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A PARTNERSHIP WITH
LANDIS+GYR WILL TAKE
YOU BEYOND METERING

Landis+Gyr is the world's leading supplier
of precision credit metering solutions.

Our products and systems range from grid
applications to those appropriate for
industrial and commercial customers as
well asresidential environments.

For an enduring partnership that will
provide quality, precision and reliability
choose Landis+Gyr.

Precision has a name: Landis+Gyr

Landis+Gyr (Pty) Ltd,
PO Box 281, Isanda, 1600, South Africa
phone: +27 119217900
www.za.landisgyr.com
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Solutions you can rely on
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+ CopeTown  (021) 532-2000
+ Durban (031) 4654170
+ Port Elizabeth  (041) 4515641
- (013) 753-2121

. Polokwane  (015) 293-0920
+ Blosmfoniein (051) 448-1417
+ Welkom (057) 355-2451

E-mail: alstom.siyakha@alstom.co.za

Website: www.alstomsiyakha.co. o
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Front Cover Story

Aberdare Cables - a leading
manufacturer of cables

Aberdare Cables, o member of the Powertech Graup, is a leading African manufacturer of cables with five
manufaciuring sifes, in three provinces of South Africa, and offshore operations in Mozambigue, Portugal and Spain.
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President’s Address

Opening address

Cir. Molwele representing the executive

by AMEU presidant, Vally Padoyacheo

r of the City of Johannesburg; the

speaker of the City of Johannesburg,

CIr, Niigana; the MMC of the City of Johannesburg for infrastructure and services, Clr. Greef; councillors from the.
various mairot and munics; the ity manager of the Gty of Johannesburg, Mr. Mavela Diamii; Prol. Rovi Nayogar,

CEO of ECSA and our keynote spe:

er; deputy president of the AMEU, Sandile Maphumulo from
vice president of the AMEU, Sy ol by City; the cting chairpersan of the City Power board, Mrs.

eThelowini Metro;
otty

Simelane; the acting managing director of City Power, Silas Zimu; distinguished and honoured guests.

Snmhannm dumelang, goeie more and
a very good moming fo you. | want on
bahalf of the AMEL) fo take this apportunity
of extending ta all of you o very worm
ond cordial welcome to this great city of

Johannesburg

Lots of you have come from far and wide and
it's a pleasure to inform you thot this year's
convention hos been a record in ferms of
delagate registretion and booking of axhibilion
space.

1 guess the latter is an indication f all of us
irying to find solufians fo he many problems
and challenges facing s individually and
collectively os an industry

Furthermore, we also this year had the luxury
of turing away papers because in essence we
were kind of overseribed.

Some of the criteria that the papers commilies
of the AMEU used included the nesd 1o give
oll stakeholders within our environment and
industry e.g. gavemment, suppliers, uiiliies,
municipalifies, consultants, efc. an agporiunily

1o present, Our convention theme for this year
del e

+ The growing shorloge of refavant skills and

a5 you know is “El
challenge”

In carefully seleciing ihis theme the AMEU
ook cognizance of some of the following
challenges:

+ The accelerafion of electricity service
dalivory in o cost effective, afficiant,
effective and safe manner fo all who need
it especially the poorest of fhe poor
The restructuring of the industry and
especially with the impending creation of
the REOs {ragionol electricity distributors)

* The provision of an adequeie and *sound”
physical asset infrastructure ta deliver
power 1o both esisting and potential new
customers in o sustainable and refioble
monner

* Socurity ond adequocy of generation power
supply or capacity

+ Demand side management ond energy
efficiency

raining and development challenges

« The availabiliy of much nesded funding
o cater for all the stofed challsnges

The use of elternative and renewable
energy resources within the distibuted
energy environment

+ The use of various but elevont echnologies
10 address the various chellanges

| am hoping the the papers that are being
presented and the ensuing questions,
discussions, eic wil seck 10 address some (i
not all) of the above cholienges.

The AMELI in it current 918t yeor-of axistenca:
hos always sought fo provide assisiance in fhe
course of ifs various activities and inferventions
 its seminars, publications, branch meefings;
website, etc.

| hope you enjoy your stay in Johannesburg ond
look farward o personally meeting you during
the convention. A

+ Resarchand y Distribution, Electromagnstic Fieid and Grounding
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for maximum spcclnq, asa resull of efficient
optical control applications

W High-performance single-piece reflector system
W Suitable for use with tubular lamps

W Lamp compartment IP66

W Gear compartment IP§6

W Separate spigot compariment
W Removable control gear
W Optional incorporated MCB
BEKA (PTY) LTD
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Welcome by the Mayor

Welcome by the Mayor

presented by Councillor Rashm Greeff, MMC, Ciy of Jo

Presented on behalf of the executive mayor Cir. Amos Masondo by Cir. Roslyn Greeff, member of

wesburg

the mayoral

commitiee (MMC) responsible for infrastructure and services in the City of Johannesburg.

me diractor, resident of the AMEU,
odame speaker, chairperson of the 15D
po e, mayors and MMC's
from ether metro councils, city manager,
distinguished guests, ladies and gertleren.

Iti5.0 plecasurs fo be with you here fonight and
10 welcome the AMEL delegates from ocross
the country to the City of Johonnesburg, We in
Iohannasburg have indeed hod ample reason
to celobrots in recent weeks as we recalled the
formal establishment of the ciy, o mere 120
yors ago. There has bean human seflement

ihis area for close 10  thousand years
The xcavaions af the Kiipriviersherg Mature
Reserve ond Melvile Koppies have uncovered

avidence of human habitafion dating back fo
1060. And by the 17005 there wers already

in the very short space of 120 yeors. Alter ol
mast of the workd's famous cities hove evolved
over hundreds, if not thausands, of years. So,
Johannesburg, by comparison, grew from a
fen! fown to waad and iron shanfies, then 1o
beick and morlar buildings af the pace ef on
historicol wink of on eye. Within two decades
of its formal prociomatian, the broad oullines
of the cify 05 we know it today, were already
well estoblished,

We a3 o city have so much ta be provd of. We
have fruly established o world closs ciy, which
y level with our
counterports aerass the globe, in o very shart
spaca of time. And very liths of this could have
besnachkeved without he visian, the knowledge,
the fochnical expertise and the dedication of the:
e

can compete on olmos! ¢

singla, most visiblo, proal of service delivery
by any local governmant. f the lights are off,
the city descends info a pall of gloom and

cabine! ministers start looking for missing botis
in faulty generators. In Johannesburg we ore
working at a frantic pace ust to catch up with
existing backlogs and the replacement of old
infrasiructure - some dating back fo.the 19405

and 505. Al the same fime, we are dealing with

the “growing pains" of  very young ci

Every woak we se tha establishment of new
hausing developments, the construction of new
shopping cenires, new places of entartainmant,
new community faciifes. Al of thesn devour
supply it. With
on aconomic growth rofe of olmost 5% fhe
ciy is expanding of o rapid pocs. The cure

of housaholds in

chicily as fost o5 we <o

several well estoblishad the araas
thot are known foday as Norhclif, Bruma,
Melville and Lonahil

Since formal proclamation in 1886, a small

miing K o g ko Alric's promier it

electricol angineors.

I hove: the: highest regard for your profession
ond your work environment — your job is fo
light up our lives, Iterally. Electrici

is the

- e L :
FOR A MINIMUM OF COST

EXTEND LIFE AND IMPROVE RELIABILITY
OF YOUR EXISTING CABLE NETWORK

i e e ghobl leader in proniding achinced capita-eficent technologies 1o

ederd

CabieC LI
camaged mechum vot,
extendoc s gorerous

a0 ddhrced arel scpe technclogy e o revialie wi

reaed gl with over 9% omaring n service ot skre

The CableCURES sibone uyecti

process
recuiing only a brief outage f ecessary. The: sarvce inchide
i Megrty of S cabe an vty o the proces: befors cormmen:

p———

Cable CURE+

A SERVICE OF UTix.

the city may reach the two million mark by 2012
doubla the aumbar of the furn of the cantury,
Al the same time we have 1o deal with the
reality that very litte was dana in the 19805 and
sady 19905 10 prepare the city for the cument
economic boom and growih in population
The City of Johs sburg has commitied mare
than RB-billion for infrastuciure development
1o ensure that Johannesburg’s entire power
network is overhalad ithin the next decade.

As you can see; lodies and gentlomen, we are
ot running away from our responsibilies. On
the contrary, our falented and ficeless men and
women ar coming forword with innovative
solutions ond practical cllamatives t sabve very
vosed and complex problems. Your conference
also tokes place against the backdrop of

rapidly changing enviranment in the delivery
of electricily services. By ihis time next yeor
the JORED will be a reality and the Gouteng
premier’s vision of the province os a glabal ity
region will become bigger on our rador screen
with each passing menth

I my brief fenure o3 MIC in the city, | have
came fo know slectrical engineers and the
members of AMEL as o special breed of peopl.
Forthem, fher is na challenge foo big, no crisis
toa daunting. Lodies and gentlemen, | trust thot
you will enjoy your stay in Johannesburg, and
that you will have a very producfive conference
and that your decisions and resolufions will
enable us os the adminisirators keep up with the

tapid development of cur beautiul couniry.

I thank you. &
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The implementation of South Africa’s Demand Side Management
(DSM) program requires clase co-operation of all parties invoived.
Eskom, energy service ies (Esco's), i

suppliers,

and verification bodies, consumers and others play the role assigned to them, as do the
components of the ripple control system.

Farad and Enermet make sure that load controllers, transmitters, coupling units and

receivers interact harmanicusly to the benefit of South Africa's slectricity supply. We guarantee
not only the function of each components but the performance of the entire system. This has
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The load control experts
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215t Technical Convention

Speech by the Mayor

presented by Clr. Nonceba Molwele, ch

of the
(representing the executive mayor of Jhb) on the occasion of the 215t AMEU Technical Convention at Mlnﬂhﬁ Estate,

e speaker of the City of Johannesburg,
Clr. Nkele Niigane, members of the
Johonnesburg mayorol commitioe, the city
manager for Johannasburg, Mr. Mavela
Dlomini, the president of the AMEU, Mr. Vally
Podayaches, tha deputy and vics presidents of
the AME, councillors and officials. from cther
metros and municipalites, distinguished guesis,
ladhes and ganilermen.

A the outset | want 1o apoogise on behalf of
¥ Mok

supply ploys o key rolo in 1o sconomic growth
and job creation. | am confident that this
convention will be dealing with such matiers
as, for example, the future of prepoyment
mefors, he development and enhancement
of technicol skill, the refurbishment of the

and secunty, the adsquacy of supply
and indushry resiructuring. It is imporiant for on
organization liks the AMEU fo play it rightful
rols in finding woys and means of improving,
upgroding and advancing our

to create o way tht would allow our economy
1o open oppartunities for unemployed people
and to croote empowerment apportuniiss for
them. We: know that the majoriy of people
9o not like the idea of standing in the steets
and bagging for cssistance bul would rather
earn their livalihoods. The Edandad Public
Works Programme will allow companies to
create spaces for people who are fooking for
employment or business opporturilies. | am
to you tht as you engoge

whe could not oftend this morning. He was
called 1o an urgent meating with the MEC
for local govamment. | also want fo fake this
apporiunity of welcoming oll delegaes 1o fhe
bautitul and vibrant iy of Johonnasburg.
| also want 1o congrotulate the AMEL in its
inefy-first yeor of wistence and for hosting
its twenty-first fechnical convention. Your
fangevity reflacts an organization that is richly
steaped in history with a tough and resilient
racord. | am also very impressed by the theme
for fhis convention namely “sleciicity sevice
delivery - the challenga”, Service delivery n the
electricity indusiy is indeed  huge chollenge
ot orly in South Afrca but across she globe
{om hesfors hoppy ol hs convenion has

slectricity supply systems. I is for this reason
that w in Johannesburg are happy o hast this
‘canvention because wa believe thot the cutcome
of your discussions will help us fo improve our
community and health facliies,

We cannot hopa 1o improve the lives of our
people and communiies wihout a good and
reliable supply of electricity. Elsciricity hos
enabled our people to siart small businesses in
their homes and in the business canters that the
city i developing. The safefy lavels alsa improve
as more and more steetlights are installed
‘across the City of kohonnesburg. We balieve thot
war hiave built @ solid foundation upon which we
mn mnnwevuruhl UDw\dwmpdmﬂmqum

4 ihis reason

chosen fo confroni his
at this specific stage uiwmnm« s and city's
history. There can indeed nevar ba o befisetime
16 deal with this challange than right new and
thara ore indeed o better people o deal with
matier than the lodies and genfleman in
room right now,

m“mm 3uppont your effors ond baleve fhot

he outcomes of your dalibsretions should b

spreod across S Ao o indeed ocrom
"

with mattecs of energy you should abways kesp
i mind some of the challenges that may be
seen fo be oulside your scope, but con hove
an impact on the entire economy including
electricity supply.

The creation of JORED or RED 4

Today Jahonnesburg is alse looking at
implementing what we have come fo call
IORED or RED 4 to ensure that we can fake
service delivery closer 10 fhe people. This, we
beliava, will ensure that eleciricity supply is
at  level whers even the poor residants con
acesss i much casier. The JORED will come
into operation in Johanesburg within fhe next
stx manihs and s bound 1o change the snfire
<oncept of eleciricily delivery fo our residents.

‘The growth and development
strategy

bakevo st v wil w|won(|mpmvl! services
#our services.

and the country as a whole i
striving 1o decrease or close the gap betwaen

I ou wil 1

posed by rapid urbon devslopment and growing
demands for services such as slectricity and
power. We wil ba looking of fhe outcomes of
this convention against what we in Johonnesburg
call the six mayorol priorifies and also agains
our growth and stectegies. Looking
ot your conference progremme | hove

that you focus predominanily an the challenges
we are encountering fodey and in the future.
These include chollenges ke the integrty of
infrastructure, tarff methodologies and free basic
olaciricity. These issues are control 1o the city's
ability o raach the cbjecives set n the growth
and development strotegy. | am convinced
that wa have assembled in this conference the
skills, knowladge and the comptencies that the
country needs 10 gel fo whae we want fa go.
The prioriies thot you hove identiied are also
in line with our priorites in the country's largest
and fastest growing urbon enviranment.

Economic growth and job creation
Itis common knowledge that reliobls sleciricity

believe hat o lsodership positio is our rightful
posifion and that it is where we belong as a city
and as the people of Johannesburg.
Housing and services

s enginers you would have engoged in one
ofthose debates wher people argue abou the
difirence betwean o housa and o home. Fora
nantechnical person ks ma the two have otways

the fir {“the haves”) and the secand
economy (“the hove-nots”). We connot ollow
this gap to widen. To address his perplexing
problem the CoJ has infer alia implemented or
s planning o implement yorious progrommes
in line with the city’s growth and development
strategy. In. this regard we have cammitied
aurselves 1o slectrify over 95% of oll the
formlised hames within tha next five yoors
ond we ore confident that we: will achieve this
objective. | trust that your discussions of this
Mt il s i

yourselves who.convinced me that nal svary
‘housa i o home and that & home is supposed
10 give mene camfort thon a house. | thersfore
concluded that i this is the case, electricity and
services liks running woter, the cblution system
ond refuse removal must be soma of the major
things that convert houses info homes. i is for
this oason that | was hapay when | sow that
amang scme of the things you wil be tolking
besdiinih Lo

supportus in ourefforts 1o reach fhess forges in
advanca of the deadlines we have set. | am also
haging that this convention wil urher delibercte
such challanging issues 0s reduction of power
autages, the betierment of public lighting, the
reduction of non fechnical losses, the securty
and adequacy of power supply, altemative
energy sources, and demand side anagemen.
n closing | want o als foke this opportunity of

i
eleciricity and tarifs for domestic cusiomers
Cabinat has opproved the implementation of
the Extonded Public Works Progromme purely

v v
for the nex three days ond we frust that thase
of you fhat are visifors to our greot city will
thoroughly enjoy your stay hers. &
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21st Technical Convention

Keynote address

by Prof. Rovi Noyogor CEO ECSA

The the AMEU, honoured guests, ladies and gentlemen. It is o privilege fo be here with you taday at your
218t u:hnlmi cnmm- 1 do not only want to congratulate you on your r.nmln| of age as far as technical conventions

ed but also want 1o

ignificont changes hova taken place in the
engineering profession during fhe post fire
of a suite of

Yyou an your 90 years

higher numbers info engineering. If would
also ba imperative for national government
St di

yeors sinco the
sevan Acts in the buit environment, of which
the Engineering Profession Act, 2000 is of
course the most relevant one for purpases of
my address foday.

outhorities fo urgently improve salaries for
registered sngineering prolessionals in ordar to
ahrac, retoin and build enginsering expertise.
Recognilion of the engineering pracfitioner s o

is indeed a remarkable achievement!

region of about R370-billicn, OFf this amount
bout 40% il be spant by public enterprises,
mostly Eskom (84.-billen) and Trensnat (R47-
billion), ond mostly on power generation, power
disribasion, eil ransport harbours and an il
pipeine. The general purpase is fo improve
the availability ond reliobility. of infrastuchure

‘The quesion is ofe is

itself from a skills perspective 1o oddress the
‘envisaged massive Infrosiructure refurbishment
of Eskom, Transnat and the Goutrans copital
programmes of e day. As you know, cobinet
has unveiled the Accelerated and Shared

itol cotolys

growth is cruciol, From an ECSA perspective.
#he professicnal engineering family must be
regarded as o nofional sset, driving progress
and susiainoble development,

Secondl, [

Growth Initiativa for South Africa (ASGISA)
in July last year. You may also be owara that
the Joint Initiafive for Priorty Skills Acquisition
(IPSA) s viewed by govermment as.an imporfant
building block for ASGISA, In this regard ECSA
fully supports JPSA which s driven by Depuly
President Phumzile Miambo-Nacuko, JIPSA
s 1o identity urgent skils needs such os
engineering with o bid 1o implement eflective
solutions 10 address the skills shortage in cur
country. As high-lavel, world- class engineering
and planning skills far the network indusiries
- twarsport, communications and energy - ore
all very much at the core of infrastructure

processes and systems in the workplace. Some
of the quick fixes thaf are suggesied ore fo
rovert from o lowest priced fender system
1o reasonably.priced tender system with the
amphass on qualiy, frack record and meefing
specilications. Procurement and supply chain
managament processes at municipalities and
the reiniroduction of ried and lested systers
ke the roster system oy resultin of least the
lacus of control resting in technical depariments
ond nof in central services.

Thirlh the low infake and output of anginesring

students and groducies af fediary m.mmmm
the country is & block

ECSA is octively contributi

1o the technical warking group of JIPSA in
identifying blockages and, more: importontly,
saeking solulions 1o this vesing process. In
‘addion | om sure that AMEL will be aware
that onothar important warking area for JIPSA
is the city, urban and regional plonsing capocity
with its concomitant engineering set of skills
desporatoly neaded by our municipolifies.

| am therefore glod fo infarm you that ECSA is

curmently collating contributions rom ifs variqus?

and diverse stokeholders in terms of identifyingy
i Teicavalon ot

growih ond development, One of the medium
form fises for this blockaga may be fo increcse
funding o engineering facilifies in arder 1o

| m sure that you, o members of this estesmed
association will also be directly offected by
this axpansion of octivities in your field of
enginesring a1 o locol level. These are indaed
mind-boggling amounts of funding and the
challenge fo the engineering profession is fo
respond by muking use of the Gurvent paok of
iroined nginsering practitioners, te propedy
train and menior young gradvates and
diplamates, and 1o lure more prospeciive young
praciiioners with the requisite mothematics and
science grades o the profession.

Having said this | now want lo turm to the
question why veluniary essociations like
AMEU and emplogers in generol should olign
themsalves with a profossional body ks ECSA.
Firstly, apart fram fhe paremptory nature of
the Enginsering Profession Act, 2000, ECSK's
motlvetion for prometing aligament wifh
employers of enginesring professionals, con
be summed up as lollows

. ECSA is me official standards generoting
(in the higher

increase the number of lecturers fogather with
adequate academic support programmes. In
this regord we ore glad 10 say thet in @ medio
relecss by the minister of echucation cbout hree
weeks 0o, ftwas confirned that an addifional
amount of Ré8-milkion has been allocoted 1o
ihe uriversities of Cape Town, Witwoterseond,
KwaZulu-Natal and Pretoria, respectively to

bl band) in South Aica, ond of
she some time, through 15 Enginesring
Saedrcs Genaring Body (SGH) i
his function on behalf o

+ ECSA has developed o relationship with
various Sector Educafion and Training
Awhenhas [Schs) in order fo facilitate

ment ar ion of education,

oiping and pmﬁ-mannl development

u Act,

level o il

increasa fhair num A
In her the minister indicoted

that
and proctically mount o el of srategie hatwil
the blockages within the engineering
profession in the shert, medium and long
term. In this regord allow me to briefly name
but thews of thasa blockages shilst ot the same
time proffering threo possible soluticns alraady
recommendad by ECSA.

For the mast parta serlous blockag s the dire
shortage of ogistered ongineering praciiioners
in our country. Some of the solufions suggested
includa increased govamment spending on
infrostructure development, when marke forces
of demand and supply will naturally draw

thot government has identitied angineering as
o scarce skil within the JIPSA infiahve.

As ASGISA Is perceived os a nofienal shared
growth inifiative rofher than o government
progromme, | believe that all stakeholders in
the infrastructure investment area of ASGISA,
like you as members of the AMEU, should
associos yourseves fully with this initiative,
a8 ECSA is in fact doing. As indicaiad in the
Medium Term Budget Policy Statement in
[cie 2005, government and public enferprise
investment axpenditure for the pericd April
2005 1o March 2008 is plonned te be in the
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der he Ski

* ECSA has logal responsibifity to aceredit
enginsering progrommes offered by
educational institytions in South Afica. Al
the some time ECSA performs this octivity
6 a funclionory of the Higher Education
Council, which means that ECSA's
eccreditation ouicomes are recognised os
a “natienal” outcome.

ECSA represets South Afrco as an official
signatory o a variaty of mutual recognifion
agreements, thus ensuring infemational
equivalency of South Afrca’s educational
and professional standards.

+ ECSA signed o memorandum of
undarstanding with NEPAD, and willossit




the enginsering professions in Africa fo
achiow nteratinal recagiton, shoukd
el o

i order b

21st Technical Convention

af upholding stondards through registration, all
persaans who are eligible for regisimaion and who

. b iccathe Mord
Federumon of Enginesring Organisofi
(WFEQ) and is acively poriipoting
WFEQ's capocity bullding iniiofives in
Aftica

Secondly we balisve that it is a win-win
reloionship.

Baing wall positioned 1o serva the inferests
of the country, the public and (probably just
08 imporiant) the prociising professionols
themselves, it will carfainly be o winwin
stuation for ECSA, VAs and employers 1o ca-
aperofe more clossly o we address national
challenges. However, more specifcally, we can
anly win oll round becouse:

- ECSA's impaet is beneficial fo the
maintenance of siandards of engineering
aducation, training, professional
devalopment and professianal conduct
Employers are direct beneficiaries of
ECSA's involvement,

- EC

prachise
salaried, should be obliged 1o register *

The forum identiied o number of key issves
which would reflect govemment policy ond
infertion. An importart element of these issues
stemmed from the bebef thet thero should be o
much sranger drive 1o prafect the public ogainst
bad professional {engineering) practices and that
somebody should be held oceountablefor thet
The govemment belisves that the prolessional
councils should be held accountable for
unprofessional practices of the proctitoners

improper conduct - ond that the indhvidual
professionals should be held cccountable by
the: councils for their conduct,

Having soid thi, | think it s imperotive that we
take note of what is determined by Sections 18
and 26 of the Act

Sactions 18(2) and 18(3] of the Enginsering
Profession Act

* Prbibit o puon who s st it i

imgoc on, and are cligned with, rtianal
ini the National Qualiications
Framewark (SAGIA), the Higher Education
Quality Commites {Accrediation), skils
development in the kigher education band
(Nafionol Skills Autharity ond Seto's), os
woll o3 the ASGISA ond JIPSA inifative o5
already indicated. Furher

ECSA relies on the support from YAs,
employers and professionals to fulfl its
statutory functions und mpamﬂ:ii\nn.
‘Without fhis suppor, the

and the country 65 & uhah cunnm b-
served us well as if should.

Thirdly, we believe that i is mos! imporiant fo
note that, in contrast o the previous govemmert,
the bulh environment legistafion of 2000 reflects
@ very sirang and commitied poliical will on
the part of the current govemment fo promate
wb‘-:bw?ﬁv ondsalty and e sonment by

in that category
o oon

*  Permits o person registered in o category
1o consult in thal cotegory.

Section 18{4)(c) of the Act further requires
that o candidte in o cotegory must perform
work in the engineering professian under the
supervsion and controf of o professional in
a cotegory os plss:nbed Consequently, o
candidete may not cansul

Section 26(3) of the Act prohibits o person
who is not registered in terms of the Act from
perdorming ony kind of work identified for
any category of registered persons. The Act
in Secion 26(4) allows ane excepiien fo fhis
prohitition. The unrogistered parsan may wark
under the supervsion and control of a egistersd

the framewark document on the Ide
of Engineering Wark wos approved by council
in November 2005 and thot the final drolt of
the regulations wos pproved by Council on
17 August 2006. The report and regulations
have olrsady been forwarded o the Council
for the Builr Enviconment for lisison with the
Competition Comumission in terms of Seclion
20 of the Council for the Built Environment
Act, 2000, It is boped that this process wil
be compleled within the next 12 manths
Aeceptance of the regulafions will result in all
engineering proctifoners who pedorm identified
engineering work, having to register with
ECSA. The so-called compulsary registration
era which we will now enter into wil level
the playing fields between unregistered and
registersd engineering procifioners. Registarsd.
professionals may be pleased to note that
unregistered pracitioners would ko have
1o come on boord and would olso have fo
unelertoka CPD activities in ordsr 1o keep their
professional registration intact,

| nowi want o.turn to th renewl of registeation
ahmugh the formal system of CPD - another

important provision in ferms of the 2000 Act
which ECSA is obliged to implement. | think
most of us will be aware that the system wos
formally implemented as from lanuary 2006.

Time does not allow me to go info detail about
the different credits that may be eamed in
teerns of the thrse catagories of CPD actvities,
1 thereore want 1o emphosisa firstly that he
point of departurs of the ECSA commifies that
designed the CPD system, was that the system
must be as user friendly as possible and that
cost o the individual practifioner 1o oblain
the necassary CPD. credits, should be os low
a3 passible.

As we know CPD consists of two dimensions,
nomely the fechnical, discipline-specific bady-

person
work. Accordingly, o registered person foking

I-knowledge and other (e.g. monageriol,
finance, IT, spacific skills such os negotiating,

"y

pmhshmls odtive in the buill emaronment.

We all kniow by now tht the Engineering
Profession Act was anly enacted following years
of defiberations in thes Forum for e Professions
i the Buit Environment” which was iniiated by
the then Minister of Public Works, Jeff Radebe.
The dea ofthisforum was fa assess the extentfo

for the work of

persons must do 5o from @ fully informed
posifion, must exart oclive supsnvision and
cantral aned must approve all cricol dacisions.
1 would be unethical for fhe registernd parson
simply to accept a recommendation from fhe
urregistered person

Only when work has been identified in terms of

the country in the past and whether they ore still
relevant in meeting fhe: needs of the new Soulfy
Alico. Consensus reached in the forum was.
that the stgtutory confrol of the bult environment
professions in South Afica wos sl essentiol and
thisled fo the dacision o procesd wih prepoting
new legislation fo reguiote the professions.

The poliey document thot emerged from this
hors) I

saction 26(1) and section 20 ofthe Council for
the Built £ o will saction 26(3}(b}
be enforcaable.

It is important to note that any contovention
of Sections 26{3)(b) and 1812} of the Act, will
in principle, result in ECSA lodging a criminal
charga against the person confravening fhe
sections. ECS4 will mast ikely not prooctively
police possible contraventions, but willrely an
the public ond/or practising professionals fo

report such
]

efc.). In each of hers are
two aspects, namely the aequiring of exising
knawledge and the expansion of fhe body of
knowledge,

In terms of fhe exisfing bedy of knowledge,
whether technicol or ofher, it provides for a
relatively sosy assessment and accredilation
of course work, seminars, efc. In the process
of professional development we ses the
following:
* Fomal courses presented by accredited
fertiary institutions and YAs, which are oll
validated,

* Actviies presanted by private providers
which have been volidated by VAs.

