ES! Forum provides an environment
for role players to share experiences,
concens, requirements and plans fo ensure
that electrical supply risks associoted with
the 2010 FIFA Soccer World Cup are
managed.

Several aciivifies have been identified for
further action via the 2010 ESI forum, and
will need to be driven via inferaction with key
stakeholders such as the 2010 LOC.
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Mitigation of operational risks for the
2010 FIFA Soccer World Cup

by P E Fowles, AMEU and A Sprunt, Eskom

The first match of the FIFA 2010 Soccer World Cup (SWC) is scheduled to take place on 11 June 2010 [1]. That is a little

more than two and a half years from now

when millions of television viewers will be focused on, not only the football

matches, but also on the ability of South Africa fo organise and stage one of the biggest events in the world.

& 4

Genersil

on ourabilfy o complete he construction of he
required stadiums, improve security, manage
fransport for teams and visitors, and mony
oher issues related fo " out of stadium’ activifies
for which guarantees have been made fo FIFA.
Relatively ltle media and organiser affention
has to dote been given fothe provision of secure
and reliable electrical supplies 10 the key areas
fecled by the foumament.Inferruptions fo these.
supplies that disrupt preparafions for the event,
maiches or broadcasts or inconvenience visors
during the window peried of the foumament
[one month before the start to one month affer
it ends] will reflect poory on he entire electrical
supplyindusty ES1), South Africa and Africa. This
paper seeks fo identiy some of the operafional
risks associafed with the provision of adequote
ond refiable supplies and suggest some possible
ifigafion shategies.
Background
Carter-Brown's paper 2] has comprehensively
ideniified the key electrical loads associated
with the fournament which include:
The 10 stadiums in 9 hos! cies af which
the matches vill be playe
Base camps for each of the 32 teams
taking part.
Training venues at bofh base camps and
in the host cities.
Fon parks.
FIFA hotels accmmodating their local
offices and commond centre.
Media centres.
The accommodaion, ourism and transport
needs of visitors.
He further obsarves that the magnitude of the
additional electricol load is expected o be
relafively small in relofion fo the South African
peak demand, but that complexity and risk
arise due fo the uncertain noture of this load,
including its location.

The infer-connecied nafure of the South Afrcan
electricity nefwork is highlighted by Carter-
Brown in his Fig. 1[2] fo stress fhat problems
in any link in the electricity supply chain can
disrupt supply fo crifical loads. It wos this
interdependency hat resulied in Eskom and
the AMEU establishing a 2010 ES! Forum thot
held is first meefing in August 2006 with the
objecive of aising awareness of issues related
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during the foumament

The forum has been relafively successful in

bringing a number of the maijor stakeholders

together o discuss o wide range of issues
related fo the elecricity supplies prior fo and
during the fournament ond has compiled:

« A document fifled “Recommendations
for the 2010 soccer world cuy m
supplies” [3] which provides guidelines
for the electrical supply fo, and reficulation
within, the stadiums in which world cup
‘gomes will be hosted.

A template fo assist host cifies fo submit
business plans fo the Depariment of
Minerals and Energy (DME] in support
of applications for funding of electrical
infrastructure projocts deemed necessary
o suppor their 2010 effort.

A 2010 ESI project summory report [4]
that summarises the projects identified
1o ensure adequate supply fo and within
the hos s and inludes the Eskom
dis transmission projects
e husl ity supply
mngm.mng required for 2010.

per [5] has been droffed on
W e e ) e o i
associated with the service to, 2010 base
comps.

Key electrical risks

Carter-Brown has identified [2] the following
2010 related electrical supply ris

d growth unfil 2010 will place
further stress on generafion, fransmission
and distribufion

Power quality and security of supply for
stadiums and other FIFA loads

The decision on the location of base
camps islikely fo only be made by feams
affer their group and maich venves in the
knockout stages of the fournament are
known. As the qualifying process will only
be completed af the end of 2009, fhe
finol 32 teams will probably only make
this decision early in 2010,

The possible huge impact on the electricity
network supplying smaller fowns/cities/
resort areas close fo base camps where
teams supporters are expected fo stoy.
This addifional load may represent a very
significant increase fo the normal demand
profile and exceed the capacity of the
networ

Increased load associated with an
expected 300 000 fo 500 000 visitors,
the movement patterns of which are not
yet known.
The possible lack of adequate funding for
projects deemed necessary for the security
and reliability of supply.
Long lead fimes for equipment and
materials necessary for the identified
projects, even if the requisite funding is
provided in the near future, is likely to
‘mean that many of these projects will not
be completed prior fo the fournamen.

Problems in any link in the
chain can disrupt supply o
criical loads

[
[
!

Eskom Distribution

Eskom
Generation

Eskom Transmission

Municipal
Generation

Visitor Training venues, Fan Parks | (_Base Camps ] _Stadiums ]
FIFA hotels,
tourism & transport

Broadcast

Fig. 1: Electrical supply chain (2]
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Operational risks

In oddition to the risks associated with
the provision of networks that will provide
adequate electrical capaciy fo the needed
locations, @ number of operational risks have
been identified which

if addressed, could

mitigate some of the earlier risks discussed:
Generation

The 2010 fournament coincides with the
South African winter load peak. The situation
of possible shortages of generation capacily
will be exacerbated by the increasing level
of capital work in the Eskom environment
[generation, transmission and distribution] fo
cope with growth in South Africa’s demand.
This work will be continuing over the window
period of the fournament. Further risks relofe
tor

* The possibility of unplanned or forced

outages of genarafion

The influence of weather on demand as
severe cold can result in a load increase
of 2000 MW compared fo a moderate
winter

Load growth exceeding industry
forecasts

The management of primary energy
supplies, specifically liquid fuel, due fo
national requirements as well as relionce
on road transport.

The possibilities of wet coal supplies and
of drought affecting water cooled and
peaking stations.

* DSMand voluntary load reduction [DMP]
contracts may not be able to adequaely
curtoil demand.

Transmission

Risks related to the transmission network are

* Unplanned outages and the ability to
respond fo such events arising from
movement of heavy equipment and
availability of material and human
resources should multiple vents occur
simulfaneously

* Deloys in the build programme [capital
work]

+ Environmental factors including the

possibility of networks being exposed fo

snow loading and fires.

* Network capacity constraints and
unplanned network contingencies.

Distribution

A number of factors are relevant in assessing
visk in the distribution environment.

* Network expansion: the incidence of
capital work involving additions to or
upgrading of any network that may
influence supply fo any of the key electrical
loads during crucial periods of the
tourmament is regarded as a significant
risk

Planned maintenance: a significant portion
of planned maintenance takes place
during winter months due fo the incidence

of storm weather during the summer
months. This mainfenance on networks
that could directly or indirectly influence
the supply fo any of the stadiums is seen
as a significant risk

Refurbishment or

eplacement of

equipment: it is known that some
distribution networks in South Africa
include items of equipment that are
obsolefe or in need of refurbishment
Plans for the refurbishment or replacement
of this equipment are offen hindered by
the lack of available funding or long
lead times for delivery of the relevant
equipment. The risk fo network operations
is significant if the work on relevant
networks is not carried out well before
the tournament

Network configuration: local networks
are frequently rearranged due fo foults
thot have not been attended to, fo
facilitate network additions or fo cope
with load changes. Abnormal network
configurations during the tournament will
complicate operations and possibly delay
supply restoration

Load shedding plans ond ogreemens
The availability of adequate generation
capacity within South Africa over the
last eighteen months has highlighted the
importance of load shedding plans and
contract agreements. I s possible that o
number of the networks crifical for world
cup events are linked to load shedding
schemes. In the event of system instabilit,

rable with a large me

orven by Powertech [3
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the operation of some or these schemes
could offect the events and hence are o
risk

Strategic spares: recent cofastrophic
events on o number of networks have
highlighied the need for sirotegic spores

particulor, as well as distibufors in all areas
that may experience an increase of fourism
acivity over the period of the tournament,
should carry out the following preparation
work

Identily and assess the condition of the
electrical thot could directly

event of such incident(s] during the world
cup. Many municipl distibutors do not
have the financial and other resources fo
maintain a stock of such spares, which
poses o risk
Human resources
A number of human resource issues pose
possible risks including:
The possible shorfage of skilled and
experienced saff.
The demand for leave over the window
period of the fournamen.
Demanding standby rosters as well as
personnel on site.
Salary negofiations, with the affendant risk
of industrial action, for the municipal, uel
and fransport sectors.

Mitigation strategies

It s suggested tht the following strategies
be considered for implementation fo reduce
some of the risks.

Generation and fransmission

The mifigation of risks for these components
is primarily an Eskom responsibility and will
include:

Ensuring adequae primary energy supply
prior fo fhe event.

The management of plans for the foking
of generation and fransmission plant out
of senvice for planned mainfenance or
refuelling [Koeberg] in order that the risk
1o the fournament is minimised.

¢ The wdenhivcmvon and assessmem n(

or indirectly influence the supply fo the
stodiumis raiing venues ond key loods

Maintenance planning including the
identification of key nefworks, strategic
spares requirements and availabily.

Demand forecasts and associated copfol
proiects plnning.

Operational plans including available
resources, confingency planning and
under-frequency load shedding

Yha co-ordination of response to
d

in their area o

Replacement, refurbishment or
maintenance of these nefworks fo be
scheduled fo be completed well before
the commencement of the fournament.

Evoluate the requirement and availabiliy
of strategic spores for their network.

Assess loads connected fo load shedding
relays and revise existing plans fo ensure.
that there s no impact on identified
fournament critcal loads should the need
forload shedding be required.

Armange networks so that no abnormal
condifions are mainfained during the
period of the foumament.

Prepare confingency plans for supplies fo
the critical loads and ensure all control
and operations personnel are thoroughly
fomiliar with switching requirements.

Plan leave and standby rosters well in
advance fo ensure the availability of an
adequate level of competent stoff.

While the planning personnel in Eskom
regions and the host city municipal
distributors have been involved fo date
in discussion of many of the these issues
through the 2010 ESI Forum, it is now
necessary fo involve municipal distributors in
ofher areas if we are going to be successful
ensuring a reliable and secure electricity
supply over the period of the world cup. In
addition o acivifies described above, these
rbutors should:

. fb bei

emergency including
A o B e bodies
50 that issues like road permits do not
become issues during the fournamen.
Suggested role players from Eskom and
municipal distributors fo serve on these work
groups are:

Control personnel

Planning personnel for network
optimisation, confingency plans and
capital programme.

Field services personnel for maintenance
planning and essential spares.

Regional transmission personnel.

Projects that may hove an influence on
any of the key electrical loads need 1o be
tagged. These work groups should be able fo
demonsirate, via some sor of check i, that all
issues have been assessed and suitable plans
put in place fo address fhese issues.

Conclusions

The 2010 ESI Forum has been relatively
successful in raising awareness of many of
the issues and challenges ossociated in the
provision of secure and reliable elecricity
suppliesto fcifiesinvolved in he staging ofthe
2010 world cup tournament in South Africa.
Several activities have been identified for
further action via the 2010 ES| Forum but
much more liaison is required ot regional
level among key stakeholders fo ensure that
operational risks are mitigated.

ributor areas, which could dlmdly or
indirecly influence the supply to any of the
stadiums, for condition and maintenance
or refurbishment plans.

Detailed emergency planning ond
simulation of these plans prior fo the
event.

Plans for obtaining and storing of sirategic
spares, as well as logistic constraints such
as communications and transport should
also be developed.
Contractors fo sfart the inspection of
networks earlier than normal practice
[March through mluna] for those networks
identified as crifical for reliability and
aquality of supply:

Distribution

The municipal distributor of each host city in
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estabiished i thir rea of suply

Mee! with major accommodation and
fourist establishments in their area of
supply 15 discuss the expected impact of
additional visitors and possible expansion
plans on their demand.

Discuss their own expected demond
requirements with their Eskom regional
planning manager o enable Eskom fo
moke plans to meet this demand.

Recommended action

The successful implementation of many of the
itigation sirotegies suggested is unlikelyfo be
achieved without o considerable level of co-
operation among the stakeholders involved.
It is recommended that, in addition fo the
continuation of the 2010 ESI Forum aciviies,
Regional 2010 work groups be established
tofocus on:

FIFA World Cup 2010 State Of Readiness,
Media Briefing by Deputy Minister of Finance
15 May 2007

ESI Preparedness for the 2010 FIFA Socger

World Cup, CG Carter-Brown and PE Fowles,

AMEU Convention, October 2007.

13] Recommendations for the 2010 soccer world
cup stadium supplies, Droft 60, 2010 ES forum,
August 2007.

14] 2010 ESI Project Summary rev3, 2010 ES
forum, August 2007.

51 World Cup 2010 Basa Camps - revision 2,2010

ES! forum, Morch 2007.
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The impact of CIE 140 on street

lighting in South Africa

by Murray Cronje, Pr.Tech (Eng.)

This b y di the newly

|o SANS 10098-1: 1990:

Publi Lighting Part 1:The lighting of

et lighting”, wherein

'lu llrl'l Ilghﬂng gulwlmlon methods in the new CIE 140. jod lnud IlyMlng :ulculu'lons" are thme-d in favour of the
obsole 30.: and

now ol

The paper further takes a desper look af the
differences between CIE 140 and CIE 30.2
and wha the praciical implications will be on
future street lighting installations. The paper
also discusses the lighting software that will be
required to carry outsireet lighting calculafions
in ferms of the new calculation methods of
CIE 140,

Introduction

The streetlighting calculation methods in SANS
10098-1 have all these years been based on
the CIE 30.2 document that was published in
1982. This document was published shortly
affer the luminance concept was accepted as
common praciice, without much experience in
this field during those days.

The calculation methods in CIE 140 bring
bout several improvements resulting from the
experience that has been gained overthe past
25 years in street lighting

The SC 64C technical commiftee af the SABS
have approved the proposed revisions fo
the SANS 10098-1 and ARPO35 documents
1o incorporate the calculation methods of
CIE140, and the amendments were published
at the end of September 2007.

Scope of amendments

SANS 10098-1

* Al forgnces o CIE 30.2 have boen
replaced with

. The ldemn:e o ».- mmpum programs
lsted in CIE 30.2 have been replaced witha
reforence to Windows based commercially
available computer programs which do
calevlations according to CIE 140

« Al design methods are o be based on
thot of CIE 140
Al design criteria 1o be based on that of
CIE 140

+ The photo goniometer laboratory ot
the SABS will have fo change their
method of scanning the photometric
distribution of street lights to comply with
the recommendations of CIE 140

ARPO35

* All references to the SABS 098 road
~ lighting computer program have been
replaced by references fo Windows bosed
commercially available road lighting

luminance any

in road lighting”.

of CIE 140

The encrypted data files that were unique
for use inthe SABS 098 computer program
only, have been replaced with other data
files in a suitable format for he Windows
based commercially available programs.
The autheniicily of fhese other dao files
can be verified by comparison fo the
source data from the SABS

References fo encrypted luminaire data
files that are 1o be submitted wih fenders,
have been replaced with other electronic
data files that have to be submited
together with the SABS source dafa in
electronic format

References fo encrypted data files which
are fo be created from e infensiy tobles,
have been replaced by other data iles that
are 1o be converted by the SABS) luminaire
supplier, from the source infensity fobles

Maior differences between CIE 140
and CIE 30.2

Road surfaces

The laboratory measurement of the reflection
properties of the road surfaces, which was fully
dealt with in the CIE 30.2., has been omitted
in the new CIE 140 document as it will be the
sublect of a separate publication fo come, as
will be feld meosurements

Luminous intensiy dato for luminaires

The coordinate system used for road lighting
is generally the C, y coordinate system (see
Fig. 1). Luminous infensity s expressed in
candela per kilolumen (cd/kimj for all he light
sources in the luminaire.

Volues of luminous intensities are required
over the range of angles which are important.
In particular; volues are required up 1o the
maximum angle of elevaion which is relevant
for the infended application of the luminaire,
with allowance being made for the maximum
angle of fill of luminaire.

Angular intervals stipulated in CIE 140 have
boen selected fo give acceptable levels of

error when the

Fig. 1: C, 1 coordinate sysfem.

intensities will be required ot the angular
intervols stated below.

For all luminaires the angular infervals in
elevation (1) should af most be 2,5° from 0° fo
90 plus the permissible maximum field angle
of elevation minus the measurement angle
of elevation, for the luminaire. In azimuth
the infervals can be varied according fo the
symmetry of the light distribution from the
luminaires os follows:

* Luminaires with no symmetry about the
C = 0%180° plane: the infervals should
ot most be 5°, starting af 0°, when the
luminaire s in ifs measurement angle of
elevation and ending af 355" ;

« Luminaires with nominal symmelry about
the C = 90° - 270° plane: the intervals
should at most be 5°, starling at 270°,
when the luminaire s af its fil during
measurement, and ending of 90°

Luminaires with nominaly the same light
distribution in all C planes: only one
representative set of measurements in
elevation needed.

Interpolation of luminous intensity
data

Up fo the present fime, I-tables have usually
been measured according the angular

interpolafion procedures are used, and o keep
the time faken for photometric measurements
within prociical limits.

Inthe (C. v) system of co-ordinates, luminous

spacings ded in the CIE publication
30.2 - 1982. These spacings are wider
than those recommended above, and for
these I-tables linear inerpolation will not
be satistactory. Quadratic inferpolation or
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Fig. 2: Angles required for linear interpolion of
luminous infensify

an equivalent

Fig. 3: Values required for quodraic interpolation.

Fig. 4: Plan areo covered by 1 fables,

procedure is
recommended

Linear interpolation

To esfimate the intensity I(C, 1) it is necessary
o inferpolate between the four values of
intensity ying closest to the direction (C, 1) o
indicated in Fig. 2.

Quodratic inferpolation

Quadratic inferpolation requires three values
in the I-tables for each interpolated value
Fig. 3 indicaes the procedure.

Ifa value of |is required ot (C, 7), interpolation

of the I-table enclosing the point. This enables
three values of 1o be found at y. Interpolation
is then carried out across the fable to find
the required value at (C, 7). If preferred this
procedure may be reversed, 1. interpolation
can be carried out across and then down the
I-table without ffecting the result.

Road surface reflection data

Road surface reflection data are, conventionally,
expressed in terms of the reduced luminance
coefficient multiplied by 10000 (for convenience
of presentation), at angular intervals and in
directions indicated in Table 1.

is indicated in Fig. 4. in ferms of the mounting
height of the luminaire, and in relofion 1o the
position of the luminaire and the direction of
the observer.

The reduced luminance coefficient varies
according the angles indicated on Fi

Inferpolation in the rfable

When a value of r is required for values of
tan y and  lying between those given in
the r-table it is necessary fo use quadratic
interpolation, as recommended in
CIE 140,

5 T
Flendy >3 i
Toble 1: Example rfable of reduced luminance coefficients (x 104 ).
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Fig. 7: Position of calculation points in a diiving line-

Fig. 6: Field of calculation for corriageway luminance.

Caleulation of luminance
Luminance at o point

The luminance at o point is determined
by applying the following formula or o
mathemaically equivalent formulo.

1(C.p)-r-®-MF 107
L=3 s

where ;
L = maintained luminance in cd/m?

= = the summation of the confributions from
all the luminaires

1(C, 1) = luminous infensity in the direction (C,
), indicoted in Fig. 1 in cd/kim

= reduced luminance coefficient for a light
ray incident with angular coordinates
(%]

| luminous flux in kim of the sources.
in each luminaire

MF = product of the flux maintenance factor
and the luminaire mainfenance foctor

H = mounting height in m of the luminaires
above the surface of the road.

1(C, y) = determined from the luminaire
I-table ofter corrections have been
made for the orientation, filt, and
rotation of the luminaire and linear or
quadratic interpolation, if necessary,
applied. Likewise, r for the appropriate
value of B and tan v is determined
offer the use of quadratic interpolation,
if necessary.

Field of calculation for luminance

The fild of calculation should be fypical of
the area of the road which is of interest fo
the driver.

In the longitudinal direction on a straight road,
the field of calculation should lie between two
luminaires in the same row (Fig. &), the first
luminaire being located 60 m ahead of the
observer.

In the transverse direction, it should cover
the whole carriageway width on roads
without o central reservation, and the width
of one carriageway on roads with @ central
reservation.

Position of calculation points

CIE 30.2 required five longitudinal axes of
calculation points per lane, whereas CIE 140
only requires three. The longitudinal distance
between points in these axes is now less or
equal to 3 m whereas in CIE 30.2 it was
5 m. The first transverse calculation axis was
in front of the pole/luminaire, but has now
shifted longitudinally for half of the distance
of the spacing between points.

The new calculation points should be evenly
‘spaced in the field of calculation and located
as indicated in Fig. 7.
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point.

Fig. 9 Calculation points for iluminance.

In the longitudinal direction In the transverse direction
Th inthek di A i ek
determined from the equation : from the equation:
Deg ds !;L
where where :

D = spacing between points in the longitudinal
direction (m)

S = the spacing between luminaires in the
same row (m)

N = number of calculation points in the
longitudinal direction chosen such
that:

For§ <30m, N = 10
For § > 30m, N is the smallest
infeger giving D < 3 m.
The first transverse row of calculation points

~is spaced o o distance D/2 beyond the first
luminaire (remote from the observer).

%

d = spacing between points in the transverse
direction (m)

W, = the lane width (m)

The outermost calculation poifts are spaced

d/2 from the edges of the lane.

Uarait h

is located on the axis of each traffic lane,
and for each position of the observer, the
luminance is calculated over the whole width
of the road. The relevant “operative” values
of average luminance, overall uniformity and
longitudinal uniformity are the minimum values
calculated.

The angle of observation remains fixed at 1°
below the horizontal direc

In the transverse direction the observer is
ploced in the centre of each lane in turn.
Average luminance (L, and overall uniformity
of luminance (U, ore colculated for the enfire
carriageway for each position of the observer.
Longitudinal uniformity of lminance (U, is
calculoted for each centre-line. The operative
value of L, U, and U, are the lowestin each

cose.
Number of luminaires included in calculation

For each calculation point, all the luminaires
which moke a significant contribution 1o
the luminance should be included in the
calculation. These luminaires lie in the
plan area of the r-table (Table 1), which
approximates fo a rectangle of dimensions
5H by 17H, and by its symmetry can be used
fo cover an area 10H by 17H (Fig. 4). As o
consequence it s only necessary fo consider
luminaires which are situoted within five fimes
the mounting height from the calculation point
towards the observer, 12 fimes the mounfing
height from the calculation point away from the
observer, and five fimes the mounting height
on either side of the calculation point. Fig. 8
shows an example.
Horizontal illuminance
The horizontal illuminance at a point should
be calculated from the following formula or o
mathematically equivalent formula:
£, - gl Cp:coy 0 MF.
H
where
E, = maintained horizontal illuminance o the
point in lux
= = summation of the contributions from all
the luminaires
1(C, 7) = intensity in the cd/kim in e direction
of the point
v = angle of incidence.of the light ot the
point
H-= mounting haight in m of the luminaire;

information is required, the number and
spacing of the calculation points should be
the same s for a driving lane.

Position of observer

Previously the observer was % of the
carriageway width in from the kerb, for
luminan il unife i

@ = iniiol i Kim of the lamp o
lamps in the luminaire.

MF = product of the lomp flux maintenance
factor and the luminaire mainfenance
factor

Field of calculafion

The field of calculation should be typical of the

uniformity calculafions. Now the observer

driver

and pedestrian, and may include the footpaths,
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cycle tracks and verges. As shown in Fig. 9 it should
b

transverse lines through two consecufive luminaires.

unded by the edges of the carriageway and by

For staggered installations consecuive luminaires will
b on opposite sides of the rood

Position of calcul

tion points
The calculation points should be evenly spaced in the
field of calculation (Fig.9) and their number should be
chosen as follows

In the longitudinal direction

The spacing in the longitudinal direction should be
determined from the equation:

D

where

N

D = spacing between points in the longitudinal
directio

$= spacing between luminaires (m)

N = number of calculation points in the longitudiaa
direction with the following values: for § < 30 m,
N = 10; for § > 30 m, the smallest infeger giving
D<3m

The first row of calculation points is spaced at a distance

D/2 beyond the first luminaire (m).

In the fransverse direction

d

spacing between points in the transverse direction
m)

W, = width of the carriageway on relevant area (m)

The spacing of points from the edges of the relevant
area s D/2 in the longitudinal direction, and d/2 in the
transverse direction, as indicated in Fig. 9.

Number of luminaires included in calculation
Luminaires which are situated within five fimes the
mounting height from the calculation point should be
ncluded in calculafion

Caleulation of quality characteristics

Average luminance L,

The average luminance i calculated as the arithmetic
mean of luminances obtained at the calculations
poins.

Overall uniformity U

The overall uniformity is calculated os the ratio of the
lowest

o the average luminance
Longitudinal uniformity U

The longitudinal niformity is calculated as the
ratio of the lowest to the highest luminance in fhe
longitudinal direction along the centre-line of each
ane, including the hard shoulder in the case of
motorways

The number of points in the longitudinal direction
(N) and the spacing between them should be the
same os those used for the calculation of average
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The average illuminance on the strips on

and adjacent fo the carriageway should
be determined by the same procedure, or
mathematically equivalent procedure, as used

for determining the

erage illuminance of
the footpath

Practical implications

All the changes between CIE 30.2 and CIE 140

have an inf on the various solufions for

street lighting installations

Ithas been found that the spacing between poles

1o achieve the required lighting levels, generally

have become shorter with the application of CIE

40. End users will now find that the spacing is
5 - 10% less than what was achieved with the
old CIE 30.2 method, with the result that quantity
and cost, il generally increase by 5 - 10% per

kilometre of rood illuminated.

For the uninformed, their frst response may
be that the implementation of CIE 140 is
going 1o cost the faxpayer more for new
street lighting installations. However, we

must never forget that the whole purpose

of street lighting is to ensure that motc
can negofiate roads safely and comfortably
and this can only happen when roads are

properly illuminated. The whole purp

CIE 140 is o utilize the experien

gained
over all these years so that the correct
amount of illumination is applied on the
road surface fo indeed make it sofer for

motorists
Street lighting software
The SABS in 1991-1992 commissioned a

supplier 1o write @ sireet lighting program
which end users such as municipalifies, and

get DEHN, distributed by SURGETEK

+27 (0)11 792-1303/5
www.surgetek.co.za

suppliers of lighting equipment could use fo

colculate the spacing between poles fo achieve

the required lighting level. This program,
fondly referred fo as the “SABS 098 program”
is  DOS based pr

street lighting

gram and the CIE standard

ch appears as o

Foriran computer code listing in the CIE 30.2
document, was used os the source code for
this new program

Although there is no fo the
BS 098 program in SANS 10098-1,
been the benchmark o

street lighting designs
with computer softwa eferred
in ARP 035,
035, this program will no longer be suitable

Because of the revisions fo ARP

to do street lighting calculations; hence al

wsers will now have fo swich fo some type of

-ommercial software to do calculations. There

is o wide choice of such programs:
Relux, Dialur, Ulysse, AGI32, Cophos,
Lighting Reality, to name but o few.
The only proviso is thot the sofiware
must be able fo carry out calculations

according 1o the CIE 140 method,

and that the results produced by the

program must have been fested by an

independent authority fo confirm that

the calculafions are accurate.
Conclusion

The method of doing calculations as

E 30.2 is now obsolete and

s been superseded by the methods
of CIE 140, which contributes fo the

assurance that the average lum

as observed by a motorist is correct
and that the street lighting installation

will promote safety and comfort

Spacing between poles fo achieve
certain ighting levels will now generally
be shorter with @ corresponding
increase in the “per kilometre” cost
of street lighting.

The traditional software such as the

SABS 098 program that hos been
used since 1992 fo carry out street
lighting calculations is now obsolete
and will have to be replaced by
commercial software which will do
calculations as per the method in
CIE 140
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Effective transformer condition assessment

by Luwendron Moodley, Doble Engineering Africa

This paper details a novel approach to Sransformer condition assessment. This m
of

world. Th

very large utlities

The cofastrophic failure and poor performance of transformers is
becoming o constant grim reality in the life of Maintenance Engineers
‘ond Asset Managers in South Africa. Most of which are left powerless
intis irgle due o fnancial consiroinsimposed upon-hem when
comes
transformer and the ever dwinding shorage of hxghly (t:hmml staff.
Further o th

5t massop e Wkt i whr yo0 ot i Erplarens
@ long term replacement exercise”. The question stll in the minds of
Maintenance Engineers and Asset Managers is “How do | do this f |
do not know the condition of my transformer?” The answer i effective
condition assessment.

Transformer condition assessment

What we mers is that their vary
from afew cycl than fify years. This facts i
ot very useful fo an enginer responsible for o given network.

Vh Know is the lfe

in a given network. This fact is interesting and vuly useful. This is the
essence of condifion assessment.

Effecive conditon assesment is ol us fesing @ fransfomer and
o foilure affer

iled. Cw‘gré‘“ rking
et defined conditi
di

fih

fo ing
into account all relevant information eg. Design information, service:
history, operational problems, and results of condition moniforing and
other chemical and electrical fests”. This is an excellent definition that
encompasses all aspects of the transformers life. This model has been
successfully implemented in o number of utilifies worldwide. However,

cronp kel 4 i liflcs with Il

1o no information?

A; Core bol faul
8; Core and frame fo earih circuloling currents
'+ Winding inter-: x'and ult
Winding shorted tu

D:
E: Wincing phase fo earh ful
Winding fracking foult
G:Winding clomping bolt sparking foult
Fig. 1: DGA signatures for fouly ransformers.

ethod has proven itself for many years in
this two phase approach is discussed in detail.

By using Doble’s two phase process for condition assessment,
utiltes with ltle documented information can enjoy the benefits of o
comprehensive condition assessment on all types of fransformers on
the nefwork.

Doble’s condition assessment

Doble's condion assessment program s a two phase process. Both
steps include proprietary risk scoring system and combine analysis of
Fi ‘application/

FMMAA

analysis is based on existing Doble’s equipment performance database
with fest results and equipment failure and trouble data collected from
Doble's customers over more than 40 years.

Phase one

This phase is applied fo all unis i the nefwork and daes nof require
the units to be removed from service. Phase one of assessment
is @ “sconning” approach and is more appropriate s a low cost
ossessment and step o provide “initial” risk assessment and ranking
of transformers in a network. This should identify the group of units
that are in a sound condition and at a low isk due to their fechnical
condition. The remainder, those identified as”higher risk can then be
selected for more detailed “Phase Two” investigation, as identified in
the following secfion.

The first step is essentially a review of available information. These
include as much as possible of the following:

Step 1: Basic nameplate information from transformer and
topchanger.

All information related to the fransformer’s manufacturer, vintage,
serial number design, ratings, BIL, fault level, impedance, cooling
system efc must be :ﬂpwmd Frem Qh\s information design reloted
issues with reports
of failure on similar designs, pattern of failure on similar designs can
be identified. The above can be obtained from Doble’s database with
fest results (25 million results) and equipment foilure data collected
for over 40 years.

Step 2: External visual inspection
Avisual inspecion is conducted on the following:

Phinth: check for cracks or deferioration, anchor bolis missing or
usty, evidence of ail leaks, ground leads or connectors oxidised/
tight efc.

Tonk: paint peeling and rust, signs of internal deformation or
overheating, oil leaks, loose or missing nufs, bolts, or washers,
ro(nrd Yiquid level in i ank or any consenvlor tank, inspect
liq d wiring, inspect pr

rehd device and wiring efc.

. ing system: paint peeling and rus’, oilleaks, inspect pumps and
winr\g, inspect fans and wiring, inspect radiators for cleanliness, etc
Temperature reading: record temperatures, record position of
maximum pointers, inspect temperature sensors and wiring, etc

Marshalling kiosk: inspect exteral for paint peeling and rust,
inspect inferior for water ingress and rust, heater operating, inspect
breakers, contactors, terminals, wiring, etc.
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transformers,
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60th AMEU Convention

Dissolved gas (DGA)

Detocion o icapted ol [, IEC, s
| Fope kaon dmurgaton - Crbdon o |
b

Fururoldehyde FFA

Moisture in oil Insulation dryness

| Beokdown votoge

Dislscrc integrty

[Acidy Ageing and sludge

Interfaciol fension Ageing, sludge

12 4
A

o

© /

P ; S

o

e s owise e o  orme  owooes
. ger: paint peeling and rust, signs of internal deformation

f device

elay and pre

« Bushing; chipped or broken shed:

+ Surge amester: chipped or broken sheds, inspect connections,
. port: used fo compare with current fest
Y
+ Purchasing specification: used to compare fo current manufaciuring
ondards
e s (ele al and oil): current data can be compared to
Dr ;M-— du abase for industry norms.
+ Failure reports: indicates the rate of aging, availability and

« Major modifications or rebuild: indicates the rate of aging generally

bstation fault level: changes in fault rating.