In the expansien of knowledge one can
distinguish behween own unique confributions
o tachnical knowledge in the form of new
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ligems, tec A peak electrical pownr demand will excesd
of knowledge throx e available generating capacity, resu wling 5d management projects. Noturol
new dovelop: n regular peok period outag esources are conserved and carbon gases
and n b f oor and Eskom reduced. Hope

ve action, which g the next threa days

search and development

es: the retum 1o service of several clder

lenging probis

2 power

power

delivery in our ¢

stations and the infroduction of new fossil fuel

airman, with these few ideas on ECSA
eep this  power siafians. In adldition, Eskom ond 4 e fu icncig on ECS A

he envisagec
ey 1 oc

es.

. anginsaring
PO is not

al ef registratic
However, an  and demand side management, As you are o

through CPD, | hope you wil

ont must  doubt aware §

and side monagement

fo thought 1o share with your members in fhe

but it s not M) il

days ahead: | wish you well n y

o cotegory  dentifies

deliberations over he rext three doys

cusiomer

the fctory or facilly, in such o In clasing - aecording to 6 recent shudy released

a3 o provide susicined energy sovings  lnst month by two prominent Horvord Universily

ined reduction in the peak load  economists - South Africa is proised os o model

9 in
jo of hope'. Howaver, giver

s focility. The abjective of such  amerging scoriomy and that we ore fiv
W Souh Africe’

i 0 assist consumers fa reduce theiranergy costs  our high levels of uner
doys. Wo know by impro 26% o

I deficit of approsimately 6%, is our

MOre  projects s 1o save national enargy res
ar

ployment (betwaen

gy efficiency and improy

a8

ond our

ent years here has been o grawing  the lood factor, Power saved through DS

should be significantly cheaper and quicker to vable? As our corparate social

implement than pows
The

ity for business

invite all of you fo advance or

iabas i

provided through
kom DSM Inifativ

industry t

s concerns fs the farecast thot the
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The supply of electric
power in Tanzania

by Adrioan van der Merwe and William Mhande, Tanesco

overview of the

sector in the mainland of Tanzania

This paper gives an
and highlights some of the challenges and problems the mnn, faces. It briefly refers 1o the regional interaction
in eastern Africa and possible energy pool arrangements. It gives o post-delisting visionary readmap for th
privatisation of Tanesco while refaining ifs status as o verfically i

ntegrated mo;
for the government of Tanzania.

o Eleeanc Spgh Compcny )
Tw\:s established in 1931 and was the mojor
power company operating in Tanganyika. i
become the nafional power wiiily in 1964,
wholly owned by govemmen! and has since
then been rasponsibla for power ganeration,
fransmission, distibution and eloctricity scles
‘on the mainland of Tonzania. It olso provides
bulk power supply o Stote Fuel and Poer
Cororation (SFPC] in Zanzlbar by means of
 submarine cable. Plans are also under way
16 3upply the istand of Femba in the some way
in 2007

B

Dar es Salaam
and 23 regionel end various district offices in
mainlond Tonzonia.

Overview of the power sector

In general, Tanzenians depend lorgely on

biomass eneray. Energy providad by charcoal

and firewood account for over 90% of totol
\ 4

Emormpoly,imexting tha grewh Iperatives

occount far the remaining 1%. This patter
of energy cansumptian shows that Tonzania
has not yet developed commercial sources of
energy to meet the country's demand.

Tanzania hos genarous domestic seurces of
pawer generation such as hydro, notural gas,
biemass, and coal, Various sffarts ors in hand

h | gas, coal

to electricily is about only 10%.

Petroleum and leciic snergy occount for 9%,
Onther snergy sources like cool, solar and wind

Fig. 2 Siokegic placament of Tanzonic for energy maskel or irading.

13

and hydropower.
Coal

Cool reserves in Tanzania ore sstimoted of
1 200-millien tans in the westem and south-
wesfern parts of the country. Coal stes include.
Kiwira and Katewoka/Mchuchuma. Although
this resourcs s ovailable in large quaniities,
its explonation and utiisation i very low, due:
16 lack of economies of scole ond available
infrastructure. Nevethelass, the small quaniity
o coal thot is mined by o private company af
Kiwira 5 used for the generation of eleciicity
which is sald o Tanesce.

Hotural gos

Matural gas af Songo-Songo island was
confimad in 1877 and racany, the reserve.
oudit puis the gos resarve amount to be
736-billion cubic fest (BCF). In 2002,
investors in Songe Songo gos, Songos, started
consiruetion of gas processing facilities Bnd
a pipeline for the transportation of gas from
Senge Songo island off the south-sasfern
coast of Tanzanio by means cf a gas pipeline
of 126 km 1o Dor a5 Salaam. As ot 2005,
Sangas was capabla of genorating a fofal of
192 MW, fneding the nafionol grid

Noturol os was afsa confirmed in Mnazi Bay
and Tanesco has entered info o PPA 1o supply
generation o the south western part of the
country neor the Mezombique border. This
source Is expectad to come inta operdion
in 2007

Tanesco is in the process of ecquiring 142
MW of gas fired generalion af Ubungo and
Tegeta in Dar es Salaam. Dus 1o the bod



21st Technical Convention

hydrology the company is olso in the process
of leasing/renting gas ganeration of 140 MW
af Ubungo o be oparational by the end of
2006. This is to alleviate the current pawer
rationing in the country.

Hydro

The total hydro potential ovoiloble in the
country s estimated fo be at 3800 MW
with annual firm energy capabilty of about
20 000 GWh. However, of this only obout
15% has been exploited

Installed power capacity

The fofol insfolled capacity in Tanzonia grew
fram 612 MW in 1999 to 897 MW in 2005,
represanting 6,6% annual growth.

The growth of the electricity sub-secter
showed g high increase due fo PP’ insialied
generaing sels at Ubunge and Tegata areas
in Dar es Solam, As af Januory 2006, the
major IPPs cantributs about 33% fo the entire

[ swtomvoomwerdan | mw.
Great Rucha bydvo systerm -
Miara 50
Kidany 200
[C——— w |
NYM 8
| - Hale | 20
Pangani Folly | 48
Lomer Kihor Hyco 180
Grid dasl - planis 0
Songos 200
P = 100
Totol nsalled capociy =[]

‘national grid's generating copacity. The
growth frend and anficipoled fulure demand
is shown in Fig. 1.

Imperatives for eastern Africa

Various iniiafives such os the Souther Affican
Power Pool (SAP), the Nile Basin initative
and athers, idenified the nesd for regional
co-cperafion in the snergy field and cross-
border trading

For such an energy market io be aperational,
an adequate energy carrisr (transmission
system) linking the various porficipants and
traders is assential

It s not the purpose of his paper 1o reflect on
these developmants but only to peint out fhe
strotegic role Tanzanio ought fo play with its
statogic snargy resources in hydro, coal and
gas as wall a3 fs geographical placament i
this sactor, as can be sean from Fig. 2.

Fig. 3: Plonnad future genercnion mi

eritneg

Fig 4: Customer growh

From the above it s clear thot thess iniiafives
will hava o spacific bearing on power sector
reform in Tonzonia ond the restucturing of
Tonesco.

Generation, transmission and
distribution

Generaiion

Generation in Tansania is dominoed by a
dependence on hydro generciion. During
times of insufficient rain the installed capacity
is adequote fo supply the fotol nesds of the
country, Only recently (2005) the generation
resources were significantly sirengthenad by
#he adding of thermal energy frem Songas. In
terms of tha long-frm forscasts and planning
# s estimated to change this generation mix
and to diversify the rssources to include coal,
gos, hydro and others to supply national
demond. This changs is dapicted in Fig. 3,
Transmission

Due o the size of the country Tanesco hos an
extensive fransmission system consisting of
2986 km of 220 K, 1 971 km of 132 kY
and 824 km of 66 kY lines, As con be seen in
Fig 2, powsr nosds to be conveyed ovar o
large distance from the main resources in
the south [hydro) and the east (gas) of the
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country 1o the north wast where important
mining customess ore situated. Demand i
scattered ond relatively low in ofher aroa
besides Arusho, Moshi, Kilimaniare hubfnarth)
and the Mwanzo hub fnear Loke Tangonyiko)
while Dor es Soloom currently fokes oboot
80% of the national supply.

Various grid exlension projects are being
planned to strangthen the narionol grid system
on 220 kY and 1o extend tha grid on 132 k¥
ta electriy ramote areos.

The focus of the grid strengthening will be to
start the process of creating an eastem African
grid linking Zambic and Kenya for future
pool trading, Infer-governmental ograements
have been enfernd into between the relevant
govemmants for this purpose.

Distribution

Distribution services are rendered via
23 regionol offices and various district
offices. Of the 4800 employees about 4000
are situcted within tha distribution division,
servicing some 580 000 customars ocross the
country on the customer book.

The majarity of customers, namely 59%, are
in Dar es Salaam which is the enly aroa with
reosonable access b electriciy, Distibution




s respo oil services

billing, Luku ( prepoid) and

customer sarvic

lectiens are curre

i billing
Tsh 300-bn per

b tumover

annum. Customer grows

was good the last couple of years but more

o

will have 16 be on

fight customer mix

ilty

uture. Focus will hove to be on mining

customars and ol

ers

h
Kerya and Uganda

Tariffs compare very fovourably v

neighbous
but are currantly not fully reflsctive of cost of

supply. Applications have bean lodged with

fincreases

Vision for Tanesco

Alter listing for privatisation

1997
and o spacific process was followed 1o prepars
For this purpose the GOT

Tanesco wos listed for privafisotion i

Tanesco for sell-o

enfered infa @ management confract with
NETGroup Solutions (SA) in 2002, Utility
chisved

through various business improvements and

performance and sustainability wos

tumaround octiviies. Due 1o this and 1o keap
Tanesca o8 @ vertical-intagrated utlty, # wos.
delisted in 2005

e stroegic visioning for Tanesco ought now

ure service delivery for econor

16 be 10 e
growih and
for sharsholders.

e eventual moximising of refy

Challenges facing Tan

ily Is engaged in a rolling
power rationing programme mainly due to the
of s

The utility curren

hydrology situation. The legor

cluring
the business for privatisation meant fhat

various. normal leng term utility processes

and initiatives were deloyed or postponed in

anticipation of the alienation of the ully

The main challenges can be summarised
follows:
* The full nationa! demand connot be mat

sovy dependency on hydro generation

ity fo supply new customers quickly

enough

Inodsquate business syst
support the business plan

Skills neaded for growing the business

The stnicturing of the ity should be-focused

1o ensure that the said <

longes are met
After delisting, Taneso s currently in a phasa
of stabilisatian and reorganisation fo mest

")

the envisaged utility growth of some 15%
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$1,5-billion

will increase the customer

nvestment Hill

2012 that

base fo about

1,2-million eustomers,
This will provide soma 25% access to elsctricity
in Tanzania. The greatest concentration wil

be in the urban arees around the maijor cifies
but with o dadicated eflert 1o bring sleciricit

from d o

th gre grid supplies to rural
customers. An important faaturs of growing

the business will bs fo supply dditional

ol and mining customers. Growir

e business fhis way will ensure annual sales
of 6 000 GWh ord a demand of
900 MW by 2012

in the orde:

To achieve this, power sector reform ond

organisational change ore necessary

eratives o provide the platiorms
growih and delivery

Power sector reform and utility
restructuring

1f you do et like change you're going ko

like irrelevance aven less

This wisdlom from Tom Peters in his book *Re-
Imagine” is surely applicable in the following

envisaged changes

As o verfical monapoly, Tanesce's regulation
under MEM until EWURA wos
onalised holf of 2006.

fluences ars impacting on Tonesco
ond it is clear fhat there wil ba

wos

ope: the seco

Variaus

the sections of fhe business
Fig. 5. 1t is

st likely that these challenges
radually in the business and

will chellenge its normal operation and

The current dominafion of the IPPy in tharmal
genaration will be broken with Tanesco’s own
thermal generation and the adding of short
ferm lease gos generotion during 2006 and
2007, During this growth phase the energy
market will probably be developed to enhance

Envisaged reform changs ond transiomiotions as per the business

g wilh neighbe

g esuntries. It is alsa

oraseen that the utility will have 16
distribat
r for the additior

n division inlo “wires” ond “retoif” fo

cor starmer numbs

Conclusion

The chollenge for Tanesco in the next five
yaors Is 10 service the growing need of
customers In order to provide the stimuly

for scanomic growth in the couniry while

reforming the business in @ changing pawer

sector environment

Ii s anticipated that
organisation in transformation and change

nesco will be an

until ot least 2010, It will be of essence to
follow and exscute the various siotegic infents
referrad fo in this paper 1o ensure business
success ond 1o mes! the sconomic growlh
envisage by GOT. &
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Green matters

by RE Zietsman, Geapower

Eskom networks
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he construction of power lines and
substations ore however regulated actiities
in torms. of the envirenmental legislation and
it regulotions. Formal ausherisation is requirad
for sach line that is fo be eracted and for
each substation that i 1o be consiructed. Post
esparionce has shown fhat such authorisafions
can take several months o ablain, Fortunately
with the new regulations that came info effec! in
luly 2006, ime limits have been siipulcted for
the review and granfing of authorsations. The
ovargll fime period required for an application
can howaver axceed the guideline period if the
application is not complete or if additional
investigations ore requested.
The purpose of this paper is to inform
alectrical sngineers and elactricity utities of the
enviranmental legislation that exists, in crder

in South Africa was by and
and

lines and substations that are planned for execution

five years in South Africa Is phenomendl.

responsiblfies, which should b disclosed in
the anual report.

The directors of a utility ensure

The Evironmental Conservation Act (ECA)
~Act 73 of 19689

[« ion Act, Act 73

that the following enviranmentally related

responsibllties are implemented in order fo

ensure compliance with he King Code:

*  Determining the utiliy's. objectives and

values inchuding the uilty's enviranmenial
policy;

+ Determining the strafegy fo achieve he
utilty’s objectives and to implement its
volves;

Ensuring that effective and praciical

anviconmentol procedures and practices

ane in ploce that profect the utility's assels

and repuiation;

« Moniloringond eveluafing theimplemeniation
‘of environmental related strafegies, policies,

¥
they have consiructed and plan fo consirud, is
in compliance with the Act and fts regulations.
Mors imporantly the purpose: of this paper
is to mobilise utilities to commance with
the ralevant applications for environmental
authorisation, as construction of substations
and power lines moy nol commenca without
such authorisation, which tokes on average
approximately six months fo obtain. A six
monih deloy in the upgrading or establishment
of infrasiructure that is crucial fo the ufifity's
service delivery, s significont and can have
potentially catastrophic results

Environmental legislation and
governanes iy

King Code an Corporate Governance Il

- 2002 b=

The King Code on Corparate Gavernance Il
- 2002 establishes direciors of o business as
tha focal point of the corparate gavemance
systam, with ultimate accountability and
rasponsibilty for the performance and affairs of
o business. Alihough management committees
with farmally determined terms of reference,
roles and functions constitute an imporiant
clament of the process, the delegation of
authority fo any oiher commitiee does o in
any way miligate or dissipate the discharge of

criferia and
usiness plans;

« Ensuring that the wiiiy complies with all

elevani environmentol lows, regulations

ond codes of best business proctice;

Identifying key emvironmentol raloted risk

arsas af an ecrly sloga in ordsr 1o develop

the ralevant key poriormance indicators of
the utlity o good environmental and social
responsibily;

*  Ragulorly assessing the environmantalimpocts
(and the perormance agd effeciiveness of he
utlity, including it directors, lo implemant
aceopable anvironmentol impact mitigation
measures.

The Constitution of fhe Republic of South
Africa - Act 108 of 1996

Everyone has the righ to an environment
that is not harmiul o their health or well-
being and ieveryana has the right fo hove
the savironment protected for the benefit
of present and future generations, through
respansible legislafive and other maasures that
prevent pollution and calogicol degradotion,

togical)

The:

of 1989 was the fist At to introduce the
requirement to undertoke an emvironmentol
impact ossessment (EIA) in South Africo.

Section 2) of the ECA provides that the
Minister of Environmental Afiairs ond Tourism
may, by nofice in the Goverment Gozstte,
identify carlain listed activities, which in his
opinion may have o detrimental effect on the
anviranmen. The identification takes ploce
after consultafion with carin ofher ministors.
The activities thot were listed include land use
and ransformation, water use and disposal,
elucricity generation and distribution, resource
renewal fo name a few.

Regulations giving efect 1o the EIA provisions
under the Environmental Conservation Act,
Govemment Nofice: Regulation 1182 {R1182)
were promulgated on 5 September 1997
Regulation 1182 identified corlain activiies
a3 actites that wero considered substanfially
deteimental to the environment. These
regulofions were omended by Government
Noice: Ragulation 670 of 7 May 2002
These regulations have since been replaced
by new rogulafions that were possed by the
minister in April 2006, and came into effect
on 1 July 2006,

The Natianal Environmental Management Acl
(NEMA) Act 107 of 1998

The principles of NEMA includa that decisions.
must be token in on open and transparent
manner and access to information must be.
provided in accordance with the law,

in' April 2006 the Minister of Environmental
Adfairs and Tourism passed regulations in ferms
of Chapter 5 of the National Environmental
Mmagaww Act. These regulations reploce
impoct ossessment (EIA)

sustainable developmant and the use of
natural resources, whila promting justfiable
economic ond saciol development.

Should the utity's octions potantiolly resulin on
" habio e Raoth s vol

Every monagament faam should also adopt
a formal charter describing its roles and

being of the public, i advisable fo conduct o
Hull snvironmental impact ossessment.
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r-qulullnn! that were promulgated in ferms
of the Enviranmental Conservation Act
and infroduce new pravisions regarding
environmental monagement frar

The twa regulations R384 and R387 of 2006,
make provision for fhe undertaking of a basic
assessment and o scoping/EIA respectively.



The ultimate protection

Industrial Power System Protection

RE_ 610 constitutes a series of relays
intended for the protection and super-
vision of the medium voltage systems
of large industrial plants,

The series comprises three relays:

the feeder protection relay REF 610, the motor protection relay
REM 610 and the voltage protection relay REU 610. RE_ 610
protection relays incorporate a removable plug-in unit for quick
installation and maintenance. Once the emply case is fitted and
connected, the RE_ 610 relay module can be inserted straight
into the case and is ready for use.

Together, these easy-lo-use relays offer reliable performance,

which ensures disturbance-free power distribution to industrial
processes.

ABB Oy
Distribution Automatios Power and productivity A B g
s st oo et abusukcation for a better world™
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Natignol
Amendment Act, Act 8 of 2004

Section 24{1) of NEMA, Act 8 of 2004,
(which Act come into sffect on 7 January
2005 provides that in order o give effect
10 the general bjectives of integrated
environmental management, the: potentiol
impact on the enviranment of lited octivities
must ba considared, investigatad, assessed and
reparted o the competent autherity chorged by
his oct with granting the relevant environmental
authorisation

The Nafional Water Act, Act 36 of 1998
~ GNR 704 of 4 June 1999
Occupotional Health and Safety Act, Act
85 of 1993 - mojor hezard installotion
regulations — GN R692 of 30 July 2001
Envirenmental authorisation
Intrastruture for electricity thol requires
authorisation

o definad the consinuction,
eroction o upgrading of focillties far

commarcial .m..;.., genaraton with on
dink

The former regul

. i -
including ossociated siructures or
infrastructure, for fhe generstion of
sl whers he cuput s mors

AW but less han 20

The(mmnﬂmndfnc-ﬁﬂmonnfmmdum,
including associated structures or
infrastructure, for the transmission an

distrbution of electricity above ground with
‘a capacily of more than 33 k¥ and less than
1201

The following activiies that are diractly related
fo electriclty mquire a comprehensive and
thorough envircanmental assessmont pfﬂm,

The regulotions do not distinguish between
distibution power lines within  city. o town;
and fransmission lines thot inferlink power
stations with main fransmission sfations (MTS)
and the in-feed statians at the outskirts of o
city or town, The voltage levels of distribution
systems within o ity or fown in Sauth Aftico
are typically confined 1o 66 KV, 88 kW ond
132 & olthough 275 KV distribution systems:
do exist, The voltoge levels of tronsmission
systems in South Africo ore restricled to
132 k¥, 275 k¥, 400 KV and 765 k. The
standard ransnision voltag leels or power

ion 387 and it ecan

including o scoping and EIA,

arder fo abioin outhorisation:

* Theconsinuciion af facltes or infrastructurs
including associated structures or
infrastructure, for the generafion of
electricity where the cutput is 20 MW or
more; o the elements of the lnc\hr, cover
a combined areq in excess

. i ies or infros

theratore be interpreted that o ‘comgrehensive
assossmant process (icoping & ELA) is required
far all transmission lines. This mokes sense os
fransmission lines are chorocterised by fheir
relatively long length and in many insiances
heir route crosses undisturbed environmental
rocts of land,

including associated siructures or
infrastructure, for the fransmission and
distribution of above around electricity with
a copacily of 120 kY or more.

bulk supply a5 Nn-d activties. This delinition
was clear in ferms of generation but was open
fo interprefation in terms of the definition of the
term “bulk supply”. The tem “upgrading” was
proviously defined as the expansion beyand its
eisting size, volume or capacity of an
facility, instaliation or other aciivity, but did not
include regular or raufine maintenonce and the
replacement of inefficient or old plant, where
such did not have an increosed detrimental
effect an the environment,

The currant regulotions by cantrast cleorly
distinguish between acivies fha have sither
+ @ potentially low or @ potentially high risk
of impact on the enviranment due to thair
inherent nature, Actvifies that have bean
identfied as having o relofively low impoct
on the environmant ere calegorised in Iha
schedule of

Elecirical engineers have o fandency fa be
podantic and would perhaps prefer more
detailed and descriptive definitions, The
fallowing inferpretation of the foregaing
definitions are perhops in order

(o) Power lines

The definition in terms of power lines is well
defined except that the ferm “capacity " should
be undersiood ox “volioge level”. Power lines
are listed os activity 1(| in the schedule of the.
regulations.

o authorisation is required for the eonsiruction
of 11 822 R or 33 KV power fines unless

any mandotory sevitude width for pawar lines
and the widihs o3 provided in the relevant
NRS specifications are generally accepled os
best proctice.

(b) Substotions

The cateria inferms of substations are perhaps
not o8 well defined in the sgulotions as thosa
of power lines. The listed ackviies emphosise
generotion which o an elecirical enginesr
relofes 1o the productian of electrical energy ot
@ powershotion. Eleciicly is created ot a pawer
stafion and is distibuted a1 o substotion where
in most coses its voltage level s transformed.
The description of the acivity states: “The
consiruction of faciliies or infrasiructure,
including associated siructures or infrostructure
|w the generation of electriciy” Tha term
intorms of the regulotions means
o bl exponsion of o focilly,

they cross & wetlond or other
sensitive areo

Intorms of Regulation 386, a basic assessmont

process leading fo authorisalion s required
for the of 44 W, 66 W and

@ basic assessment procass for envirormental
authorisation. Activities that have been
identified as having o relatively high impact
on the enviranment are categorised in the
schedule of Regulation 387 and are subject
1o comprahansive environmentol essassment
process which includes scoping and an EIA
process for amironmental authorisation. The
listed and specified aciivities relating 1o the
construclion of infrasiructure: for elaciricity is
provided in this paper

The fallowing octivifies that ore directly reloted
to elactricity require o basic ossessment
process fo be followed in crder to abtain
outhorisation;

BB kV power lines.

In terms of Regulation 387, a scoping/EA
process leading to aufharissfion is required
for the consiruction of 132 kY, 275 kY, 400 kv
‘and 765 KV power lines.

Thek

sfructure or nfristructure thot is necessary for
he undertaking of an activity bt excludes any
medification, alieration or upgroding of such
facility, siructure or infrastructure that does
not result in a change ta the nature of the
activity being undericken or an incraasa in the
production, siorage or ransporiation copocity
of that facikty, siruciure or infrostructure. The
ferms “ossociated structures or infrastructure”
in terms ofthe regulations means any building
or that is necessary for the

4 pply age
of the design of the powar fins irmespactive of
the actual voliage level ot which tha powe fins
may be operoted. There ore instances where o
pawer line will niially b operoted at a lower
vollage unfil ceroin infrasiructurs s provided.
The fact that o 132 kY pawer line will perhaps
initially be operated at 33 kY does not exsmpt
it from o scoping/EIA prior to

functioning of a fcilty or actvity or that is used
for an ancillry service or use from the facily.
A substafion can be interproted as being an
associoted inffostructure or an ancillary service
or use from & pawer station [generation).

Power lines are normally connected t o
’umw. i siorms m.mm-g. leval from

construction,

8

Inul The locthat no nmhununm is nquu-ad



{or power lines with @ voltage level of 33 &V and
less, may imply that substafions wih a volioge
lavel ot exceeding 33 kV should also be
exempt from en environmentol auhorisation,
providing ihat they are not proposed on
enmnmm» sensitive aroos

f Clause 1

that are likaly to have mare significont
environmentol impocts.

The application is normally prepored by an
‘enviranmental ossessmen! prociifioner “EAP”
wha is appointed. by the slectricity ufilly to
manage Me application for the environmental

of l\egulmms 386 and 387 is fo reploce the
torms “gonaration of eloctriciy” with “provision
of electricity”. Substations with an installed
transformer capacily of 20 MVA or more, or o
foolprintarea in excass of | heclore are subjoct
fo 0 scoping/EWA process for environmental
outhorisatian, while substotions with an instolled
ranstormer capaciy of less than 20 MVA ars
subled fo @ bosic assessment svaluation.

[c) Power stations

Power slalions are clearly defined as the first
listed activity, octivity 1{o} in the schadule of
the ragulalions. Provision is alss mads for
nuclear reactors.

(d) Underground cobles

The reguiations exclude underground cable
intollations, i of the voliage fovel,
as hey refer anly o the distribution of electricity

of tha works. The EAP. must
determine which of the two procedures is
oplicoblefor e applcaion. s adichleto
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Listed and specified activities
Schedules

The two Regulations 386 ond 387 of 2006
‘each canfain a schedule: Eoch of the schedules.
lsts the various listed ocfivilies o5 calegorised
according to the applicable assessment
procedure and definas the activity numbar,
description ond ideniification of the campelent

authority,
especially i the case of substations.

The relevant environmental authority is
hereahter obliged o acknowledge raceipt of the:
application or reject the opplication it found
ot 10 b in ordes, in wriing within 14 days.

Hthe applicant intendls undertoking more fhan
ane octivty of the same type (1e. 132/11 kY
substatian] ot different locations in he same
province, separate applications in respect of
the different locations must be submitted. The
compatent authority may however, of the written
request of the applicont, gront permission for
the submission of G single application in respect
of oll the activfies.

AP

installations ars nof required unlass tha cables
are fo b laid thiough an ih

for environmental authorisation on beholf of

sensilive area such os o weflond. In such
instances the outhority will typically request
confirmation fhot thers tre d oliemate: upply
options, aven if such supply opfions nsed to
be negotiaied and oblained from an adjacent
licensed electricity supply outhority.
Applicatian

The storting pointin ablaining the environmentol
authorisation for an “activity” such os o
substation ora powar line is the complefion of
an application. THE apglicatian is made using
an cficiol application form which s abloinable
fram the relsvant ‘outhorty

hat the EAP fo be appoinied complies with
regulations 18(o) ond (b} and most provide
the EAP with occess fa ofl informatian of s
disposal regarding the opplication, whether
or not such information is fovourabla fo the
electriciy uily

The EAP appointed must be

+ Indopendant

« Passess tha necessary experise

+  Perdorm the work in an objective manner
. c.mp\, with the Act and registrafion

Documntation in support of an opplication (s
largely dependant on the assessmert procedire
that Is dafinod for the specific sctivity, ond
includes a rapor.

s ;

Apart from being competent and independent,
he EAP must oo underiake the work abjeciively
~ sven if this results in findings tha o

must be supported by an ossessment. The
mgulafions provide for twe ypes of ossessment
procadures, ie. the basic ossessment process
‘and the scoping and EUA pracess. The purposs

Inview of this, the EAP
mustdisclosa of information fhaf has the pofenial
1o influence o decision for the authorisation of
e opplicaion. The BAP i nlso responsible for
ensuring that o public poricipation process is

ity por activity. The scope of he relevant
listed acivitos pertaining fo eloctricity are
coleciively summarised in paragragh 4.3,

The schedule of Regulation 386 lists the
activities identified in terms of the Acl, which
may not commance withou! anviranmental
outhorisation in respect of which the
investigation, assessment and communication
of potential impact of aciviiies mus! follaw ihe.
procedure described in Regulations 22 1o 26
for o basic assessment,

The schedule of Regulation 387 lists the
activities idantfied in forms of the Ad which
may not commence without enviranmental
authorisation in respect of which the
investigation, assessment and communication
of potential impact of actities must follow the
procedurs described in Regulations 27 fa 36
for o scoping ond EIA.

Definitions applicoble fo regulations

“associoted structures or infrosiruchure™ means.
any building or infrastructure that is necessary
for the funcliening of o facility or octivity or
that is vsed for on ancillary service or use from
the facility;

*consiruction" means the bulding; erection ar
expansion of o facility, strucure or infrostruciure
that Is necessary for the underfaking of
an aclivity, but excludes any modification,
alterafion or upgrading of such facity, struclure
ar inkrastructure that doas ot esullin @ chonge
16 the naturs of the octiviy being undertaken
or an increase in the production, stomga or
transportation capacity of that focily, sticiure
orinkrastructure;

“expansion® means the modiication,
axdension or oleraton of o focilly, Sructure
or infrastructure at which on activity fokes
place in such o manner that the production,
Ireatment; storage o copacity of the facily s
increased:

for the complete but concise assessment
of activities. A scoping and. enviranmental
impact assessmen! process s reserved for
activities which have the patential 1o result
in significant impacts which are comples fo
assess. Scoping and environmentol impact
assassment nccordingly provides  mechanism
for the comprehensive ossessment of acivities

of the rogulations.

The ulility wil need to provide he EAP with o
detailed scope of the work involued as well o
@ detoiled description of the works. This aspect:
should not be underestimated and if the utility
hos limited personnel resources it may be
advisable 1o oppoint an electrical engineer to
assist he EAP with fhe-application
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“Floadplain® i
s i b o o Vi o oncd
by weathering and sedimentation over fime;

*phsed development” means on octiviy that
is developed in phases aver fime on the some
ar adjocent properties 1o craate o single or
linked entity thiough interconnected intemal
vehicular er pedesirion circulation, sharing
o infrastructure, o the continuum of design,
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style or concept by the same proponent of his
o her successors.

“the Act” means the Nofional Environmental
Manogement Act, 1998 (Act No. 107 of
1998); and

“the Regulafions” means the Environmental
Impact Assessment Regulations, 2006.

“the Schedule” means activities idenified in
terms of seciion 24{2}{a) and (d) of the aci, which
may not commence without anvironmental
authorisation from the competent outhority
and in respect of which the invesfigation,
assessment and ication of pofentiol

type and of any height, including those used
for telscommunication brcadcasting and radio
transmission, but excluding: masts of 15 mand
lower exclusively used by rodio amateurs or for
lighting purposes; flag poles; and lightning
conductor poles,

Ifthe basic assessmen report i accepied, the

‘compeieni autharity wil consider the confents

of the basic ossessment report, including any.

aftachments. and make o decision fo:

+ Grontauthorisation inrespect ofall or part
of the application;

() De-
(Listed Aciivities 23 & 24)

The construction of faciliies or infrostructure
including osseciated sinuctures or infrastructure
for the de-commissioning or re-commissianing
of eisting aciles o neastrcur, oher hon
focilfies or that

¢ Relu isation i part
of the application;

* Request further informotion or
investigation;

Refer the opplication fo @ scoping process
where substantial additionol investigations.

impact of octivities must follow the procedure
s described in regulations 22 1o 26 of the
snvironmeniol impac assassment regulations,
2006, promulgated in terms of saction 24(5)
of the act.

Relevont listed activities

(o) Generation of electiciy

(Listed Actiity 1(a))

Tha consiruction of facilites or infrastrocture
1ud iniro

tarms of the environmantal impact assessment
regulations, 2006 mode under section 24(5]
of the Act and published in Government Notice
No. R. 385 of 2006 for:

«slacticity gensration;

+ nudlear raciors and sorage of nuclear
fuel;

industrial activities where the focility or the
fand on which it is located is contaminated
st ie b wsted

for the generation of slectricity whars the
electricity output exceeds 10 MW or where the
slements of the tacillty cover a combined area
in excess of one heclare.

(b) Transmission & distribution of electricity
above ground (Listed Activity 1(1)}

The construction of lociltes o inkastructurs,
ineluding associoted structures of infrostucture,
for the transmission and distribution of
alactricity above ground with o capachy of
mors than 33 kY

{c) Activites in the 1:10 flood line

(Listed Actvity 1m])

The construction of facilifies or infrastrucure
including associafed struclures cr infrastruchure
for any purpse In the one-in-ten yeor flood fine
of o river or siream, or within 32 m from fhe
oank of @ river or stream where tha flood line
s unknown, excluding purposes associaled with
exisfing rsidential use, but including: canals;
channels; bridges; dams; ond weirs. | ;

(d) Activiies requiring dredging

(Listed Actviy 4)

The construction of facilities or infrastructure

any materiol which may place o restriction
on the potentil fo re-use the sie for o
ciflerent purposs;

the disposal of woste;

the treatment of effluent, wastewater and
sewage with an annual throughput copacity
of 15000 m* or more;

the recycling, hondling, temporary storage
atment of genaral waste with o dalfy
Ihmughpul capocity of 30 m® or more;

the racycling, handling, temporary storoge:
or rectment of harardous waste.

Authorisation process.

Basic assessment

The basic assessment process includes all the
ospects required by NEMA but in o way that
facilitates a concise process. This is mainly
achieved by indicating what information
the campetent autherily requires in the
regulations; thereby limifing the number of

or essessments aro maquired in order fo
e el

A request for hurther invesfigation con include
o requast for further public porticipation,
o spacialised study, o speciclised process
o consideration of olteratives. In such a
case o revised basic ossessment report o
supplsmentary document must be compiled
nd submitod 1o the compatent cuthority o5
woll a3 b made avoilable to interested ond
affectod porties
Scoping/EiA
The scoping and ElA process involves @ more
Complex and intensiva ossessment of the
potential impoct of an activity. The peocess fokas
plsca inthren distinct phoses, nemely submission
of an application fom, scoping and fho EIA.

Whare an application for enviranmental
authorisation needs fo be supporied by o
scoping and on EIA process, on opplicafion
form must be completed and submitted 1o
the competent outhority before that seoping
may commence, The applicant is antitled o o
pre-scoping consultarion with he compatent
authorlty before conducting the scoping.

The objective: of scaping is to establish the
“scopa” of the EIA that will be conducted in
respect of the activity for which cutherisation
is opplied for, such as @ 132 kY power line.
The focus durlag scoping is: fo identify and
datermine issuss; potentiol impocts; and
potential akematives.

Public parlicipation is o key element of
scoping. Th-mnmpmm:ulmmmm!h-

outhoriy.

This means thet the competent authority
is presented with oll the appropriate
at the fime it recaives the

for the dredging, excavation infilling, remavol
o maving of soil, sond or rock excaeding
5 m from o rivar, fidol lagoon, fidal river, loke,
in-stream dam, floodplain or wetiand.

(&) Masts (Listed Activity 14)

The canstruction of focilities or

opplication sinc the EAP would ciraady have
conductod the public participation process
ond compiled o bosic assessment report
contoining the information specified in the
regulafians. The EAP must imeously noiify the
‘competent authority of the infention o submit

for ¥

of the application.
20

epor, The minimun
requirements of @ scoping report ore set out
in the regulations and includ a plon of study
for EIA

Ahter recaiving o scoping repor, the competent
authority will consider the contents and make
o dacision fo:

*  request amendments to the report;

request furiher alternatives io be
consic 3

+ rojact the scoping report or plon of study;
o

« accept the scoping report,



When fhe campetent authority accepts o
scoping report and a plan of study for EIA, the:
EAP rviat proscoed wik The EUA. The puposs
of the ElA s fo:

from ochieving s service. dalivery objectives

21st Technical Convention

that the formation of EMFs will in mast cases
be

o the utiity mainiaining f hence with NERSA.
In order for an electricity utlty fo manoge is
l legal isks, it

the scoping;

* assess alfematives fo the proposed activity
in a comparafive manner;

*  ossess oll identified impacts ond determine.
the significance of each impoct; o

+ formuloe miigation measures.

deniify ol existing and potentiol isks by means
of o legal compliance cudit.

The demoge which an

d out o specialists.
EMFs will provide applicants with on early
indication of tha oreas in which it would
be potentially oppropriate 1o undertaks
an acfivity. Co-oparative government is
foahotedfroush the dericotonof dfreen
regulatory

enviranmentolly related risk con inflct is bkely
o be wide ranging. It will include. not only
potentiol damages claims (fnanciolloss, clean-
upand rehabiltation costs and haovy fines] but

the Ell procsss. During the ElA process, public
portcpation s conducted in occordance with he
plan of siudy for E1A as opposed fo the minimum

Hharthe

alao several hi reputofional
damage, unwanted media aftention efc.

Enviromenal legal compliance cudi

Jegl ompl it o ol

differont aspects of the assessmenl have been
underfoken, including any specielised studies
and processes, on ElA report is compiled, which
must contoin of least the information listed in
the Regulations, including o droft environmental
monogement

Thie review and consicrtion of the ELA report
occurd In two phoses. In the first phase, the
competent outhority, after receipt of the EIA
raport, will toks & decision 16:

accapt ths repart;

* request omendments fo the report;

refer the report for spaciolist review; or

*  rejoct the EIA report,

The second phase occurs aftr the compelent
authorty has accepted an EA repor, or offer
rocaipt of findings of o speciolit reviewer. During
this phose, the compeent authoriy will ioke o
decision fa grant ol or part of the applicaion;
or refuse all or part of he apglication.

meons for an slechricity utliy to identify the
snvironmental related legol risks it runs which
may prevent it from achieving ifs sanice delivery
objectives, and then to consider how it can
‘manage them thereby reducing the likelihood
that they will hove a serious impoct on its
operafions.

Alegal bly best considered s on

mechanisms for addressing the needs of fhe
relevant cuthorifos

Conclusions

Eleciricity ufilities ore bound by the relevont
amvironmantal legislofion referred 1o in this
pagper. I tems of the King code on corporate
govemance the diractors of tha utility are
ultimately responsible and accountable for
e logol compliance o the il in temms of
‘environmental matters.

Manyofthe municipal elecricity deportments as
well s Exkom have delerred the establishment
ond expansion of their transmission and
distibution networks. The winter loods imposed
ononclaming numbar o muncpd mwm:-

i
operotional risk and i is tharelore prudent for
o ufility fo esioblish with whom if has legal

against the uiilty or ogoinst whom the utiity
might need fo exercise ifs rights.

An environmentol audit (EA) should os o
general rule concenirate on the following fwo
elemants:

» Compliance of existing facilities and
operations with ralevant environmentel
(including occupotional heolih ond sofeiy)
lows, regulations and specific
requirements; and

; o

General

The ocivities and operations of any electricity
, whether it be Eskom, o municipal
aleciricity depariment or any one of the
propased Regional Electricity Distributors
(REDs) have inherent potentially negotive effects
an fhe environment

Thss potenly ragaive ohecs invicbly
I risks o

The nafure and extent of significantly

:y i impacs, including
contomination 1o soils, ground water, ond
srochimsavo ot acvesof fa
existing focilifies.

An environmental auitis normally urderiokan
by an independent cansulant having o
broad and extensive indusirial experience in
the relavant aros of the and

bl ool
these subsiations. A xhn"lmm s
power lines have likewise eached their safe
supply capacity limifs

In April 2006 the Minister of Environmenial
Altairs and Tourlsm passed regulations inferms
of the Natianal Environmental Management
At (NEMAY Act 107 of 1998, These regulations
replaced the previous regulations in terms of
the Environmental Conservation Act on 1 July
2006,

In terms of the new regulations environmental
authorisation is required for the construction
of all new power lines with o dasigned
level exceeding 33 kV. Authaoris
is furthermora required for ony increase in the
load translar capocity of any sxisting power
line with @ designed voliage level exceeding
33K

In torms of the new ragulations, enviranmento]
outhorisation is raqired for the consiruction of

occupational heolth ond safely legislation,
Environmental management

wility
from the dote nl its establishment.
Furthermors, for an enviconmentol legal risk
o arise thera naed nof necessarly be a formal
or lagal relationship between the sleciriclly
utlity ond the aifecied party 0s the provisions
of Secion 24 of the Consfilufion provides that

Chapter 8 of the regulations provides tha the
Minister or MEC may inifiate an enviranmentol
management framework for an area. EMFs
that ore adogted by the minister or MEC must
be token info account in the consideraion of
applications for environmental outhorisation
in or lfacing the oreas o which the EMF

nat hormful to one’s health or well being.

f unmanaged, an erviro-legal isk represenis
a threat that may prevent an eleciriciy uiliy

applies. |

mostly ba joint inifctives betwsen provincial

dopartmenis and local auhoréies that oct
Cs.

¥
voltoge level excaeding 33 kY. Authoriation is
furthermors required for e reconfiguration or
incraase in the instolled ironsformer capacity
of any existing substoion with o primary or
secondary voliage level exceeding 33 kV.

Authorisation is not required for tha installation
of underground electric coblas unless thase
cobles are to be installed in an environmentolly
sansitive area such o3 o weflond.

An environmental legol compliance audit is
on effective eans for an electricty utily o
identiy the environmentol relafed legol risks
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it runs; that may prevent i from achieving ifs
Al o 9
iectives,



theraby reducing 4

NEW FROM how it can manage the

fikelihood that they wil have a sarious impact on
its aperofions

Way forward

Bosed on i

foregoing the following acsviies ore
ended for any existing or newly asiublished

ELSTE

Kent Metering (Pty) Ltd

vironmantal consultant 1o

7 on environmentol legal compliance
all the utlity’s infrastruciure, in order

enify any risks that may have arisen dus

to environmental non-complionce.

Advanced, cost effective
single and polyphase meters.

Manage any risks that have been idenfified in

@ professional mannar, o minimise the impact
on the operations of tha uily.

Idantiy, by mecns of o desk-fop. study, which
substations will require recanfiguration

for the ufility fo confinue o
supply the load growth in « safe and reliable

| monnar. Define the scope of work for each of
these: substations and oppoint an environmental
consultant 1o make the necessary appl

Yo fhe appropriote authority for nvironmantol

in of the envisaged works.

fy the: need for all future substa
on an ongoing basis, by m
lan study, bearing in mind that o co
star plan study wil suffice for this

Elaborate and sophisticated masler plar
have foiled many utlties in the pas, Identify
at least threa ohiemative s

sstation positions,
Define the scope of werk for sach of these

substations and appoini an envirsnmental

consultant o make the necessary spplico

1o the appropriate authority for environmental
autherisation of the envisaged works

Icentify which lines will eguire fo be upgraded

or replaced with new lines having an increased

the need for
will be required
within the next five yeors. Estoblish at leost

‘emative line routes and define the
scope of wark for each line
nt 16 make the

and appoint

sull
necessary applications fo the oppropriate

an environmental ¢

authority for environmental authorisation of
the planned lines.
www.elsterkent.co + Prasent 1he proposed projecks to the
enviranmental representatives. of fhe relev
municipality to oblain their support in the
autharisation process

Wendy Long/Nelson Luthuli
and Ma ) (Electr

levant authority

integrated application.

* Ensure that the ufilify has o thoraugh
knowledge and undersianding of the relevant
Ister.c regulations

ter.com
' Ersure that effective and proctical enviconmantol

pracedures and pracices are in ploca o protect
the utility's assets. and reputation. &
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The implementation of NRS 048-6

by Baden Chatierion, Eskom

The new NRS 0486 standard (medium voliage network inte orting) was
Conplled by the acthor on behalf of the industry NES 048 working greup (W) undsr the auspices of the Elacirilty

he WG membership included government
(DPE), the dishibution industry, National
Energy Regulator of South Africa (NERSA),
Eskom Holdings (Tronsmission, Distribution,
KSACS, Research and Strategy) and end-
customer representatives
Medium voliage (MV) is defined as the set
of nominal voltage lavels thot lie above low
voltage end below high voliage in the range
1 V= Un < 44 kY [2].

The NRS 048-4 standard provides o future

Suppliers Liison Committee (ESLC).

(RORR) mechanism that hod in

ance measurement and rep

tarms of managing the network interruption
performance of a disfributor.

The System Average Interruption Frequency
Index (SAIFI) and System Average Interuption
Duration Index {SAIDI) are typical matwork
interruption performence measures used by
international regulators.

The current intemational rend is for eleciricity
regulators te include network inferruption
performance fargets (SAIFl and SAIDI with

P
porformance measure definitions, high level
event data quolity ssurance, data accuracy

along with the
control of ravenues of disirbifion companiss,
as part of incentive-bosed regulation (1BY). 8%

distribution network inferruption performance
reparting in the South Africon slectricity
distibution industey (ED)

The standord also provides the minimum
raquiraments of an inferruption performance:
management system for either the manual
or aulemafic capturing and recording of
intarruption event dato. The high level
interruption couse codes ore provided as
a minimum requirement far associafing
the supply interrupticns with @ common
industry cause code hiorarchy. The relevant

programns, efective operoting practices and
maintenance programmes of the distributor
licensee, 5o that thess performance fargis
levels are met, The fypical IBR period durafion
s 3.5 years (depending on the abjectiv],

A pateatial future 1BR environment (similar
o the UK's regulatery anvircament) could
be o facus on both SAIFI and SAIDI over fhe
incantive pericd (3-10 yeors), but with mora
‘emphasis on improving SAIDL. The SAIF! could
be sustainably improved by 0,5% to 1,0% per
orum,with SAD! ssssincbly iprovsd by 15.

for the reporiing
a5 woll os the annuol regulatory reporing,
benchmarking reporting ond incantive based
reporfing are provided in the stondard.

The overorching key principles and practicol
comsideratians for the implemeniafion of the
NRS 048-6 standord will be discussed in this
paper

it is hoped thaf the poper will siimulate
discussion on fhe current preparedness,
resource constraints and fulure requirements
af the EDI. The information will be applicable
10 allthe municipalifies and metropolitans nd
will be of diruct interest and banefit fo AMEU
members.

Additionol fechnical information not covered in
the paper can be faund in the current dralt of
the NRS 048-6 stondord. All AMEU members
are encouroged fo read e stondard.

30% prove SAIF|
requires a lang term appeooch and copital
investment progromeme while improving SAIDI
can be dons over tha short 1o medium term
by optimising the operating ond maintenance
programmes.

It must be noted that IBR doss not only relate to
tachnicol perfarmancs, but is an entire businass
efficiency and mobilisaticn step-change fhat
cuts across all the departments, value chains,
processes, systams, data, financial and human
resource aspedts of o distributor licensee.

Currently in Eskom thers is o propesed
dairibuion netwerk inferrupiion performance
compenent (with financial penclties and
incenfives) of the Eskom Multi-Year Price
Datermination {MYPD) for 2006-2009.

An indlusty standard for the measurement and
reporiing of netwetk Inferruption performance
measures will be a criical componen of any

al regulatory

Histarically, internatianol eleciricity regulators.
implemanted o rote of retum regulation

future 1BR in South Africa. In
particular, the onticipated implementation
of 18R will require occurate and consisient
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reparfing d compls
dafa collection, 1o fociliiote appropriate torge!
sefing

Key companents of power qualify

Power quality [PQ} camprises of quality
of supply (QOS) and network inferrustion
performenca campanents as shown in Fig. 1
PQis the measure of the quality of therelectricity
supplied (voboge wavetorm received by the
customen), how reliable s the supply irequency
of interruptions) and how ovailable i he supply
(duration of interruptions).

QOS deals with voliags woveform quolity and
metrics such o3 volloge dips (X, Y, Z, T and §
class), veltage rsgulation, harmonics, fiicker
and unbalonce. The QOS measuremant and
reporting requirements is coversd by NRS
048:2 (2]

Network interruption performance deals
with the relicbiity (frequency related metrics]
and avoilabiliy, (duratien related metrics)
These con be sustained intornuptions (lang)
or momentary interruptions {shorf) that are
oxperienced by individual customers. The
meesurement and reporting requirements is
covered by MRS 048-6,

The key moasures of the NRS 048-4 standard
are:

« Avoiabilty of supply - the average duration
of on inferruption of supply experienced by
the customer

Reliability of supply - how frequently
on average an interruption of supply is
experiancad by a customer

Restoration of supply — the percentage
of cusiomers that had thet supply
rastorad within @ specified targe! fime
ohter an internupticn (based on NRS 047
requiraments)

Quality of
Supply

Power Quality

Fig. 1: The kay companents of powar qualiy.
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Worst served cusiomers - the percenioge
of individual eustamars that recaive poor
network Inlermupticn performonce levels

MV and MV transformer unavailabilty ~ the
average duration of interruption of supply

Inferruplion performance measuremant
ond data collection requirements

Pedormance indices for raporting and the
calculation method of thesa indices

. according fo voltage group

only

Natwork rafiability - the fraqueney of
intarruptions accurring on network
normalised to.100 k.
Overview of related NRS standards
Table | provides an overview of the
current sfandards in the NRS 048 suita of
documents.

High voliage (HV) is defined os the se! of
nominal voltage levels thet are used in power

{low, medium and high)

Segmentation of network and o basis for
future segmentation of customer ypes for
reporfing purposes

Treatment and reporfing requirements of
major events

Handling of exclusions and inclusions
of events for the various reporting
requirements

Data collection of inerrupiicn couse codes:
occording dord hierarchy

v
range 44 KY = Un < 220 kY [21.

The NES 047-1 standard provides fhe mmy
of servics raquired measurament ar
requiremens (1]
Compllation of the standard

In compiling this standard, the NRS 048
WG wos guided by key locol experiences
and international developments such os
the IEEE P138¢ standard “Full use quide

Requirements for the disaggregation for
annual regulotory, banchmarking and
incentive bosed reguletian reporting

Dala management and archiving ond
systom related changes

Estimating the accuracy of raporting

through avent data audits

The quality of service reloted measures [such

s the umbar of planned intemuptions siarting
d o the ol

axperienced by the customen), o are lood
based indices [providing the frequancy ond
duration of loss of lood) and others are
nework-based (providing the frequency and
duration of interryptions on networks).

Perlormance indices defining worst-served
customers are also provided fo ensure thot
the perormance lavels of individual customars
ore also monitored (not “lost” in the reparted
average pedformance valuss), reported
ond improvement or mitigation projects
implomented where necessary

Definition of an interruption of
supply

Supply interruptions rafer fo the complate
(100%) vektoge loss on one or more phases
for longes thon 3 5.

An interruption is not defined in terms of
voltage measuraments, but rather in farms
of the disconnection of the supply point.
Veltage measuring instruments may in some
cases provide erronoous information of
whether an inferruption eccurred or not.
Insirumens specified in occordance with SANS
£1000-4-30 may ba used fo ossist in the
interruption ossessment,

fof Wil et el ability
icas"; the work ond recommendafions of
i i M8 1o e i
pracfices; the recommendations of Cigré
Technical Report TB281, “Power qualiy indices
ond objectives”; the United Kingdom (UK)
regulatory standard of the Office of Gas and
Electricity Markets (Ofgem) “Guality of service
regulatory instructions and guidonca®; and
the experiencas and lessons leami by Eskom
Distribution and the varicus AMEU members.

The regulatory requirements of Nersa and
the business and operational needs of the
distributor licensees were token info account in
the praparatien of this pan of NES 048.

In order to meosure, ossess, and oudit the

communicotion about pending plonned
intarnuptions) ora ot in the scope of this part
of NRS 048 ond are covered in NRS 047 [or
future possible revisions), This standard only
covers the tachnical performonce measures
exparienced by the cusiomens.

The: standard provides for a range of indices
that can be usad for regulatory reporting and
intarnl parformonce monagement by the
distributor licensees. Some of these indices
are customer-bosed [providing the overoge
frequency and duration of interruplions

e

NRS 048 Port

or a memenary interrupfion of supply. A
network avent of duration 3 s or less ond with
partial or full voltage loss, is clossified os o
‘voltage dip [2].

Interruptions on HY networks
Momantory interuptions (HV]: interruptions of
supply in the range > 35 to 5 1 minute,
Sustained interruptions (HV): interrupfions of
supply vith duration > 1 minute.

In general o 1 minute limit differantiates oll
outomatic recloser operations (ARCs] from

Current status

relcbility and availabilty of sloctricity supplied

by the distributor licensees, Nersa will require compatibiiy levels, xS onca ELSC voting

the distribution licansees to have uniform i and assassment

and robust meosurement and raporting mathoch

procedures in respect of network interrudtion Application practices NAS D484 Finalaisad and sent
e h ] oy for licansees for ELSC vofing

requlatery uncerinty and pravida confidence Mediun ol doft and WG,

in the inferrupfion of supply reloted indices | network imerruption

supplied by the disributor licensees of South e il ! fRss

Alriea. In tarms of the raquirsments and _"";”;’“‘“‘“"ﬂ

principles of economical and affordable ot

elactrcity supply in South Alrca, i s essential | s bispan | et ok

to achieve o foir balonce the cost

and the adequacy of the measurement and m.,:::«m de;ﬁ;g‘

reporiing requirements. natemniption iy approvel

Scope of the NRS 048-6 standard bt o

The key aspects addressed in the NRS 048-6 Syaing

stondord are:

Toble 1: Ovendew of NRS 048 stondards.
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The 1 minute classification aligns with the
«commonly used infernational classification of
1 minute for susioined interruption of supply
for iransmission distributor licensees.

Interruptions on MV and LV networks

Momentary inlermypions (MV/LV): inferrupions
of supply in the range > 35 fo < 5 minutes.
Where on inferrupting device has @ sequence
of operafions, those momentary interruptions
shall be counted as seporate momentory
intermuptions.

Sustained inferruptions (MV/LV): inerruptions.
o supply with duration > 5 minues.

Sustained interruption indices

The following are the key sustained inerruption
indices used and their definions.

SAIFl (System Average Interruption Frequency
Index): The SAIFI of a netwerk indicates how

often on average (frequency) the custamer
connected would experience a sustained

month.
ronsformer unavailobilty and is expressed as
minutes per manth. The HSLI will also include:
HV plont that hos been affected by MV related.
through fautts an the network. Mathemtically
HSU can be expressed os:

HSll = § MVA hours lost per monthyinstalled
HY MVA ba: @

The HSLI is comparable 1o fhe transmissian
system minuies [SM) measure, but using the
instolled tronsformer roting [nome plate rating)
instead of the actval load inferrupted that
is measured.

MSLE (1Y Supply Loss Index): The M5 of o
netwark indicotes the overage network loss
durafion by the MV and LV plant instaliéd due

plonnad o by chairibused
generation.

Logd-shedding-related inferruptions ore
indicoted for completeness. Thase events shall
be carefully recorded, assessed and reported
separately. These inferruptions must not be
included in the normal network inferuption
pedormance stofistics.

Principle of re-interruptions

Subsequent intemupfians dua fo fault finding
or network operating or swilching that
are associated with the original neftwork
interruption shall be referred fo as o “re-
inferruptions”. These subsequent inlerruptions.
need 1o be carefully considersd, 3o that they
‘ore not unnecessarily included in the nefwork

anly per month. MSL is mathematically similar
fo Eqn. 4 above but with the MV transformers
and MV related MVA used in the equation. I is
ameasure of the MV transhormer unavailability
and is expressed as hours per month,

The above indices can be further broksn down

interruption per annum. SAFI
con be expressed os:

SAIF| =

for detailed reporting and analysis.

p.a./tatal number of customers sarved (\]

SAIDI (System Average Interruption Durotion
Indes): Tha SAIDI of o network indicates the
average duralion of o sustained interuption
the customer would experience per annum. It
s commonly measured In customer minutes o
eustomer hours of interruption. Mathematically
SAIDI ean be pxpressed o3

SAIDI = £ customer inferruption durations
p.a.flotal number of cusiomers served (2]

CAIDI (Custamar Average Infrruption Duration
Index): Tha CAIDI of @ network indicatas th
averoge durafion of a sustained inferrupfion that
cnly the customers affected would experience
per annum. It is commonly measured in
customer minuies or customer hours of
inferrupfion,

This indax differs from SAIDI in that only the
total number of customer inferrupticns s usod
in the denominator and nat all the customers
sarved. Mathematically CAIDI can be expressod
as either:

CAIDI = ¥ customar infernuption durafions
pa/total mumber of customer inferrupfions (3)

Numerically SAIDI = CAIDI % SAIFI, The
genecal cose is for CAIDI < SAIDI, a5 CAIDI
only takes into account the number of offected
customars.

HSLI (HV Supply Loss Index): The HSLI of
o network indicales the averoge network
loss duration by the HV plant installsd due
o sustained interruptions caused by only

reporting

In order 1 facilitate the various raporting
requirements, categories and ossociated
sub-categories of sustained and momeniary
interruptions are listod here.

The detailed definitians and opplication of
e infermuption categories s provided in MRS
048.6.