*  Loading: used fo calculate loss of life

a sample would be faken and analysed with

The table

tandard methods

elow gives a few standard oil

fests
« Doble DGA scoring system: Doble has developed an algori
fomiiche ke gos espors and e o sinle rumber o fock
the change in patern. This ses the key gas method
pisert DA o b EEE maffo The et g
ustble gases CO, H,, CH,, C2H,, C,H, and C,H, are displayed

o5 a bar chart o illustrate the gas signature. The novel aspect of the

approach propo: thod is used fo invesfigate

hat exists between *normal” and

‘abnom ontrast, in the IEEE Guide f

examples of

bt there is o guidance on what @ nomal result

2

169

Transformer tap changer fault

uld ook like

DGA results for normal transformers would

The DGA score refl

signature d
irculafing

retum a score of no more than about 30, whereas o core

current would rate about 60 and more oblems would score

around 100.

* Infra red scan: infra red will indicate external joint issues, bushing

1op problems, oil levels in bushings and radiotors, blockages in

radiafors, fan-function it can also indicate fank heating from siray

flux, or frame fank circulating current. The figure below illustrotes
an internal fank ot spot.

* UH RIF scan: UHF
the los
10s of M

ference surveys have

z, and surface discharge in contaminal

extending fo 200 MHz. However, when nteml parl
1'GHz. Sc

as proven effective in identifying a range of

a spectrum

substation

s including discharge at fauly bushing 1aps and within the main

fonk itself. The figure below illustrates a UHF scan with discharge
tep 5: Consultation with stoff
Consultation with all stoff involved in the life mana

s forms an infegral part of this process in that this
mers forms an infeg

rce of information that has not been documented.

Phase 1: assessment of technical condition

Once all the hered and the additional non

nformatior een go

invasive fests performed the transformers can then be scored based or

its condition. The Doble scoring system is given in Table 2.
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s,
e B
=
Table 2: 2:: ":i
Transformers condition is further divided in design, dielectric, i
thermal and ical, d o a Dobl yste —
A typical assessment of the fechnical condiion is given in Fig. =
5,67 and8.
All units have: been assessed in ferms of design groups with
il condition, fh d dielectri Also

included in the assessment i a score for fhe design group, fap

@ number between 1 and 100, Even with summation any aspect

with a 100 score will be carried through and easil recognised.

The resuls are assessed using this sum of the numerical scoring

d h i fon in the “league

table” and summarised using a red-green colour raffic ight cod.

Pod : 5 Cra e
document, reviewed each monih as new evidenca i presented.

Outcomes of phase one

Once this process is completed the following is made evident:

Establishment of an ossef register:

Design weokness.

*  High risk fransformers in ferms of the dielectric and thermal
condition

*  High risk transformers in ferms of the environment, staff and
third parfies.

it

il
i
agesssssgannne]

L

i

Fig. &: Typical ossessment of the fechnical condifion.

R

gaasssasgnyandl

gt

Al the transformers that foll in the obove category would then be
considered for phase two of the condiion assessment process.
Phase 2

This phose is applied only o unis that have been idenfiied as high
risk from Phose 1.

This ph "

off line festing. The standard off line tests are as follows:
Tan & and copacitance - windings ond bushings

d requires

Sweep frequency response analysis

Leakage reactance

Insulation resistance

Winding resistance

Exciting current
Ratio test

Note: Explonation on the above elecirical fests is given in
Appendix A.

Rescoring the technical condifion

Once all the off line tests are performed the technical condition of
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each fransformer can be restored with greater detoil. This

is shown in Table 3

The restoring now includes the mechanical condition of the

transformer. With the final scoring for the condifion of the

tronsformer now in place a weighting for each unit level

can be assigned. From this a risk of each unit level can be

defermined. A fotal risk of each transformer can then be

calculoted

Outcomes of Phase 2

Once the restoring has been completed the following is

made evident

+ High risk transformers in ferms of the dielectric, therml
and mechanical condifion.

+ More accurate overall condition s a result of the off
line fests

An action plan in erms of units that require replacement,

repair and monitor.

The fransformer’s risk.
The results of phose two are merely added to fhe existing
assessment, A fypical layout is shown below.

Conclusion

Transformer condition assessment program can be effectively
introduced by using this two phose approach. This method
of condifion assessment can be implemented irespective of
the amount of information. It allows utilies to finally have
answers to the following sifuations:

When o have maintenance outages. How fo respond

o a profection frip.

To know capabiliy to increase fransformer rating.

To know when to replace (5, 10, 15 year)
transformers

An added advantage is that this method forces the utilfies

1o make the bold move fo condifion based mainfenance.

A further advontage is the risk assessment and residual

Iife can finally be achieved through sound engineering

principles
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Appendix A: electrical testing of transformers

Ton 8 and copacitance windings

Tan & (dissipation factor] is merely the tangent of
the loss angle that is created by the capacitive and
resistive current that is present in a dielectric medium.
Measurements are fypically made between the high
voltage winding to ground, between the high voltage
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voltage winding and between the low voltage winding to

ground. This measurement method allows assessment of individual

winding hence focusing on the area of deterioration. As Tan & is

pendent or

d wperature the measure values are normalised fo

20°C by applying a correct factor.

Tan & is an evaluation of the quality of the insulafion and is size

independent. Tan & has proven fo be effective in the defection of the

wing problems in transformers of all sizes:

+ Carbonisation of insulation

+ Contamination of oil by dissolved maferials or conducting
particle

operly grounded core

Winding capacitance on the other hand evaluates the physical

makeup of an insulation system which is size dependent. Capacitance

rements have proven over the year fo be very effective if reference

resulfs are available. Changes in the region of 10% would normally

indicote extreme winding movement. However, his method of defecting
winding movement s not as effective as sweep frequency response

analysis (Fig. 10).
Tan & and copacitance - bushings
If bushings are equipped with o fest top fwo, measurements can be
performed which are o C, and a C,. The C, test measures the condifion
of the main bushing insulation fo the test fop. The C, fest measures
the condition of the fest tap insulafion fo ground and core. Insulation

between tapped layer and bushing ground sleeve.

The C, and C, fests are effective in identifying the following defects:

« Moisture ingress

+ Carbonisation of insulation

* Short circuited condenser layers

* Contamination of oil by dissolved materials or conducting
particles

* Open circuits such s break in the band between the ground and
mounting flonge

Exciting currents

The exciting current is, for pracical purposes the current that flows when

the winding of a transformer is energised under no load condifions

The exciting current creates a magnetic flux in the core, and the fluxin

tum ind

s a voltage in the energised winding that opposes the applied

voltage. Consequently, the excifing current is small, usually only a few

percent of the rated load current of the winding. The exciting current

of a transformer is made of three components

* A magnetising part (Im) required fo build the magnetic field in
the transformer core. 1 is often referred fo os the magnefising
current

* Aresistive port (1) required to supply all the losses in the ransformer
at no load.

* A capaciive part () required to build the electrical field in the
insulation of the transformer.

This is a single phase fest that was introduced in North America as

diagnostic tool in 1967 and today is part of standard insulation fests

in the field. The single-phase exciting-current fest s useful in locating

problems such as defects in the magnefic core structure, failures in

the tum to turn insulation, or problems in the tap changing device:

These conditions result in a change of the effective reluctance of the

magnetic circuit, which consequently affects the current required to

force a given flux through the core,

Tute

Winding

m
Inductive

The diagnostic analysis of exciting current test results s based lorgely
on pattern recognition

Rotio fest
Doble’s method uses a high voltage (10 kV) and involves measuring

the capacitance of the capacitor by itself and the apparent capacitance

when itis connected across the low voltog

e winding. The ratio of these
o capacitance yields

turns rafio of the fransformer. The greatest
advantage of his high voltage test method is that high resistance areas
can be overcome, where as low voltage fest sefs might show such an
area s an open circuit. Ratio fest has been used very successfully over
a number of years for the following

+ Cénfirm ratios are within 0,5% of nameplate data

* Defect short circuited turn fo furm

+ Defect open circit windings

+ Confirm tap lead connections

Sweep frequency response analysis (SFRA)

The loss of mechanical integrity in the form of winding deformation
and core displacement in power transformers can be aftributed fo
the large electromechanical forces due fo fault currents, winding
shrinkage causing the release of the clamping pressure and during
tronsformer transportation and relocation. This winding deformation
and core displacement, if not detected early, will ypically manifest into
a dielectric or thermal fault. This fype of fault is irreversible with the
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only remedy been rewinding of the phase ora

complete replacement of the transformer I is
therefore imperative fo check the mechanical
infegrity of aging ransformers periodically and
particularly after @ shortcircuit event fo provide
early warning of impending failure. Hence an
early warning defection technique of such o
phenomena is essential. Frequency response
analysis s recognised, as being the most
sensitive diagnostic tool fo defect even minor
winding movement and core displacement.

The transformer is considered fo be o
complex network of RLC components. The
contributions o this complex mesh of RLC
circuit are from the resistance of the copper
winding; inductance of winding coils and

capacitance from the insulation loyers
between coils, between winding, between
winding and core, befween core and fank,
befween tank and winding, efc. However,
a simplified equivalent circuit with lumped
RLC components as illustrated in Fig. 9 can
be used o accurately explain the principle
of frequency response.

Any form of physical damage to the
transformer results in changes fo this RLC
network. These changes are what we are
looking for and employ frequency response
o highlight these small changes in the RLC
network within the transformer. Frequency
response is performed by applying a low
voltage signal of varying frequencies o the

PRO &
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transformer windings and measuring
both the input and output signals. The
ratio of these two signals gives the
required response. This ratio is called
the fronsfer function of the fransformer
from which both the magnitude and
phase can be obtained. For different
frequencies the RLC network offers
different impedance paths. Hence, the
ransfer funclion of each frequency is a
measure of the effective impedance of
the RLC network of the transformer. Any
geometrical deformation changes the
RLC nefwork, which in turn changes the
transfer function of different frequencies
and hence highlights the area of
concern.

Impedance ot different frequencies
relate fo the resistance, capacitance
and inductance of o transformer. The
resistance is relafed to the physical
construction of the winding (shorted
turns, core earth efc.) and results in the
vertical shift (dB axis) of the response.
The capacitance and inductance are
related to the geometry of the winding
(deformation) and resulfs in a horizontal
shift or frequency shift

At the lower frequency range the
capacitance of the transformer can
be disregarded and the response is
purely inductive. At these frequencies
the inductance of the magnefic circuit
dominates. There is a significant
difference in the responses between the
outer two phases and the centre phase
ot this frequency range. This is due fo the
flux paths of the core. The centre phase
has two flux paths of equal reluctance
and the outer phase has two flux paths
of different reluctance. As a result the
outer phases has two resonance points
s compared fo the cenire phase thot
has just one resonance point. This also
accounts for the difference in the starting
dB values,

At higher frequency ranges the response
looks very confusing and complex as
a result of the numerous resonance
points. At this frequency range the
winding inductance dominates with the
magnetic circuit effectively screened.
Hence, the winding responses are less
dependent on the magnefic circuit,
which makes the measurement more
sensitive o winding deformation, At
the highest frequencies the inductance
an be disregarded and the response is
effectively capacifive. A
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Improving the performance and reliability of
power system transformers

by Dr. Michael Kruger, Alexander Kraetge, Omicron Electronics, and Alexander Dierks, Alecirix

Due fo ever increasing pressure fo reduce costs, the power industry is forced fo keep old power facities |..  operation as
long as possible. In most European countries, about one third of the transformers are older than 30 y

With the advancing age of transformers,
regulor check of the operating conditions
becomes more and more important. Dissolved
gas analysis (DGA) is  proven and meaningful
method such that if increased proportions of
hydrocarbon gases are found in the oil, the
fault must be located as soon as possible
Hence imporiant preventafive mainfenance
can be performed in fime to avoid an
unexpected fotal failure (Fig. 1) [1].

The most frequent sources of faults are the fap
changers, bushings, the paper oil insulafion
and the accessory equipment Fig. 2) [2]

In order to find out the reoson for high gos
values, further fests have fo be performed for
he transformer. Common fest methods are:

Static and dynamic winding resistance
measurement.
On load fap changer (OLTC) fest

Turns ratio and excitation current
measurement.

Measurement of leakage reactance and
FRSL

Sweep frequency response analysis (SFRA)
measurement

Frequency dependant capacitance and
dissipation factor measurement.

Partial discharge (PD) measurement.

Di-electric response analysis.
Winding resistance- measurement
and OLTC test

Winding resistonces are measured in the field
1o check for loose connections, broken sirands
and high contact resistance in tap changers.

Static winding resistance measurement on a
220 kV/110 kV/10kV/100 MVA transformer

The transformer under fest wos found fo have
conspicuously high quantites of gos in the o,
from which the conclusion was drawn of inner
overheating. Except for the middle fap all taps
showed a significant increase compared fo the
original measured values. The differences are
more than 10% or, in absolute values, up to
70 mQ (Fig. 3.

The deviations between switching upwards
and switching downwards are likewise
clearly significant. This indicates high contact
resistances caused by the confocts of the fap
selector switches. No silver plated confacts
were used and the copper confact surface
was now coated by oil carbon. After o full
maintenance of the fap selector, no significant
difference fo the values measured f the factory
in 1954 could be observed (Fig. 4). To examine
the results in more detail, it is recommended
fo view the difference between “UP* and
“DOWN” values (Fig. 5. The difierence before
confact maintenance was up fo 30 mQ (or 5%)
ond affer it was below 1 m or 0,18%).

Dynomic behaviour of the diverter swifch

To dote, only the stafic behaviour of the contact
resistances has been foken info account in
mainfenance fesfing. With a dynarmic resistance
measurement, the dynamic behaviour of the
diverter switch can be analysed (Fig. &)

Comparison o “fingerprint” results, which were
taken when the ifem wos in o known (good)
condiion and 10 the ofher phases, ollowsfor

measures

Fig. 1: Transformer foul due fo a defeciive bushing.
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Fig. 5: Difference “UP" - DOWN".
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the peak of the ripple (I, - |,,) and the slope.
(di/dh) of the measuring current, os these are.
important criferia for correct switching. If the
switching process is nferrupted, even for less
than 500 s, the ripple and the slope of the
curren changes dramatically

For tap changers in good condition the ripple
and slope for allthree phoses

1= dverter switch commutes from the first top fo the
first commutation resstor

the second commutation resistor is switched in
porallel
3 = commutaton fo the second fap (direct contact)

4 = regulation back Io the sef current value

Dynamic resistance measurement for
nalysis of the diverter switc

™ o oo s @ @ oo

Fig. 7: Ripple measurement of o
good diverter switch,

Fig. 8: Ripple measurement of an
oged diverter switch.

Fig. 9: Aged diverter switch confacts

Fig. 10: Impedance measurements on
defective fransformer.

tapping UP should be similar and those
for fapping DOWN should also be similar
Fig. 7 shows a ripple measurement for a
diverter switch in a good condifion

Fig. 8 shows the ripple measurements for
the three phases of an aged diverter switch.
The differences of the ripple values were due
o the advanced aging of the diverter switch
contacts (Fig. 9), which proves the sensitivity
of the measurement principle fo changes of
the contact surface.

Diagnosis of a defective transformer

A220 KY/110 KV/10 KV 100 MVA fransformer
was damaged by a marten. It short circuited
the 10 KV side ond caused o through fault
current of 54 kA. Although the transformer
was switched off within 100 ms, Phase A of the
10 kV winding was short circuited to the
core

First off the ratio was measured (Fig. 10)
A large difference of approximately 20%
indicated a failure with 20% of the turns. The
excitation current of phase A was 340 mA
whereas the excitation current ofthe remaining
phases was 10 mA.

Leakage reactance and FRSL measurement

As a second fest the leakage inductance was
measured. The used fest instrument has o
power amplifier which ollows measurements
from 15 to 400 Hz (Fig. 10) [3).

Fig. 11 shows that for low frequencies the
leakage inductance of the faulty phase A is
much higher than for phase B and C. For high
frequencies the values are similar:

Forthe measurement ofthe frequency response
of stray losses (FRSL) the resistive part of the
short circuit impedance Rsc is measured from
15 10 400 Hz. The FRSL is an indicator for
short circuited parallel sirands of transposed
conductors. Fig. 12 shows the comparison of
the three phases. The A phase shows much
higher losses
SFRA measurement
Also the measurement of the sweep frequency
response analysis (SFRA) showed o clear
difference between phase A and the phases
one
Conclusions of defective fransformer

The conclusion was that the fauly winding
was interrupted and poris of the winding were
confacting the core. This resulted in o part

Loe 110KV 1okv.

Fig. 13: SFRA measurement.

]

Fig.15: Defective winding with
interrupted conductors
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Fig. 18: RIP RBP and OIP bushings
jood condition.

Fig. 19: 245 kV RIP bushing stored ouside.

ook mGHe_ X0k @00 0K

Fig. 20: Ton & of 0 245 kV RIP
bushing stored ouside.

of the secondary short circuit current flowing
through the core. With higher frequencies the
current was displaced o the core surface due
1o the skin effect (Fig. 14).

Opening of the defeciive transformer

The transformer was opened three months
loter. Fig. 15 shows the tofally damaged
10 kY winding. The inferruption of conductors
can be seen clearly.

Capacitance and dissipation factor
measurement

In the past, the dissipation or power factor
wos measured at line frequency. Nowadays
power amplifers enable measurements in o
wide fraquency range.
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Fig.17: Losses in different insulaion gaps.

n{4]the dissipationfocior (DF)of pressboard
was measured af different frequencies
(Fig. 16). The four curves show the fon &
forwoter contents of 0,2%, 1 %, 2,5% and
4% Atransformer confains o complicated
insulation system. High and low voiage
windings have fo be insulofed fo tank
and core and ogainst each ofher. The
dissipation facor is o good indicator
of the oil paper insulation quality of
the single gaps. The dissipation factor
increases wih degradaion of oil, waler
confent and confaminafion with carbon
ond other paricls.

Fig. 17 shows o DF measurement of diflerent
insulafion gaps: HV fo LV winding (HL), V1o TV
wmdmg (1) and w wmqu fo the core ().

Fig.21: 33 4 OIP bushings.

I Fig. 19 a RIP bushing is shown, which was
stored oufside without any profection. The

conton 2.5%) - paper and the lowest
dissipation factor of low frequencies, whereas
LT and T have higher water confents (3,8 and
3,9%) and higher dissipation factors. The TV
winding is not in use and hence hos o lower
temperature during service. It can be deduced
thot the water in the insulafion paper is not
homogenously distributed:

C fan 8 measurement on high voltage
bushings

first mode directly afer the
bushing wos removed from the transformer,
the second measurement affer three-and-a
half months and @ third measurement after
more than seven months.

Fig. 20 shows a consistent increase of the
dissipation factor os the bushing was subjected
to ambient humidity ond rain. Also the
minimum of the curve hos shifled fo higher
frequencies wih increased humidiy.

In Fig. 21 33 kY OIP bushings are shown. The

of the power fransformer and capacilve high
voltage bushings inpartcular need care and
regular fests 0 avoid sudden filres. These

because their dissipation foctor was very high,
particularly o high temperatures. Fig. 22
shows the DF of dry and wet OIP bushings at

P point af their
base and both the copacitance between thi
tap and the inner conductor (normlly called
C1) and the capacitonce beween the fap and
ground (normlly called C2) are measured. An
increase of C1 indicates partol breokdowns of
the inferal loyers. To determine bushing losses,
dissipation factor fess are performed. Most of
bushing failures may be oftibuted o moisture
ingress. As already shown with the winding fo
winding nsulafion, anolysis of bushing nsulafion

of temperature [5). -
The tests show and increosed sensitivity
of the dissipation factor measurements af
high femperatures compared fo ambient
temperature. However, in the field it is
not so easy to heat up bushings before
measurement

In a second test the dissipation faclor for o sef
of eplaced bushings and a set of new ones

performed. Fig. 18 shows the dissipation factor
of resin impregnoted paper (RIP), resin bonded
paper (RBP) and oil impregnated poper (OIP)
bushings in good condifion. The frequency
responsa s rather fof over frequency and shows
low values for the dissipation factor particularly
ot low frequencies.

30°C, but hi

frequencies. The replaced bushings show high
tan 8 values particularly ot low frequencies. The
new bushings have flot frequency responses
with low losses also of low frequencies. These
fests indicated an increased sensitivity at low.
frequencies, which can be realised easier than
the 50 Hz measurement at high temperatures.

5
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Fig. 22: Tan 8 ot 50 Hz = ),

The examles show, that the measurement of
the dissipation factor over o wide frequency
range enable for a better diagnosis of the
insulotion compared to measurements ot
power frequency only. Particularly the low
frequency range makes the measurement
much more sensifive for water confents in the
insulation mediums.

Summary

With advancing age transformers require
regular checks of the operaing condifions

and these become increasingly important
The analysis of the gas in oil is a well

Fig.23: Tan & ot 30°C = ff)

proven method of analysis but must be
complemented by efforts o locate any faults
indicated by excess hydrocarbon gases in the
oil. In this way importont mainfenance can
be performed in time fo avoid sudden and/
or fotal failure.

Possible fault locations can be investigated

wide frequency range which wil enhance the

diagnosis methods

By comparing dissipation factor frequency

response curves to fingerprints it is possible fo

detect degradation in the insulafion mediums

of both iransformer windings as well as

bushings ot o very early stage.
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Test requirements for lightning surge arrester
ground lead disconnectors

by R Theron, and Dr. H Geldenhuys, Eskom

Lightning surge arresters are widely used by utilfies to protect ransformers and other equipment on medium voltage
5).

(MV) distribution

The function of the GLD is fo disconnect @
foiled arrester from the network, before o
permanent earth fault occurs.

International specifications fend to focus
mainly. on the arrester, neglecting the GLD.
The specified requirements do not adequately
cover the performance, duty and reliability of
the GLDs.

Specific problems experienced by Eskom in
recentyears include: lack of co-ordination with
earth fault protection seffings, operation of the
GLD when the arrester is not damoged, failure
of the GLD o operate when it is supposed fo
operate, os well as deterioration of the GLD
due to weathering of the unit over fime.

These problems hod

ificant impact on

Fig.1: Ciruitdiagram of o ypical GLD.

Pl
compelled fo reassess the international fest
requirements for GLDs. Signiicant deficiencies
were identiied and six addiional estrequirements
have been developed by Eskom fo ensure thot
future products will be suitable for applicafion
on the Eskom nefwork
The paper stars off with a discussion on the
basic operation of a GLD and the intemational
fest requirements for GLDs. Eskom's recent
Id LD's d

an

ot

and the subsequent changes 1o the fype fest
requirements are discusse

Basic workings of @ GLD

The most commonly used GLD design
consists of a spark gop, a resistor and a blank
cartridge. The basic circuit diagram of such o
GLD is indicated in Fig. 1

The resistor provides a path through the
GLD for the arrester’s leakage current. Most
designs use standard, 22 k0, film resistors
(ie. the fype used in electronic circuits). The
cartridge i a standard 0,22, blonk cartridge.
The blank cariridge will ignite when enough
heat is generated in the GLD. The resulting
explosion provides the mechanical force that
is required fo disconnect the earth connection
from the arrester:

To explain the operation of o GLD itis necessary
1o look at the following four conditions:

Healthy arrester under power frequency
conditions

The GLD resistor is connected in series with
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Fig. 2: GLD operating curve.

Fig. 3: The GLDs did nof operate when the
arresters filed.

the arrester's metal oxide varistor (MOV)
blocks which result in a voltage divider circuit
Under normal power frequency conditions,
the resistance of the MOV blocks is very
high in comparison o the resistonce of the
resistor. The majority of the system voltage is

n lines. It is common practice o fit these arresters with ground lead disconnectors (GLD:

therefore dropped across the MOVs and the
voltage across the resistor remains below the
flashover voltage of the spark gap. Leakage
current in the order of 300 A will constantly
flow through the MOV, the resistor and the
cartridge. The associated energy is however
100 low fo generate enough heat fo ignite the
cartridge. The arrester and GLD can therefore
remain in this stote indefintely.

Foiled arrester under power frequency.
conditions

If o power frequency overvaliage condition
occurs that exceeds the femporary overvolfage
capabiliy of the arreser, the MOVs will fail,
The MOV normally fail short-circuit, which
means that the fullsystem voltage will suddenly
appeor ocross the resistor and spark gap. The
spork gap will therefore flash over and the
systom's earth fault current will flow through
the GLD. Enough heat will be generated
instantly and willignite the cartridge, thereby
disconnecting the earth tail from the arrester
The arrester and the GLD will be permanenly
damaged and will have to be replaced as
soon as possible.

Healthy arrester under transient conditions

When the arrester is subjected fo a fransient
overvoltage, os inthe cose of alighining surge,
the resistance of the MOV's will temporarily
reduce 1o o very low value in comparison fo
the resistance of the resistor The voltage across
the resistor and the spark gap willrise and the
spark gap will flashover: Surge current will flow
through the arrester and the cartridge for @
short fime. Once the overvoliage condifion
passes the MOV resistance refurns fo a very
high value again, the voliage across the
gop reduces and the arc across the gap is
quenched. Nof enough heat is generated
10 ignite the cartridge due o the very short
duration during which the surge current flows
through the GLD. The arrester and GLD
therefore return, undomaged, to the same state
in which it was before the surge condition.

Failed arrester under transient conditions

If the surge energy exceeds the energy
capability of the arresters, the MOV will fail.
The surge current will be followed by power
frequency follow-through current. Enough
heat will be generated instantly to ignite the
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cartridge, thereby disconnecing the earth fail
from the arrester. The arrester and the GLD il
be permanently damaged and will hove fo be
replaced os soon as possible

International specifications

The two main international specifications
for surge arresters are IEC 60099-4 [1]
and IEEE C62.11 [2]. The following fest
requirements are specified in the IEC
specification, the IEEE requirements are
however almost identical

Time versus current curve fest

Power frequency voltage is applied across
the GLD until it operates. The duration to
first movement of the GLD s recorded. This
procedure is conducted ot three current levels:

20 A, 200 A and 800 A

The recorded operating fime of each current
level is plofted to provide the GLD's operating
curve, as indicated in Fig. 2.

Long duration current impulse fest

The arrester and GLD are subjected to o
series of eighteen long duration current

impulses (2000 s squore wave, peak current
> 250 A.

Fig. 4: Premature GLD operation.

Operating duty fest
The arrester and GLD is subjected fo a series
of twenty lightning current impulses (10 kA,
8/20 p1s) and fwo high current impulses
(100 kA, 4/10 s)

Discussion

The purpose of the fist fest is fo establish the

operating fime of the GLD af different current
levels.The im of the second and third fests
is 1o simulate transient conditions that the
arrester and GLD could be subjected fo when
in service. The arrester is required to withstand
these impulses. The GLD should also withstand
these impulses without operating, because the
GLD should only operate in the case of on
arrester failure

Field failures

Compliance with the above mentioned fest

requirements are strictly enforced on ol

arresters applied on the Eskom network

However, large numbers of GLD maloperafions

hove been reported in recent years

The majority of these maloperations can be

grouped info two categories

* GLDs that do not operate when the arester
fail, examples are shown in Fig. 3

* GLDs that are foo sensitive, i.e. the GLD
operates prematurely on on arrester that
is sfill in @ good condifion. An example is
shown in Fig. 4.

GLDs tht foil fo operate

The investigation revealed that these
maloperations occurred, because the GLD
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operating curves do not grade with the
upstream profection. It was found that a loss of
co-ordinafion can occur beftween the operating
fime of the GLD and the sensifive earth foult
(SEF) sefting af the upstream protection
device.

The purpose of the GLD is fo remove a failed
arrester from e nefwork, before the subsequent
eorth faultis permanently cleared by upsireom
profection.  The GLD should therefore ensure
that an arrester failure does no affect the rest
of the network due fo @ permanent oufage.
Loss of co-ordination between the GLD and the
SEF profeciion defeas the objec, because the
upstream breaker clears fhe earth fault before
the GLD can operafe.

According fo Eskom's seffings philosophy
for rural feeders [3], SEF pick-up seffings are
set between 3 A and 6 A. The fime-current
characteristic is a definie fime characterisic
with the frip delay set between 3 s ond 15 s.
Atypical SEF seffing has a pick-up of 5 A and
@ trip delay of 5 5. The SEF seffing range is
ilustrated in Fig. §

The GLD operating characterisic curves of the
arresters that were most commonly used by
Eskom ot the fime are shown in Fig. 5.
According fo these operafing curves the GLD's
of allthree makes il operote faster thon the
SEF element for earth fault currents of 20 Aand
higher. The GLD operating fimes below 20 A
were however no readily available, because
the international specifications only require the
tfestfo be conducted ot 20 A, 80 A, 200 Aand
800 A. The manufacturers were approached
o provide operafing fimes af lower currents
These operaing points are indicated in Fig. 5
with the ‘star” symbols.

Product A grades with the SEF seftings in all
cases. A straight-ine exirapolation (dofted
line] suggests that product B will start o lose
co-ordination below 4 A The manufacturer
of product C indicated tht it will not operate
ot all for currents below 15 A. These findings
correlated well with moloperations tha were
reported from the field

Eskom therefore decided fo amend the
requirements of the fime versus curen curve
fest. It is now specified that he GLD operating
fime must also be recorded af 5 A and it must
be faster than 35,

The GLD operating curves for products A, B
and C, affer implementation of the amended
requirements, are shown in Fig. 6. The
operating fimes forproducts B and C ore
notably foster

Premature GLD operofion

The invesfigation revealed thot the premature
GLD operations occurred during lightning
storms, predominanily in areas with high
lightning ground flosh densiies. It was therefore.
necessary fo investigate whether the specified
type tests adequately simulate the lightning
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30psand 120pss. The effective
durations of the three fest impulses specified in
IEC 60099-4 are however 6 ps, 12 s ond
2000 yis respectively. The differences in
the effective impulse current durations are
illustrated in Fig. 7.

The effective duration of the standard specified
test impulses do not correlate well with the
effective duration of typical, natural lightning
impulses. The IEC type tests therefore do not
provide a good indication of a GLDs withstand
capability for typical lightning impulses
Additional current impulse withstand fests with
e imedte o b

Fig. 6: New GLD operating curves,

PO -
Fig. 7: GLD current impulse fest points in
‘occordance with IEC 60099-4.

304
and 120 s are required.
Al the premature GLD operations occurred
with one specific make and model of arrester
and GLD, dubbed ‘product X' for the purpose
of this paper. Product X complied fully with oll
the type fest requirements of IEC 60099-4.
1t was therefore suspected that the operafing
characteristic of the unit is too sensitive in
the zone of typical lightning impulses. The
partcular arrester and GLD were subsequently
subijected fo wo addtional currentimpulses ith
15/350 s and 30/80 is wave shopes, the
results are ilusirated in Fig. 8.
The MOV foilure level indicates the amplitudes
o which the MOV blocks of arester X will
fail for each of the wave shapes specified by
IEC 60099-4, as well as for he two additional
wave shapes.
The ‘GLD X' curve shows the current impulse
withstand values of GLD Xand can be described
s the fransient operating curve of the GLD.
In principle the GLD should only operate once
the arrester foied. The MOV failure level of he
arrester should therefore be locoted below, or
ot leost very close fo, the fransient operofing
curve of the GLD. Htis cleor from Fig. 8 hat this
is notthe case, especiallyin the range of typical
ing i For i

ey ™
[ —

Fig. 8 MOV failue level versus fransiont operafion
LD,

conditions that the arrester will be subjected fo
on a distibution network.