Unplanned interruption (*U"):

*  Neiwork event {"UN")

+ Emergency ("UE")

« Mojorevent (*UM"]

Planned work ["F*):

+ Pre-omanged (*PA)

*  Major avent ("PM")

The plonned work acivily categories ara
covered in NRS 082. For the purposes of this
part of NRS D48, the planned work execuion
refers o oll planned (cormeciive and preventive)
work octivities that resulfs in an interruption of
suply experienced by fh

interruption index calculations.
ond unfairy penalise the disibutar licsnsee:
with “double counting" of interruptions.
Counfing fhe subsequent inlerrupfions due fo
foult finding ond natwork switching unfairly
penalises the licensee and forces incomect
behaviour and foult finding and restoration of
supply practices from field stoff.

ertuption must occur less than thine
hours ater the first interruption ond with the
<cause cods of fhe nfarruption of the same
physicol lacotion on fhe network as the original
intermuption. The actual interruption durction
fime will be used {sum of all the inferruptions
experienced), but the frequancy will anly ba
counted os one interruption. Re-inferruptions
anly opply fo unplanned relofed work.

An internuption o<curring thrie hours or longer
alier the previous interruption will be counted
3.0 new interruption, aven f oceurring of tha
same location an he network.

The international average for CAIDI is around
fwwa hours per annum. Seffing a re-interrupfion
time window of three hours would therefore be
oppropriote. The UK regulator [Ofgem) also
spocifies o re-intoruption fima of three heurs
for unnual performance reporing,

The above concept of o re-interruption con
be llustroted by the following example. A MV
network hos o foss of supply of one hour for
all its connected customers; the whole nefwork
s supply rostored for 30 minutes fosuming
na supph whole network

Customer related (*C*):

+ Customer coused [*CC")

* Customer requested [*CR)

Intake supply reloted '5")

+ Unplanned (*SU")

* Plannad (5P

* Load shedding ('St}

The supply related category also includes
the unplanned inferruptions caused by ar fhe
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has a furiher loss of supply for 30 minutes, the
enfire netwark fhen has supply permanenly
restored. The netwark event would be reported
oz all the customers experiencing one sustained
Interruption for o tofal duration of two hours.

The distributar licensse is still encouraged
{ond in future regulatory incantives funding
will hopefully be made availoble) to restore
supply fo the customers n fhe shortest possible
time through disiribution automation, network
monitoring system, network back-feeding and
flexibility and reduced travelling fime etc.
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The practice of re-interruptions will result in o
stofistcol step increase in the currant SAIDI levels
and a shafisticol step decrease in he curent SAIF|
lavels of a distributor licenses. This will result
in a reported SAIFI and SAIDI volues thet are

The customer conneciivity model sholl be
maintained and updated ragularly by the
distributor licensee. Tha connecivity madel
should have the following recommended
end-state minimum data accurocy and

improvement or mifigation sirategies fo be
implemented. This wil recive the rocaleulotion
of histarical data o the recolibotion oftargats
to reflect the adjustod dofa.

Pre-arranged planned Interruptions

A planned interruption sholl be colegorised
23 “pre-amanged” when an ftem of plant or
section of network is daliberstely and in o
co-ordinatad monner token out of sevice (by
e distributor licerses or ts appointed agent)
ot a selected dofe and fime. Al
customers shall hove been nolified of the
planned intesmuption in accordance with the
minimum period prescribed n NRS 047, or
a5 ofherwise contractually ogreed.

Planned work is usually for the purpases
of construction, preveniive mainienance,
refurbishment o repair, Cumently NRS 047
specifies o 48-hour planned interruption
notifiation fime for customers.

‘Whan the planned and co-erdinated inferruption

levels

HV customers: > 99% of ll HY cusiomers
accurotely linked

MY customers: > 95% of oll MY customers
accuraely linke

LV customers connecled to MV/LV
ansformers: > 75% of all IV customers
aceurately finkad

Thase percentages are based on the end
state, i is recognised that licensees may nat
be at the current campleteness leveks and will
require fime fo reach the required levels of
completeness

The distributor licensea neads 1o justify 1o
Nersa the appropricte and pracfical required
custormer connecthiy levels for HY, MV and LV
customers. The disributor licensee vl need
1o jusiy to Nersa leves less than the cbove
recommended levels based on their porticulor

The accuracy levels of HV-and MV networks
required may bo increased in future rogulotory
vequiremerts. I is olsa possible that accuracy
levels for LV networks ond for momentary
interruptions ore infroduced in the future,

Customer categories

Tha following type of customer <ategory
duscriptions and relevent information shall be.
reported on (the type of customer offected by
the Interruptions):

* Residenfial customers (forge) - customers
thal usa eleciricity of fheir place of
rasidence and typically have on ADMD >
1. (This includes customers that work from
home)

* Residential customers (small) - customers
thal use electricity of their place of residence
and typically hove an ADMD < 1. This type
if customer is normally funded from the:
Nofional Elecirification Fund or similar
government grants and cross-sobsidies.

*  Agriculturol custamens - customers that use
electrcty forthe purpass of sconomic activy.
olood maqnculmu fi.e. farming, and
mestly 1o the housshold )

and resource constroints, efc.

involves @ number of successive switching
operations resulling in numerous interrupfions,
then the interrupfions are all counted os o single.
planned interruption.
There needs 1o be o cleor separation of
the technical perlormance and quality of
service related mecsures. The fechnical
nce measures are based an the aclual
supply internuption times experienced by the
custamers,
The quality of service measures are bosed
an the scheduled intarruption tima by the
licanses, who surveys the customers in ferms
of their safisfaction. A measure of the number
af planned intarruptions finishing loter than the
notified ime can be established in NRS 047 1o
provide o measure of the distribulor licensee’s
quoliy of sarvice provided
Customer network link (CNL) '

Data connectivity refers o the complefe and
occurate model of the number of éostomers
connecled fo o fransiormer aflected by an
interruption. The process of connectivity
cefers 10 the ability of the system fo infer the
interruptions on to all the customers
(evan hose customers wha did not call in)
from the HV system to LV customers connected
to MV/LY. transformers, from dato related
1o tha received calls or the location of the
affected device on the network. Allowance
must be made for an accurats and complote
customer connectivity model from the HY
system 10 the LV customers connected fo the
VALY transformers.

Accuracy of the annual
inferruption measures reporfing

The accuracy of the network inferruption
pedarmance meosures will be critical in future
IBR anvironments ond onnual regulatory
repariing. The infarmation that follows here will
apply once the systems ore functional ond there
is eanfidence in the neported meosures.

The distributor licenses sholl be required 1o
have a minimum occuracy level of 95% for the
number of customers interrupted and 95% for
the duration of interruptians of supply.

The occurocy levels apply 1o both HV and MV
connected customers that exparience sustained
interruptions. I is @ requirement fhat both the
accuracy levels for the number of customers
imerrupted and the durtion of interruptions
o supply, ara met by the licenses.

The distribotor licansee is to ansure the
appropriote levels of completenass and ece racy
of the. levels. of interruption

It is recognised that there may be o hybrid
uhan-agrculioe cuslomer category. Typically
this would be subsistence forms, fh farming
and mpwml ity inifictives (.e. mushroom and
worrn farming).

* Indushrial customenrs - cuslomers that use
sleciricity for the pumosa of industriol
praduction, mostly situated in declared
industrial areos, This cotegory includes
mining-reloted customers.

Commerciol customers - customers that
use elactricily for fhe purpose of rading
activities, normaly situoted in declored
commercial areas. This includes fourism,
ek, banking and education.

The customer cafegery descriptions are
intentionally, broad to accommodate fhe
mojorty of customer types in South Africa
Distribwtor licensees may use more sxact
definitions fo betler suil their business, as.
long o3 they olign with the braad cusiomer
deseriptions above. This is to ensure niform
St pihiia A .

reported. This can be determined by on cudit
at the end of soch reporfing period. The
mmhm licensee mu be required to have

in South Africo.

Inirupten parmonce vl pr cusorer

thon or squol
10 95% In the raporting period.

The initial occurocy level of 95% may be
relexed to 1ake into account the current doto
connectivity model and data mefurly of the
licanses. It is proposed thot the licensea
conducts o self-audit annually, buf this may
become a future regulotory requirement. The
et otk Jevel el s el ghos
IBR is implamented

2

fory reparting
requirement as part of on mm-. and value
odding incentivisad regulation approach. The
cusiomer database of the distributor licensees
will need the cusiomer category identfied and
recorded for reporfing. The refevant fimelines
and compliance. level required for disributor
licansees to stant recording and reporting
cusiomer categorios, will ba decided by Nersa
in consultation with all the relevant distribufion
stakeholdars.
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Classification of major events

A major event is considsred to occur when
ther ara conditions or events on the network
that resull in many customers affscted, or
o sigaificant amount af installed MVA fost
(installed tanstormer rofing], or results in
supply restoration times longer Ihan thot
wxpeciod undar normal condiions as spacified
in crteria A ond B here.

The major events far MY natworks as defined
here shall be removed from the neiwerk
inferruption performance indices and reporied
separately by the distributor licensee. The
infention is fo repart the actual undarlying
performance level that is not distorted by
abnarmal events thot are oot of the distributor
licancee’s control. The distributor licensee
shall proactively manoge both tha underlying
performance related interruptions ond the
‘abnormal performance related inferruptions.

Major event criterion (A) (for annual
regulatory reporing and disiributar licensce
comparison on o national basis)

An unplanned inferruption shall be categorised
030 “major event” for distibution comparison
reporfing purposes, where any one of fhe
following conditions are met:

*  Mare than 50 000 customers are affected
and are withaut supply far 24 hours or
longor dus to o single event

Mara than 50 MVA of the nqunu'ed
HV supply side ratings of the downsirear
instolled ransformer capacity and off or
24 hours or longer

The firm transformer capabily o redundancy
needs to be removed for the second condition
above to prevant double counting and only
the supply side transformer capacity used in
the MVA colculation.

The major event (criferion A) uses a fixed
aquantum thot will cliew for equitable and
consistent comparison of small ond large
distibutor licensess in South Affico. Some of
the lorger disiibuter licensaes may report many
major events occording fo criterign A, due
to the large customer base o large insialled
MVA. Some of the smaller distribulor licansees
may report o few number of mojor events.
The infention is to normaliss the mojor events
for large and small distributors and provide a
consistent national picture.

Major event criterion (B) {for annual reporfing
and year.on-year licansee performance
tracking and self comporison)

An

MVA ransk

* More than
base of the distributor licensee is without
supply for 12 hours or longsr

= Through a spaciic agreement in wriing

an the relevant distributor ficensee
and Nerso-and that is published on the
Nersa website in the public domain,

This criterion will allow for the aggregation of
African stfisics and assistin datermining

e underlying performance frends for reguiticn

purposes.

The major event criteria will be applied o

per the formal oreas of distribution, of sach

distributor licenses. For example, in Eskom

Distribution the mojor event criteria will be

applicable to the individual regions.

Worst served customer measures

The worst senved cusiomer related indices ensure

te help minimise doto collsction efforts by
distributar licensees. There are numerous
other categories thal could be selected, but
with the goal of uniformity and simplicity for
comparison purposes and procticality, thess
primary and secondary covse codes were
selecied. Allowance is made for those causes:
not covered (ather cotegery) ond those causes
ihat are unknown [unknown cotegony)

Overview of categories

The primory couse of supply interruptions shall
ba catogorisnd os follows

A Equipment foilore
Al : Cable circult{including any erminations
to lines or other circuits)

A2 : Overhead lins (including assacioted
cuipment, but excluding Yarsformers)

experienced by the individual customers are st
within the reasonably expecied performance
levels, The objeciive is 1o repart reliability
and avallabiity of supply trends as per the
thres measures below that are reflective of
the network interruption performance of the
individual customers. This includes planned
‘and unplanned components.

It will b necessory 1o determine the following
indices:

{ineluding tap ch
b gl

4 : Reactive control devicas {copacitor,
reactors)

A5 : Swichgear
Aé + Terminal eaufpmant ond busbars ond
tad terminal equipment

A7 : Protection system failure ffusa foilure)
AB : Control system failure {SCADA)
A9 : Other

S fio th single supply
sustained interruptions of lnger than a
specified number of hours per annum per
avant

Percentage of customers sxperiencing
more fhan o speciied number of sustoined
interruptions per annum

The sustained infermuption calculation definitions
and caleulating method shall be applied. The
quantum for the above need fo be established
by the relevant licsnses in consultofion with
Nersa.

The distributor licensee is accountable for the
effactive managemant of ifs poor perfor
networks o worst served customers.
Interruption cause code categories
This saction presents @ minimal sel of dofa
codes ond o consistent cotegorisation structure
necessary foc inferruption couse code collection,
reporting and the comporisan of distibution
netwark performance in South Africa.

There are 15 identified primary couse codes

a5 “major event” for rparting where any one

of the following conditons are met

+ Mors than 10% of the instolled custorner
base of the disributor licansee is without
supply for 12 hours or longer

(Ato0) and secondory couse

codas o provide high lavel infarmation about

uniform and consistent reporting amang ol
distributor licensees.

28

v
1he above high level categories

8 : Planned work

The planned work category includes all
interruptions that are plann

C: Operational causes

€1 : Incorrect profection operation {sefings/
fuse-siing)

€2 Incorrect confrol equipmen operation
C.3 : Liconses operator srror or licensen’s
controcior ermor

C.4 : Emergency

D : Supply intake (non-distibuor licansee
coused]

D.1 : Loss of supply due fo fechnical problem
D:2': Loss of supply due 1o non-payment

£ : Vegelation

The vegetation cotegory includes interruptions
coused by falling freas and growth of treas
inte lines. It should be nated that i o fre is
invalved, the cause colegory is *vegefation”.
Ths s imporiant fo nate during windstorms, it
may nat be passible o determine thet o network
may have a foresiry issue if wind is listed as
the couse when octuolly o free was involved,
Interruptions coused by the combination of
wind and vegetation shall be recorded under
this categary,



F: Fire

E1 : Sugar cone fires

F2 : Veld/bush fire

G+ Notural events

.1 + Storm fighining/wind)

6.2 Snowfice

©.3 : Significant events (sarthquokes ond
tormadoes)

H: Insulation pollufion

HL1 + Industrial

H2 : Natural (e.g, sal oig sxcluding birds)
H.3  Fire-related

. : Other

1+ Wildife

1.1 ; Binds [physical contact/bird streamers/
pollution efc}

1.2 : Other

1 Custorner

K : Theft and vandalism

L Third party

Including cables ripped/dug up by confractors.

or collisions
M: Unknown

The unknawn cotegory includesany iniemuptions
where a defirtive cause cannot be determined
even alfer o formal investigation. The distributor
licensoe shal proyida o brief descrption of sach
intermuption assigned to the ofher cofegory. The
number of inforruptions clossfied o3 unknown
shall be kept to o pracfical fimi,

O Othar

Any interupfions fhot do not fall info any of
the above primary couse code cotagories
should be assigned 1o the “other” cofegory.
The distibutor licensee shall provide o brief
description of sach inferruption assigned fo.
the other category,

Application of codes

The proposed interruption cause code
hierarchy s not o detailed or formal root
cause analysis tool, but anly a high level tool
to categorise the causes of inferruptions into.
logical and systematic cofegories fo assist
with identfication of potentiol problems areas
and the application of mitigaticn projects or
improvement inifiotives.

The interruption cause code categories will
assist in future inferruption perormance:
benchmark exercises, 56 1t is criical thot
aecuirate and relicble data is coptured by
distributor licensees.

Annual regulatory reporting

the exclision of any categeries of interruptions

sholl be cleorly specified by the distiibutor

licensee with the submission to Nersa. It is

anticipated that Nersa vl cleorly define which

cotegores need o be included or excluded in

the reporting requiremens.

The annual reporting shall be on o colender

year basis. Annual reporing in the coss of

oll licarsess nsures thet common events

hat offect vorious licansess are reported and

consoldated ot the indusiry by Mersa for the

some period.

System interrupton pertormance siolisics

The following network inferruptien performance

information sholl be repored by the disiributar

licensee o3 port of the future annual power

qualty (PG} reportto Nersar

. SAFI

. CAFI

+ sl

. CADI

© MU

* HSU

* Interruptions/100 km (overhsad
and underground networks reported
seporoteh)

+ MAFL

+ MAFio

Minterrugtions/100 km (overhsad
and underground nefworks reported
seporclely)

* Worst served customers
*  Customer supply restoration fimas

*  Number of major events occurring, the
impact of the major event on the indices
and the supply received by the cffecied
customers in o geographical rea and the
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* 334 iwhere apphicable)

* The intemuption performance including
ond sxcluding major events as per cotegory
A

* The inserrvption performance including
el excluding mojor ovents o3 per category

Categories for exclusion

The following shall b excluded from

inferruption performance indices, but the

relevant information reported about these

categories saparataly:

* Customer caused ond requested
interruphions

* Intake supply-related interuptions
Non-load shedding reloted
- Lood shedding related
Technical commantary and couse codes

The following addiional key information s also.

required 1o be reporied:

+ Technical commentary report on the
retwork inferruplion performance levels.
and explanafion of eny poor performance.
i the relevont action plans or initictives.
o improve the performanca

* The interruplions experienced per couse
cade with o high level pareto analysis and
technical commentary.

Reporting for incentive based purposes

Raporting for incentive-based purpases shall be
‘greed between Nerso and fhe ficanses - but s
fikely o be on a financiol year basi or linked
%o toriff opplication periods.

Nersa. will deterine, in consultation with
distributor licensees, which nework internuption
performance indices are to be used in the
incentive bused regulation. Tha fallewing shall
b ; ”

with the couse of each major evant

* Number of voluntary and inveluntary
load reduction events and the relevant
information of each event

Note that the system level performance
reparied needs o be the customer weighted
average of the relevont disiricts or orsas

The above reporied intermuption pedarmance
indices shall be reported saparately 3 por the
following cotegories:

* Unplanned inferruptions
* Planned intermuptions

*  Overall performance (unplanned, planned
components and HV and MV combined)

HV (whers opplicoble)
- M

indices reported

* Mojor avents (reported individuall] .,
* Intake supply relotsd events

+ Customer refafed events

+ Voluntary and inveluniary lood reduction
cause interruptions

* Customer coused or requested
interruphions

The planred and unplanned component

interruption indices shall be reported separately

o encourage tha correct behaviour of icensees

in managing the nework faults ard planned

programme.
Local and international
benchmarking

Caution nesds fo be axercised when
conducling network infermuption performonce
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benchmarking requires careful consideraion of
ol only the physical conditions related fo the
peer group members (e.g, nefwork fype and
topography, envirnment, geogrophy, network
operafing proctices and human resource
related elorments], but olso of fhe measurament,
data collection ond storoge and reporling
methods used.

Through specifying the latter (toking
infernational practices and key developments
into consideration), the NRS 048.6 standard
aims ot providing an improved bosis i South
Africa for undertaking such internal and
international benchmarking activities o the
future.

Nersaneadsto compor ‘oppies withoppies”or

The NRS 048- stondord provides o selid
fromework foe future roquirsments of nework
interruption perdormanca measurement and
roporting in South Africa. In porticular, the
anticipated implementation o incentive based
regulation (1BR) will require accurate and
consistent raporing methods ond accurote
and complete data collaction, to faciliiote
appropriale farget sedfing.

It is rocognised that present systems (SCADA
coverage and inferruption databoses and
systems) of the disiributor licanses do not maet
the minimum requirements specified in this
standord and fhot there are also resource and
financial consirgints.

uption pe
reporting and possibls benchmarking between
tha distributor licansees in South Africo
and potentiolly with interational distibutor
licansees. This document will alse in tha
long term assist in dstermining which best
work procfices and processes disiributer
licensees should implement, fo improve their
intarruption performancs 1o occeplable levels
(ond incrmosed customer satitoction)

of this standord will require o phased-in
approach e five years) and that Nersa wil
specily the fime frame and compliance level for
such implemantatian, in consuliation with fhe
various disiribution industry siokeholders.

it also recommended that Nerso establishes
an industry commities (similar 1o the previows
NER PG Advisory Comimities] ofallhe relevant

commen understanding of the key principles,
provide a farum for the discussion of the
implemerdation of this standard. The challenge
is now for the ditrbutar icansees 1o implarment
the NRS 048-6 standard and start improving
their electricity service dalivery  relicbility and
availabilty of supply.
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Regulation of electricity metering

by Henti Groenewald, Eskom

in South Africa through NRS 057

Formal metering regulations for the electricity supply industry have been developed and documented through
NRS 057 - Code of electricity motering. The NER has recently amended the licence agresments of electricity supply
autherifies by including NRS 057 in their supply agreements.

Iectricity supply authorities will need fo

evaluate the roquirements of NRS 057 ond
mendheir aperating environmen for metering
to align with NRS 057. This paper porirays the
implicafions of the regulaory aspects for the
elactrical energy metering process

NRS 057

NRS-057 is o generolised code of practice
which promates uniform electricity metering
requirements for application in the South
Africon electricity supply indusiry. The
requirements have been specified bosed on
similor international practices opplied within
electricity metering

The regulafory requirements ors applicable to
electricity metering in its entirety, including oll
equipment requitements, design requirements,
mainienance requiremants, matering data
capturing and data relention requirements and
servica agents’ requirements

Many of the provisions of NRS 057 hove
significant impact on the way that elaciricity
supply utiltes wil conduct metering in the
future. NS 057 contains requirements which
elecirici

supply ulilities: moy anly be in o
ta conform 1o progressively and the
electricity supply utilties need to engage
with the NER 1o formulate and ogree on on
implementation plan. The following paragrophs
provide an overviewof the major impac! areas
related 1o the requirsments of NES 057

The dasign should nat only specify the correet
equipment 1o be installed, but should olso cim
o minimise tha technical losses by specifying
the cormee! cabling to measurement insirument
ransformers and by specifying the carrect
current insirument iransformer ratios o be
s

Maintenance raguirements must olso be
considersd through fhe design by providing for
the appropriate ancillary fest equipment and
fost points in fhe metering circuits.

Approved equipment

Tha licanses is responsible for mainfaining &
Tist of approved meftering equipment e be used
in fs metering insaliatons.

Metering equipment must be evaluated to
datermine i if mess requirements bosed an
infernotionol slondards and fhe eleciricily
supply ulility's own requirements. Trpe fest
rocords from o SANS recognised facility mus!
be available for all mojor companents of o
metering installation.

Lorge electricily supply uiliies may be in o
h h

ot this stage, but they need 1o pul pressure
on the manufacturers to implement formal
accrediotion.

The some argument is relevant 1o the
manulacturers and suppliers of electricity
meters, Utilties must hewe records of colibration
eantficates for sach mefer. Thera are only o
few test houses that have obiained SANAS
accreditation for the colibration of snergy
mefers, but this moy clse change ance ufilies
specity this requirement in their tenders.

MRS 057 not anly specifies the requirements
for equipment fo be insialled, but also the
requirements.for the sioff that is responsible
for the installation and commissioning of
the equipment. NRS 057 hos cotegorisad
installations based on the complexity of
the installation, For each cotegory certain
evinimum requirements are spaciied for sicl
related fo fechnical qulfication, training and
arperionce.

The electiciy supply wlility may only contract
staff for commissioning of installatians thot meet
the rocuirements as spacifisd for thot installahon

but smoller usilifes oy not hove the necessary
resources 1o do 50. They will have to either
controct the work to exernal consultants or
establish an ogreement with o lorger uliflty fo
adopt thelr approved lsting.

Metering equipment installation

design

The instollation design may nol necessarly be
done by the eleciricity supply ullity's own siaff,
‘and can In many cases be done by consuliants
Everyone invalved should moke themselves
familiar with the minimum requirements.
that need 1o be faken Into aecount with the.
installation design.

Metering installations have been cofegorised
‘based on the supply size that is to be metered.
Minimum squipment closs occuracies were
specified for each of fhese cotegories. The
relevant infernafional specifications were also
listed for the maijor equipment in o metering
installation.

NRS 057 is the
pertaining o the equipment installation

Vohage and current instrument transformers
used in the installation must be occompanied
by celibration test certificotes abloined from
o SANAS accredited test facility. The major
monufaciurers of CTs and Vs do not hove
SANAS approved festing faciliiies. They may
use equipment that has baen calibrated af
@ SANAS accrediied facility, but their own
operating enviranments ara not SANAS
opproved. Monufocturers need to invest in
SANAS accreditation for the testing of CTs
and Vs, Elactricity supply utifiies will thus
ot ba able 1o comply with this requirement

kLl

o this req.
wtilty will have o maintain o fist of accredited
staff or contracors for specific work:

Installation maimenance

Meotering insiallafions nesd to be maintained
at minimum intervals and the frequency of
mainfenance is based on the supply size
Usilities will need fo align their mainfenance
policies with the Faquencies os speciled In
NRS 057

Centain minimum requirements. are spaciied
for meter instollation maintenonce. Net only
must installafion equipment be ra-tested, but
the metering deto must also be svaluated 1o
determine if the final billing data s aligning with
mater odvances. Staff which is rasponsible for
mainfenanca must again conform to cenain
minimum requirements related 1o technical
qualification, training ond experiance.

Metering access

MRS 057 spocilios that occsss by customens o
customer represeniatives fo meters, metering
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Metering data retention

I billing date must be kept

annot be implemenad
nsibiity @

ity 1o formulate and

lly the AMR syste
intorval data (KWh o

each alectricily supply u

mentation plon
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Update on accelerated
ageing of MV XLPE

ing the state of accelerates

by A Folconer and G Wyle, Aberdore Cables

iper was presented [1] at the ath Southern Africa Regional Conference of Cigré in Somerset West
erated ageing testing of MV XLPE in Seuth Alrica. At that stage although the tesis were

-lm-iy d-ﬁnod in SABS 1339 and SABS SM 1284-5 (later known as SANS 1339 and SANS 6284-5 respectively), there

were ne functional test rigs operat

Sm then some have been built and this
maper describies both the good and the bod
experiences of he Aberdore rigs aithe Aberdare
test cantee in Port Elzobeth.

What follows is o simplfied view of @ very
complicated sobject

Crosslinked polyethylene (1LPE) s on insulation
anived on the scene around the &0s. Although
its potential os o ferific olacrical insulation
was appreciated, the material was not fully

and was found to have o folure
b s generally roferred 1o 03
waer trosing, ihof hod nol been predicied.
The frouble was that the machanism took in

ot contaminants or blemishes on the surfoce
of the matarial. Although the materiol i these
stuctures remained o good insulafion, its
insulotion propenies compared fo healihy XLPE
were somewhat reduced. The mecharism of
craation ond propagation is very complicated,
and relies inver alia an the existence of mobile
ions. As the mobility is usually provided by
woter, the shruciures became known as water
trees. (Sea Fig 1] A cable infacted wih watec
trees will, in all probabilty, sil function well
under pomnal sieady siale circumstances. The
problem comes when such a coble experiences
o volloge spike thot exceeds the breakdown
strength of fhe woter fres material, leading

excess of 5 yoars, M)lcully from Bto 12 years, 1o the initiation of an I iree which will

to mnmhﬁ itself, TI -\u:»wi i il k

My i v e
ied ) Gl

the technology acquired @ bod name and much Accol ing of MV XLPE

effon was put into understanding the problom,
engineering i out of cablos, and daveioping
fests that demonstroled fhat the problem hod
boan addressed

Supeicially, polyetiylene is not o parficularly
complicated materiol. It consists of extremely
long chains of carbon afoms joined by single
bonds, with hydrogen atoms offached to the
remaining two bonds on each corbon olom
(o ~ CH, - CH, - CH, ~ ). A chain
can contain up fo 100 000 corbon atoms.
Occasionally odditional sharter polyethylens
chains will aftach fo a chain of the site of ane
of the hydrogen atoms, and the distibution
of such side chains will influence the maeriol
properties and densdy, giving us materiols such
as low density polyethylens (LDPE), medium
densiy polyefhylene (MDPE], and offers. When
#is moteriol s used os insulofion we aronge
for tha chains 1o ba bonded 1o each other at o
few sites along each chain in o process known
95 cross linking, producing XLPE.

Tha failure: mechonism that had nat been
undersiood, was o subile change in the
materiol of various specific poins, thot then
progressed siowly theough the matenal creating
siuctures hat are froe-like in appearance. Some
would siart at contaminants or voids within
the materiol ond grow in pposite directions
looking like @ bow tie, while aihers would siart

The purpese of an occelerofed MV XLPE againg
test is fo ralistically simulote obout 10 yeors
of cable use in the shorest tima possibl. The
most occurote woy of doing this wowld of course
ba fo use the cable in senvice for 10 yeors, but
wating this long s somenhar problematic for
both users and suppiers. Moch work hos bean
done on aspects thot influence the speed of
woter froe growh and ospects that could prove
usehul ore 2]

lons - The presence of ions is essentiol.

Efectical siress - Also essentiol as wote trees wil
ot develop in a coble tha is not energisad.
Mechanicol domage - These make q:u:d
inifiation points, porticularty for vented

as they distort the elacirical field and are

Fig. 1: Trpes of wober irees
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ting in South Africa.

exposed to an unlimited supply of ions from
the environmen!

Contaminants - Thesa make good initiaton
poins as fhey can distort the elecirical field os
well o3 provide ions.

Humidty - Water wil provide the ions with
mobiliy. It has been shown thet water tees
can grow il the humidity wihin the insulafion
is obove 85%

Voids - These con inifiale water fres by cousing
mochonical domoge. They are olsa sifes for
pantial discharges

Frequericy - This sxerts some influence, alihough
grawth rato s cerainly not propartional fo
frequency.

Temperature - This also exerts some influence.

Al eccalerated oging fests maka uss of one or
mors of the abovs, with he exceplion of voids
and intemal conforinants which would be o
funcion of tha manulacluring process rofher
than a subsequen fest

Tests implemented in South Africa

As with most of the test methods developed
in the world the Sauth Afican methods follow
three basic steps:

Fre-condifioning - This removes the by-products
of manufacture and thoroughly wets the eoble
sample, ensuring that all samples. sian in fhe
samé condition,

Ageing - Simulafe ckout 10 years of use by
prcviding some of the aspects mentioned above
that increase woter free growh rate.

Assessing - This employs @ Weibul statstical
approach, causing ropid “wear ond tear”
by opplying high voltages in a controlied
manner, untl sach somple section s destrayed.
The distribution ef the breokdown valioges
delermines il the somple passes or fails.

n South Afrca the preconditioning is carried out
under water al o femperature of 50°C for 1 000
hours, or just under 42 days. The somples are
then oged undsrwater af raom temperature af
Uy, whichforan 11 k¥ cable is 19,1 kV. Thera
o fwe methods described in the SABS fesis
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50 Hz - The sample is snergisad ot mains
fraquency for 17 500 hours, which s 2 years
This is faiely simple to partarm.

500 Hz - The sample is energised ot
500 Hz, with o sinusaidal wovs form, for
3000hours, whichis 1 25 days. Praducinga 19,1 K.
500 Hr sinusoidal voltage 1o energise o
capacitive load is o big chalienge, but the fest
ravides rasults very quickly.

After ogeing, 12 sample sections ore then
prapared and subjected fo o voliage that
incraases in sieps untl the sample section faiks,
The sequence storts of 3 U, which is held for
5 minutes ond then prograsses i U, sieps, with
sach velloge being held for 5 minutes. The
voltage recorded is the lost volioge held for
5 minutes, The pass criteria are:

All 12 samples must pass o calculated

masimom sress of 14 K/mm

* Alleasl 9 samples must poss o coleulaied
masimum stress of 18 K/mm.

+ Alleast § samplas must poss o coleulated

nasimum stress of 22 K¥/mm.

The South African fests are similar fo o fest
camied out in Europe, covered in Cenelec
documants HD 620 and HD 605, excapting thot
the fest parameters are slightly different. In the
European tast tha final value recorded for each
sample s the valtaga of which the sample was
destroyed, as opposed 1o the highest volioge
held for 5 minules. In order fo pass, these
voltages must have the same um criterio
s those described obove. The rigs of Aberdare
e capoble of perlomming the South Alficon ond
European fests and some of the results given
balow ralate 1o the latter

(Note: itwould beingorect o draw conclusions
obout the likely parormance of @ marginal
sample fo South African stondards bosed on
volioges. recorded in @ European fest, cnd
vicw verso, o3 the pracondiioning and ageing
parameters are diferent and the distribufion
of breakdown valtages will not necsssarily
con ] -

Aberdare’s test rigs

Preconditioning is conied oul of Aberdare in
o single deccated stoinles sl furk. The

| Moot | conelec | 50 [ ooosma | Powed |

| 2 | Material 2 Cenelec | 50 I mmim;s Cantinuel (“‘mg.‘}.mm o
T i3 [ s | iams Possed
| ¢ | vowsaia i mmg..,',,sga.mmymg
|7 | Moenels | s00 | vimams Fossed (before upgrode}
| & | Moen 13 | saes | 500 28/12/04 Passed [oHter upgrode)
| 4 | Meteria | Coneinc % | 250008 oppedor

9 "_Mu'u'\#Al | ME»S .:M77 \L 07/04/05 Foiled

5 | Mowials | sass s | o rogress, 30 complet
[ 10 | Mowsals | ses | so0 | | inprogress - pracorditening |
1| Moteriol 6 | 58S o hyido in nrﬂgros_&,’_l&;:umylah

12 Material 7 SABS 500 - |\ progress - precondiioning 4

Table 1: Summary of ests

specifically designed for the fest. We have lound
that for acceplable conductivity during the fest,
it.1s necessary that the: somples ore 1oped with
@ helical copper fape. The femperature of the
water in the fank s confrollable. As the samples
are each ot least 150 m loag our tank holds
anly one sample, and we ore shersiors limited
1o eight fests o year, Howaver, where spoce is
avaikable: in the ogeing tanks, ond there is no
temperaturo conflict, precondiioning con be
done i an ageing tank os well

As o standord, uH the cores we. e fost Uw for
11KV cables,

modulating on 11 kHe signal of 500 Hz. The
rosult s fod through o 4th order band pass ier
which includes the siap up transiormer and
illows for power focter correction. Much effort
was required 1o gel this fo workl The conirol
diagrom is depicted in Fig. 2.

The breckdown agsessing is achieved using
©/300 W 300 KVA tronsformer giving us o
continueusly variable voltoge. The profection
equipment usad is very fast in order to it the
damage ot the braakdown s, 50 that we can
thon examine the orea for woer freas. Given

is 185 mm?,

Ageing ot 50 Ha is rolatively simple. We use

@ variac o supply power factor corraction

squipment and o siep up tronsformer, With

this arrongamen the load of  single somple

on the variac is less than 5 A. Ageing s done

in 0 saparate 50 Ha iicles ses! fank ng.
h

thata e will be around
%0 k¥, and all the way up to 150 kY, a normal
fermination will simply not work. For this reasan
we use reusable waler terminafions roted up |
10350 W

Operating experience
Once we realised the adventage of installing |
% |

Vol cs, Ccn g werer rperune
can be conlrolled

A1 500 Hx the tes s far more of a challenge, This:
is bcause tht wovelorm st be siouscidol, and
e £ sl He

po
the variac end the transformer on the 50 Hi
vig, instead of on the supply side of the variac,
wa found operation of this squipment to be
very sasy

In the case of the v

is10 fimes higher

veriations. After foblished

i HEH

Test
Sample

s
By

Control

S o

=

that the reason for this is thot the filter of
necessity has o pole, where s impadance is
very high and transter voioge low, and o zero
where the impedance disoppears, very closs 1o
one anofher. The separation cf fhe pole and
the 2610 i a funclion of the sep up ransformer
ratio and, a3 such, cannot ba chonged. As o
resull, including the modulator in o control ‘
loop was found 1o be almost impossible
and the circuil wos quite unslable. We are
prosenily developing o contral circuit that
wses o variable copocitor in parallel with the

somple, oy

Fig. 2: 500 Hz ponaratin.
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Fig: 3: Test No 1: Matariol 1, Canelec.

EEEEEEEZZZEL

wa conduct ragulor tests and
can confirm hat the donger
is renl — we hove hod fo shut
down and disinfect o tonk
twice alreody,

Tests completed by
Abardare

We have so far completed
saven fosts, with five more

Fig. 4: Test No 4: Moleriol 3, Cenefec

undar way. Of the completed
tests three failed, giving

us valuoble

EEBEESSEZERRLERZE

o e o it e
e 1 i e o it

on cerlain moterials and
procasses. The moterials
tested 1o dote are summarised
inTable 1, wth specifc esults
being givenin the graphs hat
follow, Comments on the
specific materials are.

Material 1: This is @ stendard

material, which we fested fo
the Cenelec requirements

Fig. 5: Test Mo 7: Material 3, SABS,

{Test 1)
before the SABS tests ware
publisked

EHER IR R

‘armpi
e b st s et
o oo e e
R e e

Moteriol 2 Thiswas o matecil
thot we tried bacause  hod
o distinet price advantage.
This was perhops reflecied
in the result os the materio!
filed significontly and wos
herefors not used

i 7: Test No 9: Moterial 4, SABS.

samplo sitas are 100 smoll 16 prove on theic
own that the upgrade wos effecive.

Malerial 4 This was development work on a
new material and g new process. While the
moferial has proved successful averseas, fhe
fest results showed that we weuld have to put
considerobla offort inta the devalapment of
th process before i would produce succassful
cable

Maferial 5: This is an altemative materiol that
s being investigated af present. Wa are fesiing
it of both 50 Hz and 500 Hz, which will give
us oliemative data o the dofa acquired with
Material 3

Maferiols 6 and 7: These are also alternative
materiols currently under invesfigation.

The resuls of the completed test ara presanted
on the graphs above.

Conclusion

As the rasult of problems experienced by some
users of MV XLPE, both in South Africa and
abroad, it become necessary fo design and
manulocture cabla that would bo rasisiant o the
water tree mechanism of foilure, It alse became
necassary fo find woys of demonshrating thot
<oble which hod supposediy been designed and
menulactured specificolly with such resisiafice,
octually achieved this promise. In South Africa
this mearnt including occelerated ageing fess in
our national standards.

Material 3;
material a3 a standard and
will s00n have completed
both 50 Hz and 500 Hz tests

Fig. 8 fost N 8: Moteriol 3, S485

The inverter consisis of selid state companents.
being driven reasonably hard. It is perhops not
105 surprisiog that we have alraady blown up
and replocad tha squipment once.

Experisnce from Europe worned us of the
4 % Bt celiping ¥

‘on identical samples (Tesis 3
nd8),

similarity o e fests, W have

ols used this materiol as an
indicator of process (Tests 7 and 8. Tesi 7 was
corried out belore we upgraded our material
handling system and Test 8 was comied outofter.
Note that while anch test wes conducled on
12 mpt.m these were consecutive. In

ourtanks. Th
but the condifions in the fanks are conducive
o il growing .o dongeraus lavel. As o result

significont improvement aftar the upgrade the
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o some
axdent, should ensure fhat only cable fhat can
pass the accelercted ageing type test wil be
sold ond used in Sauth Alrica, Including these
tasts on local standards has olsa encouraged
v 1o buld our own fest rigs and as o resull we
have found that the number of new materiols
we can now invesiigate with confidence hos
risen dramatically.
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Long-term reliability of
XLPE insulation

The cable industry s continuously striving 1o improve the perfarmance of medium voltage cross
cables. With polymeric insulation systems like this, the degradation

s degrodation i afirbuted fa the growth of

walor trpes within the insylaion. In Oclober
2003, SANS 1339, the specification for MV
cross-inked polyethylene (XLPE) cables became
compulsory in South Alrica [1]. In order 1o
demanstrate the leng-term reliabilty of the
XLPE insulation and it resistance fo the growth

of woler trees, it is imperative that customars
damand that theie cable supplier conducs
aithar o two-year 50 Hr ogeing test or a four.
‘month 500 Hz ageing fest befors it can supply
such coble on a cammercial basis.

This paper focuses on CBl-slectric: Africon
Cobles' succassul complation of both fests. The
s d i

by P Haripersad, CBI electric: African Cobles

is still @ major concern.

Europs in the late 19705 and eorly 1980s.
Promatur insulation failures occurred and
investigations [4] showed that thase were
mainly roloted ta the prasenca of impurities
or contaminants within the extruded XLPE
insulafion. Such contaminants within the
insulation were commaon in the raw moerials
and were often alsc infroduced during the
cable monufacturing process.

With ndvancements in XLPE mataricls and
production tachnologios aver fhe years, boih
the cleaniness of the row materils and fhe
quality of the extrudad Insulation s foday ol o
very high leval, depending of course, on the

mads.

I Soulh Africa MV cables are those cables
‘operating in tha votaga range from 3,3 k¥ up
10 and including 33 kY, The primary insulation
is mainly impregnated paper or XLPE (see
Fig. 1). The materials, design, consiruction
and testing of these cobles must comply with
she natianal specifications, SANS 97 [2] and
SANS. 1339 3] respectivel.

T intentions of such compulsory spacifications
‘ars 1o standardise the construction and fo set
prescribed requirements fo ensure safety,
geod quality and long:term reliability of
the cables. 1t is now compulsory [1] for oll
coble manufociurers supplying MY. cable
for installation in South Africa to ensure that

wir poper and/or XLPE cables ars in strict
accordance with thass specifications. This is
demansirated by producing suficiant evidence
of compliance, usually in the form of the
Iatest type-test cerffication fhat is issued by @
rocognisad indepandent and accradited body,
such as SABS Netfa, It is therefore crucial for
end customers fike fhe uiliies fo request such
infarmafion from manulaciurers, of early tendar
stage, for assessment and evaluation before
awarding valuable contracts.

Long-term reliability of XLPE cables

It is wall known thot the reliabilty of paper
cables is high, with some paper cables
still in service today affer more than 50
years. However, o similar reliability was not
reported for the first XLPE cables installed in

coble Th in XLPE
insulation s such that it is rapidly becoming

Fig: 1 Typicol MV paper insulated cobles.
7

Fig 2: Typical MV XLPE insulated cables
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of cable performance in wet conditions.

T ———

inked polyethylene

the preferred insulafion system for aven
the highest transmission voltages (S00 KV).
Compared o poper insulation, It also exhibits
ic lasses, higher operating
temperatures and thus higher ampacities, and:
© lower impact on the enviranment.

lower di

Generally, the service-life expeciancy (5]
of good quality, defoct-ree XLPE cables
operating under norml condifions i estimated
o 30 years-plus. Besides contaminants in
the Insulation causing eleetric stress field
enhancements, thare ore other factors thal can
affect this long term reliabily. These includa an
increate in operating volioge (electric siress);
incrwase: in frequency; inereose in operoting
tamperaturs; and the presance of water tress.

Of thase, the influence of tempercture on
long-term reliobility of XLPE insulation is werth
mantianing. h has been shown [5] that o 10°C
increase in temperature fram tha normal
90°C cperating femperature con reduce fhe;
cable sevice-life expeciancy by abaut 50%.
Therefore 1 is crfical fo rate cables cormectly
‘and measures shoukd be faken nat o consiantly
enceed ihe nomal operafing femparature of
the cable.

Another imponant ores of concem n XLPE
cablas that influances the long-term reliobility
is water trae growth within the insulation
Experiments on XLPE cobles that hod been in |
sarvics for Gbout exght yeors [4] concluded
that the existence of severol water trees within
the insulotion significontly reduced the slectric
breokdown strength of the material. As o
resul, this impacted on the esfimated service-
life expactancy of the coble, reducing i by up
o 43%

Water tree growth in XLPE cables

Practical exparisnca ond long-term fests on
model cables [6] have shown that water
has an edvorsa effect on XLPE insulafion os
it develaps water frees within the insulation
Together with the presence of water, afiemating
slecirical stress, femperature and @ foctor of
fime, water frees grow #o such an exent tho!
they “bridge” the insulation, resulling in cable
foilure, Woter fraes o microscopic and vsually
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Fig. % A typical bew-tie iree in XLPE

1 vented iree (1 XLPE insuation.

35 Cl-ackic: Aficon Cables” 500
Jab and 500 H solid-stote con

Fig. & Brechcown tes of the huwive 500 He aged
MV 31PE coblescore somplas

invisible 1o the naked eye, but with suilabls
dyeing techniques they can be sfained and

exomi

with a light microscope of adequate
magnilcotion. They e clossifisd by descriptive
d vented irees
and shap, Typicol
Figs. 3ond 4

words such as bowste Ire
depending on thair origi

examples are sh

he mechanism whert

¥ water free struciures
atise has not been clearly explained but the
il
I possibilities

sive work done by Cigrs WG
has resulted
[7]. Generally

MV XLPE cables are not

lesign 3o wasr enters the
insulation by diffusicn. Due fo contaminated
raw materia

. poor manulacturing processes
or lock of adequate quality control, the
presence of impurities or contaminants within
the insulation wil be high, Tiny water droplets
concentrate around the comtaminant within fhe
ng o decomposing pracess
that results in increosed pressure around
the conta

insulation inil

inant erea cousing ‘cracking! or
wter trees in the insulation. The subssquent
voporisation of these droplets during joule or

diolsctric heating i

r increoses the pressura
witin the insulafion extending these ‘cracks’

and causing them 1o grow

Demonstration of long-term
reliability - 50 Hz and 500 Hz ageing

I arder I demonsirate the qually and long
term reliabilty of MV XLPE cabls insulation
coble manulociurers are compelied to conduct
an ageing st on their product. Currently as o
ype fest requirement, SANS 1339 [
the coble monufaciurer 1o conduct ebher o
two-year ageing fest af narmal irequency of
50Hz, 3 Ua Uo is phase fo earth valiage) or
shernatively, an accelerated fest al fen fimes
the nomal fraquency (500 Ha), 3 Uo for 3000
hours (4 months). With such tests, the cabe
ple will simultanesusly bo subjected fo
the following thres ageing mechanisms: high

allows

ciricol stress duo fo increased operating
voltage (3 Uo; frequency (50 Hz or 500 H),

and growih of aler frees.

The majer aftraction of a 500 Hz frequency
is the shorter duration needed for the ageing.
However, difficulties that may be experienced
with o 500 Hz test and its apporatus ere
high equipment and developmant costs,
poor raliability of eperation, ond lack of
locol testing avuilabilty. To date, only two
South African companies are known o hove
500 Hz ageing test facilies. Fig. 5 shows ane
such focliy

The assessment that naeds to be conducied
of the end of the ageing test, irrespactive
of frequency, is based only on slectrical
breokdown strength criteria, A water tree
onalysis o count of the number of water trees
within the insulation is nol o req

remant
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for passing the fest and is usually done

information purposes only.
A total of 12 somples that hove besn oged.
soch 10 m in active length, oro sublected ta
o siep breakdown voltage in steps of 1 Ua
for five minutes, commancing from 3 Uo.The
voltaga of which sach sample breoks down is
racorded ond accarding to SANS 1339, the
passing criferia are as follows:
* all 12 &
ot least

les must wilhstand a siress of
4 k¥/mm

*  nine oul of 12 samples mus! withstand &

sirass of of laast 18 k¥/mm

five aut of 12 samples must withsiend o
siress of at least 22 k/mm

CBi-Electric: Alican Cobles decided o conduct
ageing tests of both 50 He ond of 500 Hz
[10], Besides conforming 1o ofl the fype-test
requirsmants of SANS 1339, this would enable
the company o determine the level of quality
and reliabilty of is extruced MV XLPE cobles
sspecially when subjacted fo these ogeing
mechanisms.

50 Hz and 500 Hz ageing test results
and discussion

The specitc method for preparing, conditioning
and ogeing cable samples af 50 Hz and of
500 He is well described in SABS test method
SM1284-5 [11] and s not discussed in this
papex. Only the results are lted and discussed.
If more insight is required, reference can be
mode fo o previows paper [10] writien by the
outhor.

Table 1 lists ol the deis and resuls of fhe two
ogeing lesis fhol were conducied.

From the ageing assessment itis clear thot all
samples aged ol 50 Hz and ot 500 He (with
the excepiion of one sampls), hod breckdawn
sirengths in excess of 22 W/mm (10 Uo).
slies even e highest withstand siress
requirement in SANS 1339, where nomally

only five out of 12 samples ara expected fo
Gchieve this. Figure 6.1 shows the short pieces
of core cut near the breakdown sites of sach
somple aged ot 500 Hz, in preparafion for a
water troe onalysis.

The water iree analysis wos conducted on oll
somples in fha vicinity of the breakdown sites
with both ageing mechanisms exhibiting few
woter frees. A fotal of 13 vented trees from ll
2 3amples aged of 50 Hz were found noor the
inner sami-conducting screen, with tha lorgest
vented free meosuring 600 um In length. A
total of two bow-fie trees were found in all
12 samples aged ot 500 He, with the lorgest
measuring 100 m in length,

This however daes not imply that the water
trew ageing mechanism was inadequate since
this mathod hes alreody been well estabiished



and proven with several practical tests 6]
18]. The development of o few water troes s
indeed o good indication thot the auality. of

the manufactured cable core is in line with

or in other words,

Legt 4 n.log £ = log C m
whate 1 the ifs expecioncy of the cabla, Eis
the stress and C ond

from boids, defects and confaminants.

Reliability and life-expectancy of the
50 Hz and 500 Hz aged cables

The breakdown data has been further analysed
using o stofistical opproach in fhe form of o
Weibull Distribution [12). Generally, it is o
mathemaicol representotion fo cover reliabilte
By plotting all the data on o Weibull graph in
terms of probabilty of follure vs. brackdown
strangth, it s much easier to project o straight
fine hvough most of the dato poinis. This steight
Y 3%

0 ore constonts of the insulation, For XLPE, n
is atleost 9.

By manigulating Eqn. 1, f the survival fime 1,
ata siress E, is known, the lifs expaciancy 1, of
the coble aged at o siress E, con be determined
by Eqn. 2.

tE S Er ]
Using the abave miafion, Fig. 8 shows a linsar-
log araph of cable lfs expeciancy for the cable
samples aged at 50 Hz for twa years and ot

strength, o ‘mean volue' for the data, to be
determined which con then be compared fo
the breakdown sirengih of o
relotively good and un-aged

500 H for half o yoar, From
e groph it can be seen that afier 30 yeors of
service life, the slectric siress nsaded 10 brock
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the cable samples down will sil bo very high,
that is 12 Ua end 10 Us respectively. When
comparing this fo the | Uo siress that the cable
will normally operate at, one is reassured of
the long-tarm rliabiliy of the coble despite
the three ageing machenises (slectric siress,
frequency, water rees) that have bean applied
simulienecusly.

Discussion on the effectiveness of the
two ageing tests

The ogeing tests conducted af 50 Hz and
500 Haz both e the breakdown stress criteria
of SANS 1339, However the diflerances in
the results, alhough nat very significant, do
worrant some discussion, The first difference
noted is he characieristic braakdown sirengh,
with the 500 Hz value being 5 kV/mm lower
than the 50 Hz value. Secondly, the slopes of
the straight lines on the Weibull plot are net

cable. The typical breakdown | Cable details:
strength of an un-aged cable, | Cors descripbion 8,351 R 95 mo 1 Al 8,35/11 kY; 240 x| o s,
of 11 kV, is approximately /¢, XLPE, 3/c; Cu ope scroen XLPE, s/c; Cu tope scraen
50 k/mm [13], Diormeter over innar semi-con lagproximate] | 13,5 men 20,5 mm
From the Weibull plots | BomeieorerXPE inulton foprosmeel | 08 mm 27,5 mm
(Fig. 7), the 63% Insulation thicknes (appraximate} 3.5mm 3,5 men
breakdown strangth for the | Colculoted coble masimum srest of U 2,3 /e 21 imm
50 Hz data wos found o be | (Uo = 6354
7,5 W/mm and 32,5 kV/mm | Preconditioning details
for the 500 Hz dato. Due fo [ Adive com langth 120m
the increased fraquency and s [ e MNomal tap woler
:;4«1: ;:m br:;i](dlmw\ strength [ 1000 hoors
insulation (8], t is common
1o expect o lower S0C 2 5C
breakdown strength et ‘
500 Hz {5 k¥/mm lower in | Tamperoturs Room femperaturs (30°C £5°C)
this casel. Comparing the | Voboge applied 19, 3 Uo)
63% charactaristic breokdown | Fraquancy 50 He [s00: -
strengths fo 50 kV/mm, this [

equales fo o 25% and 35%

2 years (17 500 hows)

| 4 mons (3000 hourst

reduction in

Ageing assessment:

strengih . Since

Vltoge step tes!

1 Yo (8,35 kV) for Sminvtes soting frem 3 Uo to breakdown

the quantity of water fraes

Number of somplas feried

12 somples of 10 m active langeh

found was low, the reduction
In breokdown strength can

No. of somgples withsionding 14 kV/mm (SANS | 12
1339 requites ol 1210 comph)

mainly be aftributed fo the
{3 Ug)

Na. of samples withsanding 18 kV/mem (SANS
1339 recquives ot eust 9 o comply]

=

and frequency applied during | Ne.
the againg process.

of sampies wirkstanding 22 WW/mm (SANS | 12
1339 requires of lsost 5 o comply)

Braakdown values:

One method of relafing the
63% characlerisiic breakdown

Velloge brodkdowr ange

BIW - 114k

70 - 121 0¥ (45 KV o | 0dd
sample)

stress to @ coble life expectoncy

Maximun electic siress range

30 K¥mm — 41 KV/mm

23 Wmm — 40 W/mm

is by making usa of an empircol

Waibull 63% charoctenstic broakdown siress

37,5 KVjmm - 32,5 W/mm

3
to breakdown i) as a function

Water trees found at breakdown sites:

Numbar of ventod treas near inner sems-con

of the electric stress (E] of the Jotol of 13 [= 600 ym) 0
matericl os shown in eqn. 1 | Number of vened trees near ovter semi-con | 0 rs

14 Narnbat of boritis o i
tBuC m Toble 1 Summary of he detal and st resus of the 50 Hi ood 500 Hz ogeing teas

39
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the some, with the 5O Hz line having o steeper
slope than the 500 He lina. Thirdly, the quantity
of water trees devaloped of 50 Hz was more
thon the number of waler traes developed at
500 Hr.

The above indicatas thet thare ere numerous
ageing mechanisms foking place, some that
are known ond (no doubl], others thot are
unkngwn. The valus of conduciing both ageing
e fharatore aliows for o lorger number of
thesa ogeing mechanisms fa be simulofed.

B his ol bl

Conclusions

This poper has highlighted the two different
approaches that CBl-slectric: African Cables
has faken fo demonsirate fhe long-term
reliobility of its MV XLPE cables. Cable
samples ware aged of 50 Hz ond of
500 Hz with the mein ageing mechanisms
being incraased electrical siress at 3 Uo,
irequency and water free growth. A comparison
of the resulis of the two tests did nol show
significont differences

Ralating the 63% characteristic breakdown

v
monulacturat in larms of the specification, but
by possing both ageing lests, this gives much
grectar confidence on fhe long-term reliability
of the manufactured XLPE cable.

sfress fo o coble lis-axpeciancy of 30 years,
it was shown tho by then, the coble samples
wauld siill have breakdown strengths in
excess of 10 Uo. This is ten fimes more than
the confinuaus operating siress (1 Us) that

Fig. 7: Handdrwn Waibull Plat of he probabily of faikuee.
s, broakdown siress.

he cabla would normally b subjecisd foo.
This reinforces tha long-tamm reliabily of the
insulation in terms of electric stress.

The water iree ageing mechanism produced
vary few wofer irees both af 50 Hz and at
500 Hz despite the energised cobles being
submerged in weter for hwo years and four
months respectively. This confirms the axcellent
quality of the monufactured cable ond the
‘extent of deanliness of the insulation interms of
the absence of defects and contaminants.

The resulfs of such agsing fests enable o
customer o safisfy himself of the level of quality
of the manulactured cable, its pedormance
undar increased electrical siress and requency,
and s abiliy fo resist the growth of water
tros. By succassfully complefing fhese fests
and achieving excellent resuls, CBI-Eleciric:
frican Cobles has demonstrated the high
level of quolity ond fhe lang-term reliobilty of
its MV XLPE cabls that it offers o the: slectricity
distribution networks In South Alrica.
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Improving reliability and revenue
of distributed electricity

by dean-Yves Pocthier Schreider Eleciric, fronce

A direct consequence from population growth and related economic development at industrial, commercial and
tertiary levels is an increasing demand for energy, including eleciricity. To fif that requirement, utilities need to

hey also nesd io improve th
and distribution networks as customers

ronsmission

demand more energy reliabilly.
An increasing demand for energy

In countries wilh fasf growing economias, MV
distribution networks spread at such a speed
that wiilties and their amployees naed very
efficient global solutions 1o decrease autoge
oecurrences and duration, thereby improving
the quolity of service:

Dapending on the fechnicel solufions chasen, i
s possible 1o hel control revenue losses (non-
distributed energy or non-technicol losses). This
paper describes the bensfits of fault iracking
and network reconfiguration that con help to
achiave thess goals

Deregulation

Soaner ar later, most utilities will face
deregulation, which laads to various odoptotions
and new caneapts of network operation. Even
in eountries whare the deregulation process bas
nat yet started, thess concepls are applicoble
1o improse the distributed electricity refiobility
ond revenues.