The effective duration of an impulse is defined
as the difference between the fail fime
and rise time of the impulse, as defailed
in clause 8.1. The effective duration of
ypical lightning impulses (4], (5] is between

GLD X will operate af 2 kA, whereas the MOV
will only fail ot about 30 kA. The GLD is more
sensiive than the arrester afthese wave shapes,
which explains the maloperations that occurred
on the network.

Manufacturer X subsequently designed a new
less sensiive GLD, GLD X1. The transient
operation curve of GLD X1 is also indicated in
Figure 8 and it can be seen that it grades well
with the MOV failure level of arester X.

The fransient operafing characteristics of GLDs
X and X1 were also benchmarked against
GLDs from other manufacturers that have been
successfully utilised on the Eskom network for
o number of years. The results for 30/80 s
current impulses are llustrated in Fig. 9.

The withstand value of GLD X was found fo be
significontly lower than that of products A, B
and C. The withstand value of the redesigned
GLDX1 is much closerfo the other models and
is even slightly less sensitive.
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Fig. 9: Benchmarking of current impulse withstond values for
30/80 s wave shape.

Eskom’s new GLD fest requirements

The feld foilures and invesiigations hat followed
brought fo light the fact that the requirements
of the infernafional specifications for GLDs do
ot adequately cover performance, duty and
reliabilfy of GLDs

The following addifional fest requirements were
therefore added fo Eskom's specification for
distibution class surge arresters, SCSSCAANS
6]

These tests do not only focus on the failure
modes fhat were discussed in the previous fwo

in addifion o the sandard requirements of
IEC 60099-4 the operoting fime shall olso be
obtained at 5 A and it must be < 3 s.

High lightning duty current impulse withstand
test

The investigafion proved that the sensifivity
of 0 GLD is not necessariy linear across fhe
whole spectrum of possible transient impulse
wave shapes. It is for that reason necessary
1o ensure that the current impulse withstand
capabilty of the GLD is suffcient for ypical
lighting wave shapes.

sections.
identified and fest requirements were formulated
1o also cover it.

Three of the main surge arrester manufacturers,
on the intemational market, comply curently
with Eskom's amended st requirements

Time versus current curve fest

The GLD operation curve has to grade with
the SEF seffings. It is therefore specified that

Itis th Dsare subjected
10 two consecufive 30/80 s current impulses
with @ minimum peak value of 30 kA

Repefitive surge withstand abiliy fest

The arrester and GLD are subiected fo a large
number of impulses over its service life as o
resultof induced surges, These repelifive surges
‘can erode and damage the infernol components
of the GLD 1o such an extent tht the operafing
choracteristcs of the GLD are altered.

In a paper by Geldenhuys and Theron [7] it
is shown that small surges with slow rise fimes
is the most severe duty that o GLD can be

Thermol pre-conditioning and water
immersion fest

1t is crifical that the GLD is hermetically
sealed for ifs entire service life. A moisture
ingress fest is specified in [EC 60099-4, but
itis only required on the arrester. The Eskom
specification requires that this fest also be
conducted on the GLD. The aim of this fest
is o first thermally age the GLD and then fo
confirm that the GLD remains sealed.

The moisture ingress fest consists of three
parts; thermal, mechanical pre-condifioning
and woter immersion. GLDs should be
subjected o the thermal precondifioning
and wafer immersion parts of the fest. The
mechanical part of the fest is o required
on the G

The GLD is subjected to specific thermial
variations consisfing of wo 48 hour cycles of
heating and cooling, conducted in air. The
thermal pre-conditioned somples are then
subjected fo the water immersion fest.

The wofer immersion fest essentially requires
thatthe GLD is boiled in saltwater for 42 hours
and thereafter cut open to verify if any maisture
ingress occurred

GLD resistance measurements

The poss criteria in the IEC specification simply
require that the GLD does not operate when
subjected fo the current impulse tests. It is
however possible thot the GLD's internal resistor
failed short-circuit during the fest. The spark gap
will therefore be permanently bridged-out and
the GLD will never operate.

The Eskom specification consequently specifies
that the resistance of the GLD be meosured
across its terminals before and ofter each of
the standard impulse tests, as well as before
and ofter the additional fests that are specified
by Eskom. The resistance should not change
by more than 5 %.

It is further recommended that carbon

subjected fo.
of such impulses that @ GLD will experience in
its life on the South African network is in the
order of a thousand impulses.

A test s required fo confirm that o GLD is
capable of withstanding a large number of

plitude surges with slow rise fimes. The
repefitive surge withsiand fest was formulated
for this purpose.
GLDs are subjected fo a thousand consecuiive
voliage impulses. The amplitude of the impulses
must exceed the spark over value of the GLD's
termal gap by 120%. The impulses must
have a virtual front fime of 5 i fo 10 is and
the tail time should be long enough fo ensure
thot sparkover occur across the GLD's infernal
gop. The thousand impulses are applied
consecutively with 50 s o 60 s inferval

impulses.

rather than fim resistors,
be utiised for GLDs. The surge performance
and ageing of carbon composition resistors e
believed o be superior.

Operation verification fest

Besides the resistor, the ofher sub-components
of the GLD can also be damaged during
the impulse fests. In order fo ensure fhat
the GLD is still in a working condition
ater being subjected fo each impulse test,
it is specified that the actual operating
time of the GLD be measured. The
requirement for an operating fime of less than
3 s for a5 A current is arguably the most
arduous in the power frequency domain
The new specification requires confirmation
that the operating time of the GLD ot 5 A is
il less than 3 s, after completion of each of
the impulse fests,
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Network master planning methodology for
network expansion and renewal

by Marius du Preez, NETGroup Infernational, and £d Bunge, Eskom Eastern Distribution Region

This paper addresses Eskom’s latest approach fo long term investment in their distribution business. An overview of
infernational trends with respect 1o long term eleciricity network expansion planning is provided.

The paper also summarises Eskor's latest
planning methodology that incorporates
some new trends key fo fhe successful
implementation of the universal access plan
recently launched by government. A new
methodology document has been formally
accepted as a guideline fo be applied both
within Eskom and by private firms contracted
o do work for Eskom.

“The objective of distribution planning is to
provide an orderly and economic expansion
of equipment and focilities fo meet the utility's
future elecricity demand with an acceptable
level of refiability” [1].

During April 2006 Eskom Management ook
the decision to undertake the universal access
plan (UAP), which will provide a comprehensive
expansion plan aimed ot accslerating the pace
of Electrification fo ensure 100% access fo
electricity in South Africa by 2012.

Other drivers for comprehensive electricity
network planning include:

the national accelerated and shared
(ASGISA)

Delivery of electric power i a capital-intensive
business. The quenfity of power needed,
its location and when it will be needed; all
have to be planned well in advance. The
network planner’s task is 1o determine an
orderly and economical expansion of assets
that meets Eskom's future electricily demand
with an accepiable level of operability and
reliabily.

Planning philosophy

Background of the electricity supply industy
)

The ESI has been through an evolutionary
process since ifs inception approximately
100 years ago. Initally and for many years
the business was seen as a high fechnology
business, essential for economic growth and
with @ monopolistic characteristic. The default
approach all over the world was fo declare the
business a natural monopoly to be owned and
regulated by government.

Since the early 1970s this started to change.

growth inifictive for i
a government inifiative aimed af achieving
and sustaining a higher economic growih
rate fo ulfimately halve poverty and
unemployment by 2014,

the need to make additional capacity
available due fo rapid lood growth.

the need for extensive refurbishment due
10 the age and performance of equipment
and networks in certain areas.

the increasing lead times required for
environmental assessments, servitude
acquisition and procurement of
equipment,

the findings of the CTAD audit on the
network planning environment

In support of these initiatives, it will be
necessary to ensure that adequate network
capaciy is available o supply the anticipated
load demand. This will be done by conducling
fimeous network master planning (NMP) and
network development planning (NDP) studies.
This document summarises the standard
approach 1o be adopted by all parties
required fo execute studies and compile
NMPs and NDPs by and on behalf of Eskom
Distribution.

ES| that can be categorised as follows:
Reguloted stable environment
(pre-1970s)

+ Regulated unstable environment
(1970 - 1990)

* Regulated competiive environment
(1990s onwards)

Traditional way of plenning

The tradifional way of planning in the regulated

stable environment was characterised by the

following:

* The responsibiities and mandate of the
uility was clear and was strictly confrolled
by goverment.

The demand was predictable and o long-
ferm estimate of demand growth was
quite possible. Long ferm load forecasfing
was done with  reasonable degree of
certainty.

Resources fo meet the forecosted demand
could be identified far into the future
and rather accurate assumpions could
be made about capital expenditure on
network infastructure.

Different network development alternatives
could be compared with certainty and
for info the future. Aspects such as
equipment performance, system reliabiliy
and financial requirements could be
quantified with an acceptable amount of
cerfointy.

Resource plans could be implemented
where the risk was manageable.

The conventional approach fo planning
could easily optimise the cost of supply fo
the utility.

Integrated resource planning (IRF)

The planning fechnique adopted in the
regulated unstable environment between

Power System Planning Horizons
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Fig. 1: Typical planning horizons
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Fig. 2: Time perspective of NMPs vs. NDPs.

the 19705 and 19905 is called integrated

resource plonning and was characterised by

the following:

* Ulfies were sfl sirongly regulated and the
government sfill influenced management
strongly.

* Lood forecasfing became more difficult
and forecasting scenarios and stochastic
techniques became more popular.
Lood forecasfing had fo recognise DSM
initiafives and the effects of these on the
demand trend line.

* Identifying generation resources included
new altematives such as purchasing power
ond DSM instead of bulding expensive
new power plonts.

* Analysing and evoluating all the system
expansion alfenatives were much more
difficult as the required data increosed
exponentially and the number of opfions
increased significantly.

Least cost planning (LCF),

LCP olso originated in the regulated unstable
environment and is followed in the inifial
stages of market liberalisation. Basically the

LCP process is similar o the IRP process as
described above but with the following distinct
optimisation criteria that seem fo dominate:

Minimise fariffs

Minimise capitol requirements

Minimise KWh (energy) consumption

Minimise losses
Volue bosed planning

One major component missing in the
planning processes discussed above is that
the cost of unreliability of the power system
or the unavailabilty of electricity supply fo
the customer is nof factored into the fofal
cost. Lotely the concept of minimising total
cost - o both the utilty and fo the customer
is becoming the norm 1o select the most
opfimal network expansion alternative.

In order o calculate indices such os expected
unserved energy (EUE) and loss of load
probability (LOLP), it is necessary fo employ
probabilfy techniques. Such indices can
be used fo compare network expansion
cltematives.

Caleulating probability indices for fhe

power system calls for stofistically based
techniques such as Monte Carlo simulation
and contingency enumeration fechniques. By
using outage frequency and outage duration
data for each component of the nefwork,
the probabilit of interruptions of each load
point can be calculated

Generally speaking value based fechniques
o5 described above are more suitable
1o assist with planning decisions in an
environment where a greater amount
of uncertainty exists as is common in
liberalised wholesale markets. Electricity
market reform is sweeping through the
world and will most certainly influence the
way utilities plan the development of their
nefwork — such influences will also have an
influence on the South African electricity
supply industry.

Planning methodologies

A variety of plonning approaches are in use
worldwide. The success of specific methods
depends on the fype of system and planning
environment

In recent times, the success of planning
methods has been lorgely influenced by the
industry structure.

Generally speaking, planning is a d
making process that can be broken down info
five generic steps as shown in Table 1:

jon-

Eskom's planning process
Overview

Fig. 3 illustrates a general process fo
conduct network planning and includes
new features identified as necessary to
stay in step with industry requirements. This
process applies o both NMP as well as NDP
Itis a holistic approach and addresses all
aspects of Eskom Distribution’s network
infrastructure planning, including the
bulk supplies to support the national
electrification drive.

Planning study obiective ond review of study

area

This firs step s of a universal nature and ses

the stage for the particular study, be it a NMP

ora NDP

The network planner should allow for a clear

definition of the primary and secondary

objectives of the study, the confirmation of

the study area, the recorded network needs
d

1
T in tems of the
itdown.
2 Thistol a0 go. What goals
5 are 1o be ochieved? Review the company's mission.
What i o be minimised?
3 denty he aliemaives ‘What altemative solufions are ovailoble? This is @
aitcol sep.
altemotives. This should be a group session.
7 oot the ol Evolugte ol the altem sound basis.
5 Selectthe best alematives Select the alfemalive that best sotsfes he gools wih
respect o the problem
Table 1: Planning process
AMEU 2007

of a problem
stotement.

Even though network study areas may
previously have been defined, these should
always be reviewed fo adjust for network or
organisational changes.
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Gather and verify network and load.
information

During this task appropriate information
10 support the study should be obfained
Planners require a wide variely of raw data and
processed information fo compile an effective
plan. This includes mostly network and lood
related dafa but should also invesfigate the
availability of information related to the
environment, as well as plans for other services
such os fransport and water.

Specific assessments are conducted by the

economic study, which serves as an imporfont
input info the load forecast.

The load forecast for the NMP should provide
a long-term siraegic view on development and
should preferably be based on geo-spatiol
techniques, where the NDP load forecast
will be bosed on actual registered needs, as
well as short-term frending type load growth
predictions

The NP load forecastshould be used os input
o the long-term load forecast. Aful long-term
geo-based tum be used fo

responsible parties fo provide
information fo the planners for infegration info
either the NMP or NDP

This task further entails a quality review and
indexing of ol obiained information. Field visits
may be required to verify network layout and
equipment dato. Where load recordings are

support qt NDP
study, particularly in areos where significant
electrification growth is sfll anicipated.
Analyse existing nefwork copobiliy and
problem siatement

This tosk should analyse all the data and
i horad during | e

ytolounch an
exercise fo install special recorders fo obtain
the required loads

Load forecost and strategic study

The load forecast is o crucial input fo both
NMPs and NDPs. During this task o load
forecast is developed that is bosed on
regional demographic and historical load
growth pattens, together with inputs such as
regional electrfication plans, local economic
development (LED) plans, spafial development
frameworks (SDFs) and other infrastructure
development plans, often contained in
municipal infegrated development plans
(IDPs)

It is important that the network planners
have good insight info socio-economic
developments by both public and private
sector, Regional planners and economists
should be utilised fo conduct a strategic socio-

or by others outside the planning process such
o network operafors.

A typical activity would be to develop
adequate nefwork models representing the
sub-transmission and/or reficulation networks
within the study area. Once these models
have been confimed fo be an acceptable
representation of the real world, future loads
o projected by the load forecasting exercise
can be applied fo the network models and
analysis studies con confirm shoricomings of
the existing network.

The planner should then analyse and address

Alterative | One of a number of
possible network plans being
evaluated in a study

CAPEX Capital expenditure

Distribution | Eskom's distrbution business

DSM Demand side management

EDI Electicty distrbution indushry

€A Environmenol impact
assessment

€S Electicty aupply industry

1DP Integrated development
ploning)

IRP Integroted resource planning

Load zone | An areo (ypically
homogeneous) defined for the
purpose of analysis

Lcp Leost cost planning

NDP Network developmen!
plon(ning)

NMP Network master planining)

= Operaling expenditure

Reficulation | Typically MV reficulation

systom =1 Wand <33, IV
reficulation <1 W/

Scenario A postulated future event or
sequence of possible events
Typically 44 kY and <132V

ronsmission | substransmission nework

ystem

Transmission | Typically 220 kY - 765 kY

system fransmission network (unless
otherwise sioted)

finally clearly define the network problems that
have been identified.

Integration of plans

The planner, in consultafion with the relevant
stakeholders, needs fo infegrate fhe various

Fig. 3: Eskom's planning process

Table 2: Abbreviations and definitions.

discipline specific plans info the overall
network plan, either a a sirategic level for a
NMP or af o more defailed project level for
o NDR
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These include the following plans:

Electrification plan

Refurbishment plans

Transmission plans

Environmental plan

Reliabilty plan

The electrification section within customer

services is responsible for compiling the
detailed 5 yeor electrification plan. This is
typically more relevant for a NDP study, but
any long-ferm plans should be incorporated
into @ NMP study. The plant section is
responsible for primary plant refurbishment
planning, and the electricity delivery is
responsible for control plant refurbishment
section planning

Integration of plans at all levels, including
tronsmission, sub-transmission and reficulation
requires effective communication befween
stokeholders. Special emphasis is required for
liaison vith the Transmission Expansion Planning
section, which is organisafionally separated
from distribution network planning.

It s important to develop o common vision
between all parties involved in nework
investment for the long-term development and
renewal of the network over fime.

AMEU 2007

Identify and evoluate alternatives

The obiective of this fask s fo identify possible
network solufions and to perform fechnical
evaluations on these alternatives fo ensure
that the idenfified needs are addressed
Care should be faken to ensure thot the
level of technical capabilty of each network
development alternative is more or less equal
so that economic evaluafion can be done
fairly on each alternative

Network analysis will adhere to the planning
criteria os described in the distribution code
and the nefwork planning guideline.

The economic evaluation should collectively
assess all costing factors influencing the
viabilfy of the plan and should consider both
the cost of new infrastructure as well as the
life cycle cost of operating and maintaining
the infrastructure.

Copital plan and financial evaluation

The objective of this task is to refine and
phase the capital cost of the prefarred network
development opfion.

As a minimum, the cost esfimates should be
based on the requirements for the following
project business categories

* Direct customer
+ Electification
+ Strengthening
*  Refurbishment

* Reliobility

it is sensible fo do a financial analysis of

ommended nefwork plan in order fo
the capital program willsfll meet
cash flow and net income requirements of the
strategic and business plans

confirm th

Reporting, approval and project inifiation

This task is of a general nature and fouches
on all the steps mentioned above. The task
outlines the requirements for.

* Reporting, i.e. summary reports - the
approach, findings and recommendations
of the planning studies

« Approval of NMPs and NDPs in line with
the capitol invesf ment process and network
asset creafion value chain

* Projectinifiation, Le. the release of projects
into the business.

Itincludes the identification of long lead-fime

equipment, environmental assessments and

servifude acquisition.

Conclusion

This document describes the main steps fo

From start to finish NETGroup
has the solutions.

Before you start a project, preparation is the key to a
successful finish.

Your utility needs a business partner, who loves to solve challenging
problems by applying innovative business and technology solutions.

in ity wires and

* Geospatialload forecasting;

+ Preliminary and detailed design;
. and i

* Expansion and refurbishment master planning;

« Utility information systems;
* Revenue management services;
« Protection field services; and

« Operations and business management.

For a fast response phone Ferdi Nell on 0861 638 477
(Local), +27 12 345 6005 (International) or e-mail

N

or go to www.net
Together building world class utilities & industries

Private Bag X14, Elarduspark, 0047, South Afrca Fax: 27

NETGroup
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be followed by network expansion planners
involved in the long term development
planning of Eskom's distrbufion networks

The document will be confinuously reviewed
and updated in order o stay in step with

fruiless or non-optimal investment related
expenditure

Definitions

Refer also fo Table 2.
D “ Allsub

international best d alsoto address
South Africa’s needs for electrical energy.
Aspecs that will receive more aftention in
the near future are network reliability and
economic evaluation. It i foreseen that these
aspects will be incorporated info future updates
of the methodology guideline.

The process may seem extensive but when
compared fo the amount of capital that will be
spent on distribution network expansion and
renewal it makes sense o follow a process
os described as this will lower the risk of

and reficulation electrical equipment
(substations, lines and cables) owned and
managed by Eskom's Distribufion Group,
from 132 kV to LV (400/230 V).

Rurol network: Nefwork serving clustered or
scattered siructures, usually of low density,
ot served by wellestablished infrastructure.
(i.e. roads, water, sewage, electricity).
Urban nefwork: Networks serving formally
or informally built siructures, usuall
high density, serviced by well established
infrasiructure (ie. roads, woter, sewage,
electricity)

Accredited Eskom Supplier
ent for Sediver Insulators

and disibutor of:

wision and distibution

wmm

ol A

... B8

“Network planning process™: This is a
rocess for assessing the abilfy of ol network
infrastructure to meet industry standards
in respect of existing load, future load
forecasts and relabiliy requirements
“Network master plan (NMP)*: A NMP
consists of all the documentation that is
produced during the network planning
process where the focus i long-term and
strategic. This documentation (i.e. software
files and paper records) is required fo
support the strategic capital plan and
needed fo review and revise the plan in the.
future,

“Network development plan (NDP)”: A
NDP consists of oll the documentation
that is produced during fhe network
planning process where the focus is short
to medium term in relation to the NMP
This documentation (i.. software files
and paper records) s required fo support
the 5-year capial business plan and is
needed to review and revise the plan in
the future.
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Universal access to electricity -

Eskom’s business plan

by Pefer Sebola, Eskom Distribution, Anton Theron and Ferdi Nel, NETGroup

This paper addres:

s the business plan prepared by Eskom for the program required to support the government’s vision

of universal access fo electricity by 2012. It describes the methodology followed to compile the universal access plan
ial the and

(UAP) through a desk top analysis based on the best available
experience of both demand side and supply side planners.

1t also provides main results emanating from the plan and insight to
backlog, network expansion, load, costs and resource requirements
for such an inifative on  nationl basis. The UAP shows that alfhough
great stides have already been made, much work sil lies chead fo
provide universal access fo electriciy for all

Universal access was recognised when President Thabo Mbeki stofed,
“Through our integrated system of govermment, with the strengthened
local govermment working with our safe enferprise, Eskom, we wil, wihin

years, ensure that each
during the State of the Nation address on the 21 May 2004.
L deps . liwas
always a topical issue on govemment's agenda. However, only in 2004
was a committed fimefable officially extended fo the nafion.

Government had stated a clear desire fo provide affordable access to
‘energy services including electricity since the 1990s. National leadership
recognised that household access o energy services is a basic need. A
lack of access fo electricity means that basic needs will nof be mef.

o bl

The produgtionand - Bor
plans developed, must be long term solutions. The deputy minister of
minerals and energy stated that an infegrated programme that utiises
both grid and non-grid technologies will allow for electrfication to be.
sustained

In broader statements government also highlighted the need for
elactrfication for minority groupings as a matter of urgency. These
minoriy groups include: disadvaniaged households, small businesses,
moll forms and community services. 1 is necessary for the electricity
<upply indushy fo contribute fowards social equity by addressing the
electrification needs of the poor.

Elecirification has not only been mentioned in nafional addresses and

ite
‘and development plan's (RDP's) infrastructure delivery programme.
UAP project context

The Depariment of Minerals and Energy (DME) contracted Eskom
through ESI-GIS fo provide  universal access planning approach for
electrfication.

In February 2006 ESI-GIS presented siaistcs to Eskom, DME and
AMEU which indicated a current backlog of electrification connections
of approximately 3 million households, with an estimated requirement
of 5 million connections by 2012.

The workshop agreed that @ plan fo monage “universal access” is
required and Eskom offered to prepare a proposed project charter on
how the plan might be prepared.

5 th DME Yothisuods
and hos siructured the work info three phases with support from various
project feams. (see Fig.1) The three phoses ore:

« Phase 1 (short ferm): To formulate a high level planning proposal
fo achieve universal access in line with government objectives

« Phase 2 (medium ferm): Formulate a planning proposol per

AMEU 2007

as well as 1}

municipality for the current medium ferm expenditure framework
(MTEF) 3 year cycle and refine the planning proposal s provided
in Phose 1

Phase 3 (long ferm): To establish and recommend @ long ferm
approach for the development of the universal access plan (UAP)

ESI-GIS completed a combined Phase 1 and 2 reportin 2005. This report
. iy

the quantity and cost of connections.
The objecive of Phase 3 was a defailed approach fo the development
of a Universal Access Plon. Due fo the magnitude of the programme,
Phase 3 was spli info two stages nomely:
o Stage 1: Electifcation
o Stage 2: Infegraed network plan

8 Phase Jinclude the slectr

lans, network

while considering operation and commercial functions fo ensure the
business can support the programme.

The following worksireams were idenifed fo ensure o comprehensive
plan:

Electrification plonning
Moster planning

Strategic studies

Data management

Geo based load forecasfing
Refurbishment

« Operations

Commercial

Programme and jourey management

PHASE 3 L

Fig.1: Programnie phase and sfoges.
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Phase 3 Stage 1: Elecirification
CURRENT NETWORK STATUS
Objectives

Stage 1 allowed Eskom to gain o better
understanding of the extent of the programme
and provided for befter Stage 2 estimates.
The obiectives of Stage 1 were fo develop o
universal access plan, fo identify enhancements
that would improve planning in fulure terations
s well as develop o business case. In order fo
achieve these objectives the following streams

b d:

Dota management

Strategic studies

Electrfication and network planning

The integrated planning system (TIPS)
enhancements

.

Master planning methodology

 Programme and journey management

Eskom as well as municipal elecirification
loads are considered with regards fo the
national sub-transmission infrastructure
plan. This was considered for funding
purposes but municipal electrfication
was nof incorporated in the geospatial

Scope

The following scope was agreed with regards o

he development of the universal access plan

o Only Eskom areas of supply are considered
for the development of the connection

schedule expansion plan

Fig. 2: Network constrains.

The current electricity industry siructure is
assumed 1o remain during the fimeframe of
the project. Plons will have fo be assessed
and updated in the event of industry
restructuring

Strotegic studies fo provide a high level view
regording the household growih as input o
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Groph!: Cost per connection based on densif.

network planning feam for further analyss.
The electification and network planning feam

conducted several workshops per region in

Filled in data gaps and pologonised the

Toble 1: Backlog estimates.

the universal access plon and the business
case that can be refined in Stage 2.
Deliverables
Asixyear universal access plan
Concept release approval (CRA) forms for
‘projects identified in the first hree years
« Geospatial representation of the projects
Cosfing and resourcing for the projects;e
Sub-transmission plan
®  Generation and transmission inputs
Evaluation of commercially off the shelf
opplications fo replace Tl
Design specificafidns fo enhance TIPS for
future planning iterations
Enhancement of the current Eskom master
planning methodology
® Business case
Approach
Seftlement data wos required in order for
the elecirification and network planning
stream fo develop geospatial p\uns The

.

Saturation ADMD
CA e
Ubon | Procloimed | 1,90
Feri-urbon_| >150 4 which they:
Ruoll __[11010150 |0/ 2
Ruol2 7010110 | O
a3 [01070 65

Prepared infegrated development plans
(IDPs) aligned 6 year connection plans
Identified network constraints

Heratively planned network expansion and
electrification projects over the 6 year
period

At the same fime, the sirategic studies feam
prepared o best estimate for the growih and
provided the information in the required format
to the electrification and network planning
stream, as input fo the plans.

Phase 3 Stage 2: integrated network
planning

The primory objective of integrated network
planning is to develop master plans for a 20
year horizon for all regions across the country,
Master plans will be developed according to
the master plonning methodology developed
in Stage 1. Masfer plans will enable network
development planning und zmoaat-d p'm:

[Green [ No consiraint on nehworks, sl

can proceed nnd o [y
area con be su

Siighty o networks,
electrfication con proceed with caution
but not ol backlog in the supply orea con
be clearsd,

Orange

x:ommm networks, no slectifcation
without network
Sragihenieg st ok

place.

Toble 2: Network breaker consiraint cotegorisation.

during Phases 1 and 2 of the programme was

s follows:

To provide all previously disadvantaged

South African households with access fo

basic elecricity by 2012, under the following

conditions

® Grid electrfication will be utilised, as an
option of choice while ofher fechnologies
will be considered as a means of an interim
solution

Within the constraints of access to resources
and time, these altemative solutions will be.
replaced through a process of confinuous
improvement in line with the expected
asset lifecycle of the alteratives, even if
the process continues beyond 2012

® I remote areos where grid electrification
is inaccessible, technologies can includ
solar; gas; liquid fuels, mini-grid;
renewables; and o combination of the
above.

®  Households o be electrified will be restricted

1o authorised seftlements (proclaimed and

tribal land), but exclude the following:

unproclaimed areas; and nfs on

unsafe ground formations and oreas in the

flood lines.

A basic supply refers to the following:

- Grid: <10 A, 0,6 kVA ADMD

- Non-grid: 50 W peak solar system,

Backlog

The Census 2001 information is generally
accepted os the formal and most accurate

overa 5 year horizon. Tl
planning input for i

required fo support electrification projects in

both Eskom and municipal areas.

Status of phase 3

« Stage 1: Completed in Jonuary 2007.
d and approved

th 4 Scenario 2006 2012 |
profecs lowCoso | 1887886 | 2188565

| 1989221 [ 2540713 |
High Case 2111639 3628854

Table 3: Backlog estimates, Eskom supply areo.

data stream i
the available Eskom dofa ond obiained o2
settlement data from institutions including 2007
the Department of Water Affairs and Forestry 1 T S W i N:‘:m Zhbac
) results for Phase 3 - Stage 1. e 12000
Thp mglons were. a(so requed o T:rc::: e :g zzz
is

‘with the respective - 2 Total 257 000
v °"°‘V’°d s "m Definition of universal access
regions in order fo resolve gops. The dota T e e Toble 4; Connectons possible within
was then handed fo the ifiction and E nehvork capacity.
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source with regards to defermining the

electricity backlog. The census question from

which the electricity backlog is derived seeks
to determine the energy source mainly used
by the household for lighting purposes

Censusinformation therefore does not measure

electricity grid connections explicilly but that it

measures a household’s access to electricity for
lighting purposes.

Eskom is ultimately interested in the actual

number of connections that need o be made in

order fo provide universal access to electriciy

However, there is a conceptual difference

between a physical electricity connection or

supply and the demographic concept of a

household

Backlog is defined as all existing housing units

which do not have access fo eleciricity and

includes:

o “Brown fields" or infills — Potential
connections that are within o range of
300- 550 m of exising pre-paid distibution
transformers

o “Greenfields" - potential connections that
are outside these respective boundaries

o Knownformal housmg projects as provided
by regional plan

The generic approach fo defermine backlog

wos:

o Exclude non-Eskom supply areas (all
municipalites licensed fo distribute)

o Establish o buffer of up to 550 m around
all electrification transformers.

» Count all households from 2001 HELP
database inside and outside this buffer;

o Brown fields (infills) determined from the
countinside the buffer less existing prepaid
customers

o Green fields defermined as the count
outside the buffer less existing land rate
customers

« Results adjusted by Strategic Studies Team
delta data 1o provide for growth during the
period 2001 1o 2006

Planning process

A classical planning approach could not be

applied fo this assignment due to the short

time frame. A high level qualitative approach
was faken which relied on the knowledge and

‘experience of Eskom electrification and network

planners of whot, how and when projects need

1o be completed fo achieve universal access

fo electriciy.

Trree workshops were conducied erregion of

Graph 4: Accalérated connection schedule, with F07/08 opproved budge.

information system (GIS) platform. The GIS

is not a model with built in functionality to

evaluate scenarios but enables the geospafial
the plan and facili

which the obi

The DI

represent projects that have been idenfified in
fhe current Eskom three year rolling plan as well
s the remaining known backlog.

Projects in the current three year rolling plan

o Workshop 1: Demand side phunm,
®  Workshop 2: Supply side planning;

o Workshop 3: Finalisation

Planning decisions faken in the workshops with
the regional and network planning managers
‘were recorded spatially in an ArcView geospatial

6

invied 1o these sessions fo ensure as close as
possible IDP alignment given network capacity
constraints.

Eskom electrification planners were requesied
1o define project polygons for the bocklog
identified in the workshops. These polygons

‘which were not possible due fo network capacity
consiraints were moved out of the three year
plon and replaced with suitable altematives.
The remainder of projects were then allocated
anew project year, to achieve the electrification
in the 6 year period according fo:
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o Preference (six-year wish list and IDP alignment)

o Network capacity

o Logical network expansion

Lood and energy esfimate

Load forecasts were determined through a process
of determining an estimated After Diversity Maximum
Demand (ADMD) loading per 20 A connection as
function of the settlement density (see Table 1).

Load growth curves, based on past research, were then
applied for each setllement category to establish the
chonge in ADMD valves over a twenty yeor period from
inifal to saturation volues. These ADMD values were
then muliplied wih the number of conneciions per year;
including growth, fo establish  load forecast.

Energy consumption was relafed fo the ADMD vlues
h Loo h d s

the load forecast exercise were fhen used fo profile the
additional generafion energy required.