Measuring the quality of service

Ta rsach the required level of quality of servics,
tis first necessary to accurately quontify it in o
foctual manner. To do so, ufilifies commonly
use moasurement indexes (sources: CEPS|
98, SEE 98)

o tha “SAIDI* (system Average Interruption
Duration Index) measures tha overage
cumulaled power avtoge fime during one
yeor,

the “SAIDIp” (system Average Inferrupfion
Durafion Index for only permanent ovtoges)
measures the average cumulated long
outoges (sxcesding | min) during ane
year,

the *SAIFI” [system Average Interruption
Frequency Index) measures the averaga
number of outages per year and per
customer,

produce more power.

the “SATFp" {system Averoge Interruption
Frequancy Index for only permanent

Gutages) measures the average Aumber o
long outages per year and per customer,

the “SAIFIsh” (system Average Interruption
Froquancy Index for only short outages|
measures the average number of shart
sutoges (from 151 30 s) per year and par
customer.

When compating fhe SAIDIp meosured in the
19905 on the LV standpoint, we con see that
this index varied from 16 min (RWE, Germany)
down 1o 1130 {Light, Brazil), For EDF France,
T was 52 min in 1998, In few big well-supplied
cities, the SAIDIp index varled from o few
minutes 1o several dozan minutes (Rotardam
1991: 9,3 min; Tokyo 1991: 11 min; Barlin
1991: 16 min; Copanhagen 1991: 25 mi
Landan 1995: 54 min; and New York 1995:
1 min] bot the SAIFip index was often less than
a unit (Roterdam 1991: 0,12; Copenhagen
1991: 0,45, London 1995; 0,34). In France;
the quolly of sarvics i the: fen: lorgest cities
continually improved from 1990 o 1997
thanks to EDF investmont efforts: in seven years
the SAIDIp went from 2h down to 19 min, the
SAIFlp from 2,2 down 10 0,59 and the SAIFIsh
from 2,3 down 10 0,31. Last, but not leost, i
we look ot the cause of faults, 25% come from
the HV network, 25% from the LV network and
50% from the MY network.

The MV network s therefors the pan of the
whole network upon which the greatest core
needs be faken fo improve the quality of
service.

Another varicble fo be taken il account in

the quality of service is he cast esfimation for
non-disiribuled enargy per year. I increases

Costof Local economical
consequence of an autage

Costof Faul location
Cost of Non-Distributed Energy

with tha number of fauls par yeor, the peak
power demand, the length of distribution lines
or cables thot a7 conecied fo each feeder,
the-length of the outags, the billed price per
KWh and above all the cost of consequences.
This exploins why this cost can vary from $5
1o 330 per KWh (37 o 5§10 according to TNB
Malaysia).

The qualiy of service depends on fhe type and
density of the populatian (rurl or urbon), the
ype of disiribution (overhead or underground),
and the effects and costs that wers accepied
s the consequence of an outage. The
experiance of many utilies shows that the
qualily of service con be.improved when
some technical solutions are applied on the
slecirical netwark iself spliting fhe network
into shan sections, incrmasing its redundancy
and implementing appropricte automation,
incraasing the dependability of netwark
components and implementing remote control
ond foult datection devices,

Outages

The medium voliage (MV) network s the fist
port to loke care of. Foults may come from
both disiribution lines o3 from underground
cables, Underground netwarks are made of
numeroiss M/ MV and MV LV substations thot
are manually operoed and difficul o occess
due fo geagraphical constroints, distance ar
automabile traffic. They are affected by bad
weather conditions (floods, etc.) and may
offer o poor quolity of service fhat ransiates
into numerous lang outages (SAIDIp varying
from 2 o 10 ), high eperating costs, and



safety problems for mointenonce staff and
consumers.

Overhead networks are ften mode up of lang.
lines [radliol lines from 10 1a 100 km long), and
are affected by horsh environmantal condtions
(sandstorms, rain, snow, quick femperofure
variations, industriol er natural pollution, etc.).

Pole mounted reclosers used in distribution
lines are o very efficient solution o clear
tronsient loults and 1o isolate foully sections
(for parmonani fault], howaver no uility s rich
ancugh 50 instoll tharm or every branch.

A global approach

The network monagement involves remote

‘quality of service: numerous shorl breoks due
10 fransient fauls, lang outages (SAIDIp from
3 10 15 ), considerable voltage drops, an
overloaded network ond considerable losses
(irom 10 10 15%, and even 20% losses.

Operating costs are often high os well whereos
opsratars. and the public can be subjected
fo safety problems. Each of the significant
problems listed here fsafety, voltage losses and
drops, long outages, numeraus short cutoges)
€an be solved toking oppropricte actions
on the MV neiwork;"such as protection and
confral-meniloring, reactive compensotion,
muliple sectionalising and wuse of oppropriate:
fault detection tools

Among these different problems, two of them,

long outages and numerous short outages,

<an be slved using three fypes of solufions

* Stand-alone fault passage indicators
(FPis).

*  Remate controlled FPis

cont ty. MV distribution networks

offen have a tree structure mainly with

overhead lines. Tha selection end placing

of squipment and control systems in these

networks requires careful planning fo moke.

the best of its parformance. Thers ore many

passible woys (ot exclusive] fo place remote

control points and FPis on the network:

- mm ing existing pole mounted or

with remoe control, the

dmﬁ:ulr paint being the motorising of the
switchgear,

»  instolling FPIs on existing pole mounted or

substation swiichgear,

croating new remote controlled points

(pole mounted or §/5] comespanding 1o

the available power growth in the MV

network,

« creoting remate cantrolled network points,
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It involves o segmentation of the network infe
three lavels. Three types of substations wil
split the distribution network info three typas
of secfions.

These lypes of substations

The foult loation and nefwerk reconfiguration
scheme:is defined from the use of three main
iypes of substation:

* Tpe 1: /5 or pole mounted switch with
stond-alon FPI

* Type 2: 3/ or pole mounted switch fifted
with remoe cantrolled FPI

Type 3: 5/5 or pole mourted switch fited
with o remote control ‘cabinet including FP
funetion

Three fypes of network sectioris

These three types of 5/5 split the netwark into
three main sections:

* Smoll section edged by Type | subsiations

* Medium section edged by Typs 2
substations

+ Lorge saction edged by Type 3 substations

Each of these sections may be choracterised
as follows:

* The foully large section can immediately
be isolated by the remote control
centre, All customers in this section ore
not re-enes when the network is
reconfigured: the larger the section, he
bigger the number of customers with @
long atage

* The foulty medium section is immediotely
lacalised of the cantrol centre, The
maintanance crew is directly dispotched fo
the manually operoted switch for opening.
The result is that all customers in the
healthy medium sections ane supplied'n
a relatively short e,

* The faulty smoll section needs the
crew fo purm! lhn network.

Th

anticipoting the expansion of remofe

*. Automation and remole control systems

These solutions can be used seporotely but
olso in associafion — in this case some of
the substations use remote control ond/or
Gutomation capabiliies whils the ather ones
vse FPis. The choice between these two l:;r\ds

and 10 isolote if is rather long. Generally
this seciion is as short as possible, and
needs FPI function 10 be installed in sach

installing motorised MV
switches.
Tha global approach concept aims
1o increosa the efficiency of the
network management,

of solutions s indeed o
choice: FPls are a very sconomicol solution
1o significantly improve the quality of service,
while remate control systems, requiring bigger
investment, allow for even bigger impoct

minutes last,
concerned by lass of voltage and
reduction of time fo localise and

reconfigure.
43
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s

jon funderground cobles) or of each
branch (overhead lines)

The most efficient scheme is to retrofit o

S/5 with o remate control unil, but this

an

terms of aconomical
e three types

ing to various criteria such os:

mal situ

on i

approach. A o is-1o mix th

S on a feeder

* Number of c s in each section

* Imporiance

(hospital, ministry, plant; elc.)

custome:

in each sect

*  Accessibility of the §

5

* Dot

indication

communication facilities for remote

* Motorisation facilities in existing

substations

According 1o the abave considarations, &
typical network fesdar could ba organised

as follows:

* 1103 5/5 with full remate control

* 51010 5/5 with ramote controlled FPI

* ol other S/5 with 1 FP! for all other /5
A gradual selution

The concept of three main ypes of section
provides the odvantoge of simplifying the
nent onalysis regarding the reality of

twork. A network could ba equipped

gradually according fo progressive investment

capability

A fieststep s to place @ FPYin oll underground
/5. The Benefit is immediotely visibla in terms

 fime fo locate faults, ond also in terms of
saving ossets,
* FPl ome eosy fo instoll on on exisfing

work

= The localisation of the faulty section is
dona relatively swiftly by a patrol

« There is no need fo reclose the feeding
cireuit breaker on the foull

A sscond step is 1o install fully remote

controlled $/5. This operation gives the benefit

of quickly isclating the faulty section from the

control centre. If the customer need is mare

mpariant fhan accurotely locating the foully

cable or line, this step should be done first

The choice depends an the imporiance given
1o outoge duration and number of customers
oHlacted by o loss of valtoge. The installation
of such functionality in o substation is esi
it hos been definod befora the substation
installation for new netwerks. For exisling
5/5, adaptoble control units could be sed,
but generolly the better solution is to add new

substations with remoté control facililies ot

work.

swotegic points of the nes

Ina third step, FP| connecied fo fhe conteol

centre must be added in arder to decrease
the number of customers experiencing loss of

OH: Clip on foult passage ndicators

OH; Pola-mounted FPL

UG: FPY umbedded in the RAL ponel
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oltage, by reducing the size of the isoloted
Ancthe
investment and increase Ihe efficiency of the

section

aspect o optimise the

network management is fo fake care of the

functionality of fhe slectronic components

Foult passage indicators:
stand-olone FPIs

The faul defeciion funclion must be seen as
o part of the netwerk profeciion plan. So,
depanding on local specificity of line and cable:
distributian, the sefing should be adapted fe
better accuracy of the fun
the FPlfunction has
Obviously,
allows stock monagement optimisation

a
Iy,
be fully progrommale.
is olsa o key sconomic fact

ion. Conseg

rasit

The FPI range should be used either on
underground cable network or overhead
lines {pale maunied o clip on the line). On
underground cables, FPls can be either wal
mounted en existn gears (RMUs or
others) or delivered embedded in the RMU
ponel

switc]

Overhead lines: clip-on FPis

ies staried fo dream of gefing the

clip-on overhsad FPls (in case of

facturers simply added o rodio chip
inside their exising clip-on FPY, thot senta short

ranga radio signal 10.0 radio receiver lacoted

on o direct line of sight, 10'm from . This

receiver was closing o confact upon foult
eccurrence and opening it Upon MV return.
The cantact of the reciver was

nnecied o
digital input of & small RTU that was forwording
the signal fo the SCADA.

At firat, this simple solutien seemed 1o fill
the need. However since then, users have
discovered that this technical solution was

inadequate as it locked hree main feotures

First, it wos impossible 1o remotely test
the short range rédio s
wos growing in the
of si

if a branch
o the diract line
it between the FP{ and its receiver

esuling in the whola system not working
any more.

* Second, when
roceivr

he batery was empty, the

could ot be informed and so the
SCADA operator would ot get an alarm

Third, given the foct thot there s  remote.
communicating indicotor installed, it should
be possible 1o ge a current measurem
as well, in order fo optimiso the dota
costs (GPRS,

nication

facturers have covered the gap,
by offering more thon what wos

tially
required. By designing a system where the

FPl and the receivar use o bi-diractional
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rodio communication system, ond whete the

receiver is bused on a frue RTU filed with o

data communication inferface (RS232, GSM/

GPRS), t hos become possible to offer what

wos missing:

+ Alarm upon wireless link {shan ranga
‘communication) failure

Aot upon battery low leval

Lond measurament

Plus more:

Remeote FP! configuration (fault thresholds,
oic)

Maora than three FPls connecled fo o
raceiver.

Time siampad recarding of all events from
FPis and recsiver

Pole mounted FPis

Obviously such FPs do not sufer the drawbacks
of o wireless link: i is very eosy 1o connect the
dey contoct output relay of o stand-alone FPI
o a small RTU-and repan the alam fo the
SCADA. However, it is not oble fo manage
more than one MV line, even when located
near a bronch. The dal communication
system, cannot repart the information from
the: moin trunk and ihe nearby bronch: from
o remote communication point of view, it is
ot opfimisad. In oddifion, it cannot measure
ihe load on the phase conduciors; so the link
cannot be optimised in that aspect e

Underground cobles

In underground cables, the solution is evan
easier because thar is no wirelass link
roquested, the FPI is connected 1o three phase
CTa. From u function point of view, it is @
downsized vession of a Irue remote: canirol
cabinet, with the difierenca thotit does ot have
the power supply fo actuate @ switch motor (it
offers current and power measurement, fime-
stamped evenis recording, remole paramter
seftings, eic.)

In ovderto smpliythe commurication function,
it flod

- Direct ocquisition from current
ansiommars

- Phase overcurrent and earth foul
thrashelds

Load and/or power meosurement
failfy

Ramote threshold seftings

Interface with the swilchgear:
Ready fo connect

- Capacity from one to numerous
feeders

= Locol control and maintenance facilfies.

Such a conlrol cabinet may be bult from
standard componants: however, the cost of
such o solution is not cheaper than o specially
designed control cabinet (ISCU or Integrated
Substation Control Urnifl, and its reliability
moy ba questioned. Given the impactof failed
equipment on the natwork, fully tested urits
from complefe control cabinet manufacturers
are moru affracfive, 0s fhey guaranfee:

o Asofe installation.

+  Asimpliied commissioning,

Pl
wting o solufion compatible with the remot
control unit - [same protocol and some doto
communicaiion media) be used

Remote control

In a remote controlled 5/5, electronic
components hawe fo parform the following
functions:

«  RTU; communication with control centre:

+ o be fustod 08 o whole of he factary.
The full EMC compatibily

Minimum wiring and cobling which
dramatically increases the quality, the
reliobility and the availabilty of the contrel
systom.

Conclusion

Wis tow clear thatin oll developed countries,

Storage and i for events

and measuraments
Support the ranga of protacols (IEC,
NP3, eic |

Various dolo communication media
(GPRS, GSM, PSTN, Radic.)

- Locol and remots configuration of all
components of the'Soniral cabine!

- Remote dewnlaading of software
updotes and §/5 configuration
Concantrofing facilty for axisting IEDs
{pectection relay, pawer measurement
devices, etc)

- Profocol communication tracing system
{to find why the link fo the SCADA does
ot work, in cose thot happens)

Backed-up pawer supply for:
- Switchgeor matorisafion
- Modem

- Ch

FPI funclion including:
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availobily hos become  priorty challenge. For
years.and years, the uilifies have experimented
with voriaus solufiéns, It is now time 10 toke
advantoge of ol this experierce. I appears
clearly that remote control and fault detection
re two of the key solufions, The customers ore
mainly offected by faults an the distabution MY
netwark, to which, consequently, we hove 1o
pay o particulor attention,

The introduciion of foult detection and networ
monitaring and conirol needs fo be driven with
progmaiic and optimised actions, The chermy
on the cake when using remoto controlled
FPls ond [SCU fitted with load measuremen,
is that uiifies con easily opfimiss their power
genarafion and chese non-fechnicol lasses. The

global concapt described here synthesisas the
experience acccumlated from vorious uflities

world wide [France, Spain, UK, Ausiralia, and
Canadal.

The components which must be associated
with such o concept, for instance 15CU,
remole: controlled FPls sic. ora available on
the markst. 4
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Medium-voltage distribution
switchgear developments

This paper presents an

argu
secondary switchgear (.. ring main units) - having

by RA Kelly, Eskem ond M Ryan, City Power

ment for the use of medium veltage (MV) distribution switchgear - and in plﬂl:ulnr

on safety,

The use of mediur vohage oil-iled switchgear
is widespread in electricity networks in the
South Africon electriciy distribution industry
(EDI). Although generally reliable, most
switchgear installedl befere 1970 has reached
the and of s design life and may be unsofe.
Oil-ilied switchgear, espacially that which is
sither un-mainained, depandent manvally-
operated {DMO) andfer oversiressed, can
foil with catasrophic. rasuls for the aperofer,
equipment, property and ganeral public. The
likelihood of failure increases with the age
of the switchgaar, inadequate mointenance,
modifications not done in occordance with
the monviacturer's recommendations and
operation by inodequately rained perafor.
These factors are exacerbated by skified
ond experienced salf laaving he EDI, either
through natural afiritien or migration to more
lucrative posiions i privata indusiy

Users have a duty, i terms of safety legislation
[most notably the Occupational Health and
Safety Act 85 of 1993) to fheir employees
and the public to previda an occepfobly sale
envirnment and fo foke reasanable measures
fo mitigate ogoinst possible dangers. Since
the risk described above mey involve severa
injury and/or death, the level of assessment
and carrective action is required ta be
comprehensive,

‘and economic

perfomming anciher switching operation, thus
preveniing an operator from attempling to
reverse an incorrect operafion,

DMO (dependent manual aperation): an

aperation solely by means of directly applied
manual energy such that the speed and force

oil, based

olso addresses recommendations relafing 10 the
evanaganvan of i oll-ied sothgen

ol tha switchgear must ba isolated and sarthed
in terms of operating regulations befora any
maintenance con be performed. Due 1o ever-
increasing quality of supply expeciations from
customers, it s becoming increasingly dificul
1 schedule the onerous outages required

of the operator,

Overstressed: a situation arising when the
prospeciive fault current of the electrical systom
at the switchgear localion exceeds the fault
current rating of the switchgear.

History of medium voltage
switchgear in the South African
eleciricity distribution industry (EDI)

Ol dlled switchgear

For mony years, the primary insuloting and
interrupting medium for MV switchgear was
oll and g significont portion of the installed
madiu valloge switchgeor bose in the SA EDI
is classified os oi-hlled. Although, the scope
of this paper primerily addresses oil-filsd
secondory swilchgeor (6.g. ring moin units
(RMUs]| — mony of the issues oddressed ore
also applicable o primary oil-filed switchgear
nd users are encauroged 1o apply similar
principles to any base of instolled oil-Hled
swilchgear which they may hove.

[ Taw

technologies have presented end users with
 compelling argument for the use of lower
cost, sofer and more reliable equipment
This includes the use of swilchgeor hoving an
insulating/interrupting medium of gos, air
vacuum ond/or solid dieleciric that is ‘sesled
for life" - requiring minimal mmnlemnc: and

rend
surfaced, i.e. fhat oil-iled swichgear s nol
being adequately mainiained. If maintenance
is being camied oul, in many coses. if Is
not in accordance with the requirements
of the original equipment manufaciurer
(OEM). Historically, most swiichgear has bean
mointained on an inferval- and event-based

isHfefime.
in boh fechnology ond knowledge; it is now
possible 1o use safer switchgear fhat i fully
tested not only to withstand fhe eflects of, but
10 sofely “vent’ the emissions genenated by, on
internal (orc] faul.

Definitions and abbreviations

Anfireflex handle: o one-way operofing device
that must be removed and relocated before

schedule. In some cases, a ‘un
o foilure’ philosophy has been adopted
s f this was considsred an acceptable option
mespeciive of the isk involved.

Mostol-Hlod secandary swichgeor (.. RMUs)
is clossified as “free-breathing’ ond herefore
prone to moisture and pollutants resulfing
in whot is referred fo s on ‘uncontrofled
environment’. In order o oblain occess fo the:
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is simply ot
being scheduled, oo 05 o result of prasr
on maintenance budgets, The bove factors
hove all lead 10 an afl too common frend
that the required mointenance is nol being
performed on aging switthgear, This leads fo
o grashval deferioration of the insuloting, and
in particuler, the interrupting propecies of the
oil. The probability of mechonism failure in
on ‘uncontrolled envirenment’ also increoses
through ock of malntenance. As o direct resul,
numerovs switchgear foilures have oceurred
which hove bean accompanied, in many
instaricas, by serious injuries, ond in some more
sevare Cases,fotalfius. The overoll isk of falure
increases with the age o the inadsquately
mointained swilchgear.

Clause 5 of the Brifish national Healih and
Safety Executive (HSE) document 483/27
‘Oil-filled ebacirical distribution and other
switchgear' [1] siates, “In general, oil-filled
switchgear hos o proven record of reliotiliy
and perormance. Failures ars rare but, where
they occur, the results may be catasteophic
Tanks moy rupture, resuling in the efectian of
buming oil ond gas clouds, causing deoth or
serious injury to persons and major damage
1o plant and buildings in the vicinity of the
foiled equipment, Accident sxperience hos
shawn thot failure usually securs at, or shortly
after; operation of the equipment. Thus, the
woy switchgeor is operated, its condition and
the circumstances existing in the system ot the
fime of operation, o o large extent, determines
whether the equipment will safely perform its
e

A number of failures hove also occurred as
a direct result of sub-standard oil-type MV
HRC fuses usad in switch-fuse combinations
Users ara cautionad regording the serious risk
ossociated with the use of inferior quality and/



21st Technical Convention

or non typa fested fuses that have entared the

s1. Tests carried

ave praven ihat they are unable fo interrupt
1o their rated capacity and in foct

have exploded of curment mognitudes of only
25% of d in

0 kA fie he rot

This,

o coupled with the o it
ail-filled switchgeor is not internal orc rated,

presents o potentially fatal hazard to opertors
and the o event of the

general public in
o interrupt @ downstream

Westem Cape, an Es

ght secs o proven he ngress
o the fuse.

fing medioms

The use of cast epaxy resin as an insulafing
m (ofien in combination wilh free air]

is also fairly widespraad in what is called MV

“insulation-anclosed’ switchgear wher ol
ih

insulotion matericl [except for the extemal

clors ore completely embedded in

connections). Users are encouraged o apply
the principles. given in this paper fo exisling
insulotion-enclosed swifchgear as many of the

foilures experienced ars als dus fo inadequote
maintanance, adverse service

conditions and ever inodequate operator

troining/experience.

osures (of
typel
widaly used loday, for exomple in indoor
enclosed [‘metol-clad’) switchgear

“froa-breathing

ve been and are stil

re-air’

meta
[o.g. bushar enclosures, cable terminotion

enclosures, eic.] and cutdaor switchgear (¢.g.
cable fermination enclosures of RMUs). Air
filled switchgear anclosures are ceriainly
exempt from having o relatively poor track
record In South Alrica. Suffice it to sey that
he post

many of the problams exparienced
with swiichgear having ‘air-filled’ enclosures
«can be avercome by coreclly applying the
minimum insulation requiremants. specified
in NRS 012 [2]. Users should be awars of

e terminations ond e
Yoo

Users

the four type

conductors defined in this specificoi

asi

specilying and purc
ned rogarding the wide

switchgsar

are olso caut sprocd

anditions
door

misconceptian that pollutian
within o biic

osure) are necessarily of

built room (or even an

con

have the banefit of baing washed by rain and
therefare moy requi

temperature fluctuatio

accompanied by relatively high omounts of

condensation - resulting in the ‘watting” (not

surfaces.

This scenario
1 and/or
surlace tracking activity and subsequent

washing) of polu
only exacerbates any lsckoge cur

probability of fallure. Only if adequate

measures are taken o air-condifion

room,

filtr the incoming air and develop @ posilive
pressure wihin the.ro0m can the pollution and

indensotion problems be reduced.

raspaciive ofthe switchgeer primry insulation
mediu
the foilures can be traced bock 1o the cable
It is the outhors' opinion that

it is acknowledged that many of

terminations
anly through fhe coordinated enforcing of

{nsulotion requiremans as given in NRS 012

for air-filled enclasures con these problems
be odequately oddressed. Many foilures can
be attribuled to an uncoordinated transition
from compound filled boxes 1o the use of
modern dry-ype accessaries n oir (e.g
heat/cold shrink, slip-on or ather cold applied
tachnologies} without due consideration

for the termination enclasure inslation
coordination requirements. Amongst others,
NRS 012 addrasses i

clegrances,

imurn cequiremants for

creapoge distonces, pre-defined
cable tarmination bushings and insslofors
Cable ith NRS 053

Alternative solutions to oil-filled

switchgear

Prior fo the advent of suitable aitemafives fo

oil-filled s metal

tchgear (e.g. gos-insulah
chgear), 12
imemal are classificafion couk

vans such os
be's

enclosed swi

iously

cansidered. A1 best, ofl-filed switchgear hoving

infernal arc fested oir-filled cable termination
enclosures may be availoble. The cancept

of in

| arc fesfing has e

erged in the
g fhe sofely concarns
ing switchgeor failure risks.

process of addressi

around incre

Tha now well known concept o

dlassification (IAC) imolves dasigning and
\esting equipment that, should on infemal shart

circuit fault orc) occur

‘any of the swilchgear
enclosures, it will fail in o confrolled, ‘safe

and predictoble mar:

. The noture of

intemal arc foult in oil (ie. between live poris
rent], is deemed

to be uncontrollable. Explosion vents,

not designed fo inferrupl

providad; would simply allow burming oil and
vapour (ot temperat

5. of o few thousand
degrees Celsius] 1o spew into the surrounding
atmosphers — resulting in significont domage
o property and paople. As.a resul, it is simply
not possible or practical 1o intemally orc test
lled switchgear. Fig. 1 shows an example

to an intamol arc fo

igear: In contrast, intemal arcs
faults in air-flled and gos-insul

d switchgear
are clossified a5 ‘dry-arcs”. “Dry-arcs’ eon be
simalated in o fest laborafory and therefore
sutabl

methods developed fo cantain and/or
salaly ven the emissions fincluding conduciive
vapour and malien metal] created during on
ternol arc falt.

ulphur hexaflusride (5F6) has praven iself
fo ba a preferred gos for fi
for example busha

ng enclasures
omporiments housing
& equipment in compact swilchgecir, SF4 is
a relotively new devalopment in comparison
with the ofhor technologies and offers superior

| should then be used

In terms of insulation and are

extingtion. It is

grated salution for the swikhgear-cable
rface.

Examples of swichgeor foilures due o an n

al o
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e it absorbs
free slecirons) making it an excellent mediur
for are quenching becouse it obsorbs the free
elacirons produced in an arc. I hos o dislectric
sirongih thrse times that o
pressure and the dielectric strangth ropidly
incroases with incraosing p

f air of ctmospheric

ssure. s
extinction properfies are three fo four
superior 10 that of

mes

ot the soma pressure.
The gos is odourless; non-taxic, chomically
inert, and non-flammable. Nevertheless,
is classified 05 o greenhouse gas and foirh
stingent procadures hove fo be compliod with
1o recove, siare and recycle SF6, In addition,
the: gas is denser (ond hence heavier) than
air and i thersfore has o fendency to collect
in low-lying ploces e.g, basements in the
vent of it escaping. Since it disploces aif, In




~ in parficular when developments
in bath technology and knowiedge
can lead fo ecanamicall feosible
impreveménts — in order 10 greatly
reduce the risk associoted with
the use of ¢ produd, process or

Internal arc

I essence, on infernal orc is o

) Phase 1, Pressura rise and release of hot gases.

2) Phase 2, Damage o equipment and burn though

shon circult bitween components
having different elsctrical potertials
within a chamber filled with a
particulor insulating medium.

Fig 2: Typicol pressure ise in swichgear

suffcient conceniralion it moy be horardous

supporing. The gas s Undar
positive pressure 1o prevent the ingress of any
oir ar moisture. Gos loss is typicolly less than
A R e
by monufocturers ot the time of filling. The
expected service Ife before maintenance/re-
filling of on $Fé switch is up 1o 30 yeors
Arcing does cause decomposition of the gos,
buf in very small amounts. The products of
decamposition ore foxic and react with waer,
but since the tonks are sealed and filtered
neither of thesa issues presant o problem. Note
that for high voltage (>33 kV} GIS swiichgear,
SF6 s the most prevalent insulating and
interrupfing medium ovailoble and used.

I is worth noting thot oil, when used purely
15 on insulating and/or cooling medium (e.g.
in conventional power transformers), is not
considared fo present the some safely risk fo the

is an conduction

of slactrical current from phase

15 earth'ond/or. phete 1o phase
sccompanied by lontation ofthe sumounding
medium(e.q. oir/SF8). Becouse of the expansive
vaporizotion of conductive meto, o ine-tc-ing
or line-to-gronel arcing fouk con escolaie ino
o three phose arcing foult in less than 1 ms,
Arcenergyisa F 90, short
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reach four fimes the temperoturs of the sun's
surface. The high arc temparature vaparises
the conductors in an explosive change in stafe
from solid to vapour. Copper vapour expands
16 67 000 fimes the volume of solid copper.
Fig. 3 shows on example of the releoss of
arc flosh energy where inadequate pressure
relecse mechonisms were provided. Howsver,
through the specification and design of infermal
ore classified switchgear, where the energy
ond emissions resulling from and interal arc
are suitably vented away from the operaior
and/or people in the viciniy, the 'safe’ working
distance can be effectively reduced

The most common cavses of an infemal are
fault are:

Insulation delacts dua te quality
dalerioration of the companents including
oill. The causes con, for example, ba
odverse environmental conditions, o
highly polluted environment and lack of

cireuit current, and the time until the upstream
protaction operotes. Yoltaga is o funciion of
system design, current is a funciion of system
dusign ond operstion. Arc fime s a function
of proteciive device response. Th heat energy
and infense light ot the point of the arc is
called an orc flash. Arc flosh energy absorbed
by o person is a function of arc energy,
distonce from erc and parsonal protective
equipment (whare opplicable). An intemal arc
is accomponied by a ropid rise in pressure

foll

* ‘Overvoltages of cimaspheric origin or
generated by operation of a-component
linadequete insulotion co-ordinaion);

Incorrect operations due 1o nat respacting
the procedures orto inadeguate fraining of
the parsannel in charge of the installation
Nofe howsver that when evolyating
switchgear performance, it s imporant
1o disfinguish betwean limitotions placed
on equipment by design and by aperting
procedures. For example, the fing swiches

in Fig. 2. In the absence of suiloble pressure
rolsase mechanisms (e.g, “venfing ducts or
flops'), are fouls i

user. The principle of ope ‘

(i, mutuol induction] is different 1o thot of
oilffled swiichgear, whers contact separafion
thraugh maving ports occurs in the oil. The
drowing of an elecirical or¢ within oil and in
particulor confominated oil batween conduciive
Parts nof designed fo intarrupt current
undar conditions of a short cireult internal arci
rasuls in the ropid expansion of the il and
vaporisation of moisture in on uncontrolled and
explosive manner os described above.

Sofety considerations
Risk

Sofety is achieved by reducing risk 1o a folerable
level, Tolerable risk is determined by the seorch
for an opfimol bolance between the ideal of
absolute safety and the demands fa be me!
by 0 product, process or service, ond faciors
such a3 banefit fo the user, suitobility for
Purpose, cost effectiveness, and convenfions.
of the society concemed. ‘Risk” is considered
Yo be the combination of the probability of
Sccurrance of o ham and the severity of the
harm [4]. it follows that there is @ need fo
Continually review the toleroble level of risk

potentially fotol as femperatures ot the orc con

Fig. 3 Resuting orc flosh.
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ofan fmL -break, faull
make devices. Failure of the switchgear o
pertorm these functions cannot be excused
despite any resirictive local operating
procedures;

Breakage or tampering of the safety
interlocks;

* Guerheoting of the contoct arsa, due 1o the
prasence of cormasive agents or when the
eannections are nat sufficiently tightanee;

+ Eniry of yermin inio the switchgsar live
compariments;

Material left behind inside the switchboard
during maintenance operations;

* Interlerence with coble terminations during
cable festing: This can be eliminoted
through the specification of integrol coble
test facilities thot ors independent of tha
<able fermination enclosyures (eliminating
the need 1o access and interders with the
cable ferminations);

Use of inferior queliy and/or nan typs-
tested MY HRC fuses (see below); and

Incorvect instollatien (.. siiker pin facing
wrong dimction] end/or replacement of M
HRC fuses (Le. oll three fuses of the same
make and rafing ol replaced ot the same
time after o fuse eparation - see below).
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Risk reduction

The basic philosophy adoptad for risk
reduction can be summarisad o5 shown in
Fig. 4. It is importani fo nofe fhat, os always,
personol prolective squipment (PPE} should ba
considered as a kst line of defence, and not as o
replacement for appropricte equipment design
and testing (0.g. informal are complionc), safe
work pracices or enginesring canirols that can
el limit exposure fo orc-flosh hozards.

In Seuth Africa, fhe Oceupational Health and

Sofaty Act [OHS Acf) [5] has a general duly

clouse requiring employers fo loke reasonable

pracautions 1o ensure their emplayess’ health
and safety. Although it is nof the primary
objective of this papar fo discuss the relevant
safe working practices and appropriote
parsanal protective squipment [PPE), dus
ta the fact that there ore currantly no local
elecirical safety regulations relating fo intemal
orc, users are encouraged 1o refer fo the
recommendations given in the National Fire

Pravention Association document “Standard

for Elactrical Safaty in the Workploca® (NFPA

70€) [6, 7) adopted by tha LS. Department of

Labour, which, in shert, requires that:

* ‘Limited approach, ‘reskicled approach,
“prohibiied opproach’ and ‘flash protectiant
et i b atoblahc ook
o assure fhat persannel do nof accidentally
confact exposed, energized elecirical
quipment.

* Employees are aware of potentiol hazords

when operating, changing the position of,

or working in the proximity of energized
sloctrical equipment.

i an employee needs ta enter o flash

boundary fo perform wark that could

memumumu ihen o Cpppe
needs

This would require an arc flash hazord anclysis
|risk assessment} to be comed out in order o
delermine fhe type of PPE needed for the arc
energy level, the duration of the arc flash and
the werking distance (degree of exposure or
impact]. For naw equipment, it is possible to
significantly limit the probability and impact
of an intemal arc — by providing switchgear
ihat is specilied and tested with o suilable
infernal arc classilication (sae below]. An
implication of having infornal orc clossified
IAC) swilchgear in accordance with SANS/IEC
is that the clothing category of PPE required
would be entry level, i.e. o single layer of
untreated natural fibre clothing without any
arc ofing (‘cal/cm™), Note however that
SANS 62271-200 stafes fhat clossification
IAC gives q tesied level of protection of
persons under normal operating conditions
s defined in annex A.1 of SANS 62271-200
L. including manual operating and moniloring
of switchgear at normal working distances]. It
is concamed with personnel protection undes
these conditions and not under mointenancs
conditions nor with servica confinuity. The lofer
wauld require additional salety measures 1o
be faken. Hers, requirements such as having
metallic parsiianing (PM) between enclosures
and spacifying an appropriote loss of service
continuity (L5€) classiication in accordance
with SANS 62271200 become relevant.

auality of supply ond associated natwork
performance indicofors ond it s tharefore highly
recommended fhat suiloble ploni manogement
progrommes be put in ploce in order lo mifigate
ogainst the potentiol dangers cssociated with
older oil-insulated switchgeor. Section B below
provides recommendafions regording the
management of existing oil-Hlled swichgeor:
Specifications for new swilchgeor

Since January 1998, Eskom Disiribuion has
latched on te the infernational tiative of
internol arc tesfing of indoor primary metol-
enclosed swilchgear. Four years later (August
2002), outdaor switchgear followed suit
when infemal arc rafed compact secondary
switchgear wos specified and purchased for
sub-switching stations RMUs) ond “Type
8 mini-subs (1.6, equipped with a RMU)

typically found downstreom of primary
switchgear. Operatar and public safety hos
baen put under the spotlight in the past few
years following catastrophic failures of metol-
enclused and outdoar oil-insulated RMU
switchgear — slevaing arc flush sofety ond
hozords to new levels. This hos forced Eskom
and other utilfies to review the cument design
standards from o product compliance, festing
and application perspective.

Eskom and other major uiiliies have recently
bean invalved in the development and re-

T Py Py ey
of other possibla ‘suppk * moasures

igear
of the | Health and

such s intarmal are detection for rapid fault
cleorance, currant limifing devices (e.g. HRC
fuses in combination with switching devices),
‘arc efiminators/suppressors’, ramote control,
molorised rocking devices, pressure reliet
dev

1o berwom.,

The typa of PPE depands on the amount
of energy to which an employes could be
exposed.

Inii sk

Inherently safe design
Protecteee anvices
intarmation for satety

mm-mlomm..

1o ar from their servics posifions only when
the frant doors are closed. A co-ordinsted
philosophy is required when opproaching
the subject of internal arc

Safety Act and industry-aligned requirements
utilising the recently published SANS 62271
200 [8] as well s SANS 61330 (9] (due to
be replaced by SANS/IEC 62271.202) s
reforence.

The opplicable specifications for distribution
switchgear require that they be type fosted fo
ensure the safe release of gases in the event of
an infamal are auh — giving thern on infemol

and_speclying new equipment and safefy
ieasures. Users are coutioned that ‘Blindly"

spacifying combinations of various measures

«aimed at reducing the probability ond impact
of an intemal arc con lead fo unnecessary
or wasteful expenditure. However, whether
working with new o older equipment, the
requirements of NFPA 70E and the OHS Act
should always be considered.

aaditioeal patectie.
duvcas

Trainng
Pursoral pratetive
equ:pment

G

Residual isk.

Fig 4 Risk reduchion

a3 in the cose of un-maintoined oil-insuicted

MAC) in accordan the
mlmﬂl SANS specifications. This has been
made possible: dus o the specificotion and
purchasing of air-filed and/or gos-insulated
switchgear. The SANS specifications for infernol
are festing (defailed in annexures A of SANS
62271200 for mefal enclosed switchgear ond
SANS 61330 for prefabricated substations)
caterfor two relevant categories of infemal orc
dm-lmm~mmhmwimlww
required by the user. Typa A accessibilty is
restricted 1o authorised personnel only and

on intemal arc flash risk is o remotely de-
energize the elecirical circuil(s] when the
equipment is being operated, if i s gaing o
be prepared for maintenance or inspaction
o5 well as when equipment is baing retumed
o service following an intermuption. However,
such a decision has a significont impact on
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Type B bility coters for unrestricted
accassibility — including that of the general
public. Different types of accessibilty may be
applied to variaus sides of the swilchgear /

endlosure — i.e. front [F), loteral [L], and rear
IR]. Bach occessibilty iype:requires specific
st conditions designed to simulate the aciual
€onditions on sito. The philosaphy appliad by



Eskom Distrbution for specifying the intemal
arc clossiication for switchgearis bosed on the
masimym prospactive faultlevel applicable fo
tha relevant port o the nehvork, the profection
ohilosaphy relevant fa the fype of switchgsar
W recessary, current limiting devices (8.9, air-
eore reaciors) may be required 1o limit the
prospeciive faul lovels 10 within the pre-defined
limits. The internal arc rafing and management
of fault levels are token info secount in the
planning and design of elecrical nefworks in
Eskom Distribution [10]

In summary, for indoor mefel-enclosed primary
switchgear (‘mefal-clad’), the follawing is
specified by Eskom Distribution:

Classification IAC:
AR-BFL [SANS 62271-200)
Intermal orc:

25 kA 0,2 s (for 12 kV ond 24 k¥);

Althaugh e switchgear s generolly housed
indoors in a brick-buill switch room, fhe rear
of the switchgeor is restrcted fo authorised
porsonnel only, wheress the sides and front
arovide what Eskom regords as unestricted

Fig. 5: RMU with inkermol orc veniing duct
i 1R

internal ore detection systems ore employed.
As this outdoar switchgear is usualy insialled
on solid concrate plinths (usually pre-cas)
with cable frenchas that ore backfilled and
sealed (using o cancrefe scroed), venting of
the swilchgear con only be directed upwards
~ requiring @ 2 m high arc venting duct — an
example of which ix shown in Fig. 5. The duct/
is designed and fested o vent
i M an in

venting syst

Y (a.g. taking
possibilily of having parscnnel
ol clossified as ‘responsible’ or ‘suthorised” in
ferms of the Eskom operating regulations for
high voltage systems]. The 0,2 s arc duration
15 based on the fact that intemal orc detection
systoms ore specified for indoor switchboords.
These intemal arc bus profection schames.
employ dstectors sensifive o light that cre
installed in ell switchgear enclosures to act
03 fass sensing devices in the event of on arc.
They are designed to inificte an upsirear circuit
breaker trip in less than 0,1 5. Arc venfing is
required 1o be upwards [withoul exhausfing
ducts) and the key switch room dimensions
are standardised fo coincide wilh the intemal
orc fest requirements. The switch room is olso.
designed for pressure relie,

For outdoor secondary switchgear (e.g. RMUs
and miniture substations usually instolled
downsiream of indoor matal-clod primary
Swilchgear), the following is specified.
Classification IAC

AFBFLR (SANS 41330) or B’ (propased
SANS/IEC 62271-202)

Inernal orc;

20kA D5 s ffor 12 kW), 16 kA DS s ffor 24
)

Outdoor switchgear is normally insialled in
reas of genesal public accessibility - requinng
wpe B accessibility on ol sides (with all doors.
closed). In addition, with the front MV deors
Open (front access only, type A accessibiliy &
8quired for the operaor: The 0,5 5 arc duraion
& based on the upsiream prolecion seftings
fypically applied lor groding considerations. No

ony ot the gas and/or air-flled enclosures within
the switchgear (1. a common venfing system
for the SFé-insulated busbar enclosure and
the air-fllad cable bowes). Such o duct syslem
can be applied to free-standing RMUs os well
‘o5 RMUs installed within miniature: substation,
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Economic considerations

It is well accapled that any sound angineering
solution must fake info consideration the total
cosf of ownership during the expected ife-span
ol ihe design ahlematives. This involves carnying
out o comprehensive lfa-cycle costing” study —
comparing ollsmatives available 1o e enginaer
from an ecanemical poiet of view. Uilimately,
all engineering altemotives con be compared in
teems of econamics — taking into consideration
ollthe ideniified and quontilied risks

Life cycho costing can be opprooched in several
ways but the fundamental principles are the
same in sach case. The factors considered
imporiant and the weighting given 1o them
will have o signifieant impact on the rasult
The follawing factors are considered 1o be
the most important and should be taken into
consideration in the comporison of varicus
planning variants:

Initiel copilal cost fcost of acquistian

Future upgrade/replacemant costs
* Cost of tachnical losses
Cont of unserved energy

Maintenance eosts (normally perodic)

Dismantling / residual costé
Liability costs
* Operating costs

The proposed IEC 62271-202 mok 1
provision for the MV iniercannections (jumpar
cables} befween fhe RMU T-aff and the MY/LY
ransh The ?

"gly import
cost of ‘un-sarved anergy® (COUE) or the
cost that the customer incurs due o plont

hausing the inferconnactions may be excluded
from the internally orc fested zane either by
spacifying o (fost oporating) HRC fuse (Le.
fuse-switch combination) in the RMU T-off
on, f a circult breaker is spectied, by using
fully screened cable jumpers and separable
conneciors anto tha transformer.

s the view ofthe outhors thot the i
of mandatory type testing for
classified (1AC) switchgeor and controlgeor
s detailed in SANS 62271.200 and SANS
£1330, together with the implementotion
of safe warking practices (such o3 those
detolled in NFPA 70E], has graatly enhanced
the employer's ability to specify accaptable
equipment that significonly impraves both
operator and public safety.

In adtion, with e evelabilty of switchgear
raquiring minimel mainienanca inderveniian
(e-q. cireuit breakers of closs ‘E2-M2’ in
‘occardance with SANS 62271100 [11]), fixed
pattern mefal-enclosed primery. swiichgear
(normally *partially’ gas-insulated) con be
considered in future — as an allemative 1o the
more traiional withdrawable ‘metal-clad
swilchgear

5

during an outage, whether
planned or un-planned. This is in cact the
<ot fo the economy of @ power outage. The
COUE s based on the class of custornor being
suppled. Toble 1 shows the costs of unserved
energy for the different customr closses used
by Eskom [10] (2005 figures. shown). Note
that one of the realities experienced in Eskon
and ofher mojor ufities i that thers are few
areas thot ore made up of one single closs of
custemars

It is often the cose that thers is o mixture
o, for example, commerciol and residential
customers. Many light commercial businesss
are now operated from homes that would
nomally have been clossed as msidenial. In
such areas, o R/KWh value is fo be determined
fhat s representative of the mix of customer
classes in the porficulor area

In 2002, Eskaen carried out o comprehansive.
lie-cycle costing comparison betwee oilfiled
and pos-hlied (i.e. SF&) RMUs and then again
in 2004 using the Electric fower Reseorch
Institte (EPRI) Lfe-Cyelo Cost Management
System (LCCMS] and Life-Cycle Decision
Making (LCDM) sofiware, The resuls from
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Customer class.

worth noting that the commercially available

Table 1: Gasts of unseed energy {average
customee inferrupfion cosl) ~ 2005 Rands [Eskom]

both studies were consistent — indicating
averwhelming support for the use of SF6-
insulated swirchgear. For the purposes of fis
paper, the results of the more mcent (2004)
shudy [12] are summerised belaw,

The fwo allemnafives evaluated were:

Ofl-insulated switchgear that undergoes
roufine mainfenance every fheee yeors
(minimum). Mete that the cssumed
maintenance frequency and averoge cos!
of mainienancs wers based upen Eskom
auparionce with the insialled bose of oil-
insulated compoct switchgear;

$F6 gas-insulated switchgeor that is
considared ta be maintenance-fren and
requires o Intervention requiring o

prolonged outage.

The two alteratives were onolysed for the

acquisition, use and disposal phases of their

fifa-cyele ond the results ars shown in Fig. 6.

Tha two most significant cast elemens that

make up the “uss” costfacter for ol-insulated

switchgear are:

«  The 3 yearly maintenance cost; and

+ Cost of unserved snergy thot oceurs while
doing maintenancs.

# nuniber of the key differances giving rise

1o the resubts shown in Fig. 4 (betwsen oil-

insuloted and SF6 insulated swirchgear] ore

iow briefly discussed.

The purchase price (‘acquisition’] of on SFé-

insulated RMU i fio-dare) higher hon thot of an

oil-insulated RMU. These prices are effectively.

desarmined by markel dynomics. However it s

manner, They connot simply be left sionding
upright in their ‘naturol’ state, as the breather
valve on the lid of the drum would draw in
impeiring its
dielectric strength, The drums ore raquired fo
d ores ina horizontol

| SF6 switchgear used by Eskom and ofher
ufilities Is to mere stringent
Commprcil {e:g- internal arc  woter ond contominate the ol -
Agiicultralfiorol and ofher specilications given
Reidenscl below] i if be siored ina de
Traction in cost has been decreasing over the last

number of years.

Most modem SF6 aquipment is morketed o5
baing ‘maintenance free’ due fo the foct that
they are considarad fo be ‘ssaled for e’ and
thus enviranmanially confrolled. In comporison
1o the amount of mointenance required for oil
equipment, this is o foir statement fo make. It
was ossumed fhaf the operaional ife of the
‘squipment is 25 years as recommended by the
mojor manufachurers

The SF& insulating medium has o very long
service life, for in excess of the RMU inself,
whereos the oil's dislectric strength deferiorates.
aver fime and 36 requires regular chacking
~ especially cansidering the foct that oil-filed
enclosures are ‘free-breathing! 1o the outside
emvironment. Maintanance an oil units implies
an 8 hour outage which is required avery
3 yeors, whereoas maintenance of SFé units
is scheduled for once every 12 years which
invelves o 4 hour outage

The latter includes visual
oparating mechanism maintenance and if
necassory the cleaning of the cable fermination
anclosures {dua to vermin and other possible
environmantol pallution). No mainfanance is
required within the SF& chomber housing the
switchgoar fself as this chamber is regarded 03
5 bl

pecions, basic

manner and must further be kept en o raised
surace - preferably undarcover o avoid lorge
femperoture fluctuations. Using SF insulated
equipment in place of oil con olso resul in
simplified installation ond commissioning
arocedures. In paricular, the instalotion fime
of SF& equipment Is inherently shorter due fo
the fac that the oi.filed RMU has fo. ba filed
with il on sie. Filling of ouidoor RMUS with
niraduces ofher risks due to the possible
contamination of fhe uni whilsi open. These
factors associoted with ail-insulated equipment
oil contribute 1o both direct and indirect costs
— which ors not an issus with ‘sealed-forlife’
ond factory tested SF6 Insulated equipment.
Manulacturers of SFé swichgear clso cifer free
end-of-ile squipment disposa services - based
on occeplabls environmental corsiderations.

Netwithstanding the sofety aspects, the
oconomic ouicome is signiicant ond clearly
n favaur of the gus-insulated ‘sealed-for-life’
technology le.g. SF6). Note fhat at 22 kV
and above, fhere is no opfion but to use SF6
gas-insulated RMUs o5 no suilsble altemative
currenly exists.

Other considerations and benefits.

Othar benefits, in addifion o thase mentioned
obove, of modern compact gas-insulated
RMUs complying with the spe:

d user

with SANS 62271-200. Note fhat desphe the
‘assumption that 20% of the outages can be
scheduled over woakends with litle impact on
business, the mainienance outoges rasult in
significant costs to businesses due o unserved
energy. Of course any inferrupfion, whether
flanned or un-planned negalively offects
customar relafions.

Unlike SFé-insulated equipment, oil-filled
squipmen! is delivered deveid

[resr——

of its ifsulating medium. In
oddition, the oil hos 1o be
replaced or recycled usually 3
~ 5 timas during s life. This
alsa implies dawn time, labour,
transport and speciolised toals
such as oil filtration plants.
This incurs additional logistical
considerations involving fillng
the swiichgear with o, festing
and de-tanking: The storage of
the oil raises ofher concerms as
aside from the sheer bulk and

Fig. & Ttal cost of ownership of ollversus SF4 go-insoied
sk ahody)

ar (2004 Eskom

movement of the oil drums, they
have fo be stored in o particular
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Include:

Cable terminafion enclosures and cperating
facilities thot ore accessible from the front
providing pracsieal feost saving) benefits
when achisving the required internol are
classificotien and the ability fo siandardise
‘ona footprint and hence infroduce pre-cost
concrete plinths having o common design
ond dimensions;

* Full switchgear intarlacking facilities
lincluding oll cabls termination
enclosuresialiminating undesired swilching
sequences and/or unsofe situstions;

Independant manual operation with ani-
reflex provisicn;

The optian of specifying a circut brecker
(85 0pposed 10 o swiichfuse combinotion)
hoving an closs C2-E2-M1 (e, vacuum
Or'SF6) in accordance with SANS 62271
100 (o5 opposed with a switch-fuse
combination), providing appropriate
electrical and mechanical endurance
without requiring intemol melntenonce of
replacement of HRC fuses for i expeciod
Ve span;




* The option of specifying vp fo five-
way non-extensible RMUs of varying
configurations;

The ability to introduce SCADA ond
ultimately full distribution oulomation
functionality; and

Cable termination enclosures compliont
with NRS 012 praviding horizonfolly
positioned MV bushings ot standardisad
heights above the cable support clamps
and MY bushings {True C' or ‘Type &) with
pro-defined profiles suitabls for saparable
conneclors (screencd ond uscrasned)
Management of existing oil-filled
switchgear

As described above, the known risk profile
associated with ol iled switchgeor is in most
Instancs steadily incrasing. Users have:a duly,
in terms of satety legislation (most notaby the
Occupational Heabh and Salely Act No. 85
of 1993) o their employees ond the public
to provide accapiubly sole working conditions
ond fo joke reasonable oction 1o mitigate
againgt possible dangers. Since the danger
i this case is severs injury and/cr death, the
level of assessment and corredive oction is
required fo be comprahensive. In order fo
meet their obligations. in ferms of the OHS
Aci, it is recammendad fhat vsers adopt the
principles of HSE 483/27, in conjunction with
the additional requirements detalled in this
paper, os the basis for their sirategy or palicy
for the managemant of their installed base of
oil-hlled swiichgear

The racammendafions conlained in this paper
am based exdensively on the content f the
Health and Safety Executive document HSE
4B3/27. Users thersfore need to obiain o
copy of this documgnt to read in conjunchion
with this aricle. The document is 20 poges in
length and is thersfore 1oa lengthy 10 include
in ths papes

However, ‘PDF' copy may be downloaded from
itp: ursumvmmmaujt

ad

all references 1o ‘switchgear' imphy ‘o

* Foreach piece ofequipment, allinformation
{auaniy, ype, location, et os defailed in
paragraph 24 of HSE 483/27 shol be
recorded.

* For each of squipment, the actual
systom foull lavels shall be compared
to the equipment raiing. |f the actual
fult level excends the equipment rting,
immediote remedial oction is indicoted.
This moy be achieved by various means
{see *Oversiressed Suitchgear” below).

« 1t shall be ascertained whether all

modificafians as recommendad by ihe

monufocturer have boen implemented

All switchgear identified os either

overstressed or DMO shall be suitably

and cleory marked os such as soon as
possible.

Overstressed switchgear
In all instances whera switchgear is
oversiressed, all live operotion and
‘autamatic ripping of the switthgear shall
b provented.

Access 1o the wmhgaar while it i alive
shall be prevent

I possible and pracicol, the fault anargy
levels shall be reduced, for instance, by
changing the system canfiguraficn.

Assoon asis praciically pessible, scheduling
and budgetary constraints permitting, the
switchgeor shall be replaced with SF or
vocuum svitchgeur, which has been tested
and proven to withstond the effacts of an
intemal arc fouk in fhe switchgear or any
of its compartments.

Note: Wherevar it occurs n his poper,referenca
1o 5F8 o vacuum switchgear includes oir-
isuloted switchgear (AIS) uilising vacuum as a
medium of interruption or other metal-enclosed
fibor vodional wihrowobi et i oc
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Other oiilled svitchgear

* In the case of oil-lled switchgear not
covered by the pracoding clauses, careful
consideration should b given 1o the
implementation of o phased replacement
program

¢ Decisions token with respect to the
replacement of ail-filled switchgear
installed after 1970 thot is neither
oversiressed nor DMO, shall weigh the
cost implications against factors such as
condition of th switchgear, ifs service lifa
‘ond the likekhood of failurs,

+ Inall casas, he replacement of overstressed
andfor DMO switchgear shall receive
prioriy,

In the interirn, all oil-fled switchgsar shall
‘be properly maintained in accordance with
ihe monufocturer’s instructions.

+ Operators shall confirm that the switching
cantaets ore: covered with insulating ofl
in good condition e.g, by meons of on
oillavel gauge and chacking for of leaks
around the equipmen. I any doubt exists,
|l;:‘ switchgear shall nat be operatad
o

Maintenance

In order 1o maintoin the reliability of
oil-filled switchgear ot o moximum, it
is assentiol 1o maintain the swilchgear
properly ond in accordance with the
manufacturer's instructions.

. Ilwr'rwmﬁnud and/or DMO equipment
has not been maintained within the

thres years, such mainfenance shall be
carried out immediately

* The work shall include the items detoiled
in porograph 37 of HSE 483/27.

*+ Al oil-filed circuit-breakers sholl be

ed as 5000 s possible after

ith SANS.
plying

62271-200

DMO swichgear

+ Operatien and maintenance shall ba
resiicted fo trained person

switchgear' including oil break
oil-isolators, oil-sitches and oil-swich fuse
ions. See Appendix | of HSE 483/27
ns for these dovices os well as their
fespeciive operating dutes.

The recommendsd procass fo be followsd is
detailed below.

Noe: In the following sections, the prescriptive
wards “shall” ond “will” Gre used, so that fhe
wording can be used as s n the event that users
wish fa use the clauses s o bosis for their own
policy/shrategy documents.

Identification

* Aninventory ofoll oi-illed switchgear shall
be compiled and mainfain

srovented.

+ The swichgear shall ba mainiained in
accordance with the manufacturer's
instructions.

0. disconnect o faull from the system.
The maintenance shall be carried aut in
occordance with paragroph 38 of HSE
483727

* Al maintanance sholl be performed by
trained and experienced persannel

Replocement of oi filled switchgear

* Al oil-filled switchgear shall be replaced
in terms of o phased progrom fo be
implementsd after on analysis and dotabose:
creation of oll oil-flled switchgeor in

i possible, mmnl-ly—u;»-mrm.':d pouas service,
closing mechonisms shall be fived foall o AL

Prwv given 16 the mplm-mqm
DMO swiichgear a3 o malfer of urgency. s el MO, o

: SLe et
mathod of operotion given in paragraphs above.
3‘5 ond 34 of HSE 483/27 shall be  Hpe fuses e
The following has been exiracted from

A phasad wplocemant progrom, as detolled
above in fhe clauses on “Oversiressed

Swikchgsor?, shall be for al

8.103 {Operation) of SANS 62271 ms 13

DMO switchgeor.
3

shall il be of the sama type and current
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roting, othenwise the breaking performance
of the combingtion could be adversely

affected

is vial, for the correct operation of o
ombinafion, tho are insarted
with the sirkers in the correct orienta
and

All three fuses shall be discarded and
roplaced i the fussfs) in one or two poles
of o combination hos operled.

1y replacing oll
thres fuses of the some make ond current

Tha requirement for core

fafing of the some fime is essential in order
fo reduce the probabi
faul occurring. It s also crfical that ol fuses
used are fully typo tosted in accordance
with the SANS 60282
and whers ossible, only the make and typa
recommendad by the switchgear manufocturer
should be used

of o fuse-related

[14] specilications

Inferior quality or non type fested huses such
as thase described above shall be replaced
Th live switching of 6 switch.fuse combination

having such fuses installed sholl be prevented

unil he fuses have been replaced.