Network constraints

The existing network consirins per nefwork breaker
were evaluated following discussions with the area
network planners and cofegorised (see Table 2).
Existing Eskom projects affecting fhese constrained
networks were captured fo defermine the status of
the networks from FY 07/08 onwards. This exercise
highlighted networks thot had o status of orange or red
but which did not have strengthening/capacity projects
in place as yet.

ideniiied wih e Area Network Planers 1o address these
consfraints faking info account project lead imes. The finol
Jstof expansion projects contoins boh current NDP (Eskom

he Universal Access requirements. The resultisa change
in satus of networks from orange or red fo green over he.
implementation period (2006 - 2012).

Reliabillty

Reliabilfly crieria, os per regional preferences, were
applied into the expansion planning process

Costing and materiafestimation

An electrification cost curve and associated material
ratios were developed from a sample of recently
completed projects with diflerent seftlement densiles
for the plonning model (see Graph 1).

Sub transmission cost modules and rotios were olso
derived from recenily completed projects for the
planning model.

Resource requirements

Resource estimates both af electrification and sub-
transmission level were made for:

& Consulfants
o Sureyors

o Confractors (small, medium and large).
Results

Backlog

High ond low scenarios were developed as part of

AMEU 2007
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Graph 5: Eskom connection history.

programmes in the recent yeors, many consulfants and controctors
associated with electrification have either changed their focus or moved
lesihace i Airk

also been redeployed fo other departments or have moved on since the
electrification programme was ot its height.

Furthermore equipment and maerial for electification projects are
sourced infernationally in many instances and prices as well as supply
are influenced by several factors

Table 5 summarises high level estimates of materials and resources
required fo achieve universal access by 2012.

Critical success factors

The plon is currently bosed on Eskom areas of supply only. In
order to have a nafional view of universal access and o refine
the impact of municipal areas of supply on sub-fronsmission, i is

i i i Ived in future

iterations.

The data on which the electfcation plan was based nesds fo be
verfied. Issuss vith the setflement dafa have been identiied. Future
projections are based on Census 2001 data, which is old and
only available on municipal level. The accuracy of the plan should
be enhanced through the use of safellte imagery and/or aeriol
photography. I hs i done, an update fo the plan ill b required.
The geospatial plan should be mainiained on o regular basis fo
ensure that he informaion captured is not lost, going forward. This

el regi
el i land i

Graph 6: UAP increase in demand.

the modelling exercise to illustrate the sensiivity with regards fo the
assumpiions. In order fo construct the high case scenario, it was assumed
thot govemment capital spending is adjusted 10% upwards and that the
AIDS prevalence rafes safurate and decline to 18% in 2012. For the low

o, i th fing is 10% lower
than the base case and that the AIDS prevalence rafes remain consfant
0123%. The results of these two scenarios for the Eskom areas of supply
can be seen in Table 3 and Graph 2.

Accelerated plan fo meet 2012 fargets

Scenario 1 - no constraints: Graph 3 depicts the accelerated
plan without faking constraints info account for the Eskom area of
supply.

that can be done before running into network constraints can be
seen in Table 4.

Substantial infrastructure will therefore be required by
FY0B/09 to enable universal access.

Scenario 2~ pragmaic plan: Funding allocated fowards

FY 07/08 is in the order of R 1bn (excluding VAT).
Assuming the budget and connection figures for FY
07/08 above, some projects would need fo move fo
later years (see

The number of connections completed by Eskom in fhe:
late 1990's to the middle of the 2000's is lustrated in
Graph 5.

As illustrated, Eskom was able fo complete opproximately
inthe middle fo lote 1990s.

These numbers are of the same order of magnitude os the
geospatial allocated backlog scheduled in the plans above
but substantill les i the growth and unallocated backiog
is odded. If e growh and unallocated backlog ore odded,
the required conneciions il be in excess of 500 000 per
annum.

Industry resource constraints is of concern for the universal

6

.

engineering.

It is important that Stage 2 of the programme confinues. This will

ot only allow an update fo the electrification plan and improve the

accuracy but would enable Eskom fo produce master plans over o

20 year horizon.

A supplier forum should be held in order fo gauge the industry

capacity and complete a pragmatic plan.

It is imporiant to understand how the nafional electrification

programme will be affected by industry restructuring.

/s new customers are connected fo the network, it is crucial that

operational expansions are made fo serve these customers e.g.
]

points efc.

UAP business plan summary
The cost reflected in Table 6 includes the cost of infrasfructure projects

required fo support Eskom and municipal areos electrificat

n. It

includes the cost of Eskom areas of supply electrification projects but

Table 5: Estimated moterial and resources.

AMEU 2007



60th AMEU Convention

2
4000 MVA

R 24,7-bn

40713

Toble 6

ot that for municipalies that have distribufion licenses. The backlog of
2,54-million is for Eskom supply areas only, while t s estimated that the
fotal electrfication backlog (including municipalites) is approximately
3,4-million connections (in 2012 terms)

Conclusion and recommendations

The current proposed plan takes the funding allocation for FY07/08
info account. The result is a plan o eradicate backlog by FY12/13 that
requires up fo 500 000 connections per year. Considering what hos been
hisforically possible, 500 000 per annum appears high considering that
in the lofe 1990 s, when the electrfication programme wos o it height,
Eskom connected at  rate of 300 000 connections per annum.

In the accelerated plan, foking into account the funding allocation for
FY07/08, approximately 300 000 geospatially allocated connections
are planned per year which is similar to the maximum that Eskom has
been able to achieve in the 1990s.

It has also been found that a skills shortage exists in the Eskom
structures should the plan be occelerated, especially with regards
fo buyers, environmental advisors, project coordinators, project
engineers and electrification planners.

The funding allocation for FY07/08 allows Eskom the opportunity fo
if satel

Satellite imagery would also allow for the incorporation of the
municipal areas of supply for sub-ransmission planning purposes
which have not been done on a geospafial basis. The fact that the
programme is ot accelerated in FY07/08 olso affords Eskom the
opportunity to “up-skill” resources in the electrification area and
to prepare for future years when the plan is accelerated.lt is also
important that the supplier forum is organised and that the results from
the forum are used fo update the pragmatic plan in the business case
and 1o verify the assumpfion of 300 000 connections per annum.

Definitions and abbreviations

Distribution nefworks: All sub-ransmission and reficulation elecirical
equipment (substafions, lines and cables) owned and managed by
Eskom's Distribution Group, from 132 KV fo LV (400/230 V) with
subsets as follows

Reticulation Networks: 230 V - 22 kV

Sub transmission Networks: 33 kV - 132 kv

Scenario: A postulated future event or sequence of possible
events,

Refer fo Table 7 for abbreviations used. &

fon business

Department of Minerols and Energy

Eskom Dota ond GI5 Agency

further improve on the accuracy of the backlog and i
for the following three years is procured, frends could be established
1o verify connection growth assumptions. Also, as mentioned above,
the backlog has been determined through desk top studies and it is
imperative that the figures are verified either through site visits or by

Association of Municipol Elecircly Underiakings

The infegraed planning system |

Network development plan

Table 7: Abbreviations.

Leading the transformer industry through continuous improvement

DPM manufactures a range of power distribution products including: Power transformers, distribution transformers and
miniature substations. DPM operates within an overall philosophy of continuous improvement ensuring that quality is built into

our products.

Johannesburg +27 11 835 1011
Cape Town +27 21 534 2681
Pretoria +27 12 318 9911
www.desta.co.za
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Meeting increased load growth and
improved network reliability

by Dr. CG Carter-Brown and R Stephen, Eskom

The country faces significant challenges to maintain and improve network reliability in the face of a significant increase
d.

in load growth and demand.

The challenges faced by Eskom Distribution
Network Planning include the following:

Lood growth: load growth has doubled as
compared fo the early 1990s. The number of
network planners in Eskom has not increased
proporiional to the increase in load growth.
Planners need fo produce more, and need fo
be more effective.

Universal access plonning (UAP): the target
fo complefe universal access fo electricity by
2012 places an addtional burden on planners
to ensure that network infrastructure can
support this additional load.

Reliability: incentive based regulation (IBR)
and nefwork performance fargets necessitate
that Eskom Distribution improves present
network performance levels. A major step
change in performance can only be achieved
in conjunclion with capital expenditure related
to network redundancy and risk (reducing the
number of customers and size of load af risk
for network faults). Planners need fo include
elability implications in nefwork investment
decisions.

Capital expenditure (primary plant planning
and design) is  key aspect of network reliabilty
improvement, but it is recognised thot there
are other business aspects such as systems
and data collection methods, performance

measurement and reporting standards,
operation and maintenance pracices, system
automation, felecontrol, SCADA visibility and
staff skills and training

Do planners, it i esfimated, presently spend
80% oftheir fime searching for data, and 20%
of heir fime performing actual planning (load
forecasting, need idenification, alternafive
evaluation efc). Essentiol data needs fo be
validated and available for easy export fo
planning fools.

Staff turnover and skills: The average
experience of a network planner is fypically
less than 2 years. Staff turn over is high
Training systems are required fo gef new
planners up fo speed in the shortest fime
possible. The knowledge/plans of exisfing
planners need to be available for easy
reference by new planners. A career path
needs fo be created fo refain experienced
planners.

Distributed generafion (DG}: The requirement
fo infegrate co-generafion and renewable
generation requires a new sef of skills as
distribution planners tradifionally do not
have experience with the infegration of
generation.

Demand side management (DSM) ond locol
integroted resource planning (LIRP): DSM

yoleasey

aun

Fig. 1: Network planning dependencies.

and LIRP require planners fo assess both
supply side and demand side alternaives
fo network constraints. Optimal solutions
could involve DSM and/or utility owned
distributed generation. Additional dota,
skills, models and fools are required for these
assessments

This paper describes current initatives fo
address these challenges.

Strategy

As perFig. 1, effective network planning builds
on base data and systems

Base data: essential dota for power system

analysis, lood forecasting and alfemative
evaluation
« Base systems: software systems for power

system analysis load-flow and fault-level),
load forecasting and need and project
registers.

Advanced methods (probabilistic risk

ossessment and reliabiliy analysis) and LIRP

can only be implemented once base data and

systems are in place.

Cutting across ll of the above menfioned

components s the need for supporl, standards,

guidelines and fraining.

The strafegy adopted by Eskom Distribution

is as follows:

Base data and systems are crifical, ond
will typically be addressed via line projects
ond inifatives (short ferm within 18-24
months).

Advanced systems-and LRP cari only be
effective once base data and system issues
have been resolved, and willtypically be
oddressed via research (medium term
between 1 and 3 years).

Supporting standards, guidelines and
raining material will be developed and
rolled out in confunction wih the delivery
of the components.

Overall coordination is performed via

the Technology Steering Comittee of

Distribution (TESCOD) Network Planning

Study Commitee.

Base data

Present inifiatives fo address base dota

requirements include:

« Dofa porting: Eskom Distribution utiise
the GE SmallWorld AM/FM GIS system
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as the primary data store for network
information as required for network
schematics, SCADA and power system
analysis. HV and MV network locafion and
connectivity is comprehensively copfured
in SmallWorld. However, certain aftribute
data required for power system analysis,
such as conductor size, is incomplete
and the accuracy of cerfain aftributes is
uncerlain (in Smollworld) and coptured
accurately elsewhere. Much of this data is
il contained in legacy systems and other
databases such as Microstation os-built
drawings, commissioning sheets and fest
sheets, A project has been initioted to
port this dota from these ofher systems
ond dofo sources info SmallWorld so
that this data is readily available fo the
plonner and can be exported fo power
system simulation software (see power
system analysis).

Data processes: The data porting project
will also address the data processes,
standards, ioning sheets, fest

networks utlising the network dafa stored in
SmalWorld. This focilifates advenced reliabiliy
studies (section 5). ReticMaster will confinue
o be used for oll V studies, and basic radial
MV studies.

A Master Type Library (MTL) has been
completed and provides a single source of
type library (stondard) values for systems
including SmallWorld, ReficMaster and
PowerFactory. This ensures that the same
standord values (impedances efc.) are ufiised
in all systems

Project need register

The existing Project Need Register (PNR) in
SmallWorld is being enhanced fo provide
planners with the following core funcfionality
within the GIS:

o Need register: Needs are spatially

located (GPS coordinates) so that
ies can be visualised

shees etc. fo ensure that fhe HV and
MV neftwork dafa required by planners is
coptured in SmallWorld for future nefwork
additions and modifications.

Standord values: For the purposes of
network planning studies, standard
(typical) values for equipment ftributes
can be uflsed. Examples include fypical

.

Project register: A project can have o
number of alteratives, one of which is
preferred. Each alternative con hove jobs,
nefwork, costs, need dates, and ofher
affributes associated vith it. Alleratives
can be written out to ReticMaster or
PowerFactory for power system analysis.
Projects and oltemaives can be views

impedances and losses for

g project
o

and per-unit length ®,
X and B values) for power lines and
ables. A project is nearing completion
for the implementation of standard
value libraries in SmallWorld such that
ypical aftribute volues are available for
oftributes that have not been populated
via dofa capture.

Statistical mefering: There is renewed
focus on remotely downloaded stafistical
metering such that load profle dafa of
active and reactive power (30 minute
interval) is available for all major power
ronsformers (iypically at HV/HV and HV/
MV substations), HV lines/cables and MV
feeders.

3 o id

Projects and altematives can be linked to
needs.

electrification ADMDs and user defined
forecasts.

Libraries: Libraries are uilised fo provide
standord values (load factor, power factor,
load profile) for typical customer classes

Scenarios: Muliple load forecastscenarios
are supported.

PSA link: Load forecast results are linked
o ReficMaster and PowerFactory so that
manual population of forecas's within the
simulation packages is not required.

A project is underway fo source @ commercial
“off the shelf” solution providing an
acceptable fit 1o the user requirements.
In the interim o locally developed and
supported Microsoft Excel bosed lood
forecasting fool, PowerGLF, will be utiised
Rollout is expected to be completed in the
fourth quarter of 2007. A load forecasting
quideline has been developed o support the
PowerGLF rollout.

Project evaluation model

Historically Eskom Distribution Network
Planning selected preferred oltematives based
on capifal cost considerations and com
with minimum stondards. Consideration
of increosed neiwork reliabiliy and higher
cost of fechnical losses necessitate a new
approach.

A Project Evaluation Model (PEM) is being
developed fo the Financiol

repository for needs, projects and alteratives
such thot this data is ovailoble throughout
the enterprise and can be integrated with
costing engines, workflow and power system
simulation tools.

Geo-based lood forecasting

Load forecasting is a critical component
of network planning. Historicolly there hos

been no full standardised system for lood
forecasting within Eskom Distrbution Network

plonners with easy access fo crifical network
and load data

Base systems

Power system analysis

Eskom Distribution ufilise ReficMoster and
DigSilent PowerFactory for power system
analysis. ReficMaster is used for basic studies
on radial MV and LV networks. PowerFactory
is used for sub-iransmission network analysis
and advanced,simulafion such as profection
coordination, dynamic and transient analysis
and harmonic studies

Eskom's present SmallWorld system only
supports o write-out of MV networks to
ReficMaster. A project is underway fo
provide infegration between SmallWorld and
PowerFactory. PowerFactory il then be ufised
for power system analysis on both MV and HV
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Planning. Load perf

differing methods in each ragion. Based on
o comprehensive user requirement analysi,
the following key requirements have been
identified:

o Load hierarchy: Loads must be specified
at multiple levels (connected to LV, MV
or HV networks) and summated such
that the loading con be viewed ot these
mltple levels i.e. HV levels include loads
connected ot HY, MV and LV levels.

Load profiles: Profile models are uiised
to model load diversiy and forecast both
energy and demand.

Smollarea and lond bosed: Forecasts can
be performed for user defined areas of
lond, ond results reported and visualised
in the SmallWorld GIS.

Forecast methods: A range of different
forecast methods are required including
growth curves, s-curvs, land use, rending,

Evaluation Model currently in use, with
the intention to consider lifetime economic
costs associated with capital, technical
losses, reliability and operating and
maintenance. This model will be utilised
to select and mofivate the best technical
alternatives.

Reliability
Reliability considerations are being addressed
via the follawing inifiative

o Guideline: A network planning reliability
guideline has been compiled.

 Training: Reliability training forms one of
the modules referred fo in section 7,
» Capex reliability link: A project is

establishing the capex solutions and
costs fo improve Eskom Distribution
network performance. A key issue is an
understanding of the scope and cost
implication for the electrfication UAP if o
range of different performance fargets are
1o be met.

Probabilistic reliability ossessment: Based
‘on network models and equipment failure.
rates and repair times, the expected
performance (SAIDI, SAIFI efc) of different
network alternatives can be calculated.
Based on Eskom Distribution requirements

in PowerFactory
enhanced. This functionality will be rolled
outin o phased approach for HV and MV

n
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network analysis, and is dependent on the
PowerFactory infegration with SmallWorld
(see power system analysis)

Asset utilisation reporfing: The level of
asset (network) ufilisation and risk will be
reported via KPls, for example the number
of un-firm HV/MV substations.

Standards and guidelines

Eskom Distribution Nefwork Planning
standards and guidelines are published via the
Distribuion Technology IARC website. Cerlain
standards and guidelines require revision. New
standards and guidelines have been identified
for compilation.

The following standards and guidelines hove
recently been revised/complefed:

DGL 34-543: Network planning guideline
for MV shunt capacitors.

DGL 34-539: Network planning guideline
for MV step-voltage regulators.

DST 34.542: Distibution voltage regulafion
and apportionment limits.

DISAGABLS: Planning guideline for MV
underground cable systems

DGL 34-155: Network asset cost of supply
methodology.

DGL 34-431: Eskom methodology
for network master plans and network
development plans (this guideline s he
subject of a companion paper enifled
“Modern Network Master Planning
Methodology - an approach fo address
network expansion and renewal needs
due fo higher economic growth and
socio economic needs”).

.

The following standards and guidelines are in
droft format pending forml approval:

DGL 34-450: Network planning relabiliy
guideline.

BGL 34-335: Network planning
philosophy.

DGL34-619: Network planning guideline
for lines ond cables.

DGL34617: Nework planning uidelne
for ransformers.

DGL34-1284: Network planning guideline
for geo-based load forecasfing.

The standards and guidelines form the base
material for the development of fraining
material, as in the following section.
Training and development

In order to facilfate the understanding and
implementation of the standards and guidelines,
raining material needs fo be developed and
formally presented. The following fraining
modules have been identified:

Planning process and methodology
Network planning philosophy

Reliability assessment

Electrification planning

Short and medium ferm load forecasting
Long ferm load forecasting

Project needs register

Power system analysis
Project evaluation

Business planning

Power system profection
Transmission system planning
Project Ife cycle

Cost of supply

Planning fools

General skills

eier el oy e o ve eie

Three fraining modules are being fargeted for
completion in the 2007/8 financiol year. Web
based learning will form  core component of
the fraining material, which will be formally
accredited with ECSA.

As port of a broader skis refention program
Eskom Distribution have commenced with
an accelerated development program for
specialist. The objective of the program is
o accelerate the development of speciolsts
within critcal technical oreas. Candidates
‘within Network Planning have been short-listed
for further evaluation. Successful candidates
will be provided additional development
opportunities and mentorship.

All of the standards and guidelines are
available fo the indushy either free of charge
orfor a small administrofive fee:

Management

Given the challenges faced with increased
load growth, constrained networks, UAP and
reliability improvement, Network Planning
has received renewed focus from Eskom
Distribution senior management, Examples
include:

» Industry Association Resource Centre (IARC)
support: A network planning sub-section
hos been formed fo provide national
technical support via three staff members.

& National Network Infegration Forum (NNIF):
Al Eskom Distribution and Transmission
projects = R35million are presented
to the NNIF for fechnical assessment.

e purpose of the forum is fo ensure
alignment and integration between
Distribution, Transmission and Generation
and complionce with fechnical, business,
contractual, environmental, legal and
regulotory crierio, such as compliance with
he Transmission Grid Code,and Distibufion

Master planning: These are plans fo
defermine geo-based loads for the next
20 years with the corresponding HV
and EHV network requirements. Due
1o infernal resource constraints and
the need for long ferm nefwork master
plons, Eskom Distribution has a strategy
for the complefion of master plans with
the assistance of external consultants. A
national panel of approved consultants
(with the ability fo produce master
plans) has been established, and master
planning network areos have been
priorifised.

Funding: The initiatives mentioned in
this paper have a significant funding
requirement, and the support of senior
management and stakeholders in
oblaining the funds is essential.

Conclusion

The successful completion and implemenafion
of the iniiatives summarised in this paper are
intended o moke a quantum step changein the
qualiy and effeciiveness of Eskom Distribution
Network Planning and hopefully the EDI. This
will esultin well rained planners, with the dota
they require of their fingerips, uflsing systems
and fools that enhance fheir effectiveness and
assist in the implementation of guidelines
ond standards. This wil be critical in future
IBR environments where nefwork reliability
targes are linked fo financial incenfives an
penalties. The benef s infended fo be realised
industry wide, vith [ARC the main driver ofskis
development and knowledge ransfer
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Overview of the approach and benefits in a
value chain operational business

by Machiel Jacobs, Eskom

Organisations, such as Eskom operate in a rapidly changing environment. The need to change, environmental
th

The fight to survive and adopting satisfactory
customer services changed Eskom Distribuion's
focus during the beginning of he ninefies from
a functional organisation fo a process driven
business. The focus was on proving quality
and good services.

To manage these on-going changes there is o
need for accurate and up fo-dofe systems.

It was and sill is, recognised that failure
fo give a consistently high mainfenance
performance has a drastic effect on
the productivity and profitability of any
organisation. An equipped mainfenance
department, staffed with fradesmen, is
finding tself inadequate for the demands of
complex machinery. The levels of expenditure
associoted with the elementary mainfenance
work, demanded by the relatively simple
machinery of decades ago, are rising, and
management is faced with the challenge fo
reduce these costs.

During the post nine years the field services
and nefwork services business units have
introduced improved work management
methods, structures and supporting systems.
The Disfribution Group has implemented
new processes, systems and infrastructure,
ond also captured and cleaned up massive
dota in order fo improve the performance,
and fo cope with the increase in customer
base. These processes run across the systems
and functional boundaries, focus on adding
value to the customer and ensure confinuous
business improvement.

Work management in the
distribution business

Work management is defined as all those
business processes fogether with their
resources, infrastructure and supporting
systems, with the specific objective fo
optimally schedule planned work and
optimally dispateh resources for critical,
unplanned work within the distribution
business

Work management is the co-ordination
of fieldwork that leads to the effective
uilisation and application of resources. Work
management consists of business processes,
resources, infrastructure and supporting

systems.

7

e dramatic

changes all impact the electricity indusiry.

The specific obiecive of work is
to optimally planned work and resources for
work fo be done.

The investment sirategy for work management
is to re-deploy a significant portion of the
sovings derivable from processes and systems
into the distribution business. This sirafegy
will consequently limit the scaling down of
infrastructure, personnel or transport. Such
redeployment would be absorbed into:

o Addiional workload due fo a growih in
customer base

o Take-over of work done by contractors

o Increased preventafive maintenance

 Collection of certain asset configuration

information

It is also envisaged that certain cash flow
savings moy be realised in materials holding
costs and in the sofety insurance premium.
Work management directly supports the
overall Distribution obijective fo provide
electricity products and legendary service
1o customers in the most cost-effective way.
Value chains and ofher information systems
provide support for an organisation in
achieving this objective.

Maintenance work management entals the
effective matching of work demand with
available resources, including, personnel,
plant, information, tools, transport,
infrastructure and spares. This environment
is complex which results from ever-changing
network, plont condifion and customer
requirements.

Work

The guiding principle for work management
is that ll work fo be performed within the
Distribution business will ither be dispotched
or scheduled and there will be no other
dispatching or scheduling done from any
centre of work other than the Regional
centralised work management centre.

The core business areas within work
Management are therefore defined as
“dispatching” and “scheduling”. Both of
these business areas receive work requests
from other areas of the business, analyse the
work content and prioriy, evaluate available
resources, perform either  fime or resource
scheduling of these work orders and finally
assign work orders.

There are fundamental differences between
dispatching and scheduling.

The dispatching process will dispatch all
unplanned work from the work management
centre directly to the appropriate Technical
service unit, fechnical specialist group that
falls within the operational control of the
work management centre. The dispatching
process requires this centre to operate on o
shift basis, 24 hour/7 days. Scheduling deals
with all planned work requests requiring
long term action. The difference therefore is
that dispatching deals with work requests of
high priority, crificality and urgency thot are
unplanney

There are four key groupings within the
dispatching business area. These are analysis
and priorifisation, resource identification and

Catering for d

planning, work management Is used on a daily
basis by formal users and informal users
across specific geographical areas on all
work management funcions for plant, ic.,

assigning,
5 vl v e

The dispatcher is a role responsible for the
complete start-to-and dispatching process
This role will thus include analysing and

reduling for o ond
dispatching of repair fasks.

Work monagement recognises that the
workload is increasing and that a specific
intervention is required to avoid additional,
future costs and to allow the business fo cope
with this increased workload to maintain the
required levels of customer safisfaction and
electrification fargets.

f work requests, the evaluation of
A e e
‘orders. The dispatcher interfaces with various
functions like fault management n the network
management centre and customer confact
centre, or direct with field resources in ferms
of specific work requests.

The scheduling process will schedule planned
work from the work management cenfre fo
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Dx Systems

e

"CRM Applications

Fig. 1: Engineering softwore process

the field services centre or fechnical specialist
group that falls within the operational
control of the work management cenre
This scheduling operation will be within
normal working hours and will ot require
shift work

Macro scheduling on the other hand will only

.;y)\‘\ Est. 1913

+ Total Electrical Asset
Management (TEAM)
* On-site Maintenance &
Assessment
4 Hour On-site Service
Installations
Commissioning

Training

Diagnostics & Condition
fonitoriny

Transformer Oil Purification

Specialist Fault Finding

QUR VISION
CUSTOMER SERVICE

Johannesburg (H/O):

YLHMarthinusen

TRANSFORMER SERVICES:

+ Transformer Site Maintenance
+ State of the Art Equipment
+ Advanced Vacuum Ovens
+ Impulse Testing to 1 MV

issue fime scheduled work orders fo a resource
co-ordinator without assigning specific
resources. This allows for micro scheduling
where specific resources are assigned fo each
work order. These scheduling work requests
and work orders are usually of bulk nature

and issued at regular fime infervals

* Repair & Manufacture

* Rectifier Transformers

+ Power Transformers

+ Distribution Transformers

Cape Town:
Tel 427 (21) 655 8660
Fax +27(21) 556 8685

For the scheduling process, the performance
will be measured according fo the percentage
of available man-hours actually scheduled
via the system as well as the percentage
of available man-hours actually applied fo
network relofed work. ‘work scheduling’ refers
to those activfies thot wil fime-schedule work
in on inifial schedule. Should it be required fo
negotiate network availabilty or key customer
acceptance, the initial fime-schedule will be
negotiated and changed if required. Once
the fime-schedule hos been firmed the required
resources will be scheduled according fo
the work to be performed. This resource
scheduling will not be on an individual basis
but rather per resource category.

The scheduler is a role responsible for the
complefe start-to-end scheduling process.
This role will thus include analysing and
priorising of work requests, fime scheduling
of work requests as well os fo issue bulk
work orders to fechnical service centres and
technical speciolist groups. The Scheduler
will be required to interface with various
functions like maintenance planning, minor
construction, customer relafions processes
as well as technical service unifs or fechnical
specialists Groups in ferms of specific work
requests.

SPECIALISTS IN:

* Furnace Transformers

+ Auto Transformers

+ Specialized Transformers

+ 50 kVA up to 200 MVA /132 kv

P
Tol +27 (15) 781 5126
Fax +27(15) 781 7033

www.lhm.co.za
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P o mintenance of equipment. The system is
e Soltion & also used fo manage breakdown/emergency
Sorvce "
| Swee., mainfenance
Techosiny 2
Taraton The work requests will in some instances be
Motax X directly from inferface systems to Maximo,
Mosto e’ specific with the unplanned fype work
Ampachon | The functionality ollows the scheduler and
Comutng, dispatcher 1o identify resource availability
e and 1o level resources according fo work
cuix Soktons, request requirements. The management
S B and progress fracking of dispatched work
R Servcs are done via Maximo with the infroducing of
Nedodgs | Macen MDY e s defoiled milestone feedb ;
o, MOl s, ilestone feedback statuses, these
T i St i stofuses are also used fo i
SeverUpgraces progress via the cu
block. Resource, materials and
== s and equipment
2003 5 2009 usage as well as effort and duration actuals
Pl are logged on Maximo for future estimates

or reference purposes.
The manager is the head of the
work management centre. Both the
dispotcher and scheduler role report M AGNITECH

to this management role. The key (Pty) Ltd .
areas of responsibility for this role "
are to manage work management A Leading Heavy Industrial And Mining Lighting Supplier
centre internal operations and
resources, ensure business rules HP 15 MAGZZ -ZONE 2

are opplied and maintained,

ensure scheduling and dispatching
operations are optimally executed
and fo monitor work management
business performance. This role is
also responsible o manage internal
and external contracts relevant fo this
business area.

Asinformation is essential for both the
dispatching and scheduling processes
1o perform opfimally,the accuracy and
completeness of allinformation in the
system as wellas the fimeous capturing
o this information is @ imporfant

performance measure.

Core business support
solutions

There are three main supporting
systems for the work management
processes; the work management
systems, network management

SOLE DISTRIBUTORS OF WAROM ATEX APPROVED
EXPLOSION PROOF LIGHT F\T HH’qb IN SOUTH AFRICA

systems and geographical information
systems. The specific computerised
mainfenance management system
chosen for the Eskom Distribution
Group was Maximo. The package
was customised to cater for Eskom’s
requirements where necessary. The
system s used by field services and
network services to dispatch fechnical
and non-technical work, schedule
planned maintenance work, i.e.
Fax (011) 614-9603

disconnection and ferminations of
neral@magnitech,coza

services, mefer audits ond general
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The release is also dependant on the
information systems architecture companents
being implemented in order to execute
specific work management applications.
There are also crifical integration points with
the refail business

The business architecture is a definifion of
all the business components thot need to be
deployed in an integrated manner fo achieve
the desired end-stafe of the work management
business.

Interface concepts include:

o Customer relations: programme in order
1o receive work requests and provide
feedbacko customers on field work. (GTX
and CorDoptis).

Mobile dato computing device: fo minimise
radio network usage and fo ensure real
time feedback on work.

effective assignment of resources. This
will be due to improved tracking of
maintenance feams and their progress on
fasks,

A more effective frequency could be
established for preventafive maintenance
tasks through improved reporting and
analysis of faults and equipment staus.
Deferment or expediting of tasks can
thus be optimised. This will result in o
reduction in unnecessary work and the
rate of breakdowns con be improved.

.

training o opere fhe systems, development
of job profiles for the effective allocation
of maintenance fosks, and negofiations fo
relocate personnel

Fundamental supervisor fraining for
operafing the systems is a requirement.
The acceptance o limit resistance fo
chonge.

Communication and ensure relevant
people are informed.

The concern is that the roll-out of work

o G
is expected fo improve

Every fime materialis used on work orders o
history is kept. This information can be used
10 refine minimum ond maximum stock
values accordingly, thus ensuring accurate
stock holding.

system i for recording events which occur
during network operations. SCADA and
FMS,

Geographical information system: the
purpose is fo provide physical location
addresses of network equipment. Small

Maintenance planning: they are responsible:

for providing optimal preventative

maintenance work package by using
imo.

Material management: to achieve the
business benefits of effective dispatching
and scheduling, it is o prerequisite
for effective access to the material
management system to locate required
material. Maximo and SAP

Finance: work management inferface with
the financial system in order fo provide
defails of labour and material fransactions
faking place in the field, SAP.

Human resources: fo ensure correct dafe
information is available, SAP.

Benefits of work management

The following describes the benefits from
effective work management:

o ltis anficipated thot the correct resources
and information fo be assembled in o
shorter fime period, i.e. reducing search
time and waiting fime. This would result

like insurance, planned maintenance and
customer care, efc. is possible

The single most useful benefi i the abiliy
fo measure and benchmark response fo
customer complaints.

There would be a reduction in the effort
fo generate reports. This would mainly
result from the reduction in duplicated
and monual effort af various levels in the
organisation

Improved management information will
be made available. It is expected that
the timely, accurate and complefeness

.

requires the people fo be
appointed and these people wil have fo
be transferred from ofher business areas,
e.g. field work execution. f these people
are appointed too early, they will be under
uilised and create a bigger burden for
fieldwork execufion.

Training is @ major issue. Training plans
need fo be clear, who will be the fraining
co-ordinator, who will perform the actual
troining or what frining is required for e
different roles.

1T support affer implementation.
Development and enhancement budget.
The percepfion is that foo much funding
is being allocated fo the maintenance
application and not enough funding
1o other applications, i.e. forecasfing,
providing for other work, efc.

Alignment between enterprise architecture
and business needs

3

o information will assist to
improve the planning, co-ordination an

controlling of resources. Information
which is common amongst divisions
would be readily available on @ national
basis. This will include management
as well as operational information,
e.g. benchmarks, business plans,
reports, plant specifications and work
instructions

Improved standardised processes will be
supported by systems ond will ultimately
lead fo an improvement in support functions

.

not necessary support fullimplementafion
of work management.

To establish o work management ideniity
The acceptance of the work management
centre building block o execution for
siructing work to be done by work
order.

Business had a cultureof storing nformation
on the back of a cigarefte bo, now there
is a formalised process and system.

Customisation never sfops.

auditing
Lessons learned

During the implementation of work
management process the following were

and timeliness of information when
maintenance fasks are reported, executed
and closed.

There would be a significant improvement
in the timely response to faults. An
improvement in customer satisfaction is
therefore envisaged.

o There would be an improvement in the

 Synergy with other systems and interfoces
are imporfant.

Unavailability of acquisition, validation
and conversion of the information about:
plant data, customer information fo point
of supply, i ion, ransport

Activity bo: 'g can only be achieved
with dedicated business discipline.

Do nof build an additional application
without using the Maximo framework ie.
Delphi applicafion.

Do not entrench business rules ot database
level ie. database friggers and stores
procedures.

Do not allow other applications to access
database directly, but build regulated
services.

Do not build inferfaces.

information, materials information, GIS
and GPS information, costing information,

Ensure that the upgrode path stays
sustainable. A
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Dealing with large scale power emergencies:
lessons learnt from global case studies

FutureWorld puwered by Deloitte is the focussed strategy (onsulnng business of Deloitte Southern Africa. This business

combines - the global b oy lank - and Deloitte’s South African strategy
et rioveion i uiice:

ally these will include

*  Strong stakeholder management

+ Strotegic control of the situation f

ol growth and

operations
business improvement. FutureWorld §
Powered by Deloifte is a fresh approach fo  load shedding even
addressing the strategic challenges of our  This paper focuses on some of the lessons
clients business of today and business of leart from ofher outoges ComeRIYU by g
tomorrow. and how those utilites d
Energy security of supply is probably one of  Lessons learnt from the global case Exomples from the outage in the Easte
the most fopical subjects on a global basis,  studies US in 2003, ltaly, London and Australia
and one of the most talked about crises in the highligh learnings tht are applicable in

Globally, there have been several lorge
incidents from which lessons were
terms of management of emergencie:
would differ from the usuol
management of outoges.

business world. As we see more constraints
being infroduced into global supply chains,
impact of natural weather and the onset of
climate change effects — keeping the lights on
today is harder than it ever wos. There are
more large events thot disrupt supply globolly I such conditions, there is us
than ever before. When such events do occur,  business mobilisafion fo manage suchacrisis,  continuity. A

Africa. Finally, how these lessons have
been applied in the South African confexi
have a profound impact on how fo manage

amt in
These

approach fo
P an emergency in the electricity industry

1o the extent that you can onficipate and
abroader  become befter prepared fo ensure business

Facilit he swift transition from
Power Quality Monitoring to

Power Quality Management

innovative and cost

ommunication

v
v

the investments you have made in
power quality and instrument. training?

ement
Do you require a reliable, always available, sustainable mode] for 57
collecting, distributing and safeguarding Power Quality data’

There IS a solution ... contact
+15 Termo Lane, Techno Prk, Stellenbosch,

: &
TR J2?CT LAB

ELEGTRONIC DEVELOPMENT AND MANUFAGTURNG.
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Application of RCM type maintenance
methodology within Eskom Distribution

by Pefer Busch, Eskom

The implementation of a RCM (reliably centered maintenance) fype maintenance strategy within the context of skill
RCM

shortages. The equipment fo be analysed bein

and the skills

e results
studies being applied decentralised. A skills transfer of experienced staff to new nn". A successful implementation

strategy for RCM strategies within Eskom Distribution.

The South African National Energy Regulator (NERSA) has
adopted as part of ifs licensing requirement the following
document, National Maintenance Policy for Electricity Networks
NRS 082. This document states the following:

“The maintenance practice adopted for each plant tem shall have
been defermined by o structured process such as RCM or similar
and the results documented”.

Eskom which is lorgest electricty utiiy. It has 5 divisions, which
are the following: Generation, Transmission, Distribution and
Eskom Enterprises and Corporafe Services.

Eskom Distribution is divided info six Regions covering all
of geographic South Africa. Each region is divided into o
number of geographic areas where area staff makes use of o
compuferised mainfenance management system fo implement
mainfenance strategies. Within Eskom there is o lof of staff
movement at this level and therefore o skill shorfage exists
and well as experience is in short supply.

There are opproximately 4000 high voltage substations
from 132 kY fo 33 kV sprecd around South Afica. The

With 4000 HV substations in the 132 kV. to 33 kV. category spread
around South Africa and equipment specialists only being available in
the bigger centres the fime frame for implementation using radifional
RCM concepts would be unacceptably long and impossible to achieve.
The time frame would be in excess of 40 years.

Asolution had to be found giving Eskom Distribution the advantage of
using RCM os a mainfenance sirategy but simplifying the RCM anlysis
s wel as simplifying the implementation

With the skill shorages experienced wihin the geographic areas of
Eskom distrbuion, the majoriy of the equipment decentralized, fhe
equipment specialiss centralized, @ method had to be found allowing
the inexperienced decentralised stoff fo use their local knowledge
together with the knowledge of the centralised specialist to determine
the optimum maintenance strategy.

substations contain 4500 with
99 different makes and types of tap switches. 45 000 circuit
breakers of 400 different makes and fypes. 10 500 MV and
HV lines. Eight different voltage categories are used from
132 kY down 10 3,3 kV.

An il plt siefor he implemenation of RCM srtegy wos

.dummed Bmckpqn North a substation close fo Joh
he pilot site

was done using oha ‘pure” and traditional RCM methodology.

Aer the study was completed, the resulfs of the study were
compared to the normal maintenance sirategy employed af the

T

substation at he fime and it quickly b that following
the RCM principols would lead fo a considerable maintenance
cost saving during the lfe cycle ofthe plant without lowering and
in most cases improving the reliability of the equipment.

The study ofthe pilt site tself took approximately four weeks
1o complete and included the local staff of the substation
as well as equipment specialists for the various fypes of
equipment found of the substation. This subsfation wos
close fo Johannesburg where most of these skils are readily
available keeping the costs of the study itself reasonable.
By extrapolating these costs fo remote and rural substations
spread around the country it quickly became obvious that
the cost saving achieved through following the pure RCM
methodology was completely negated by the cost of the studies
themselves as it would require specialistfo travel fo each site
around the country.

8

Fig. 1: Failure modes ond effects analysis. |

Fig. 2: Reliabilly centred maintenance decision diogram.
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i

d tap switches, circuit breakers, DC systems, HV
MV lines, cables, instrument transformers, isolators, LV efc.
Work groups were formed for each of the following

The equipment specialists as well as all regional staff that were
members of the work groups were sent on RCM courses so that
all were aware of the RCM methodologies as well as foilure
modes and effects analysis.

These work groups were assembled af o centralised venue
where they then analysed their respective equipment types
using the RCM methodologies. Each work group contained
equipment specialists as well os regional stoff who knew the
local condifions thot equipment must operate under.

The FMEA (failure modes and effects analysis) as well s the
RCM decision diagram which were done and recorded by the
distribution transformer RCM. work group are shown in Figs.

1and 2

Their results had 1o toke info account all possible scenarios
where fhis equipment could be used around South Afrca, These
had fo include all network variables, environmental variables,
design voriobles, faultlevels, efc

For example; for fransformers the following variables were
idenifed:

* Whether the transformer hod redundancy?

* Whotis the size of the fransformer?

*  What is the pollution level at the substation?

* What is the crificality score of the customers or load?

* Whatis the voltage level of the fransformer2
+ Whatis the loading of the transformer?

+ Does the customer pay for a firm supply?

+ Does the bushing have  fest pin?

For tap switches the following variables were identiied

* Whether it is an on-load or off-circuit fap switch?

+ What is the loading of the switch?

* Isit used in stor or line end configuration?

* Whot type of design is the switch?

* What is the crificality score of the customers or load?

* Whatis the fype of load?

* What is the make and fype of the switch?

The work groups had fo find o maintenance sirategy for each
oftheir identified possible scenarios under which the equipment *
could be operated.

Fig. 5: Tronsfomer resufs form The next challenge was fo empower decentralised staff
thot does not necessarily have the RCM skill as well as not
having the equipment specialis’s skills to implement RCM

As there hod been previous unsuccessful attemps fo implement RCM el

philosophies in Eskom Transmission and Distribution it was decided fo
1un the implementation as an inferal project. The commercil softvere marke was investigoed for a sucble
software packag the studies done by f Id
be buillinfo a data base fo be used by decenralised stoff for their
mainfenance sirategies.

The project consisted of the following
Identification of equipment to be analysised.
RCM training of all staff involved in the RCM project,

No commercial soffware package was found o be suitable
for this application where the experience of specialists s built
info the software package. The software packages that were
available in the

Managing of ol work groups required for all RCM studies as well
os fime frames

Software dofa base development.

Regional implementation of the RCM studies.

arket all fequired the operator of the soft

ware fo have RCM skills os well as intimate knowledge of the
Equipment types were divided into various categories following the equipment o be analysed. These were not suitable for the
skills profiles of the specialists application required.
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As Microsoft office is used as o standard software package by
Eskom it was decided fo wite o software package in house using

the Microsolft Access database program (see Fig. 3),

The program allows staff that does not necessarily have
the equipment skill or the RCM skills to determine the
maintenance strategies using RCM principles. All that is
required is that the decentralised staff makes the necessary

local condition choices and feeds these results via an input

form info the database. A query runs through the tables and
refurns the result for which all choices made for the local
conditions apply.

urned resulfs are the analyses which had been done by the

vent experts and regional representafives in the centralised

equip
work groups using the RCM principels

The result contains the frequency whether fime based or number .
of operations of every required maintenance infervention as well Po: oelowyologe

5.0 job plon number. The oblained frequency as well os the job program was also created and distributed to regional staff
plan number is then inputted info the computerised maintenance The implementation is monitored via the Maintenance Strategy Work
management system Groa

'he transformers fable, for example, confains 576 variables that were An additional benefit of this project was that knowledge transfer
Rpplatod by means:of e specialisst BEM anclysis resul between the equipment specialists’ maintenance experience could be
As the success of the project lies in the implementation of the transferred fo the maintenance planners via fhe software package. If
software each region was visited by the implementation team. equipment specialists should leave the company, their maintenance
The software was explained and demonsirated fo the regional knowledge remains within the company s it is captured within the
staff. A soffware iraining program demonsirating the RCM software package.

g N\
FUSES
Ug
X
Fat quallty
* * _I
* ok ok ok ok —
SIBA FUSES SA PTY. LTD. (South Africa)
P.O. Box 34261 - Jeppestown 2043 - Tel. (011) 334-6560/4 - Fax (011) 334-7140
e-mail: sibafuses@universe.co.za
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Eskom’s pilot national co-generation project

by Rob Higgo and Stuart van 2y, Eskom

This pap the

history of the national

in Eskom’s Pilot

National C

Project.
and some key technical aspects of the project are discussed.

During June 2006, Eskom's Executive
Committee requested the organisation to
pursue the development of co-generation
as a supplement fo South Africa’s current
non-Eskom owned and operated generation
base.

After some consideration, on inifial farget of
900 MW of new co-generation plant has been
established, and is proposed fo be scoped,
developed ond to have reached commercial
operation wihin five years.

What is co-generation?

A co-generator is a source of electrical
power that is @ co-product, by-product,
waste product or residual produc of an
underlying indusirial process. The Fieldstone
Africa (Fieldstone) report [1] prepared for
the National Energy Regulator of South
Africa (NERSA) on qualifying principles for
cogenerator projects stipulates three fypes
of co-generators:

Type I: projecs ufilising process energy which
would ofherwise be underufilised or wasted
(e.g. waste heat recovery).

Type Il: Primary fuel-based generation
projects which produce, os part oftheir core
design, ofher usable energy in addition fo
electricily (e.g. combined heat and power
projects)

Type ll: Renewable fuel-based projects where
the renewable fuel source s both the primary
source of energy, and is o coproduct of an
industial process (e.g. vse of bagasse and/
or forestry waste from the sugar and paper
indusiries).

Why co-generation?
Strategic reasons for pursuing co-generation
include:

+ Co-generation fias pofential o deliver
copacity “quickly”

* Some co-generators may provide
electriciy ot a lower costthan conventional
generation

+ Co-generation pofentially reduces
investment in networks and supports
distributed generafion

+ Co-generation improves industrial
efficiency ond is environmentally friendly
e.g. combined heat and power (CHP).
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Fig. 1: Breakdown of EOls received
per co-generafor fype.

Atthe EIUG co-generation workshop held on
13 September 2006, Fieldstone presented
feedback fo the committee on the NERSA
framework, coupled fo additional information
‘ond ideas, generated during their inferactions
with Eskom and other large power users.
There was commonality amongst members
on the proposals, and a sirong belief that
the proposed framework would sfimulafe and
support the infroduction of larger scale co-
generation in South Africa

The “long ferm” framework was presented
1o the Eskom governance structures where
it received “in-principle” support. A similar
presentation was mode fo the NERSA Policy

cipcy

Fig. 2: Net capacity per project based
on EOs received.

Developing the “framework” for
co-generation
One of the inifil challenges tht faced the
Eskom business development feom was how
10 go about creafing an awareness of the
initiative, coupled o ‘generating sufficient
support and inferest.
Following discussions with members of the
Energy Intensive Users Group (EIUG), o
distributed/co-generation working group
ed 1o work with Eskom,
NERSA and industry in developing the co-
generation frameworks necessary fo promote
co-generation in South Africa.

The first EIUG co-generation working group.
convened on 15 August 2006, under the
chairmanship of lan Langridge, Anglo’s group
energy efficiency manoger. Key members of the.
working group include Anglo American, Anglo
Gold Ashanti, SAPPI, Mittal, Sasol, NERSA,
Fieldstone, BHP-Billton, Mondi, Afrox, Highveld
Steel, as well as other lorge power users and
Eskom,

on 14 November 2006 by the
NERSA project manager, where the framework
was considered, but not approved without
additional work being required fo meet
approval criteria noted f the meefing,

With the potential delay infroduced, Eskom, in
conjunction with NERSA, set aboutdentiying and
designing a “short ferm” process to circumvent
an excessively long approval process of the long
term framework. This short term framework is
now referred o as a “pilot project”, as it will serve.
10 be the forerunner of the long-term framework
developed during 2006,

The principles and thoughts surrounding
the pilot project were tested with members.
of the EIUG working group on 18 January
2007, where general support for the idea was
obtained. The pilo project was then presented fo
‘members of NERSA on 19 January 2007, where
‘overwhelming support for both the pilot, as well,.
as the long term framework, was received. It
‘was agreed thot Eskom would confinue fo seek
@ mandate from ifs own govemance siructures
in order fo roll out the pilot project.

Eskom then engaged Fieldstone and an
international legal firm, who have commenced
working with the co-generation team in
compiling the tender pack, and
power purchase agreements (PPAS) in support
of the frameworks.

A two day co-generation workshop was held
with industry and NERSA on 13 and 14 March
2007 to deliberate on co-generation, the pilot
project and the long ferm framework as well
as the confent of the PPA being developed
by Eskom. The workshop wos well attended
by industry, investors, project developers and
key stakeholders.
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The pilot project

evaluating
et is essentially

luation; f pre-qualification

2- bidding/fender process: bid enquiry

clarification; bid evaluation; and

motification and awarding of

mentation and delivery

t moniforing of project

tender

to aftract new co.

+ Developing
documentation

recessary

generation.
+ Obtaining NERSA o
w co-generation

pproval fo contract the

« De

standard for co-generators.

eloping a fechnical inferconnection

Source substation

Developing @ standard contract (PPA)
for co-generation developers which is
bankable

Having a transparent evaluation process to
evaluate tender submissions. This includes:
a well defined and clearly undersiood
process; known implementation

parameters; equitable freafment across

projects; and determination of qualifying
projects

mplementation of fhe

* Development of
will be approved by NER!

ceiling price which
but not
published) beyond which contracts will not
b

* Simplicity: p:

ered

edural s

projects f ve regul

minimisation of fransa
‘and minimisation

on negofiations;
ansacion costs.

Eskom is looking for
clpicanclih 900 MY o ek o anertion

1o meet the following requiremens:

«The co-generation must be newly buit ..
i offering

parades
ible for the

to existing capacity are on!
expected incremental capacity

d not distributed
n that requires

* The co-generator must be situated within

South Africa

*  Theneti vsru

+ The co-generator must reach commercial
operation within five years

The “lowest" bids will win contracts provided
they are not above the ceiling price sef by

on six confinents.

O e

Phelps Dodge National Cables
- cutting edge cable technology

One of the biggest power cable distributors in South Africa,
PD National Cables supplies all types. of copper and
aluminium cable for voltages ranging from 0.5V to 132 kV.
Types such as paper, XLPE and PVC insulated cable, and
cables for telecoms, instrumentation, fibre optics, data
ccommunication and bare copper conductor are proving their
value both locally and internationally.

The company can also supply specialised types such as
Super Tension cables through its 46 manufacturing facilities

* National Cables Pty Ltd
Tol (011)824-4747, Fax (011)824-4901

20 0 20,
‘www.nationaicables.co.za
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Eskom's avoided cost model and modified by
locational and fiming (first on line) advontages.
Maximum 15 year contracts are being
envisaged with consideration being given
fo shorfer duration contracts: seven years
minimum duration.

Operational implementation of the pilot
project is envisaged fo include:

+ Each developer bids a price and refums a

signed contract (PPA)

Bid prices higher than Eskom's avoided
cost will not be consider

Astandard contract (PPA) willbe developed
for qualifying co-generation projects
which is envisaged fo include infer alia:
payment profile aligned with eneray
needs (supporting

Grid
Supply

Utility !

ndustry/Co-gen

Metering points indicating

relative polarity

Load

periods; winler vs. summer eic.); and
incentives for early completion

+ A performance bond must be submited
in fovour of Eskom fo encourage fimely
development of co-generafors.

Progress fo dote

An expression of inferest (EOI) was dispatched
o registered project developers and industry
on 25 Moy 2007, and an overwhelming
response wos received. The results of the EOI
are indicated in Fig. 1 (Types of co-generation)
and Fig. 2 (Projected net capacity per project).
Ofthe 125 submissions received, only one was
rejected at pre-qualification stoge, this a result
of the fact that the generating plant did not
qualify under the definition of a co-generator.
opproximately 4900 MW net generation has
been pre-qualified, the individual plant sizes
ranging from 1,8 MW up to 540 MW. Some
duplication is, however, eviden,

Looking forward, the draft implementation
programme as at September 2007 s envisaged
fo be as indicated in Toble 1.

Technical considerations

The implementation programme in Table 1
provides a five-month period for tenderers
fo complete their submissions. Part of the
preparation will fypically include obtaining

Fig.4: Conceptual metering arrangement for o co-generator embedded within on industial plant.

o feasibility quote from the relevant supply
authority for network expansion or upgrades
that may be required to interconnect the
co-generator to the utlity network. Given
the high number of bids expected, the short
time frame, and the relative inexperience
of Eskom Distribution stoff when dealing
with generation projects, Eskom is in the
process of securing the services of suitable
consultants to assist with these requests. It is
envisoged that the consultants will be able fo
upport all Eskom regions, and will be able
1o draw on the experience of international
experts in the field of co-generator and/
or embedded generaor inferconnection.
In particular, they will assist Eskom staff
1o conduct the relevant network impact
assessment studies including: load flows,
foult level calculations, and dynamic and
fransient studies (where required).

Grid- and distribution code requirements.

Co-generation forms o subset of the broader
concept “Embedded Generation”. The draft
Distribution Code [2] lays down a number
of technical requirements with regard to
embedded generation that will be applicable

Table 1: Drof
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1o the co-generation project. Not least of these
are the requirements of the following sections.
of the Network Code (Draft Rev. 5):

Section 8.4.1.1(1): Embedded generators
of nominal capacity greater than 10 MVA
must comply with Section 3.1 of the South
African (Transmission) Grid Code: Network
Code (3] in addition fo the requirements of
the Distribution Code. Notable amongst the
Grid Code requirements are the sfipulation
of the frequency vs. guaronteed operating
time capability of the machine/s, and the
requirements for governor and excitation
control.

Section 8.2(4): The Distributor sholl develop
a profecion requirement guide for connecting
©embedded generators to the distribution system
1o ensure safe and reliable operation of the
distribution system.

Embedded generator inferconnection
standard

Eskom is currently draffing on embedded
generator inferconnection standard in fulfilment
of the Distrbution Code requirement, and g
aninputinto the co-generation fender process.
Some of the key fechnical issues included in
the standard are described below:
Loss-of-grid profection

Embedded generators are normally not
peritted o intentionally island with a part of
the utlity network. On radial networks typical
of distribution systems, the opening of any
circuit-breaker between the source substation
and embedded generotor’s point of connection
may serve fo create an uninfended power island
(see Fig, 3). The reliable and secure defection
o such “loss-of-grid” condiions remains one
of the key.challenges with regard fo embedded
generator inferconnection profection.
Where required, dedicated loss-of-grid
profection typically takes the form of a rate-
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of-change-of-frequency (ROCOF] or a voliage
vector shift profection relay. These relays are
prone fo nuisance fripping due 1o other events
on the power system: loss of bulk generation,
power swings efc. [4

Loss-of-grid protection is much simpler in the

e of co-gene

ors that do not export power

the grid but whose output is consumed
entirely by the industrial plant. A

power profection relay installed af the point of
onnection willin many cases provide adequate

profection against unintentional islanding.

Neutral earthing on MV inferconnections

Eskom's MV distribution nefworks make use of
resistive earthing of the neutral point o as fo
limit earth fault currents to the typical ranges:
less than 720 A (rural networks) and less than
1600 A (urban networks).

The preferred neutral earthing philosophy
for MV-connected generators or generator
transformers is that the MV neutral point be
left un-earthed. This will serve to avoid issues
of earth fault relay de-sensitisation, as well as
avoiding “circulafing
3rd, 6th, 9th ef
between the distant earth connections.

zero sequence or friplen

A possible problem with leaving the MV
starpoint un-earthed is that the MV network
will be left un-earthed in the event that the

source circuit-braaker should open, thersby
forming an unintentional island. In the case of

the source fripping as a result of o line earth

fault, the healthy line voltages will be raised to

full phase-to-phase values. In addition, Dugan

and Rizy [5] worn of possible resonant over.

voltages arising from the generator fransformer

reactance ond the line capacifance. Possible
damage fo surge arresters may be avoided by

specifying arrester maximum confinuous over

tage (MCOV) values t the full phase-fo-
phase voltage

In the absence of a MV neutral earthing point
at the point of connection, line earth faults

will be defected by residual over-voltage

protection. It must be ensured thot the residual
over-voltage profection is suitably graded with
the current-based earth foult protection used
in the distribution network

Metering
Co-generators will be remunerated for energy

delivered 1o the network af their bid price.

Any power drawn by the plant (e.g. generator

auxiliaries, other manufocturing processes
etc.) will be billed ot the standard load fariffs.
This creates the requirement for the power
generation 1o be mefered of the generator
terminals. The “load” charges for the plant
will be calculated from the sum of the meter

GO WITH THE LEADER

RBF TEC! nmm 0GY (FTY)

8 Tchnaloqy P L
@11 434700
Fanr (1) 4931945

mail: infodirbl.o.10

LIMITED

RIB|F

readings at the existing demarcation betweer
the ulity and the plant, and the ganerator
mefer readings (see Fig. 4).

The uilty will own and operate all foriff meters

The location of some meters deep within an

industrol plant may create problems with regard
to securly. Access problems may be overcome
using remote mefer downloading fechnologies
Conclusion

Eskom has embarked upon a pilot project thot
aims fo connect approximately 900 MW of new-
build co-generation within the next five years.
The pilot project s a result of alengthy process
involving Eskom, NERSA and many large power
users that sought to develop a framework in

support of co-generation in South Africo

An expression of interest issued in May
2007 yielded 124 pre-qualifying responses
totalling some 4900 MW net generation
Individual plant sizes ranged from 1,8 MW
fo 540 MW. The process going 'Qvncrd is
essentially designed around a conventiona
tender process. Only tenders whose bid price
s below the (unpublished) Eskom ovoided cost
will qualify for contracts.

Eskomis presently finalising the power purchase
agreements and technical specifications
in support of the pilot project. The latter
takes cognisance of the requirements of the
and Grid Codes
addressing o number of technical challenges

Distribution- as well o
including loss-of-grid protection, and earthing
and metering requirements. Eskom will
be engaging consultants fo assist with the
technical impact assessment studies associoted

with each co-generator project.
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Durban’s electricity from
landfill gas CDM project

by R Wienand, eThekwini Electricity

phase of the proj
garbage landfill sites went live in December 2006.

With the environmental impact assessments
complefe and o posiive Record of Decision
(ROD) red, the

y by utilising

of the Designated National Auhorily (DNA) in
the Depariment of Minerol and Energies (DME),
R D

Mechanism (CDM) executive board of the
United Nations Framework Convention on
Climate Change (UNFCCC). Durbon was proud
1otum on South Africa’sfirst (COM) landfill Gas
1o electriciy project

The project is aimed in the first instance
o addressing global warming and climate
change which is one of the most serious
environmentalissues facing the world today.
The recent rafification of the Kyoto Protocol,
by numerous governments worldwide, is
a significant step fowards cost-effectively
reducing greenhouse gas emissions and
averting impacts of climate change.
According fo the Kyoto Protocel, methane
(CH4) i o listed greenhouse gas (GHG) and
is effect is some 21 fimes worse than carbon
dioxide. It is widely known that landiil sites,
with wastes undergoing o methanogenic
stage of biodecomposition; produce large
volumes of landfill gas (LFG) typically
containing some 40 - 60% methane. For
many years Durban has been doing limited
“flaring’ of methane from these sites fo
reduce the risk of uncontrolled fires, and fo
control odours,

Since landfil electrcity-from-gas generation
projects are currenfly not compelifive with
local elechiciy costs - being about 66% more
expensive than current Eskom figures - the
project is made possible through “Carbon
Finance” which for the first phase of the
project is channelled through the World Bank's
Prototype Corbon Fund (PCF), a public private
partnership with porticipants from several
countries worldwide. This recently available
carbon finance — accessible since South Afrco’s
signing of a host cBuntry agreement allowing
for the acceptance of CDM projects - has
made it possible for financially viable landfil
gas ulisation projects fo be developed on the
African confinent.

The proven method of exraction of the landil

Durban's

Fig. 1: Atypical armangement for o landiil site power generation scheme.

will only be commissioned when additional
gos wels are insialled in newer zones which
are il receiving rubbish on o daily basis. At
LoMercy o 500 kW machine was installed. As
his site s already closed fo new rubbish the gas
production is imited

Methaneis “he pefrol” to this power generation
process and carbon dioxide will be emitied
os exhaust gos. This project is aimed at the
destruction of methane in engines and is proven
fo be greater than 99% effective. In addifion
there will be significant emission reductions
by way of the reduction in Durban's electricity
demand from Eskom by upto 10 MW when all
three sites are fully operational. This project will
reduce some 450 000 fons of carbon dioxide
which would have been emitted by Eskom's
power stations over the project life span of the.
sites. In fofal, the project is expected to reduce
equivalent emissions in carbon dioxide o our
atmosphere by 3,8 million fons!

il s not part of the current financial model,
an additional source of income could be from
the sale of “green electricity” ot a premium,
generated from this project. Countries that
have highly developed environmental laws
and policies are starling to ask South African
companies who export their products how

gos through pipe
allows the gos fo be fed ino the purpose-buil
sparkigrifion engines. On the Marionhillsie a
1000 kW machine was installed. The site was
sized fo accommodate a second engine which
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clean their production is.
Electricity is one of the inputs fo production,
and these SA companies may be willing to pay
a premium for electricty generated from a clean
or renewable source.

Technical issues

Durban has no local generation end buys ol
its electriity in bulk from Eskom of 275 KV,
and distibutes it fo customers via fs network of
275,132, 33 and 11 K cables and overhead
lines.

When an opportunity for locally distributed
‘generation s presented, it is not a simple case
of connecting info the nearest overhead line or
cable. System stobilfy, voltage regulafion and
other quality of supply issues must be carefully
analysed and hisis @ subjecton s own requiring
professional system analysis. Local system
consraints il occur of low consumption fime€
over weekends and late at night. Unfortunately
the landiill gas s produced at a constant rate
and short of spending additional capital fo
build gas storage facilfes, the gas must be
used confinvously as it is produced by the
landil ste. The chollenge is fo accommodate
the generation 24 hours per day seven days o
week without causing locolised system instabilfy.
Complex protection schemes are needed fo
monitor power flow and rip the generotors
when primary supply from the network is lost,
o prevent islanding ofthe generator and o part
of the nefwork.

Both projects have provided o sieep learning
curve for the team of civil and electrical
engineers. The main contractor for both sites
was Envitec Solufions in o consortium vith
Construction and Plant and Organics Lid. The



60th AMEU Convention

engineer was Enviros Consulting with Wilson
Poss Singh v as o sub consultont. The GE
Energy Jenbacher JCG 312 GS-L.Ll and JGC
320 GS-L.L units are state-of-the-art, and when
used in stand-alone *
require very litle on site elecirical engineering
1o get them up and running, The firs challenge
came when Durban's local 11 kV Network was
found fo be causing unnecessary fripping of
the 11 kV brecker feeding the generator, when
remote earth faults were detected. After many
technical discussions between the profection
staff of Durban Electricity and the Genbacher
experts it was decided fo instll neural earthing
resisters on the stor poirt of the 440/1 1 kV delia/
star generator ransformer. In simple ferms every
fime o distant remote earth fault happened in the
network the generaor protection relays assumed
that the local 11 KV circuit directly connected
to the generafor substation had an earth fault
and due fo the speed of the local profection
would incorrectly disconnect the generator. In
the meanfime the remote 11 KV circuit which did
have the earth fault had also been disconnected
and the rest of the nefwork, including the supply
1o the generator had remained on. These false
trips then required 11 kV authorised field saffto
visit the site and close the breaker. The generator
would then re-sync fo the network automatically
s designed affer an outage.

slond” fype installafions

The second lesson learnt was that gas supply
for these engines requires o greater degree
of monitoring and control then had been
necessary with the simple flaring done in mg
past. Methane needs fo b

allow the gas fild to sabilse, This oufput has
now been increased to 900 kVA and the site
will be closely monitored. At the LaMercy site.
the gos was found fo be foo “wet” and engine
performance is very errtic. Additional civil works
onthe gas wells has been done and is expected
tht his ite willsart producing suficient good
quality gos soon and the engine con be used.
Up o now the gos have been flared. While
carbon credits are still earned from flaring, the
income from electricity generation s lost, as well
s income from carbon credits due fo avoided
generation by Eskom is aso lost.

CDM registration.

For anyone thinking of starting a CDM project
the administration issues are substantial.
The first point fo note is CDM will not fum o
“poor” project info a good project. The basic
engineering fundamentals must be sound. CDM
is only an additional source of revenue which
an be used o make a sound technical project
financially viable. The administration burden
both in ferms of human resources and cost must
not be under-estimated. There are a series of
administration steps which must be followed
and o date thera i no short cut. As projects like
this become more routine this burden should
reduce, but for now each project stl needs
considerable admin resources. Once you have
a sound project idea which will clearly mifigate
€O, emmissions n line with the CDM rules the
firststep i fo submit a project idea note (PIN) fo
the DNA of DME. The PIN should not be more
thena fully describing the project, the

and oxygen needs fo be kept below 5% nv th
total gas input for safe and efiicient operation.
While all the initiol calculations had shown
sufficient gas ot Marrianhill site fo supply o
1 MVA machine, in the first three months it was
found that the gas supply was unstable. If too
much gas was “sucked” from the field the oxygen
level rose above 5% and the machine fripped on
gas safety. The 1000 kVA generafor then had
1o run at 600 kA for the first four months to

CO, savings and a financial business plan. The
DNA siaff wil provide guidance in the nex!step
which i o full roject Design Document (PDD)
Depending on the fype of project the PDD can
be 401050 pages and is required by the CDM
execufive board. All applications for registraion
of CDM projects world-wide have their PDDs
published on the UNFCCC's CDM website
(www.cdm.com) for public comment, and this is
only afteran independent “walidationt”. Only affer

Fig. 2: Durbon's Marianhill landil sife showing the new generation station.

this process, and following support from the host
country's DNA, and subiect o posfive ROD's in
any EIA required, will the CDM Exective Board
(EB) consider and hopefully approve and register
the project. The above process s a mouthful just
fo read. s a long, costy and sometimes dificult
process for someone doing a CDM project for
the first fime.

Bt the admin challenge story does not end
at CDM registration. Once your project is up
and running you can't simply claim carbon
credits and expect a cheque. In February 2007
a world bank (i.. our CER's buyer)-oppointed
COM audit/monitoring team visited Durban
for a week. Both sites were fully audited. With
the exception of some minor admin tems both
projects received full CDM “cerffication”
Durban can therefore now invoice the world
for the firs six months of carbon credits which
will form the bulk of the income. An average of
420000 kWh of electricity was generoted ot he
Marrianhill site per month, which af Megaflex
summer rates has saved Durban approximately
R50 000 per month on our Eskom Bll. This
figure went up fo R75 000 per month when
Eskom's Megaflex winter ates were used in June,
July ond August. The LaMercy site generation
was sfll experiencing gas quality problems so
generation wos limited and mostof the gas had
1o be flared. The CDM credits are il subject fo
CDM audit and were not available ot the fime
this paper was completed

Summary

Durban is very proud of the first phase of o
project which has taken over five years to see
thelight of day. It has been a very long road with
many lessons learnt. Global cimate change s
rfical issue facing our planet so we need many
more CDM projects, but anyone wanfing o go
down this road needs a great deal of patience
ond defermination. The red tape and admin
costs are very much higher than firstanficipated.
The engineering was relafvely simple. The EIA's
and the admin necessary to comply with the
CDM financing was a huge challenge. Without
a dedicated and passionate project champion
ond the full backing of your council and city/
fown manager/company CEO it will be all but
impossible. In Durban's case Lindsay Strachan
from our solid waste depariment was that
champion and the project had the full backing
from the mayor and city manager. Credit must
also go to Andrew Gelink from the Electricity
Department who faught the infernational
consultants a few ricks. We plan o commission
the first 4 MVA out of 8 MVA a the Bisasar Rd
site in early 2008. Even with ll the experience
picked up on the first wo sites we confinue fo
lean new fricks every day which should help
us for the next phase,

Anyone wishing to discuss various aspects of
the project should felephone Roy Wienand
from eThekwini Eleciriciy, Tel 031 311-9003,
wienandd@elec.durban.govza A
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Renewable energy sources to address
security of supply in South Africa

by Vally Padayachee, City Power Johannesburg

h t are being consumed at an exponential rat

utilisation of

has h:umd |he world’s ammlnn on energy mlclm:y and

resol
cnnurvuilon as well as a quest for |

These issues have not escaped the affenfion
of the South African government

The White Paper on renewable energy
(November 2003), set o target of
10 000 GWh renewable energy
contribution fo final energy consumption
by 2013, o be produced mainly from
biomass, wind, solar and small scale
hydro.

The renewable energy is fo be ufilised
for power generation and non-electric
technologies such as solar water heafing
and biofuels.

Electriciy Regulation Act, where, amongst
others, the bjectives of the Bl include:
the efficient, effective, sustainable and
orderly development and operation of the
electricity supply infrastructure in South
Africa; and promote the use of diverse
energy sources and energy efficiency.

These inifatives are driven by several important
objectives:

To “clean-up” the energy environment in
terms of CO, emissions

* To preserve mineral energy resources for
future generations

To improve the security of the eleciricily
supply
This paper is infended o explore the degree
to which renewable energy sources can be
expected to contribute fo the last objective —
electricity supply security, in the South African
context.

Background

In the electrical energy sector, there are
comples, fime-related aspecs that have an
impact on the securit of supply — presently the
industry is characterised by both generation
capacity and distribution network capacity
constraints af oll levels. This landscape will
persist in the medium ferm as new generation
plant and distrbution infrastructure upgrades
undergo construction, while a continued load
growth of 3,2% per annum s expected

The national generation reserve margin fell
1o below 7% in 2006, where the inferationol
norm to mitigate generation outage risks
considers @ margin of 15% necessary. In
response fo this deficit, Eskom in conjunction
with municipal distributors have implemented
load shedding plans fo maintain an acceptable

reserve margin in the event of generation
emergencies.

Thws drastic measure, even of short duration,

energy sources.

there are on average 56 ‘overcast’ days per
year, in which case it is still expected thot
conventional electrcal energy will be available
o provide energy for water

economy
is used only as a lost resort, I s anficipated
thot the load shedding plon will be in effect
for the next five years,

In order fo minimise the economic impact of
forced load shedding, it is incumbent on the
power disfribution indushry fo execute such
lood shedding s deep info the neiwork s
possible, assigning prioriies and discriminafing
between interruptible, non-essential, indusril,
commercial ond essential load circuits as
far os is practically possible. This process
can be automated by SCADA systems where
such are installed, and in the eventuality thot
load shedding is required; such automation
investment can quickly be fusified.

There is a strang focus on energy efficiency
and demond side management inferventions
(EEDSM) in the industry af present, supported
by the DSM funding mechanism and fargefing
lood reductions in the order of 3000 MW by
2012.

The scope of this funding, originally focussing
on direct electrical efficiency and load shifting
interventions has been expanded to include
an ambitious solar water heating system,
targefing one million instollations over a five
year period.

Renewable energy sou part of

the SA generation pﬂMdloT

Without @ means fo sore energy n the volumes
that s required, the intermiltent characteristic
of particularly wind and solar energies
will always place them af a disadvantage
compared fo hard, fossil fuel-fired sources.
In the northern hemisphere, both of these
technologies are considered fo make an
independent average contribution of only
13 10 17% of their installed capacily fowards
‘reliable’ generation capacity.

It is likely that in South Africa, a similar
contribution can be expected from wind
sources. In terms of solar, the average figure
is likely to be significantly better, as we hove
ane of the highest solar insolation levels
in the world. The problem however, is that

heating purposes, for example. The worst
cose scenario would be a large weather front
covering the entire South African sub-confinent
for o few consecutive doys.

This would edd additional weather sensitvity
fo generation scheduling, and on these bad
solor' days, generafion copacity more or
less equal fo the capacit of the solar driven
apparatus would be required of least as

‘reserve’

e
So, do infermifient renewoble sources alleviate
or exacerbate reserve margin requirements?
A key issue is fo ensure that  diversity of
renewable sources ore included in the mix,
and thot the renewable plant s geographically
well spread out. For example, wind sources
complement solar sources fo a large degree
~ overcast days are usually accompanied by
windy condifions, and in general, overcost
conditions in the Cape often do not extend to
the Highveld regions.

Experiences of countries with
significant renewable resources

Germany has a significant proportion of
installed wind furbine plant ~ a fofal of some
20 GW, where the nafional peak demand is
in the region of 75 GW. I is not only the lack
of wind that determines the infermittency — af
the other extreme, too much wind requires tha
the plant be feathered o avoid damage, or
reduce the back feed of power on the limited
capacity rurol networks opportunistically used
o connect the plont o the national grid.

Wind conditions can change drasfically within
half an hour, ond to ensure sufficient backup
generation is available, a large proportion
of coal-fired spinning reserve has fo be
mainfained, in addiion fo fost reacting gas-
fired plan. When asked about the complexites
of generation scheduling in this environment,
it was pointed out that the industry was getting
very good of short ferm weather forecasting
s a result — down to infensely focussed half
hourly pradictions when necessary.

New Zealand's approach has been fo embrace
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wind energy o o lorge extent, strongly with

hydro resources, where such sources have sufficient storage
capacify.

It has previously been noted that the South African generation
portfolio is short of gas furbine peaking plant. Significant
invesiment in OCGT plant is presently under way and, in the
confext of expanding renewable sources, wil not become o
siranded investment once additional base lood generation is
brought on line.

Solar water heating systems - distributor
perspective

Lorge scale implementation of solar water heaters wil
inevitably resulf in significant revenue loss, but will also on
average allevite the load on the distribution network. The
issue is tha the supplementory eneray requiremens on bad
solar days willstll require a network designed for conventional
geysers, and these networks willstill need to be maintained,
less a large portion of the revenue derived from this fype of
load

These risks can be mifigated o o lorge degree by ensuring
that limits are placed on the elecirical element size, reducing
the standing losses by improved insulafion, correctly sizing the
storage fank and utilising existing, centralised geyser control
systems to specifically control the provision of supplementary
energy fo the mutual benefit of the distribution utilty and the
end-user.

Revenue loss can only be offset by utilifies becoming directly
involved in the implementation of solar water heafing systems,
either directly as a pay for service hot water supply uilty or
by offering maintenance services coupled with collective
application of installed solar plant fo earm CDF revenue:

Renewables - challenges

The renewable energy industy is in s fledgling stage of present,
and faces several challenges

Funding sources and mechanisms

Capacity fo supply and install equipment

Viabilit ~ top-up or feed-in farifs for renewable energy,
based on levies taking info account the production costs
of the various sources

Sustainability - an invesiment in a coal-fired power stafion
would be specified fo have @ lifespan of at least 20 years,
and the same should apply o renewable equipment, for
example solar water heating interventions.
Recommendation of the way forward -
renewables

A diversily of sources must be considered:

* Wind resources

Londfil gas opportunities

Solar street lighting and frafic signals

Hydro ~ small and large opportunities

Wave energy - search for viable fechnologies
Conclusion

Is the above sufficient to mitigote security of supply risks?

If the answer could be no — then it would be prudent fo do
a re-examination!

On the other hand, when would be a good fime to make
astort? A
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Do you manage your assets?

by Paul van Niekerk and Jaco van Niekerk, EON Consulting

The electricity distribution industry (EDI) in South Africa has three distinct groups of players, Eskom, the Metropolitan
Councils and a multitude of municipal distributors that each face a set of unique asset-related challenges.

These challenges include amongst ofhers:

* An aeging network compounded by poor
maintenance procedures.

Rapid growth in demand and geographic
expansion

Overloaded infrastructure with limited
redundancy.

Limited capifal investment in past five
years due 1o the growing uncerfainty in
the industry.

Higher cost to maintain and operate the
networks effectively

Poor mainfenance praclices leading fo
outages end negafive public perception

Availabiliy of qualified and experienced
resources fo manage / maintain network
assels.

The nafional govemment’s infative fo resiructure
the electricty distribution industry info regional
eleciriciy distributors (REDS) will have a postive
impact on service delivery in the country. The
impact of restructuring of the industry on service
delivery will be minimised by implemening the
basic principles of good asset management
consistently throughout the industry.

The internationally accepted best business

sustainable value fo the utilties business. The
rfical resources required for EAM include:
skills (people], mature operafing practices
(processes], information systems and mobility
{technology) and accurate, up-to-date network
equipment data (assef content)

Due o perceived complexities, not all the
utiities have adopted the EAM practices. This
leaves room for improvement, in preparation
for consolidation of the respective wires
businesses through EDI restructuring. This
paper will explore o simplistic approach fo
managing nework assets effectivly, We will
define the approach, based on PAS 55, the
respeciive organisational roles required in the
wires business, and provide poinfers on how fo
establish and improve an EAM system.

Definition of asset management

Enferprise asset management is G pragmatic
approach to managing an organisation’s
assefs across the enferprise, fo achieve ifs
strategic goals while providing tools for
making decisions which allow a uflfy fo meet
a required standard of service in the most
cost-effective way,

Thus, asset the

pracice of enterprise osset
(EAM) was introduced ond adopted by key
utiliies in South Africa from the late 90s
However these praciices are perceived fo
be time-consuming, complex fo manage
and require dedicated resources fo create

strategies, fechnologies and processes fo
optimise lifecycle value contribution from an
assef or portiolio of assets

Effective asset management is all about the
optimisafion of

Human

Assets

Intangible
Assels

Information
Assets

Fig. 1: A diagrammatic description of an asset centric business such

s an electricity utiy.

(Diogram from PAS-55).

* Physical assets: ensuring that assets
operate ot designed parameters with
optimal, off-normal operations.

* Life cycle costs: optimising initial and
‘ongoing investment fo extract the maximum
operating and financial value from the
assef over the course of fs lifecycle

* Resources: maximising the contribution from
those who manage the asset through review
and assessment of physical and personnel
performance against key measures

* Risk: balancing engineering, operational
and financial risk of the assets with
expected retur.

+ Asset volue source: developing
alternatives sources of value derived
from physical assets, management and
operations competencies and/or financial
engineering.

The standard of service nof only relates

o reliability but also to supply capacity

availability, and should provide the following

long-term benefit:

+ The financil resuls of the ufily can be
improved due fo the extension of the useful
Iife of assefs.

+ The technical performance of the network
will improve due fo the improved planned
maintenance.

+ People will be more productive as  direct
result of improved planning and befter
forgeted human resource development.

* The organisational efficiency will increase
due fo improved and opfimised business
processes.

* Decision-making vill be improved because
befter informafion will be available with
respect to infrastructure, people and
processes,

* Cost of maintaining network assefs will
decrease over fime, also resuling in @
much more effective workforce.

Who is involved in osset management

Asset management is the optimal management
of assefs fo deliver the required level of sevice,
to achieve the best or most appropriate
trade-offs between competing factors such as
performance, costs and risk

In the municipal environment this refers o
the dichotomy of the relationship befween
the engineer’s desire to maintain assets
ond the financial manager's desire fo fimit
fruifless expendifure and the client relafionship
manager that has o relentless passion fo
senvice clients professionally
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The whole organisation, including the senior
management illustrated in Fig. 1 should be
involved in the assef management programme,
as it willimpact on the full business process of
an assel-centric organisaion.

The board of directors or the council's
execufive commitiee

The chief executive or managing director
of the organisaion

The chief information officer

The chief financial officer

Maintenance managers

Maintenance staff

The retail business (customer services division)
being separated from the wires business
{ossets management division) as the
organisation is bosed on o *split wires
and refail” concopt. The asset monager
however will provide a service fo
the customer services manager in
connection with the connection of
new customers and common issues of
planning and system reinforcemen.

There are fhree disinciive roles that
need o collaborate in harmony fo
bring obout an asset manogement

Whot is asset monogement?

The critical elements of a business are those
that are required to deliver a utilities’ business
mission, strategy, policies and objectives.

For the purpose of asset management, these
rfical elements hove been summarised info
five cotegories as follows:

+ Physical assels (eleciricity transmission
and distribufion infrastructure, machinery,
plant, and equipment, buildings, IT
systems).

Human assets (management, workforce,
skills ond experience).

Financiol asses (cash, investments, equity,
credit rating).

Idube Electrical (pty) Ltd

* Dato (data, and

knowledge).

information,

« Intangible ossets (customer service
reputafion, customer and staff impression,
public image/relations, brand value,
NERSA licence, copyrights and culture)

in any physicalosset-infensive business, such os

the electriciy distribution industy, the greatest
expenditure, effor, dependency and risks are
invoriably associoted with the physical assefs:

Although the ofher four families of asset types
are also crifical and require appropriate
consideration, they are considered only insofar
as they affect the opfimal management of the
physicol assets

A 4 AN

Box 15474, Lamblon 1414, South Africa, u-m- Industrial Park,

g:;llllhllllllmlylalﬂ Hughes Ext.
27 (11) 397-8281

organisafion

unique sef of responsibilfies o ensure

that asset management is enforced,
sustainable and ultimately create
business value. These roles are:

+ Assef owner: The assef owner
is the licence holder, equity
participant and investor that
holds the portolio of asses and
set and manage performance
requirements for each.

Asset manager: The manager is
the asset steward, has a reliobilty
focus, plans and monitors fhe
operating activifies carefully. The
osset managers make fact-based
decisions on opfimising customer
needs, operational sfatus and
financial refurns. Manogers
are key fo delivering value 1o all
stakeholders.

« Asset operator: The operator is
the work monager, has a strong
cost and service excellence focus
and performs physical activites.
The operators are order fulfllers
ond data suppliers.

The challenge thot a lot South
African utilities face is that these
roles above are overlapping, is
ot clearly defined and most of the
fime ot exist. We believe the key
fo effective asset management is
the dedicated asset manager role,
that will be responsible o realise
the benefits defined above. This role
is currently not well defined, and
can make a huge impac, on all the
uiilfes in SA
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The behaviou, attitude and capobiles of
the workforce h influence

+ The organisafion should infitue measures

luence
on the performance of the physical assefs.

fo
provide corrective action and confinually

Risk identification, assessment and
control

Legol, regulatory, stafutory and other asset

Good quality date /
knowledge is essential fo develop,
optimise and implement asset
management plans.

Financiol resources are required for
infrastructure investments, operation,
mintenance and maferials.

* The organisation’s repufation and
image con hove a profound impact on
infrastructure investment and operating
sirotegies and associated costs

The elements of asset management

For an elecricity ufility, the distribution
infrastructure is required to provide a
continuous and permanent supply fo its
customers, and hence the asset monagement
is based on o permanent service fo customers
and therefore confinual improvement of the
distribution infrastructure.

The illustration (Fig. 2) taken directly from
PAS-55 illusirtes the cifical elements of an
asset management systerm.

The organisation should establish, document
and maintain an asset management system
in order fo collate and record credible
information about the asses.

pracices,
Asset management process

The process of asset management is one of
“continual improvement’ as illustroted in the
PAS-55 document

In terms of PAS-55, the orgonisation’s board
of directors should instruct top management
o implement an asset management system.
The board must then approve the policy and
strotegy proposed by the management feam.

Strategy and policy

Asset management (AM) involves the co-
ordination of activifies that manage the
organisations’ assets over the ful lifecycle of
the assets forthe achievement of organisafions
business obijectives. This alludes fo opfimally
‘managing these assets in ferms of performance
tisk and expenditure.

Good asset management therefore begins with
the board, or council approving the policy and
sirategy which will then permeate throughout
the organisaion and eliminate the dichotomy
which often develops between financiol and
engineering managers that hove different ideos

should outhorise an overall asset
management policy which is consistent
with the organisations sirategic plan.

about what asset really s

Next would be the establishment of an
asset management framework that will
operationalise the strategy by integrating the.

an asset management information system in
order o provide credible information about
assefs, and provide adequate suppor fo
management and staff.

The organisation should establish an
organisational structure that clearly
defines management practices for oll asset
classes and incorporate them into asset
management planning.

into the key related business
proces:

Asset management information, risk
assessment and plonning

PAS-55 sfipulates that the organisation shall
establish and maintain:

Set and maintain asset management
objectives

Asset performance and condifion fargets

Asset monagement plans

In order fo introduce lifecycle management
of assets, the system would control osset
procurement and registraion in ferms of the
approved financial policy ond immeditely
schedule and track fo ensure thot ifs use
is opfimised in terms of the mainfenance
policy.

Checking and corrective oclion

PAS-55 states that the organisation shall
establish and mainfain procedures fo monitor
and measure the performance of the asset
management system (processes)

In South Africa up unfil now, NERSA has
been fairly lenient with the application of
the quality of supply standards [NRS 047
and 048]. However this will change with the
establishment of the REDS and distribution
utilities wil be held fo task regarding quality
of supply. It is essential therefore that the
AM systems should be carefully monitored
o ensure compliance with company policy.
The same methodology could be used for
forensic investigations fo defermine reasons
for the failure of asses.

Manogement review and confinual
improvement

The organisafionfs senior management shall
review the asset management systems ond
processes from time fo fime fo ensure suitability,

© An osset
syste

Fig. 2: The critcal elements of an asset managemen systern
(Taken from PAS-55).

d veriy
that AM techniques are modern and relevant
1o the organisaion

The management review should address
the possible need for changes fo the policy
strategy and objectives and ofher elements
of the management system in respect fo
changing circumstances and the commitment
o confinul improvement.

In @ municipal environment, the changing
circumstances may be due fo cify planning
variations such as modifications o the
infegrated development plan, or rezoning. To
quote an example, the 2012 Soccer World
cup or the Gautrain development may force
major redesign of the city infrastructure, and
hence changes to the asset management
policy. Other changes may include the
establishment of the REDs which will
change the management and staff of the
organisation
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Asset management information, risk
assessment and planning

Asset management information system

PAS-55 The organisation shall establish and
maintain an asset information system which
shall be designed and maintained fo provide
adequate support and information to the
organisation fo meet the sfrategic plan.

An asset information system is essential
for achieving effective and efficient asset
management processes and for continual
improvement of the syste.

There are several different fypes of asset
information systems available, and the more
sophisticated versions infegrae many of the
following functions which are essential fo
sound asset management practices:

o Asse registers

Document management sysers

Asset related design, specification
procurement and construction, operafion
and maintenance during the lifefime of the
asset, and finally decommissioning ond
disposal risks

This will even go so for as fo include
stakeholder risks such as filure fo meet
regulatory

* Manage technology enablement and
information analysis

The asset operator is responsible fo

Conduct effective workforce scheduling
and deployment

Manage construction and maintenance
project

etc
The organisation shall ensure that the resuls
of these assessments and the effects of the
confrols ore considered and provide input info.
the asset management sirafegy and plans.
Conelusion

In conclusion, we believe that the restruciuring
of the electricit distribuion Industry in South
Aica will ulfimately benefit the community and
the electricily supply industry holistically.
However, it is essential for the utilities to be
prepored for fhis resiucturing by means of

A k planning
and scheduling systems

Materiols management systems

Purchasing systems

GIS geographic information and spatial
analysis systems
SCADA, or inferconnection fo
SCADA systems

Condition monitoring systems.

dsting

An asset management system should provide

both technical and financial information in

order o facilitate choices in respect of:
Lifecycle cost comparisons - how much

does one spend on an asset before

replacing it?

Financial benefits of planned

improvements

Valuation of assefs NPV DRC efc. (for

acquisifions and mergers)

Identily the physical posiion of the asset

(GFS coondingtes

Comply with stotutory and regulatory

obligations (NERSA)

Risk assessment and planning
PAS-55 - The ufility shall establish and maintain
procedures for the on-going identification and
assessment of asset-reloted risks and the
identification of suitable control measures.
The risk assessment shall consider the
probability of the event occurring and the
severity of consequences.

It s incumbent upon a well-managed utilty
fo ensure that all risks are well-managed
during the fulllfe cycle of the asset 1o ensure
continuity of supply. Such risks shall include
Risk of physical failure of the asset.
Operational risks including control of the
asset, human factors, malicious damage
of terror activifes.

Natural environmental risks (flood and
storms, efc.)
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detailed self- and
of current business practices. We recommend
th in preparation lov the enub\rshmem of

Work praciice design, deployment and
mornitoring

Materials sourcing and inventory
management

Reliabilty and standordisation of nefwork
assefs.

Budget management and analysis

Labour relations

Third-party inferface and outsourcing of
operational activiies

Effective application offechnology solufions,
data collection ond maintenance

Itis our view that there are pockels of ex;euem
in asset management, and differen
in these roles embedded South Africa, i
that @ national wires business workgroup can

kipality

best procices

by mea.fy.n,, organisational structures,
business processes and implementation of
effective osset information systems — supporled
by best practice frameworks such as PAS-55.

In implementing osset management praciices,
the following key roles must be established in

experienc ling and

non-performing ufify businesses.
This paper has been an atiempt fo make
contribufion fo the management of assets
in the industry, and the reduction of power
interruptions in the future resiructured EDI.

system, os per PAS-55. The di

factors for each of these roles are:
The asset owner is responsible fo:

Assess the South African regulatory
requirements and influences

Develop an investment sirategy based on
geographical supply demand

Perform an assef, finoncial and operafing
performance analysis

Establish and monage asset valuation and
acquisition methods

Perform morket, sconomical and regulotory

anolysis

The asset manager is responsible fo:

" Dovlopcse g, andpimistion
plan:

Omwmxse capitol allocanon through long-

term capital plans

* Ensure ugmmery compliance and
improvement actions fo this

Perform full life-cycle financial and
operational analysis

Contact and risk management

Develop asset standards and spwﬁmon

~ data specifications standar

+ Macro work planning 'hrouqh
priorifisafion

Real-time fact-bosed decision-making,

based on accurate asset performance

dafa

paper f
fo PAS-55, and with some reference to
BS 3843-2:1992 Guide to ferofechnology,
and SO 9000:2000, and NRS 0892007
Maintenance of Elecricity Networks A
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Physical asset management as a profit driver -
a “back to basics” case study approach

by Dean Griffn, Progmo Africa

In an environment where demand on asset performance, availability and above all reliability is being discussed and

debated at the highest level

, focus must be placed on the systems, tools and methodologies that can be applied to

maximise their effectiveness. This paper looks at how the age-old issue of lack of resources is being addressed by Pragma

within a South African context.

Asset performance is directly proportional
to three factors. Provision, ensuring that
the correct asset is selected and installed.
Operation, once provided for the asset must
be operated in @ manner which supports the
business and ensures that the asset i effective
over its desired life cycle. The last factor is
the care of the asset, more offen referred fo
as the maintenance of the asset. If we are
lacking in any one of the factors then our
osset performance will be lower than desired.
Organisations employ a large amount of effort
and resources in the acquisition of asses and
the subsequent operation of those assefs. They
invariably believe that they are also invesing
heavily in maintaining them as well. It is during
this maintenance, or caring phase, that poor
or lacking execution plays @ maior foll

When you look at the reasons for this there
are @ number and will depend on location
type of industry etc. What however seems
to be consistent is the manner in which
organisations approach the aceusafion of lack
of maintenance’.

Lack of maintenance’

When you look in the newspapers, listen to
the news and read fechnical reports, one of
the common accusations s that there s o
lock of mainfenance or that the mainfenance
performed was inadequate. Obviously o
generalisation but the truth of the matter is
that despie organisations having funding and
maior pushes in developing refurbishment
programs or maintenance fcfics, ll 100 offen
they foll short. The question is: why do they foll
short? In the author’s experience there are o
number of reasons why maintenance programs.
fail fo deliver the results which they should.
Below are just some of the possible reasons:

Incorrect mainfenance factics applied

Lack of resources
Lack of qualified staff
Poor execution qualities

Poor or inadequate supervision

No planning or scheduling of work

Reactive maintenance culture

Lack of understanding of why preventotive
measures should be faken.

Fig. 1: The asset management friongle.

It is often the case hat when the chips are
down we revert fo our base instincts and
knowledge and all oo often this is one of o
“fx it when it breaks” approach. The first work
1o get dropped is the factical inspecions or the
factical fosks design fo ensure that the desired
level of performance is maintained. Focus
then shifts 1o fixing the problems when they
occur not preventing them from happening.
Itis o known fact that fo perform a fask in o
reactive manner will cost more and fake longer
than doing the same fask in o planned and
scheduled manner

In nearly cll cases there are a large number
of factical maintenance acfivities and fasks
developed and issued on a weekly basis fo
prevent failure but stll it occurs. Either the
wrong facic is being performed or the right
faclic is being performed incorreetly. The root
cause of the problem for a lak of maintenance
in most cases resides with lock of resource, not
lack of infent to mainfain.

Lack of resource

Before we talk about lack of resource we
must define whot resource is. Resource
can be funding, labour or fools. The lack
of labour resource is probably the biggest
issue experienced in South Africa today. It
is recognised that  lack of investment has
resulted in a backlog of maintenance and

funding has been made available within most
municipolities, and other organisations fo
specifically address the backlog. However
there are il large holes in organisational
siructures af the execution layers that lead fo
a lack of maintenance.

Organisations compound this deficit by
then using the labour available fo do non-
execution aciivites. The key organisational
element responsible for effective execution
is the supervisory layer. The supervisors or
foreman or feam leaders are fasked with
activities thot prevent them from performing
their primary role. They are responsible for
the act of ensuring that the work is performed
af the right time, o the right qualify, ot
an effecive rate and at the right cost. If o
supenvisor is tasked with planning work,
scheduling resource, dealing with work
entry and recording ‘then the fime spent
supervising is low. What organisations then
state is that their workforce is self-directing
or autonomous. Both worthy claims but both
result i o less effective lobour resource.
When we dor' have enough people fo do the
tasks o hand then it is even more imporiant
1o utiise the ones we do have on the highest
prioriy actvifies or the fasks that, f are not
done, will hurl us most. So the question is how
can we make sure thaf the people we have are
fully utilised and effective?
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Improved
Performance

Less
Resources

Fig. 2: Performance vs. resources.

Utilised and effective

How con organisations ensure that their
depleted labour resource is fully ufilised and
effective in the most cost-effective manner?
The answer s in the abilty fo understand the
requirement fo perform mainfenance activity
albeit non-factical urgent (breakdown), non-
tacical deferred or factical in nafure. There are
 few steps which must be followed o ensure
that the labour force is effective.

The fist is to undersiand the nature of the
assefs that are serviced by the team. If the
frequency of failure is high, or the number
of breakdowns is high, then there needs 1o
be o dedicated feam looking ot only reactive
tasks. This may be referred fo as o “frefighting’
teom. The size of the team will be dependent
on the number of breakdowns, geographical
coverage, fime of year efc. The role of this
feam is purely fo oddress urgent fasks. Liflle
or no planning is performed ond all activity
is reactively dispatched. The ufilisation of
this group is relatively low. Although they
have fast response fimes they will invariably
take longer o execute the fask due o the
reaciive nature of operation. When the fasks
outstanding outfumber the feam members,
longer downfime or disrupfion occurs,

The sacond step fo establish is  group that only
works on plonned and scheduled fasks. These
tasks are not only factical but they include non-

raised from 30% fo 40%. If full work planning
and scheduling is performed over a rolling four
week period the result can be o worklorce with
a wrench fime of up fo 60%. What does that
mean fo an organisation?

Assume an organisation has 30 people with
a wrench fime of 25 - 35% as per the industry
norm. If we increase the wrench fime fo 55%
by implementing planning and scheduling
principles and fools then it equates fo another
17 people. 17 exira peaple without increasing
headcount or salary cost. So the question
must be why don't we all implement planning
and scheduling solutions? The answer is that
most organisations do, the only issue is thot
the people they use fo do it are the ones
that should be execufing the maintenance.
So maybe it is a percentage of ‘not enough
labour resource’ but it definitely a case of a
miss-directed work force.

Areas of strength

Everyone has areas where they are very
sirong and we often refer o his as an area of
sirength. True strengths are areas where fime
is immaterial. An engaged feam is probably
made up of individuals who are playing fo their
sirengths. In a survey of 198 000 employees
from 36 companies employees were asked the
question of whether they were able fo ploy fo
. Those who stafed that

execution of a job only fakes place when all the
‘materials, tools and people are available fo do
s0. A planned and scheduled fob is shorter in
duration and costs less than a reaciive fask. The
upside fo this s that the resuing fime-saving
ond cost-saving can be used to perform more
tasks. The effciency of the workiorce is often
referred fo as ‘Wrench Time'

Doc Palmer in his book ‘Maintenance and
Planning Handbook”defines that fypical wrench
time lies between 25% and 35%. Where basic

they strongly agreed were 50% more likely to
work in feams with lower employee furnover,
38% more lkely to work in more produciive
teams, and 44% more likely to work in feams
with higher customer safisfaction scores. Over
fime those feams that increased the number of
employees who strongly agreed saw comparable
increases in produciivity, customer loyally and
employee refention. What this means is that
10 get the best from the scarce resource that
currentl exists we need fo leverage he sirengihs

thot exist. Invariably gth s the abiliy fo

execute maintenance fasks well. Time and effort
spent reactively managing work requirements s
often stated during inferviews as a drain.

There i atrend in industy fo oulsource acivtes.
Condilion-mornitoring fasks are easy examples
What we are finding more and more is the
requirement for the planning and scheduling
of maintenance acfivity and the control of
the asset management information base to
be outsourced. If established correctly and
managed on o monthly basis with ke service
level agreements, a scarce execution resource
istransformed info one where a healthy backlog
is managed and processed to faclfate higher
wrench times. Higher wrench fimes franslate fo
o more effective work force which ulimately
franslates fo higher availabilities, improved
reliabilfies and more cost-effective operation
of the organisations asset base.

Asset care centres (ACC) are established
on client sites and fotally manage the asset
‘management funciion providing direct access
o asset information (DATAY. Information can
then be used o optimise systems, identify areas
of opportunity and weakness and fo ulimately
aise the performance of the service provider.
At the ACCs that Pragma manage we also
drive activifies such as asset identification and
verfication and support them in the day fo doy
transactional workings.

Conclusions

When looking at maintenance activityitis often
referred 10 as o cost as opposed fo a profit
driver. If performed effectively a reduction in
mainfenance cost can be achieved resulting
in higher profits. The key fo effective execution
of maintenance is

* Perform the right tasks of the right fime

correcly

Increase mointenance labour effectiveness
by providing them with good qualiy, well
scheduled work

Manage the execution quality through
close and regular supervsion

Release people fo do what they are
primerily paid fo do.

Review failures with a view fo putting in
ploce a tactical fask fo prevent the failure
occurring again,

Review the maintenance fasks that are

performed fo ensure that the fosk is

correct, it is at the correct frequency and

that the asset is performing as designed.
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New technical requirement of
a distribution licence

by Thembani Bukulo, NERSA

Since the early 1990s, there has been much discussion about the restructuring of the electricity distribution industry
(EDI), which has been driven by the need to address a number of issues engulfing the EDI including the substantial

fragmentation of the industry.

The industry i currently characterised by:

« Fragmentation of the industry which poses
o huge challenge in ferms of regulation;

Serious financial and technical
problems;

Wide disparity in cost, fariff and service
levels;

Serious lack of human resource;
Electrification backlogs;
Scale economies and efficiency; and

Lately, by deferioration of mainfenance
and infrastructure investment.

Many electricity distributors do not have
the resources fo maintain their networks,
expansion and meet electrification and
growing economic demand needs

Restructuring into regional electricity
distributors (REDs) will therefore allow the
development of o more efficient industy that
is befter able fo implement the electrification
programme while not compromising the ability
of the EDI fo support the funding of local
government or fo offer subsidised slectricity
farifs for poor customers. Improved service
and efficiency levels will also help maintain
and improve South Afrco’s elecricty price
competitiveness.

The EDI blueprint identified the following as
obiectives of restructuring:

industry and olso prepare for the formation of
REDs. It will also moke if easier for regulofion
especially in the improvement of quality and
reliability of supply. NERSA approved the
distribution code for incorporation into the
distribution licence. All distribution licensees
will be required to comply with the code.

Objectives of the grid code

The distribution code will be o primary

regulatory instrument that will ensure the

following:

it defines detailed conditions for access o

and use of the distibution system including

basic rules, procedures ond requirements
d maintenance

govern the operafion and maintenance of
the distribution system. The distribufion code
will form part of the licensing conditions of all
subscribers. The resiruciuring of the electricity
supply industry in South Afica will present
significant challenges perfaining fo the operation,
plonning ond maintenance of the distibution
system. The distrbufion code i olso infended o
define the fechnical aspects of the distibution
system which the distrbufors and ofher users of
the distrbution system should comply with

The distrbution code contains the following
sections:
Code definitions

of the distribution system.

vl form port of the licensing condtions of
he disiribufion network service providers
The resiructuring of the electriity supply
industry in South Africa will present
significant challenges periaining fo the
operation, planning and mainfenance
of the disfribufion system. The code is
infended to define the fechnical aspects of
the distribution system which the disiributors
and ofher users of the distribution system
should comply wih,

Electricity industry developments

NERSA is the grid cods h

Y | fo el y for all South
Africons.

Acceptoble and susfainable levels of

supply security and quality

Achievement of goverrient’s electrfication

programme.

Sustainable electricity supply to low-

income consumers, regardless of location,

of affordable prices.

Future REDs fo operate on  sustained

financially viablebasis as independent

businesses.

Future REDs fo provide secure employmentfo

their employees, provide skill development

‘andiraining consistent with a high fechnology,

modem distribuion business.

Planned and managed transition.

Transition to be dotie within the context of o

comprehensive human resources strategy

and an agreed social plan.

The grid code wil therefore elevate some
of the problems thot are encountered  the
distribution level. Since this is a technical
document it will uniform the distribution

AMEU 2007

in line with the Electricity Regulation Act
(2006). The development of the RSA code
(transmission ond distribution) is done with
the involvement of the offected in the industry
through o representafive panel of experis. The

A
used throughout the distribution cods. This
section will eventually be reconciled with the
preamble code of the current fransmission
grid code.

Distribution network code:

This section deals with requirements that
will ensure open access 1o all subscribers
(distributors, embedded generators, end-use
customers,retailers, generators, any other enifies
with equipment connected 1o the distribufion
system.) It defines minimum technical and
operational requirements for connection fo the
grid by generators or loads, and defines the
planning standards and procedures to which the
network owner needs fo adhere.

Distribution foriff code

The toriff code applies to all regulated

process
code fook a period of over two years, stariing
June 2005. It followed a rigorous process
which included industry workshops under
the auspices of the grid code secretariat.
Participants involved in Distribution code
draffing process included: NERSA, AMEU,
DME, EIUG, Eskom (Gx, Tx, Dx)

The grid code (i.e. fransmission code) wos
implemented as an extension of licensee
obligations on 1 January 2005. The grid code
however only cofered for fransmission network
services. Therefore there was a need fo extend
the code fo distribufion network services. The.
distribution code therefore was proposed as o
code that defines detailed conditions for access
10 and use of the distribution system including
basic rules, procedures and requirements that

tariff structures and level) and
negotiated pricing agreements under the
jurisdiction of NERSA (governed by the relevant
legislation and national policy) including
international pricing agreements impacting
prices for local customers. The defermination
of the revenue requirement is managed by a
process and rules set by NERSA. NERSA shall
determine o methodology for regulation of
distribution revenue, currently not dealf with
in this code. The fariff code applies to the
following generic retail charges:

Energy charges including recovery of
losses

Network charges, including oncillory
services

Customer services charges
Connection charges
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6 mont

istribution system

Distribution information ex

The objectives of this code are:

procal obligation

nformation exchanged befwe
governed by this code shall not be confidential

n participants

otherwise stated.
Implementation of the distribution
code

The distribution code will be im
storting with the fral period of one

two stoy

year. Atthe end of the 12 months fral peri

implementation will commence. Licen:
be informed in advanced about the inc
of the distribution code requirements o
their license condiions. (See Table 1)

o report their com ;,\ ance
and lodge any amendment
and exemptions with the grid code secrefariat.
The process for lodging amendme

overed inthe g

exemption
Each application for exemptior
nied by a project plan with defined
dates by which the licensee wil fully comply

fo the code. These project plans will make

Submissions for exemptions |

[ Full implementation

6 months 12 mont

mplied with the co
will be considered as a

2 condition and w

e grouped per
visit ll
e sure that they understand the

nded fo

f applying exempfions

MEU wil be ssist

s will be issued

nformin

icarond ool dich

-ode s part of he licence condifion:

Compliance enforcement

pliance with the distribution co

Parficipants

not come into effect immediately.

shall be given th

Enforcement will therefore only commence

after one year of the fral period,

exemptions being approved

Compliance monitoring

amework in place fo monitor

ondifions. Once it is
s part of the licer
through this framework

ondition it will

Future participation

developments in the industry. It s ther

participant’s responsibilit fo ensure the code

confinuously fested and updated as required. The
p din
the governance code. System Operator remains
the secrefariat of both g

and therefore all changes fo th

s for the review of the code is inclu
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Identification of engineering
work steering committee

by Enslin Naude and Ivor Evans, Engineering Council of South Africa (ECSA)

An overview of the proposed

for the of

work is ted.

The main purpose of work in
South Africa is to ensure that work peculiar
o the built environment is performed only by
competent persons who are registered with o
statutory council and who are accountable
for their actions, in a manner that is
consistent with government’s competifion
policy, which profects the health and safefy
of the public and the environment and
provides recourse in relation fo aspecs of
professional conduct.

Regulatory backdrop o the
identification of work

Section 20 of the Council for the Built
Environment Act, 2000 (Act No 43 of
2000) requires the Council for the Bult
Environment o identify the scope of work
for every category of registered persons
affer receipt of the recommendations of the
councils for professions prepared in ferms
of their respective acts. Thereafter, a person
who is not registered by the Engineering
Council of South Africa (ECSA) may not
perform any engineering work identified for
any category provided for in the Engineering
Profession Act, 2000 (Act No 46 of 2000)

Section 26(1) of the Engineering Profession
Act, 2000 (Act No 46 of 2000) requires
Engineering Council of South Africa
(ECSA) to consult with recognised volunfary
associations, persons, bodies and indusries
that may be affected by any laws regulating
the built environment prafassions regarding the
identification of the type of engineering work
which may be performed by persons registered
in any categories provided for in seciion 18
of the Engineering Profession Aci, including
work which may fall into the scope of any
other profession regulated by the respective
professions' act referred fo in the Council for
the Buil Environment Act, 2000 (Act No 43
of2000).

Section 26(2) of the Council of the Built
Environment Act, 2000 (Act No 46 of 2000)
requires the Engineering Council of South
Africa to submit o the

didates and persons who are i

may not perform work identified for registered
persons unless they do so under the direct
supenvision and control of @ person registered
in the appropriate professional or specified
category.

Section 27 of the Engineering Profession Adi,
2000 (Act No 46 of 2000), empowers the
Engineering Counil of South Afrca fo draw
up @ code of conduct for registered persons
and fo draw up codes-of-pracice.

Thinking behind the identification of
engineering work

The proposals for the identification of
engineering work for persons registered in
terms of the Engineering Profession Act are
based on the following premises:

Engineering work identified for the
professional categories of regisirafion should
be generic in noture. No atiempt should
be made fo establish boundaries between
disciplines and sub-disciplines within
engineering work. The approach should
rather be fo establish the boundary between
work identiied for engineering professionals
and those who are not. Reliance should
be placed on codes of conduct and codes

of practice to determine what work, within
the identified work such professionals
may undertake, is commensurate with
their education, fraining, experience and
contextual knowledge.

Engineering work may be identified by
considering whether or not work falls within
o listing of broad fypes of work, involves
general characteristis n fs execufion, requires
certain functions fo be performed and requires
minimum competencies for ifs execution.
Engineering work is work where an affirmative
answer s oblcined in all of the aforementioned
descriptors.

Artisans such as workers skilled in o rade,
mechanics, operators and crafismen and
managers of very small and micro enterprises
involved in construction works and mining
activities are exempt from the need fo be
registered.

Persons registered within a poriicular category
of professional regisration may perform work
within @ range of characteristcs idenfified for
each category o regisiation. They may perform
work within the range of another category
should they deem themselves competent to
do 5o by virlue of their educaion, fraining,
experience and confextual knowledge.

The Power...

The complete Megger solution

Megger Protactive Relay Test Set. (MPRT)
4 Votage nd Curent hanmels

Council for the Built Environment following
such consultation.

In terms of section 26.(3) of the Engineering
Profession Act, 2000 (Act No 46 of 2000),
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Characteristics

Folls within the scope of the following:

2 3

Types of work

Functions

a

Competencies

Definition, investigation and

of
Investigatng, odvising, costing, el oo “*::
o ons
Conduct of engineering acivities in
Manogement, procurement and il
b
Building sorvices and development
Lightning M o
ECSA occradiied Communication of the i
Orereang ECSh ccredied Commuicaton of he ngocs and
WMM'{ candidofe engineering. | Educarion, raining and mentoring of

There will always be overlaps between the
different professions. Instead of trying fo
resolve the boundaries between professions,
persons who are professionally registered
with statutory councils other than the
Engineering Council of South Africa should
be ollowed fo perform any work which
falls within the overlops provided that
their education,
contextual knowledge have rendered
them competent fo perform such work
However, where such persons regularly

training, experience and

and consistently perform engineering work
ond take responsibility for such work,
such persons must become registered with
Engineering Council of South Africa.

Exract from Table 1: Whot consfiutes engineering work

No 46 0f2000) may be used to set standards
of acceptable professional practice, fo
provide clarity and substance fo a range of
issues relating 1o o discipline’s specific work
or work within specific areas and fo clarify

levels of competencies (column 4). Work which
falls within the idenfied types of work and
does nof in ifs execution have af least one of
the identified characteristics, require any of
the identified functions or require the stated

the overlaps bef
persons

f registered

It is implied in the regulations that the fime
period for becoming registered is reasonable
and is the same for all practice areas so that
no person is prejudiced by the registration
process

ECSA's identification of engineering
work project

ECSA estab an i of

The specified category pr by section
18.(1)(c) of the Engineering Profession Act,
2000 (Act No 46 of 2000), may be used fo
allow persons who are not able fo register in
the professional categories fo perform aspecs
of engineering viork idenified for registered
persons. In exceptional cases, it may be used
fo address discipline-specific or speciolist
oreas of engineering work performed by
those registered in the professional categories.
This, however, infroduces dual registration
ond necessitates that the work performed
by persons be separately idenfied in the
Regulations.

Foreign engineers performing identified
engineering work without supervision in
South Africa and who take responsibilty for
such work, must become registered with the
Engineering Council of South Africa.

Codes of pracice issued by the Engineering
Council of South Afrca in ferms of Section 27
of the Engineering Profession Act, 2000 (Act

engineering work steering committee fo
develop proposals for the

P does not gineering
work

Notes

The full ext of what constitutes identified
engineering work, can be accessed on the
ECSA website www.ecsa,c0.20.

Other relevant identification of engineering
work-related supporfive documents are also
available on the Engineering Councilof South

Africa website.

What happens after the minister
the IDOEW

of engineering work. This committee has
proposed regulations for the identification of
engineering work for promulgation in ferms
of the Council for the Built Environment Act,
2000 (Act No 43 of 2000). Engineering
Council of South Africa has forwarded
these proposed regulations together
with an’ explanatory memorandum as its
recommendations to the Council for the
Built Environment

What constitut

engineering work?

Engineering work is work which, in ferms of
the proposed regulations and with respect fo
Table 1, involves in s exacution one or more
identiied characteristics (column 1), falls within
the scope of lsted types of work (column 2),
reqires for its performance any of a number of
identified functions (column 3) and minimum

promul

No persons shall, after the transitional
period set in the regulations by the
minister, be permitted to perform and take
responsibility for such identified engineering
work in South Africa, unless they are
registered in the appropriate category with
the Engineering Council of South Africa
or perform such work under the direction,
control and supervision of @ registered
person. Persons who are professionally
registered with other statutory bodies may
in the course of practising their profession,
perform and foke responsibilty for such
identified engineering work provided that
their education, fraining, experience and
contextual knowledge have specifically
rendered them compefent fo perform such
work. A
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Building capacity for the
unfolding REDS in the EDI

by Naudé von Rensburg, Eskom

In terms of the expect

2005 and 2009, an w.mgu annual nrwnh rate of 4, 5% or hlgh.r is 'urnlntd

During the second phase, befween 2010 and
2014, an average annual growth rate of of
least 6% of gross domestic procuct (GDP) is
targetted. In addifion fo these growth rates,
there is a need o ensure that the benefits of

capital capobilty fo deliver for infrastructure
development projects and the operafing and
maintaining of such infrastrucures.

This report has been developed using

ivided in two pha

In the first phase, between

considered 5o serious it could sabotage the
ASGISA inifiative. Deputy President, Phumzile
Mlambo Ngcuka, who is driving the initcfive,
has alluded fo this:

4 ‘s R372bn inf

growth are shared fo alleviate
and poverty in South Africa. A reduction in
unemployment fo below 15% and a reduction
in the poverty rate fo one sixth of households
by 2014 are fargefied.
Atask team led by the deputy president, und
:nmpnsmg of different ministries, inclu
Depariment of Public Enferprises (DPE),
hns been constituted fo develop a sirotegy
10 ensure the achievement of the ASGISA
objectives.

State-owned enterprises’ (including Eskom

been done. Refer fo acknowledgemens.
The Joint nifitive on Prioriy Skills Acquisifion
(IPSA) hos identified a number of prioriy sills
such as artisans, engineers n all categories in
engineering. JIPSA' farget is to focilitate the
training of up to 50 000 arfisans by 2010.
Current status

Commercialisation of state-owned entities
(SOS) training facilities from 1987/88
onwards coupled with the rationalisation
and ion, which took place within

and local to
ASGISA are infegrated into the fask feam
deliverables

The planned regional electricity distributors
REDS) within EDI, by virtue offs core business
of supplying eleciricity and operations of the
networks, capital expansion programme
and developmental mandate, is ideally
positioned to make a significant contribution
1o ASGISA. Various national research,
investigations, and debates as fo whether the
country has the skills capacity required by the
construction and engineering environment
1o meet in the demand for creation and
maintaining the infrastructure have been
jone.

Despite the growth in the electrification drive in
Eskom and local govenment, the construction
industry at large is emerging from a significant
phase of decline that has seen limited
investment in human capital development,
resulting in the loss of available capacity
Eskom and local government’s Capifal
expansion drive in electrifying 3,5-million
households by 2012, the Eskom expansion
programme in building more power stations,
‘and goverment's announcement of the large
government infrastructure programme in
2005, such os the Gautrain Rapid Rail link,
the development of the infrastructure for !ho

government post-1994, resuled in o severe
decline of training capacil in the country

SOE and industry fraining faciliies decreased
dramatically by closing rather than building
capacity. The outsourcing of training across
SOE as well os industry has further contributed
towards this

One of the factors hampering expanding
capacity across the boord, aside from fhe costs
of upgrading training equipment, is the severe
shortage of qualified fechnical instructors. The
shorlage of qualified and registered workplace
mentors, coaches and assessors has been
identified as an important contributing factor
to ensure that crifical workplace training
occurs.

Further overwhelming conclusions of the
investigations highlighted a number of serious
challenges.

“...as many as 90% of South Africa’s consulfing
enginering firms are frying fo employ skilled
engineers, technologists and technicians
but finding it hord to identify prospective
candidates.” The Civil Engineering Contractor
Bullefin, 16 October 2006.

There is o concern that the current boom
promise may fode due o the lack of skils

2010 FIFA Soccer World Cup, lus the

Jobaly, hig tolso
necessitated the investigations fo ensura that
the country will be able fo deliver the human

104

g
a bigger pool of skills “even i it is regulatory”,
o plug the gap. The skills shortage is

investment between now and 2009 is expected
to stretch the county's skills pool o its fimit.
Business Day 13 June 2006.This excludes the
Eskom capital expansion programme

The current growih rafe puts enormous pressure:
on the depleted skills in the country and will
need substantive inferventions because:

* The current growth in infrastructure
investment has come on the back of
lows in the industry that have not been
experienced in decades.

Labour pracices of the past decade
have resulted in fundamental structural
changes favouring labour brokering,
resulling in declining investments in skills
development.

There have been fundamental chonges,

and breakdowns, in the skills supply

pipeline.

To enable the industry fo reach the planned

growth rate fargels over the next five years it

is imperative that the following demand for

skill s achieved:

* Management, supervisory and engineering
copocity fo be developed

+ Avisans are developed fo provide the cors,
critical and scarce skills

Furthemore, of great concem is that almost 40%

of the senior officiols and managers have five

years orless experience in the public secior

Capacity needs in the EDI

The audit indicated a 41% vacancy rate for
the artisan levels withing local government.
Skills are also required of Eskom for
infrastructure projects

Pipeline output

Analysis done in the skills pipeline from
schools, further education (FET), and higher
education (HET) shows increasing numbers
of students enfering the fraining institutions.
The neft output of the pipeline is negotively
affected by the success rate of throughput,
natural affrifion, changes in work processes
and the lack of experiential (workplace)
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training for qualification fo meet the required
demand. Based on the above the biggest
gap exists in the critical ond scarce skills
categories.

It has also become cleor that the human
copacity (insiructors, coaches) fo deliver the
training has been depleted.

The lead time to provide adequately
competent staff in the engineering
environment s long and will hove @ negative
influence leaving gaps in the engineering
environment if immediate actions are not
instituted. The time fo deliver o professional
registered engineer is eight years (without
experience) for technicians, and artisans
four fo five years. The high affrion rate
in the critical and scarce categories plus
the lead time fo deliver these competencies
places more challenges on meeting the
requirements.

The acceleration of the study period for a
qualification poses other negaive results on
the level of competencies. The leaming part
can be occelerated and shortened but the.
lack of pracical workploce fraining negatively
offects the level of competence which leads fo
occidents, fofalities, and sub-standard work.
Experience ond workplace fraining cannot be
accelerated.

Schools pipeline

South Afrca's school system produces 10000
students with matric exemption with results of
between an A and C symbol in higher grade
‘mathematics and science annuglly:

1995: 1 666 980 pupils started in
grade 1

2001: 932 161 reached grade 7, 55% of
those started in grade 1. 45% drop-out.
2006: 528 525 pupils wrote grade 12,
32% of the leamers that started in grade
1in 1995, a 68% drop-out

351 503 passed grade 12 or 21% of
those that started in grade 1, a 79%
drop-out

85 830 obtained matric exemption, or 5%
of those started in grode 1

10 000 obtained matric exemption with
between A and C symbols in higher grade
mathematics and science, or 0, 6%.

The drop out rofe of the students befween
Grade 10 1o grade 12 is 50%

The minister of education, Naledi Pandor
announced on 17 September 2009 the
implementation of o General Education
Certificate ot grade 10evel. This will support
the proposed development of a linesman type
qualification and career path.

In an infemational mathematics ond science
study South Africa wos ranked last.

50 countries porficipated where the grade 8
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Table 1: Esfimoted EDI orfisan requirement in local goverment.

vired for period

Eskom build

Eskom Dx Total

Toble 2: Esfimated EDI ortisan requirement in Eskom.

pupils were assessed. The maximum points
that can be ochieved were 800 points. Four
levels of achievement were specified:

*  Advanced infernational benchmark

= 625 points ond above

High internafional benchmark

= between 550 and 625 points

*  Intermediate internafional benchmark

= between 475 ond 550 points

Low international benchmark

= between 400 and 475 points

The top achievers were Singopore (605
points), South Korea (589 points), Hong Kong
(586 points), Taiwan (585 points) and Japan
(570 points)

South Africa ended the lowest scoring 264
poins on mathematics and 244 on science.
10% and 13% of SA grode 8 learners

participated, respectively scored higher than
400 points.
“Inadequate mathematics and science
education is probably the single biggest
i advancement in the country.
It impacts severely on the development of ~
high-level skils in the workforce and thus limits
economic growth. (From Laggard fo World
Class Reforming Maths and Science Educafion
in SA schools. Centre for Development and
Enterprise, 2004)
The fact of the apparent low standard has
@ direct correlation with the success rafe to
produce ortisans, technicians, technologists
‘and engineers. However as indicated previously
this creates the opportunity for industry fo use
the numbers that are not academically strong
enough o be trained as artisans, starfing from
@ grade 10 level.



l.- 60th AMEU Convention

Tertiary institutions

Fig. 1 indicates the output of ll the engineering
disciplines in SA for which all industries hove
fo compete.

The output of graduates is increasing
year on year. Despite of the growth, the
average fime fo atfoin a BSc Eng degree
has increased from 48 months fo the current
56 months)

Of all graduates available in 2004, 39%
qualified with o national diploma, 31%
with a first degree, and 6% with BTech. The
figures indicate the fotal number and not only
engineering (see Fig. 2).

Legislation places heavy demands on
specific population groups that are not
readily available. In 2004 an average
of 18,5% of graduates available from
universities and universities of technology
‘across all engineering disciplines was African
(see Fig. 3).

Employment equity legislafion prescribes
strict fargets of employment of historically
disadvantaged South Africans even though the
following is the reality regarding availability.
In 2004:

Only 15% of available graduates in
industrial and mechanical engineering
disciplines was Africa

& 7% o eilobla arad Bt

Total number graduates NQF6 to 8

2001 2002 2003

2004

Fig. 1 The groduation frends and availabilty national leorners records database form SAQA.

Notons pioma st Dnree 1, oo st Gt

Graduate breakdown in 2004

nm o e

engineering was African
20% of available graduates in mining
engineering was African

28% of availoble graduates in chemical
engineering was

19% of available graduates in electrical
and electronic engineering was African
Attrition rate of skilled technical
competencies

Typical aftition rofe in Eskom
The attrifion rafe amongst black males is much
higher than the ofher categories which possibly
is on indication of the lucrative opportunities
in the external markets.

Afition of stffto foreign countries

Major lossess occurs due fo self-declared
South African emigrants. The major countries
are United Kingdom, Ausiralia ond the rest of
Aftica, whereas the most popular source of
countries of immigrants are Nigeria and the
rest of Afrca (see Fig. 5).

SA hos suffered a nef loss of skills due o
migration. Stafs for 2003 (see Fig. ¢) are:
60 indusrial engineers

+ 6 chemical engincers

* 3electrical engineers

+ 3 mechanical engineers

Fig. 2: Graduate breokdown in 2005,

Trends and

mm
0

@ Electrical
‘®industrial
OMechanical

Fig. 3. Engineering graduation trends and avilabily.

WTRAGE GF TOTAL KTTRITION

Fig. 4: Typical otiton rofe in Eskom.
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* 1 metollurgical engineer
29 mining engineers
* 356 arfisans

* 25 production foreman/supervisors

Resource capacity in the EDI fo
deliver training

Audits were done in the SOEs with specific
focus on the competencies that will be
required in the EDI. The report is not
focused on the training of “generic” industry
electricians because the resources - both
instructors and facilities - in this area are
much more ovailable. The competencies
of electricions required in the Distribution
business are more focused on build,
maintain and repair of overhead lines, and
substotions.

The critical shortage of technical instructors
is evident, and the age distribution of the
current instructors clearly indicates an
ageing workforce, and urgent aftention s
required to this area o build the necessary
capacity.

The survey revealed that the average learner/
instructor ratio varies 10:110 15:1. However,
it emerged that there is a shortage of qualified
technicol instructors across all cotegories.
This could impact negotively on the ol
of training institutions to maintain and
increase their existing fraining capacity. A
similar problem exists around the shortage
of workplace assessors and mentors, which
should form the basis of further research.
Preliminary estimates reveal that the current
shortage of instructors across government
(including local) and SOEs is in excess of 120.

The reasons for the current shortage of
insiructors are multi-foceted and require further
research. However, during the course of this
study, the following emerged s some of the
contributing factors:

* A consequence of allowing mumng

Table 3: Sl categories.

centres, wonting to increase ca 0(19‘{,
are now finding it extremely
to aftract instructors in the distribution
electrical fild, with the necessary sills and
competencies and abiliy o trin lsamers
itk Asulobl cuofed niucrin
fon enironment s regarded os

It is estimated that »u shortage in the SOFs, mmsozwna government) m
e.g. Eskom and isin excess iallyin
of 55. the case of technical instructors. Training.

ly
milublu.
People are rather hesitant fo become
instructors, as they believe that educators

oround status and remuneration of such
professions within the public sector and
beyond.

A number of institutions indicated that
their instructors had left for more lucrative
jobs in the private sector; had become
consultants or had left the profession.
One or two institutions indicated that
there wos little incentive for instructors to
remain in service because of the lack of
career-pathing and upward mobilty.
Most employers have found thaf thers is
not o high level of willingness amongst
their personnel to become instructors. This
is especially 50 in relation fo experienced
artisans. Many of them do not have the
apfitude for training while ofhers believe
that there is not o incentive fo
'g. There is a view that an

Fig 5: Source and destination countries.

instructor is oomvdamd 10 be a more ‘low
level employee’ as he is no longer on the
production line.
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An added factor is that the job of an
instructor is not an easy one — hence
the need fo consider some form of
builtin incentives fo encourage sutable
candidtes fo consider raining as a career
option, Eskom is currently exploring
various ways in which to incentivise
senior ortisans fo become instructors, not
necessariy on @ permanent but rofafion
basis

Figs. 710 10 indicote the numbers of nsiuctors
in the EDI (Eskom and local governmen) that
can deliver in the distribution requirements.
The generic cotegory refers fo the Iraining
of the “generic” electricians, where the
Dx category refers o distribution specific
competencies. The numbers of the diferent
categories can be o double count, where the
same instructor may be multi-skilled fo deliver
in more than one category.

‘The age distribution graph indicates an ageing
worklorce. The maiority of instructors in the
41-50 age groups fend fo be more fowords
the upper level of the age group.

Facilities capacity in the EDI 1o
deliver traini

Site visits o Eskom and local government
electrical taining centres revealed thot there are
well equipped centres including classroorms, but
some are in the need of upgrading,

There is a real need o improve and equip
simulators fo enhance the training of
distribution-related training such as: line
construction, inspection, maintenance and
repairs; and subsfation and

i

| SN O b e T ]

] Motconomcatyscon(T] Powesiont ] Mamagris ] it nd s [ e [ 54

035103

Fig. 6: Documented migration from South Afrca.

Parttime

Training Resources (instructors) in EDI

Contractor

maintenance.
The main factors in the industry that are
hampering expanding of capacity ore:

Funding of upgrading equipment and
facilities

Severe shortage of technical instructors
Shortage of workplace mentors and
coaches

Provincial and locol government revealed

the following:

*  The main training capacity is within the
‘metros

Municipal raining centres used o existin 18
municipaliies around the country but were
closed down or reduced fo a minimum
Smaller municipalities are hesitant to
develop artisans due to the lack of
instructors, and workplace assessors
Finding accredited providers and
funding

Some municipliies posibly daring
fraining budgefs fo other ac
Although the graph indicates that there is a
capacity fo train 554 arfisans, it actually refers
1o the “generic” electricians. The current
actual capacity in the EDI fo frain distribution
electricians is less than 250.
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Fig. 7: Instructors with distibution elecirical skl in the EDI.

Training Resource availability in EDI per Category

Fig. 8: Instructors with distribution electrical skills per category in the EDI.

Recommendations.
* Saring o the il indushy will need
get involved ot school level fo create
mﬂm interest amongst learners in maths
and science.

Completion of a lower entry level info
the labour market with specific focus on
“qualifications” such s linesmen efc. This

can capture the drop out rote between
grade 10 and 12, which is currently
unemployed, and so encourage the
learners that are dropping out fo become
artisans.

Identiication of possible skils programmes
thot will give current employees without
the required academic qualifications
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Age Distribution of Instructors in EDI

Age category

Fig 9: Instructors with distibution electrical skills in the EDI.

consideration can be given to the
importing of instructors for a short
period to deal with the current backlog.
Such an approach would require very
specific conditions around a kills transfer
arrangement

To ensure that experiential learers will
get the required workplace fraining and
exposure, it is proposed that the same
strategy is followed as in the construction
environment with the establishment
of an employment skills development
agency (ESDA) to manage the legal and
‘administrative hurdles of placing leamers
with multiple workplaces o ensure access
fo appropriate fraining as required. The
flexible ESDA model, by acting as a lead
employer and co-ordinaing workplace
experience, can ensure that individuals
are moved across projects and are able
fo have continuity in learning, and in this

it b %

o3 88883

Training Resource availability in EDI per Category

Fig. 10: Capacity fo provide distribution electical skills i the EDI.

credits and mobily fowards qualifications.
Skills progrommes have been registered
for artisan assistant, and arfisan levels
in both construction and distribution
environment.

* Set up focus groups fo develop an
environment conducive o affract fechnical
insiructors fo the fraining environment. An

support at least five ISOEs within the
public sector. Negofiations have already
started with the EWSETA fo possibly
recognise and support the confractor
academy as an ISOE.

Establish public and private sector
partnerships within the private to
frain arfsans, whether it is company-linked
providers

and subject expert that wil transfer skills and
compefencies fo Imnm

¢ Create partnerships in the public sector
and specifically in the SOE, e.g. Eskom,
Transnet, local government, SANDF and
FET training centres. These partnerships
should be focusing on optimisation and
co-operation rather than amalgamation
fo maximise the resource capacity.

« Creating 'm!mng hubs throughout the
country where the assessors, instructors
and assessment centres can be accessible
1o the industry af large.

* Create contractor fraining academies
where contractors and suppliers in the
SME and BWO environments can be
trained. Seek support and establishment
of such ocademies as an instifute of
sectoral and c:(upnnonnl ‘excallence
(ISOE). Every SETA m ntify

10

or the former regional training centres. In
the event where insufficient capacily exists
within the EDI, linkages could be explored
with the private secfor.

Research indicated o pofential shortage
of over 120 fechnical instructors across
government and SOEs. Various opfions
could be explored fo rectify the situation:
In the short term, re-employing former
artisans who took packages during the
restructuring of SOEs and local authorities
fo be trained up os Instructors, mentors,
coaches and assessors.

Investigate and develop strategies to
atiract and frain more experienced existing
ortisans in the organisation o become
instructors. Identify and use best pracices
fo draw such resources.

If there is a well-defined strategy to
building the capacity in the industry,

compefence.

Creation of “Centres of Excellence”, whers
research on applied fechnology con be
done.

* Support the ASGISA project by providing
iob opportunities to learners within the
industry.

Develop srategies to build capacity in
areas that are currently critical o ensure
a successfyl creation and sustaining of the.
REDS.

Conclusion
Studies by different groups revealed:

“..there is a lack of physical infrastructure but
@ bigger contributing factor is the low level,
and uneven spread of fraining intellectual
capacity (instructors), updoted equipment
and funding. In view of this, it is critical that
‘mechanisms be explored fo firstly, consolidate
resources which exist (instead of seeking o
create new ones) in o way that moximises
existing copocity and thereafter, engagement
around alliances and parinerships. One of the
biggest impediments however, is resources
fo drive such processes. Recapacifoting
the stofe: locating government's fraining
capacity”. Renee Growitzky

“Challenges relating fo the skills pipeline cut
across the education, training and workplace
arenas. The problem is not merely fo equip
new entrants with skills, but to ensure
thot they gain the appropriate workplace
experience to consolidate their craftsmanship,
supervisory and professional capabilities, A
further challenge is the predominance of an
ageing skilled population which needs to be
replaced without compromising quality and
performance”. CIDB Skill for infrastructure
delivery in South Africa “The challenge
of restoring the skills pipeline” discussion
document
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Electrical accident safety briefing

An existing substation was fo be decommissioned and replaced by o
new, upgraded subsafion of the same site. A fatal confact incident
occurred atthe final stage of the decommissioning process. The incident
provoked @ rethink of the definition of “decommissioned.”

“Decommissoned means dfret hings o iferent peopl, and o
difierent engineering dsparime

A definifion of decommission should be:

The formal procedure for the removal of apparatus or systems from the
existing system for an extended period exceeding three months.

Incident recall

A new Eskom substation and customer substation had been bult
adjacent fo the old existing substations.

A consultant was appointed as project manager fo build the new
substation. A member from fhe plant depariment was appointed fo
co-ordinte the “decommissioning” of the old substafion. A list of
usable equipment was identified and specified o be salvaged by the
two fechnical specialist groups. The two feam leaders et on site and
agreed on who would salvage which equipment

A mojor outage had been arranged for 25 June 2006 fo commission
the last fransformer of the new substation and fo disconnect the bypass
88 kV line from the old substation.

by Raa i 1d subs

bl g

Line team fo disconnect the temporary bypcss o 25 Juna 2006

alive-

SURETECH Instruments

SURETECH HV/PA
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Tol 021-701.8525, Fak. 031.701:9163
Email: info@suretech.co.za
Wabsite: htp://www.suretech.co.za

The five-man fechnical specialist feam arrived on site on 12 July 2006
at 11h40. The team gained access o the substation by removing the
unlocked slding gate with o crane.

The team did a thorough inspection and completed and signed a risk
assessment. The feam first removed o breaker from the secondary
side of o transformer. The deceosed ascended a stepladder to loosen
a 88 kY isolator, when a flash-over occurred, injuring him severels
He received first aid, wos stobilised by poromedics and transferred
1o hospital. He was fransferred fo Milpark Hospital in Johannesburg
lofer that day, where he died as o result of these injuries on
25 August 2006,

Facts obtained from the incident investigation

The immediate causes of the incident were:

* Failure fo adhere to ORHVS:

*  Conductors not fested fo be dead.

* No visible working (induction) earths applied
* Network control was nof confacted.

* Failure fo idenify »\m the femporary bypass was sfll connected fo
the incoming fee

S s lontede and fo put warning signs o the 88 KV No2
Infeed - abnormal isolafor
The underlying incidens causes were:

« Inadequate communication, co-ordination, infegration and
{ollo-up betueen fhe consiction and decommissioning project
leaders

. mmmu commurication and co-ordination he operaing saf,
fechnical specialists and the decommissioning project leaders.

« Critical information hod not been verified.

* Huge workload of the local operafing staff.

. Inadeﬂuule exposure to decommissioning work by the technical
specialist staff.

* Difference in opinion/understanding s fo the meaning of

“decommissioned.”

Contributing factors

The fumpers from the bypass line were ot visile from the
Thelum

« Thresofthef bl
Do el S NS Wit it

The quality of the flame-proof clothing is questionable.

The firstcid kits are inadequately equipped with burnshields.

Al statutory reports of the incident had been made in fime.

A small nofice aftached fo the old substafion gate wored that
the local superisor/engineer mus! bo contacied for access f the
substafion wos ignore

Recommendations

Reinforce access control fo all substations (decommissioned or
o).

fe baricading and displying of woming sgns for al

abnormal p

. rking between i
o e Tt no).

All squipment shall be considered live unti isolated, safely fested

an

No team member will come in close prosimily o any equipment
until the responsible uam leader has physically demonstrated
that the equipment is

Asingle project leader wallbo formally appointed for any project
where mullple depariments are invoived. The Integraton, co-
ordination cnl Comminication process Shall be. documménted
and adhered to ot all fimes.

nz

ol ot of ceunionc® il proces or
the issioning of plant.
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Private Bag X1609, Bela Belo, 0480
P O Box 60, Pketber, 7320

PO Box21, Somerset Eas!, 5850
PO Bax 48, Gabarone, Boiswana
Prvote Bog X2, Ashion, 6715
Privae Bag X3046, Worcester, 6350
PO Box 2001, Beacon Boy, 5205
PO Box 71, Grof-Reinel, 6280
PO Box 51, Bredasdorp, 7280
Private Bog X2, Clanwillom, 8135
PO Box 560, Offwarongo, Nomibia
Privote Bog X14, Brondhof, 9324
PO Box 40, Royal Road, Curepipe, Mauriius
PO Box 82, Cope Town, 8000

PO Box 99, Klerksdorp, 2570

P O Box 423, retoria, 0001

PO Box 38766, Booysens, 2016
PO Box 20819, Kitwe, Zambio

P OBox 6, Delmas, 2210

Private Bog X5005, Kimberiey, 8301
PO Box 551, Bethishem, 9700

PO Box 7, Lichtenburg, 2740

PO Box 1, Poor, 7622

Private Bog X0035, Bisho, 5608
PO Box 3, Wibork, 0135

PO Box 471, Vereeniging, 1930
PO Box 42, De Aar, 7000

Privote Bag X2024, Dundee, 3000
Privote Bog X5017, Walis Boy, Namibia
Private Bog X1, Beacon Boy, 5247
PO Box 147, Durban, 4000

Privae Bog X152, Kuruman, B460
Prvate Bog X 1522, Kurumon, 8460
Prvote Bog X1017, Secund, 2302
PO Box2), Komgo, 4950

Privote Bag X9559, Giyori, 0826
PO Box 8, Koksiad, 4700

PO Box 111, Marble Holl, 0450
PO Box 24, Tzaneen, 0850

PO Box 29, Riversdole, 6670

PO Box 5, Port Shepstone, 4240
PO Box 24, Crodock, 5880

P O Box 174, Kokamas, 8870

P O Box 30, Ladismith (Koop), 6655
P O Box 43, Darielskui, 8405

PO Box 108, Poladder, 8890

£ O Box 21, Knysno, 6570

PO Box 40, Bronkhorstspru, 1020
PO Box 72, Stanger, 4450

PO Box 66, Slonderton, 2430

PO Box 1524, Delmas, 2210

P O Box 201, Heidelberg, 2400

P O Box 423, Masery, 100

PO Box 7, Kofielontein, 9986
Prvote Bog X711, ueenstown, 5320
PO Box 176, Grohomsiown, 6140
Privete Bag X101 1, Alwal North, 9750
Private Bag X14, Brondhof, 9324
PO Box64, Ladybrond, 9745

PO Box 8, Theurissen, 9410

P O Box 35, Matafiele, 4730

PO Box 708, Welkom, 9460

054 332.5911
034) 9822947
043) 683-1100
011 4765925
(015) 7806340
(023) 4152121
014) 7368007
(022)913-1126
(042)243.1333
(09267) 360-7000
(023) 6266200
(023) 3482646
043) 705-9601
(049) 8922121
(028) 4251919
(027) 8852253
(0026467) 3047000
051) 4092213
(09230 256-6130
021) 400-2500
(018) 4629851
(012) 356-4009
0114907194
(092602 24-4000
(013) 8656000
053 830.9522
(058)303.5732
(018) 632.5051
(©021)871-1911
(041) 3904112
(013) 6906550
(016)422:1203
(053) 6310927
(031) 2662707
(0026464) 214-6000
043) 7032094
(031)311-9006
(048) 884.0034
(053)712.9372
(017) 6206062
(043)831.1028
(015)812:3707
(039)727-2625
(©013)261-1151
(015)307-8160
(028) 7132418
(039) 6882000
(0488811515
(0544316300
(028) 5511023
0533840013
(054)933.0066
(044 384.0422
013 932.0061
032) 4375018
©7) 7129819
013) 6654433
016)340.4300
(09266) 22312236

(046) 622-5264
051) 633-2406
(051) 409-2241
(051) 924-0654
(057) 733-1768
(039) 737-3135
(0573913116

(054 3312909
034) 9808822
(043) 683-1127
(011) 476.5939
(015)781-0726
(023) 4152811
014) 7363288
022)913-1380
(042) 243-1548

(09267) 360-8674

(023) 626-2426
(023) 347-3848
(043) 748-3748
(049) 892-4319.
(028) 425-1019
(027) 4321517

(0026467) 307-7701

051) 409-2425

09230 2566131

021) 4217697
018) 464-1221
(012) 358-4149
(011) 490 7377
(021) 421-5088.
(013) 665-2913
(053) 830-9562
(058) 303-5216
(018) 632-5247
(021) 872-4074
(041) 373-2865
(013) 6906237
016) 455.4522
(053) 6311518

(088031) 2662707
(0026464) 214-6001

(043) 7032412
031)306-3196
(048) 884-0386
053) 712-3581
01716206164

(043)831-1306
(015) 8122068
1039) 727-4321
0132612985
(015) 307-8028
(028) 713-3146.
(039) 682-1131
(048) 8811421
(054) 431-6301
(028) 5511766
(053) 3848600
(054) 933-0252
(044) 3841816
(013) 9351311
(032) 551-5500
(017)712:9816
(014) 7635662
016) 341-6458

09233) 22310544

053)205.0128
045) 839-7545
(046) 622-5264
051) 633-2401
051) 409-2366
(051) 924-5144
057)733-1774
039) 737-3611
(057)391-3450
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Matzkama LC
Mbizano Municipaliy
Mbombela Local Municipalit
Mbombela Local Municipaliy
Merafong City Counci
Metsimaholo Municipaliy
Midvoal Local Municipaliy
Mkhondo Municipality
Modimolle Municipality
Mogale iy Municipalty
Mookgophong Muric.
Moghoka Municipaliy
Mossel Bay LC

Mgolana LC

Maukaligwo Municipolty
Msunduzi Municipaliy
Msunduzi Municipaliy
Musing Locol Municipality
Naled Municipaliy
Nlambe Municipolity
Nelson Mandela Metro Municipaliy
Newcastle Muricipality
Nwathe Municipality
Nietoona LC

Nionkobe LC

Nowba Municipalty

Oudishe

Overstrand Municipaliy
Oversrand Municipality
Phokwone Municipaliy
Pidey Ko Seme Local Municipaliy
Plettenberg Bay LC
Polokwane Municpality
Polchefsiroom LC.

Randiontein Municipality

Re A lpela LC

Rustanburg Municipaliy
Soldanha Bay LC

Setsots Municipality
Siyathemba LC

Sol Plastiie Maunicipaliy
Stellenbosch Municipaliy
Stave Tshwete Municipality
Swarlland LC

Swaziland Electriciy Board
Swellendom LC

Thabo Chwey LC.
Thabazimbi Municipality
Theewaterskloof LC
‘Tohwane Energy & Electriciy
Tehwane Energy & Elecriciy
Towelopele Municipality

uMhlathuze Municipality
Unmiind: Muricipaliy
Umkhanyakude LC
Mioleai Municpaliy
Unishess Municipolty
Unvoti LC

Urrecht Municipolty
Ventersdorp LC

Virgini LC

West Rand Muricipolity
Wiestonaria Municpaliy
Windhoek Electicity
Wizenberg Maricpally
Zoorusi LC

Mortinus Blaauw
Chief Elsctrical Engineer

Danie Polgister
Johan van den Barg
WC de Wet

Raymond Grunig
Roslof du Toit
B Farrer

Kevin McKay

D Bostor
Lovwrans Dreyer
Froncois Du Tol
Ndivho Lukhwaren
Bonny Mohlangu

P von dar Welt
Frans van Wyk
Koos Bezuidenhout
Dwayne Baker
AW Landsbery

J Costsee

Joop le Gronge

Marius Koskemoer
CP Terblanche
Jon Booyens.

ME Belot

Frazer Quinn
Ferdinand Dianer
8von der Wat
1G Joubert

Address

P O Box 98, Vredandal, 8160
P O Box 12, Bizono, 4800

P O Box 45, Nelspruft, 1200
PO Box 45, Nelsprt, 1200
PO Box 3, Carlefonville, 2500
P O Box 60, Sosolburg, 1947
PO Box 9, Meyerton, 1960
PO Box 23, Pit Reti, 2380

Private Bag X1008, Nylstroom, 0510

P O Bax 94, Krugersdorp, 1740

Private Bag X340, Noboomspruf, 0560

P O Bax 302, Kroonsted, 9500

P O Bax 25, Massalbay, 6500

P O Box 47, Mosi River, 3300

P O Box 48, Ermelo, 235(

P O Box 399, Petermarizburg, 3200

PO Box 399, Pietermarizburg, 3200

Private Bag X611, Messina, 0900

PO Box 35, Viyburg, 8600

PO Box 13, Port Afed, 6170

PO Box 45, Uilenhage, 6230

Private Bag X621, Mo 294

PO Box 359, Parys

70 Box 26, Rl 98 i a

P O Box 36, Fort Beavlor, 5720

Private Bag X350, Aadelade, 5760

P O Box 255, Oudshoorn, 6620

P O Box 20, Hormanus, 7220

Posbus 26, Gansboai, 7220

Privae Bog X3, Hortswoter, 8570

Frivoe Bag X9011, Volksrus, 2470

Frivae Bag X1002, Pletonberg Boy, 6600

P O Box 111, Petersburg, 0700

P O Box113, Polchalsiroom, 2530

P O Box 218, Randfontein, 1760

P O Box 5, Postmasburg, 8420

PO Box 16, Rustenberg, 0300

Privole Bag X12, Vredenburg, 7380
O Box 20, Senekal, 9600

PO Box 16, Priesko, 8940

Private Bag XS030, Kimberly, 8300

PO Box 17, Stellenbosch, 7599

PO Box 14, Middelburg, 1050

Prvate Bog X52, Molmesbury, 7300

P O Box 258, Mbobane, Swaziand

P O Box 20, Swellendam, 6740

PO Box 61, Sabis, 1260

B im0

P O Box 24, Caledon, 7

PO Box 423, Preforio, oo

PO Box 423, Prelorio, 0001

PO Bex 3, Bulfontein, 9670

Private Bog X329, Victoria-Wes, 7070

Private Bog X7, Ulundi, 3838

Private Bog X1004, nmm;w 3900

PO Box 33, Barbertor

PO Box 449, Meuze, o5

PO Box 37, Eshows, 3815

PO Box 15, Esicout, 3310

PO Box 71, Greyiown, 3250

PO Box 11, Uech, 2980

PO Box 15, Ventersdorp, 2710

Private Bog X708, Welkom, 9460

Privae Bag X033, Randlontein, 1759

PO Box 19, Westonario, 1780

PO Box 5011, Windhosk, Namibio

PO Box 44, Cores, 6835

PO Box 92, Zeenus, 2865

Phone

(027)201-3314
(039)251-0230
(013) 759-2230
(013) 759-2231

(018) 788.9651

016)976.0029
(016)360 7403
(017)826:2211

(014) 717-5211

(011) 951-2254
(014)743-1111

056)216.9283
044) 606-5081
03312631221

017) 624-3059
033 392-5003
(035) 450-2082
(015) 534.0211

(053) 9282211

046) 624-1140
(0413924228
(034)312-1296
(05¢)811-2131

(058) 863-2811

(046) 6451420
(046) 684-0034
(044)203-3159
(028) 316-2630
(028) 384.0111

(053) 474-9752
(017 734-6100
(044) 501.3277
(015)290-2270
(018)299.5351
(011) 4110216,
(053)313.0343
(014)590-3170
(022) 701-7135
(058) 481-2142
(053) 353-5306
(053) 830-6400
(021) 808-8333

(09268) 404-6638
(028)514-1100
(013) 764-1241
(014) 7771525
(028) 214-3300
(012) 356-4040
(012) 358-4407
(051) 853-1333
(053) 6210026
(035) 874-5111
(035) 907-5350
(013) 712:2121
(035 573-8600
035) 474-1141
(036) 352-3000
(033) 413.9148
034) 331-3041
(018) 264-2051
(057)212:3111
(011) 4115018
(011) 278 3002
(092661) 2902455
(023)316.1854
(018) 6421081

Fax

027) 2135857
(039) 251-0040
(013) 752-7168
(013) 752.7168
(018) 7889659
(016)976:0209
016) 360 7431
(017) 826-0330
(014) 717-4077
(011) 665-2666
014) 743.2434.
(056) 216-9284
044) 691 1503
(033) 263-1127
(017) 6245232
(033) 392-5150
(035)450-3224
(015) 534-2513
(053) 928-2258
(046) 624-2669
(041) 9941335
(034)312.9697
(056) 817-6343
(0568) 8632523
0466451619
{046) 684-1931
(044)203.3158
{028) 316-2632
(028) 384-1014
{053) 474-1768
(017) 735-3004
(044) 533-3348
(015) 290-2249
(018) 297-5130
011) 412-3424
(053) 331-0238
(014) 590-3430
(022) 715-1518.
(058) 481-2043
(053) 353-1386
(053) 832-5367
(021) 808-8340
(013) 243-2550
(022) 482-2935.
{09268) 404-096:
(028) 514.3257
013) 764.2860
014 777-1066
028)214.1289
(012) 358-4149
012) 3584149
(051) 853-1332
(053) 621-0368
(035) 870-1392
(035) 907-5444
013) 7125120
(035) 573-1386
(035) 4742250
036) 3525629
(033) 417-1393
(034) 331-4312
(018) 264.5138
(057) 212:2685
011) 412-3663
(011) 278-3190
092661) 290-2494
(023) 316.1877
018) 642:2618
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Add Phone Fax
W Souh Aicn Rober ocobs Pt Bog 1926, Rvoric, 2128 ocoba@mmn.com 011)805:2499 0118052016
268 Rowaich Trorsfomers Jocaui Bm PO Box 9], B, 0001 foum@ebbpt oz 023189911 023271249
488 Souh Akca Chisophar do Kock Pt Bog X37, Soaminghl, 2157 chisopbocda kock@aa.obb com 01236731 o) 2367312
Aberdors Cables Lo Som PO Box 1675, Edarcla, 1610 Isomoberdoeco10 1) 4564375 011) 4094739
Abardore Cobles Lo Voudours PO Box 1679, Edarcle, 1610 Moudurs@aberdor co 3 1) 4564013 1) 4864410
Actors Moasuroment & Sysoms PeterCoote PO Box 4059, Trger Voley, 7536 peccoses@kope ownockriscon  021)914.3640 02119143630
ADO Resoorch ks Handek von dor 8. PO Box 19061, Wynberg, 7824 Prbifod co0 712057 ) 722613
Arcon Emginesrng oo Mddabery PO Box505, P, 0001 [ — 24272170 (0124272344
Acom Masomo Niabiang Mosielo PO Box5574, Ruonio, 2128 - 011)235.7653 0118075428
Aecttx r—— PO Box26120, Hout By, 7872 [ —— 0217501685 o2 7900708
ASTOMSA John VWit £0 13024, Knght, 1413 john ltameGokion co 0 011)820.5097 o1 820.5220
ASTOM Syotho Mia Uty P Box 678, Germison, 1400 mika dpesobton co.0 (11)878:3038 18783002
Agple Pl Elorgarson PO Box 52651, Foureins, 0024 aopleec@ioben com ©012)541:3360 012541332
bt Suaon Holmes PO Box 1241, Wardsbock, 3631 Susonoson co20 031)266.9433 031) 2672802
Boderec Ao Hogo PO Box 1, Eppinds, 7475 onde goBrocec oz 021)5317540 1021) 5318488
Bolledon & b SA Wiy Boggoman POBox 13194, Ecs London, 5217 iy@boel o0 0437433809 043 7439321
BOE Consuing Enineers Darie do Vi PO Box 1862, Gerg, 0530 dovies@bdacorsit o0 044)801.9700 044)801:7909
B Gordon Ao PO Box 120, Obboiorten 1665 S — 011)238.0039 ©11)2380184
1 Corniing Amoid Mokeom PO Box 1155, Upingon, 8800 [ — (054)337-6600 0543376899
Carra Consuting Ergineors Dove Frst PO Box 35091, Newion ok, 4055 dowi@eorivocoz0 041) 3525898 086 856.9854
CBlcric: Alicon Cable Jovi Bdoshorst PO Box172, Vorseiging 1930 o bodsrbars@obiconcoblencom (016 430.6000 016 4236103
CBllocric Elchic [a— Prvae Bog 2016, bondo, 1600 bodeleyBcbicoz0 o) 9282072 0113922354
Chogper Worx [n— PO Box 1222, Lonser, 1748 choppar@ticocoz 117013770 o) 3156913
Clrkacals Brown ob Mo PO Box 12001, Mowbeoy, 7705 [ — 1021} 4485050 021)448.5058
Closl South Abico Coo Romoo, PO Box 50012, Mdond, 1683 o romoc@in shneidaedocriccom (011)254:6572 011) 2546708
Conlog DoidHal PO Box2332, Duon, 4000 hold@coniog o0 (o) 2681148 0312681500
Consoldeted PoverFofcs B Btz Prete Bog 142 Holwoy Howse, 1685 [— 1) 8054281 18051132
Contour Tachnology SephenLigh POBox37730, Ovaon, 4067 swileigh@conoucor 031) 266974 ©31) 2094168
Jokes doBron POBox97, Swlenbosch, 7600 [r— ©21)880.9915. 021) 850-1088
ColEnginosing podkon 70 Box1529, Bokpon, 1540 ondron@eunlcozs (0117400660 1) 7400189
Do Cootiogs cc: Dariclvon do Vieshuien 31 Sptore R, Canrion 0157 dorsu@inkom <020 ©121662:330 0865120025
DaVilers & Mocre Rusal Fler PO Box472, Duborvie, 7550 odmiei@demonrs.coz 1021)976:3087 0219762716
Dot e Mo Englel PO B 44, Egpin, 7475 bt anglom ok com 021)505.3000 021 5345383
Dest Power Mot Loon Sl PO Boxd4, Epinds, 7475 [ ——. 021) 5342681 0215345383
Diose Consbing Exgnsers SorlEsrhizon Suto 258, Ancia 201, Bondbol, 9324 sor@dHlose co0 051) 4471636 0s1)4308316
Dipro R —— POBox 131, Hutogham, 2070 o dpro@naciin co0 fo11)787.3835 o11) 7814068
DLV Phomish Donia Jordoon O Box 19730, Tocomo Eos London, 5214 (Bectiaines com. 0437421110 1043) 7421116
[ A— Do von Fobyen PO Box 73530, ymwood Ridge, 0040 oie@dycn o0 0128100500 0128100555
Eonpoy, Choy Pt PO Box 58, Rondabosch, 7701 chorbeg@prm o0 02116800100 021) 6861400
Eowbord Mo Roger M PO Box 58365, Newle, 2114 — 011)268.0000 o1} 6732043
€ Publshors i el PO B 4S8, Muldancih, 1747 chiayolondGon co.10 011 459.0504 011 659.0801
EHT Cables Martn s 15 Walloon R, Consorse, 7806 @i com 1021) 7940378 021) 7947430
ElctrcalConacon Asccioton Johony Ohar PO Box 9683, Edangln, 1613 elle@eca om0 0113920000 0119749402
Elcicy Sopplers Uoson Comm ~ Vinod Segh POBox 1091, Johanneshur, 2000 Voo sngh@eskom o0 011)651-6846 o011 800:2070
Bl v Indusies Enpl Kot PO Box 1454, Brockarol, 7561 arciencioicom 02119603757 0219803749
ek Engiaaring Laon Keah PO Box 70577, Tha Wik, 0041 Ion@eekcoz0 01234092220 123492222
Elanen Corsiong Engroen: oo Bk PO Box 1142, Dubonvile, 7551 choroecsng o 219751718 021)975.0350
Eoon 18 Bamord PO Box 4069, Rondburg 2125 Hebamo@msboza 011) 7877566 o011 787-7566
[ r— Wordy Long PO Box 201, Aucond ok, 2006 wendylong@io.lsercom 011)470.4908 1) 470.4966
EON Consiting Pl von Nikerk PO Box 12389, Voma Vol 1686 poudvoiskekoon.co3 011) 5642300 (08 742107
[ — S 21, P Bog 25723, apolois@mmeb o1 ©2307.7034 019975352
wdo B Quennosson POBoc3311, Ruori, 2128 bauenmesson@etde v o227 ©11)2842704
Farod Poer Gaber PO Box31220, roamioniin, 2017 forad@iomd o0 011)726.40%0 o) 7264531
Gorloxightng Sogpen Moodiey PO Box 1183, Gamison, 1400 sogres@mapres.co o 011 872:003 (011)872.0335
WV Ron Goodin PO Box651287, Barrcr, 2010 ron@hvescozo o) 8832148 011 8842606
Halarman Tyon Rehord do S Pt Bog X158, Rucria, 2128 rchord dodvo@helemomncoza (O11) 879.6617 (11 879.6602
ddbe Hocricol Kaih Erwin PO Box 15474, Lamblon, 1414 i@ net o1} 397.0281 011} 2978843
ongo Uighteg Disbuton Jon Gimon PO Box 34218, Soppmsonn fanmo@langalghtog co0 o) 6144327 1) 6145920
et - Sive Mibizs PO Box35, Brkpon, 1540 smibiza@ginokerko.com 018132340 011)817-3825
gl Convol Systams Cloudio Zelmer Sut 126, P B X4, Bcordiew, 2008 doudoriegyconol oo 1) 604222 011) 6404232
[ Soso Doconro PO Box 1681, Foa, 1710 jontifocasto o 0119143585 011) 9143592
PES - Ul Managemans SenicesLaon Vormook PO Box 1100, Camuin, 0046 sty 012)665.4600 10126654601
Regresstove Bion Macker PO Box 13442, Voo Vol 1686 uay@iomchcom o1 466:3701 011 466399
JouEnginastng Lourence Chaty POBax 17711, Notkom Pk 1631 wmeGobaono oz 01113934674 0113931583
KB Roer Solons Frod otrs: PO Box 133, Cato R, 3680 fd@tkpscozo 09 7821329 031) 7621229
Kebnon Ko S Sute 038, P Bog x1037, Haroge Rk, Gemison R~ ksmi@hmimon-okicn com 0116262328 0116261199
KoCos Meosuremart & Contcl Hain i PO Box 3585, Dutbanlle, 7551 henvin@kocos 010 1021)982.0016 021) 982.0230
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Nam

Kves V3 Ergineers Ouer Pt PO Box398,Gelile, 7535 dosen@od o 021)913.2080 021)913.4096
ords+ Gy r00m do Swor PO Box281, oo, 1600 boomdeswodiDiolondsgricom (021) 532.0733 9217977
lords + Gy b Garie PO Box 35064, Nortvoy, 4065 P — 0317104104 086 6514911
o + Gy Do van Nikerk PO Box281, koreo, 1600 dovierormisked@malondegricon  O11)921.7%00 9212977
R Tory Doon
Ui Marbioson Tony ko PO Box 27440, Brve, 2011 abnods@bm <o onjsise 116166808
Lo e Sreais Maononce Gustor Kotnger PO Box3112, Wibeock, 1729 o ighbe.coz o) 7626874 1) 769:1655
e i Tochnology Ko Ris PO Box2502, Fomwood, 2570 kavevi@lomiec et 0184641457 18 4628776
yon & Venncke Mien PO Box 3925, Vonrbark, 1900 mhon@honcoz 0169816270 0169330277
Mochine Ausmant Rlobit Toch Moo K PO Box 3227, Rancburg 2125 e — 18865978 1) 7670160
Molemea Francois Kl PO Box 2212, Floada Hik, 1716 adninmoom o o enrn 672178
Morale Sanicon Dole banbory PO Box955, Fon Elcbath, 6000 bpaaicn com 0415812262 041) 5814564
MoreiecSavicas St PO Bax2910, Rt Al 6170 menelecborderca 0466242506 (046 243167
Moraot Holdings oy Mook PO Box757, ooy Houe, 1685 vt o0 012)653.9800 126539800
Meode Linogeor 2000 Geolf Aon PO Box 1334, Fdee, 2160 maseteg Binegeorco o o)3162262 011)507-6500
Mo Enorgy Badich Ot PO Box2371, Kamplon Pk, 1620 i —— 01119763003 o) 3933858
Mer ond Mctalon b il PO Box345, Roegourie 2123 e — 011)886.6573 0118858735
pE— AMecks PO Box2716, Krksdo, 2570 oot com 0184623093 018 464-1887
Moumaknge Siilss e ydo Mohuras PO Box 15154, Middaburg, 1050 do@mpsiresscozo 0132461528 0132461601
=y Joco von Hoerdon PO Box 144, Olfotortein, 1665 varbasis@acbs o0 1011)2162005 13164979
Negroup A o P Bog X4, Borcus Pk, 0047 P —— 01213458020 0123456633
Neigroup SA Adon van dor Mo O Box 9088, Bloeniorden, 9300 odmenvolnegrug.co 051)430.1740 051)430:1745
Nodand CrilNorvs PO Box 522, Moldarsih, 1747 [ —— 011)957.2002 ) 9572062
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The solution to your
revenue protection problems

A complete security system for safeguarding your investment

In the event of a power failure all doors can still be opened for
48 hours because of the 12-volt battery back up system

Vandal-proof mini-substation enclosures and metering kiosks

In the event of a key tag being lost or stolen, it can be disabled
and rendered useless. When your staff are therefore confronted
to hand over the keys, he can do so without hesitation

Patented design consists of flush fitting doors with internal
hinges and locking system

Enclosures are manufactured in 2 mm - 6 mm thick steel
GPRS communication systems to a Control Centre

Each individual enclosure can be opened remotely from the
Control Centre

Key tags with 20 digit encryption number cannot be opened
No meters are bypassed or tampered with

The key tags used to open the doors will be recorded with the
date and time on the electronics, providing management with
information on the activities of their staff

Tel 011 656-2637, Fax 011 656-2638,
Cell 083 275-5444, connie@mweb.co.za
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