In additian, the switch-fuse combination shall

ot be energised from an adjacent switch
ing a common ail tank

disconnector (1. 3

or comman busbar)

"
o o
Telophone: +27 (1) 397-6261
Facsimbe: +27 (1) 307-8843
i et a5
ey

Hat Line Toals
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ead oghes 1t 1 ki

@ i
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Conclusion fo appendix

Whila the above requirements may seem
onerous, and involve the spending of capital
which may be difficult lo source where users are
facing increasing expenditure with decreasing
budgets, i should be borme in mind that the
i operating switchgeor under de.

enargisad condifions] may prove mors castly

alterna

1o the business and economy, notwithstending
the risk that human lives may be exposed o if
16 action is foken. The OHS Act places o large
burden on users of hazardaus or potentially
hozardous equipment and a reasanable parson
would ogree that un-maintcined, over-siressed
andfor DMO oil-flled swiichgear is potentially
hazardous. Since the provisions of this adt
expresaly forbid the sole use of PPE to miligate
a tisk, it is recommandad that the guidelines
given in this paper are implemented by users.

Conclusions

Eskom and other mojor ufliies in Sauth
Alrica have responded 1o the. changing risk
prolile associated with oil-filled switchgear in
the light of developments in both knowlsdge
and altemative technologies. They hove ond
confinue o enginesr solutions for switchgear
found in fhe distibution network that offers
significant reduction in both the totol cost of
awnarship os well os fhe associoted knawn

4 /A\\J

‘//i ! i\

2

isks. Air and/or gas-insulated switchgear
utilising vacuum andfor SF4 interrupting
technologies provide the users with squipment
that meets the required specifications and
levals of performance in o world where there
g foc.
(in raspect to both smployees and the generol
public), service delivery and cost reduction

is an ever incroas on humon safely

These solutions offer improved reliability
ond require fewer and shorler scheduled
power interruplians mquired for mainténance
interventions. Hawever, the existing installed
base of aging ol-insulated switchgear wil not
discppear aveight and therefore suitable
plant ond sofety management progrommes
as described in guidelines given in this poper
are o be put in ploce by ullities in order to
‘manage and reduce fhe Gssocioled risks.
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Cell phone vending - the Tshwane
case study - the first year

by D, Wialtor Smuts, Expertran Growp, ond Dirk Pisterse, Tshwane Melrapoliion Manicipalily

shares experionces in rolling aut a call phons based vending system for prepold electricity. Some of the

mnuw- that can be used 1o

put together a cell phone-based vending system a:

l issues

and lessons learnt during the ﬁmmr of managing both vendors and clients when using the nﬂem, are discussed.

his includes sales statistics, system

throughput, natwork reliability, user
cceptance and tha sociol aspects of involving
people from the community in the business
opporunilies provided by selling electricity.

Providing adequate cash payment points for
propaid slectricty can be quite chollenging.
anaugh payment points must be provided fo
prevent long queuss from forming; payment
,...... must be close 1o homes; and payment
must ba open beyond just the standard
sl it et
payment points come not only from residents,
but also fram govamment, with guidlines in
terms. of the minimum number of rosidents
par payment paint and the maximum distance
from a hous to a paymant point

These were the challenges tha iriggared the
davelopmant of a coll phane-based vending
systom for prepaid electriciy. Although this
concept has been used for selling prepaid
aitime befors, there are fundamental
differences betwsan selling airtime and
elacricity, the mest important (but not the
oniy) being the foct that while airime can be:
10ld offline, electriciy sales for many types
of metars must be done on-line.

Tis paper describes the cell phone vending
systemn and how i operaes, lollowsd by o
discussion of how the systom was rollod out and
used in tha Thwane Metroplitan Muricipality
during the past year.

The vending system

Sysiem dasign objectives

The design objectives for coll phone vending
include the follawing

Involve the people from the community
in the business opportunities created
electricity sales, The entry barrier for small
entrepreneurs must therefors be low.

Have no practical limit on the number
of soles peinis that can be provided.
Equipment for payment points must
therelore be offordable — ideally it should
ber free.

Have no practical imit on whers eleciicily
Is sold. The poyment points must be fruly
mabile.

+ Minimise the risk for he municipality. The
payment poirs must belang 1o the vendors
from the community and vendors must pay
wp-froni for all elecriciy they sell

System description and operotion

A call phene vending system was bui ta moet
the design objectives. It uses standord GSM
‘mobile felephones as aftordable poin-of-sales
{POS) davices 1o sell ond distribute prapaid
alectricly loksns {olso colled vouchers).

System companents
The system consists of o vending server wifh o
GSM interfaca (.. GSM modem, SMPP link,

GPRS via internet} located ot the offices of the
ity. Muliiphe servers and modems can

munici

b used o incroase refobity ond throughpu!
The vending server intarfoces with the existing
STS token-ganerafing electricily poyment server
of the municipality.

Fig. 1: Diflront compons of the sysor.

A standard PC with @ web browser is used os
‘an administration terminal ta administer vendor
accounts. The administrafion terminals can ba
locoted af tha municipolity's existing. cashier
caunters.
Fig: 1 shows the different companenis of the
sysiom
System operolion
The basic operafion of the. system consists of
the following fosks:
+ Siep I: Register @ vendor
The municipality identiies, signs up ond
irains suitoble vendors. Any individual

56

in possession of o mobile telephone
and sufficient funds fo purchase prepoid
“electricity siock” may become o vendor

Vandor registration fakes place of the
offices of fthe municipality, using the
administection terminal fweb browser on o
FC). The vendor's call phone s registered
65 0 POS torminal on fhe vending server.

« Step 2 Vendor buys electriciy stock from

municipality

The: vendor purchoses “electricity stock”
uplront by depositing cash of the coshier
counter of the municipality. The coshier
then credits the vendor's soles account,
via the web inferface, for the amount of
“alactricity stock” paid for:

The vendor may naw sell prepaid oleciricity
up to the amount of the vendar's sales
account, and earn commission for the
sales,

Step 3: Customer buys eleciriciy from he
vendar

The customer opproaches the vendor
o purchesa electricity, ond specifes the
amount o be purchased (which includes
any transaction fees), and seriol number of
the lecricity mefer ot his home.

The vendor compfis a GSM messaga on his
mobile: phone cantaining o PIN (io proect
his sales account), the electricity meter serial
number of the customes, and the amount fo
be purchased.

The messoge is sent via the GSM service io the
vending server,

If the vendor's sales occount has. sufficient
funds, the amount spacified in the message
is deducted from the vandor’s sales. account,
ond a responae containing the 20.digit credit
toks is sent back fo the mobile phone of the
vendot. The token i obiained diraclly from
the exising back-offics vending server of the
municiplity,

:‘-vef\dm'i s0les account is then credited with
& commission for the fransaction.
The vendor wikes fhe numerical PIN o receip!

book and hands a copy, writlen o & business
cord, 6 the customer.



The customer poys the vendor cash, and enfers
the token info his meter of home

If the. customer has o call phone, the token
con olso be sent directly 10 the customer’s
phons by SMS

Technologies used

The system was designed fo use fhe following
technologies:

Terminals: Standard cell phones are used os
poini of soles devices. fi wos imporiant fo
ensure that restrictions on the device did not
linit the ubiguily of the salufion. The total
solution wos implementad on the server side,
without the need to roll aut applications o the
<cell phanes of vendors

Communication; Three GSM camwnicaion
channels have been implemented.

. SMS: Uk

electriciy) and manages fheir occounts. The
cell phone vending server keeps date about
vendors (resellers of electricity) and manages
them.

The existing electricity payment sever has the
bilty o do arrears collecfion feollect monthly

the solution will work on all cell phanes.
The systerm is also widsly occepled ond
nesds litle explanation 1o vendors. The
cost of sending SMS messoges is, howaver,
relatively high and the interlace nof very
friendly.

+ USSD: The availobily of USS0 s 0 function
o the network operator and not of e cell
phone insiruments. Its availability is in many
cases not determined by technical issves,
bt by the nefwark operofor’s ability fo bil
for the services. It s not a3 widely availoble
in all countries s SMS, provides a simpler
interdoce, but most probably with no cost
beneil

poyT Atwo-pass
‘ransoction allows the customer fo first verify the
arrears amount that needs fo be poid before
cammiting 1o the transaction of purchasing
electricity.

Free (government subsidised) electricity
tokens are “piggy-backed” on fop of oher
fransoctions, but can also be requesied in o
separcte transaction

GSM network

Thwane opted o use orly fhe GPRS interface
ond not the SMS and USSD interfoces that were
avoilable an fhe system, The main drver behind

this decision was the low communication cost

WAP over G

J avoilabi

heapes
with the:

h o VPN link

WAP interface also being fhe most user-
friandly. Unfortunately i requires a GPRS:
and WAP-snabléd phane.
Tshwane implementation
The cell phone vending system wos rolfled out
and used operationally in the Tehwane Meira
for nine months up fo October 2006. Fig. 2
shows o customer (Ief), buying electriciy from a
vendar who salls from her homa in Nellmagius
o suburb of Preforia).
Systom configuration and infegrotion
A dual-redundant set of cell phone vending
Servers were deliverad to Tshwane. The dyal-
redundant configuration makes it possible for
@ secondary server o take over, should the
primary server stop working.
The coll phone vending solufion wos integrated
ko existing systems.
Exising electricity poyment server
Tehwane's eisting elechricity payment sever
provided o clean XML interfoce 1o odd third
Pory products. The electricly poyment server
keaps data about customers (end-users of

ver the interoat. Thioe GSM modams wers,
however, instolled on each server to facilfate
dolivery o he fokens via SMS diracily o the call
phones of those clients who wished o receive
their tokens on heir own call phones.

Financiol system
The integration with Thwae's financiol
wos done in o menual way. Vendors
g9 fo one of the exsting cashiers % deposi
maney. A standord municipal invaice i issued
by the municipolity. The cashier then logs inio
the administration interface of the cell phone
vending server ond credisthe vendor's account
with the soma amount. The server sends an SMS.
10 the vendor as confirmation that his account
hos been credited. The council approved o
5% commission for vendors. Commission is
implicitty paid oul to vendors: & vandor pays
R100, ofter which the syster allows him 1o
sell for R105. Commission i only paid on the
transacfion amount, excluding VAT.

Roll-out strategy

Because of the dificulties (both polifical and
social] of changing ot ferminating such o
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service, careful cansiderot

jon wos given to
proper ond conservotive roll-out sirategy. The
‘enpeciation was hat the system could become
difficult to manage i simply thown open for
everyone fo become o vendor. Bacouse this
systom has not been implemented before,
festhing problems were fo be expectad

Pilot fesis

Field riols curing 2003 in Olievenhoudbosch
fasmoll settlement on the southem boundary of
the municipol oreo] showed that the fachnology

and that community accaptance would
ot be a hindrance to the roll-out of the sysiem.
A-single merchant was appointed fo use his
mobile falephone o sell eleciricily next 1o one
of e unmanned vending machines. Very scon,
the queve of buyers moved from the machine
10 whers the merchant was selling. Discussions
with buyers indicoled fha they praferred buying
from o person they knew, 1o buying from @
machine.

Precequisites

In order o limit the number of vendors
during the first months of operafion, siriet
prersquisiies were pot in place bafons venders
wars accepted. Thess included being o
resident within the Tshwane Metro, not owing
ony outstanding amounts o the municipality
and making a RS000 first payment. This was
0t o doposi, but was used fo buy “elactricity
stock”. This requirement wos relaned affer o
fow mont

Vendors had ta qualify far & mobile phone
contract. This mquirement had wo purposes.
The first wos the fact thot the pefential vendor
hod gone. through the cell phane cperator’s
scroening process. The sacond wos 1o ensure
that the first vendors alf had identical confracs.
and telephones (simplifying suppon). After the
first successful months, this requirement wos
reloxed and vendars naw use their existing
contracts and phanes to sell elecricity (anly
GPRS-enabled phones ore used).

Slow giowih

The rate of accepting new vendors was
intentionally kept low. This allowed fime to
observe and put the necessary supporting
infrostructure such s o help-desk in place
This sirategy proved sound.

Results
Job creation

In 3pite of the foct that vendor numbers hove
bsen controlled, by the end of July 2006
obout 120 new jobs had been created in the
community. In realily these were ot simply
iobs but small independent businssses, Some
o the enireprencurs aven employed cthers to
thelp them sell, thus increasing the number of
eople benefiting from the system
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Service delivery

There was not @ nofable increase in the fotol
number of ransactions per morth after the cel
phane vending system was launched. Figures
point 10 o shilt in buying patters from the
unmanned vending machines to the cell ghane
vendors. Fig. 3 shows the monthly tumaver of
the transactions that were done through cell
phone vendors. Thers was o sieady increase
from a low-lavel stor n July 2005, December
2005 sow o steep increase, dus to higher
a

s well o3 the foct that cashiar paymant points
ware closed during public holidays

The coshier payment paints were open from
07h45 to 15015 on weekdoys end on the
last Soturdoy morning of the month. The cell
phona buying patierns show that there s o
nmed for poyment points o bo open during
weekends as well (betweri 1000 and 1500
iransachions are recorded on Sundays), ond
hiat the peak purchosing imes cre between
09h00 and 10h00 and again between 15h00
and 17h00. These patiems maich those seen
for the unmanned vending machines

Figs. & and 5 show the aumber of call phans
tronsactions per day as well as how these
transactions ara distributed, on average,
during the doy. Bath those graphs have been
token fram data for March 2006,

Customer safistaction

Although no formal feedbock was gathered
from customers, the number of fronsactions
baing done through coll phorie vendors paint
fe o cariain level of satisfaction. Although it
is not thought that cell phane vending will
replace unmanned vending machines, the foct
thaf mare fhan 30% of fhe transacfions thot
usad te go through these machines ore now
done theugh coll phone vendors points fo @
niche in the market for a cell phone bosed
solution

Vendor sofisfoction

There soems fo be o wide range of vendors
using the systam. Some fry i out s 0 “hobby”
while othars. hava resigned from permanent
obs fo run o business selling eleciricity. The
top 10 vendors for March 2006 all had o
tumover of more than R73 GO0 for the month,
with the 10p vendor seling just shart of R120
000 for the manth.

A single vandor, with about RS 000 savings
and o coll phane, can run @ business with o
turnaver of ust loss than R1,5.million o year
ond o profit of about R75 000 Ta be able to
o this, the RS 000 must be cycled through
the systom avery doy — which s indeed what
some vendors manage fo da.

Total Transactions per hour for March 2006

Shatistics

Table 1 summarises some inferesting stafistics
for the first yeor of operation.

Problems experienced

The firstfew months were not without problems,
The following painte are noleworthy

«  Dalabase spesd

Transaction rafes were about 10 times
more than originlly expectad and some
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:w:h:: aplt::u;ulwm had 1o be done to
re thet i
ke huwmqmt!d fransaction rote

VAT issures
Tehwane paid commission on the VAT-
excly;

VATinchu

this craoled soma confusion in ferm of e
commission voles

Double redemptian of municipol inveices

Soms vendors paid meney into the



municipol account and then tried to
increase the funds in their cell phone
vending occount by offering the invoice
more than once (typically of differsnt
municipol offices). This wos put an end
1o by a procedure of formally canceling
invoices when redeemed.

Froblems not experienced

Some problems were cniicipated, by never

experiorc

+ Imposters
There were fears of unscrupulous persons
pretanding o be legitimate vendors ond
foking customer's money in ¢ fraudulent
way. None of this behaviour hos been
reported by customers. It seems that
there i5 0 sirong soclal struckure wilhin o
<community and that business is done within
frust relationships.

* GSMcoverage

There was o single incident of bad GPRS
coverage. This wos reparted fa the GSM
operator ond fixed within days

Tansoction speed

1t was uncerlain whether al the lotencies
thraugh the GSM communicofion chonel,
networks ond access fa dolaboses would
stil result in occeptable fime fo complete
o tronsaction, This was complefely
uniounded. Apart from the optimisation
required in the dafobase, transoctions
seem to flow st encugh.

* Vendor ermors

Incorrect recording of takens does happen
but anly inrequanfly. The system includes
a mechanism fo request o roprint of @
previous foken. This problem hos furnad
out fo be o non-issus

Vondors chorging an exira fransadtion fee

Thers ware feafs that vendors would obuse
the system by charging customers mare
than the stondard price. In fhe beginaing
while the first few vendors h
amonopoly in their respective areas, there
were o faw incidents of vendors charging
on extro k2 transaction fee. This stopped
sponfanecusly when more vendors were
signed up and competition leveled the
playing field

Future development

Futura extension of the system may include the

following items

* Amechanism for veadors with credit cards
10 1op up their sales accounts remofly by
doing the: transaction through their cefl
phones.

A payment interfoce o allow residents
with credit cards to buy slectricity far
themsalves. Davelopmen of his hos been
completed and awais council approval.

A mechanism for vendars fo report mefer
problams, brought to their affention by
residents, through o call phone fransaction
on fhe system
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Tatol number of active consums 110600

Tatol value of soles since launch

(1 July 2005 10 31 July 2006 24 649 89
Totol aumber of vandars on

31 July 2006 120
Totol sales for July 2006 R2 762 894
Total number of Transactons lor

July 2004 82831
Tomover for ton vendor during

Iuly 2006 R135229
Averoge tronsaction siza for iy

2006 R30

+ Afociltyfor poyment for othor services such
as rates, foxes and speed fines.

+ Higher commission for tha vendors s being
motivated to the Tshwane coundil - more
families now rely on the income provided
by selling elechrici.

Outsourced operating model

Tehwane decided fo operate the cell phone
vending system by appointing and directly
managing vendors. Some municipalifies prefer
an auisaurced modal in which the day-fo-day
aperaion of such a system is handhed by a third
porty. Because of the low overheads in running
a cell phone yending business, it forms an
ideol modal for involving locol errepraneurs
05 “super vendors”, thersby extanding the

Table |

fob-and business- creatian potentiol 1o include
not only the vending, but alsc the business of
operating the vending system - which makes
sense becauss is succass depands parfially
on knawledge of, and acceptancs by the local
community

Conclusion

Altsr running a cell phone-based vending
solution for mor than 12 manths, the
conclusion is that although it is not necsssary
© replacement for cther payment paints, it
dafinitely solves o niche problem in o very
loguent way.

The technology is mature and the residents
ready fo embrace his new way of buying
electricity. 4

$0ns Brincherhotl Africa (Ply) Lid La

“# PB POWER
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EDI restructuring process update
and the way forward

Presented by W J de Beer an behalf of Ph

le Naimande, EDI Holdings

The purpase of this paper is 1o provide a high level update on the electricity distribution industry (EDI) restructuring
process fo date and the envisaged EDI reform journey ahead from an EDI Holdings perspective.

EDI Holdings was established by the
government 1o direct and oversee the
restructuring of the ED| and staried fo operale
in June 2003

EDI Haldings repors fo the depariment of
minerals ond energy (DME], the ministry
charged with the ility for the EDI

EDI restruciuring journey to date

The EDI resiructuring joumey 1o dote has not
bean on sasy process and numerous faclors
hove played o key role in the slow restructuring
progress experienced 5o for.

South Africa is one of fhe very few counries

restructuring progromme
EDI restructuring oblectives

The EDI is highly fragmented leading to lost
sconomies of scals; financial disparities
betwesn distributons; disporities in tarifts and
unavan capacity to extend electicity sarvices
1o poor houssholds

Since inception of the EDI restructuring
process the govemmen has been consistent
in the objeciives of the restructuring and
there hos never been any doubi in ferms of
the expectations of the government in this
regord

The energy white paper of 1998 in no
wncerigin ferms ericvlated amongs! others,

inthe 5

of the electricity distribution industry in
an environment where parficipation is
voluntary.

Given the cor ble debate which sioried
woy back in the early 1990s ond which
resulted in the 1997 ERIC report which
supported the concept of REDs, it could be
orgued thot the restructuring journey has been
in progress kar more than a decads.

The fact that President Mbeke, in ths siote of
the nation address in 2004, indicated that the
first RED would be established during 2005
provides an indication of the importance of
the restructuring process fram @ government
perspective.

the savan estructuring o
in the iable below.

Furtharmare the EOI rastructuring blue
print, of which the thrust wos opproved by
cabinet during 2001, was to serve as the
guiding document for the EDI restructuring,
it reconfirmed the objectives orticulated in

the energy whife paper and olso provided

a level of clarity in ferms of the expectation
on how the ragional electricity distributors
(REDs) will contribute fa the achieving of the
key obijectives.

A contral faotura of the blusprint is the
requirement tht the EDI be consolidoted into.
& financiolly vioble REDs, in arder 1o achisve
the objectives of restructuring.

The enargy white paper of 1998 and the
EDI restructuring blus print therafors remain
importont documents 1o serva o roference
goints and 1o assist in measuring the
resiructuring progress s well os tha degree
1o which the EDI resfruciuring objectives are
met.

s widely et the EDI ploys o
vital role in the economy of this county ond
s perhaps on of the mast important vehicles
1o be used in the Improvement of service
delivery 08 well 08 providing bosic eleciricity
a,fha mony people in the country who st
do not enjoy the benafits ta be derived fram
elechicity.

he frst RED, namely REC) 1 nchored around
e City of Cape Toin, was sstablished on tha
first of July 2005.

On 14 September 2005 cobinet considered
the progress towards the establishment of
REDs os well as some of the concerns raised
by stoksholders.

Thesa concams nfer alia included the financiol
impact on the municipalities ond Eskom, the
<ot of salary harmonisation, elc.

Cabinat then resoived 10 procead with the
establishment of six metro REDs and requested
that a feasibility study be condueted, through
modslling, 1o avolute omangst olhers: the
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feasibility of establishing o natianal RED.
clusters; and neighbouring municipalities
foining the mefro RED.

EDI Holdings was charged with the
responsibility of conducting the feasibility
study, A pracass wos followsd which allowed
for tronsporency and maximum stakeholder
participation

The results of the Tnasibility study wers
submitted during April 2006 1o the minister
of minerals and anergy.

Mot withstanding ollthe challenges, including
ambivalent stokeholder support, significant
progress has bean made (0 date wifh reference
1o the RED cresfion process. The following
achievements, infer alia, were realised:

Metre RED-crestion governance
structures established and operating
spansors commi

technical sieering
committessand work groups

Meatro RED day one roadmaps and work
plas devaloped

Vorious municipalities engaged in
ringfencing in preparation for the RED
creafion: & Metros have. generolly mads
good progress; |1 municipalities ore of
various levels of progress

Eskom restructured ifs distribution business
from 7 regions 1o & regions i line with
the EO1 blueprint six wall to wall boundary
recommendation

Significant contribulions were made in
torms of assistonce towards the resclving of
the: outstonding legislative requirements

Transitionol lobour relations structure
(TLRS) established and functioning very
effectively

Extensive indusiry modelling cormpleted

Industry madelling repon submitted fo the
deparntment of minerals and energy

Significant indusiry restructuring and
bast proctices experience and knowisdge
devaloped



* Enterprisa wide programme management
copabilty estoblishod
Experience and lessons fo dafe
The experionce gained thraugh the
establishment of the first RED serves os o very
impartant reforence point on the way forward.
Without the transier of the legacy slectricity
businesses 1o the relevant RED il is hardly
possible 1o croofe viable operating enfiies.
Furthermore, misaligned inferesfs and
‘ambivalent support fram some key siokeholders.
is not assisfing the restructuring process.
The following points provide some indicafion
of the obslacles experienced to dete in the
establishment of RED | ond the work done 1o
dote in establishing the metro REDs,
These matters need urgent aftention 1o ensure
progress in the ostablishment of the REDs.
These points ore.
+ Voluntary mode of reform

+ Absence of an enabling legislative
fromework

* Incompletensss and misolignment of
‘sisting logislative regime,which includas
the facts thal osset transfer from the
ity of Cape Town fo RED 1 s delayed
due 1o lack of prescribed asset 1onsler
framework in terms of the MFMA; ossat
ransfer from Eskom to RED 1 is delayed
due fo suspensive condilions imposed
by Eskom; the EDI restructuring bill is an
imperative to set clear policy guidelines
for EDI restructuring implementation ond
the municipal entiy govemance reginme i
cumbersame n:nd constraining.

Separofing oul of customens, netwarks and
systems fo create o metro RED is extremely
complexand does not contribute towards
accalerated RED creation or levoraging
axisting invesiments in the industry

To craate o mefro RED significant
investmants ore required upfront which
will not cantribute to improvad business
pertormonce but merely 1o meef the

Unresalved palicy matters

« End-stote pronouncement

*  Local govemment surcharga principles
#  Compensafion for osset confribution

« Shareholding

* Toxissues

* Ownership ond govemance of the REDs
* hssed transher fromework

tock of enabling legilation

+ EDI Restructuring Bil

« Exemptions from compliance to onerous
legislotive provisions cont
example, MFMA and systems act

RED creation journey ahead

EDI Holdings has every confidence in
governmant and there is no. doubt thot the
Governmen s committed fo the EDI reform
process and wil pursue o model which will
serve the bast interest of South Africa and
ts people.

ed in, for

Based on axtensive reseorch, lessons learmt
and axperience 1o dote, EDI Holdings is
convincad fhot the & wall to wall RED model,
a3 opproved by cobinet in May 2001, remoins
the most appropriate aption for the EDI in
South Africa.

Furthermare bosed on legal analysis, lessans
learnt and experience lo date:

+ REDs should be established as public
antities

The EDI restruciuring should fake ploce
on @ mandatary basis, supported by the
necessory enabling lagisiation

‘With reference to the RED creation journey
‘ahead, fhe currant negotiotion and EDI reform
govemance ormangemants will be leveraged
in aligning the current RED creaion aiviies
with the final cobinet decisian,

The work dane and lessons learnt through the
RED 1 and i ion of

boundary raconfi a1

The negatiated nature of restructuring
mokes it impossible to deliver on the
anticipated objectives and outcomes
‘within the siipuloted fimeframes

The current perdormarce of the EDI is
dateriorating

In addition 1o the above challenges there are
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Iis envisaged that the mult stokeholder forum
[MSF) will be revived 16 focilitote inter glin the
resalying of the outstanding policy matters

Conclusion

The EDI restructuring joumey lo-date hes hod
many obstacles and taking this info accour,
good progress in ems of the EDI restructuring
has been mada to date. The government has
‘allowed for a very ttonsparent ond parlicipative
‘process in termms of the resinuchuring ond EDI
Haldings hos ufiised these opporlunities in
the nationol interes.

A decision by government on the EDI model
ond woy forwerd is imminent, Based on the
level of reodiness, undersianding of the EDI
and stakeholder relafionship, EDI Holdings is
commited fo deliver the EDI model in fine wih
the final cabine decision in this regord,

EDI Holdings wish o thank all the stakeholders
who have made a pesifive contribution
fowards the restructuring process.

Without the support of all the stakeholders,
ihis foumey has the potential of being o very
difficult ane.

In conclusion, EDI Holdings appeals fo all
the stakeholders and in particular the industry
leadership, 1o commit 1o the restructuring
process and o proaciively parficipate in this
fourney in the best inferests of South Afica
«and its people. A

the metra REDs will, amangs . be used
1o inform the RED creation journey ahaad.
South Africa is in the fortunate position
1o exploit oppartunities 1o lsarn from
the international sxperience in electricity
distribution ratorm,
The impartonce of all stoksholders is
fedged and thersfore the stakeholdar

anumber
matters which call for urgent aftenfion o they
directly coatibute 10 the delay in the RED
creation pracess:

engagement will be inensified to enhance
engogement on the way forword and to
address potentiol uncerfainfies.

&1

sirvet, high mast, industeial and commercial
Tighting. Thes Intaiatons rawe corbibntad
10 reducing enerty wastags.

-
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Security and adequacy of supply
in South Africa

by Volly Podayachee, City Powes, and Tore Horvei, Sad-Elec

Security and adequacy of power supply in South Africa will became a real concern if cortain proactive steps are nol
‘govern:

taken or implamented timesusly. If @ GDP growth of
ihen generation capacity must be increased by approximately 2485

ollaborofive efforts by all industry ployers

(genergtors, distributors ond customers)
are required o address thess chollenges -
sirategic parinerships ore required. This paper
seaks 0.0ddress some of the challenges focing
South Alrico and proposas some possible
salufions. Though based on available dota the
assessment of fhe situation s a point of view
by the outhors:

Introduction

South Africa’s slectricily industry s fost eroding
i#scurrent capacly - the sysfem reserve margin s
airaady very low. There is unceriainty about the
future demand growth. The current eleciicity
demand grawdh is 3,0t 3,5% per onnum

* Clarificotion of fromawerk for privote sector
participation

What are the issues relating fo odequacy of

supply?

» Engagement with customers 1o ascerain
expectations and trade-offs

+ Clarificotion of the EDI referm process
fo unblack supply capocity constraints,
porticularly In metro areas

Hamonised and sireamlined regulatory
frameworks

‘GDP growth vs. eleciricity demand

Accarding fo information from Stafistics: S,
South Africa’s electricity demand growth (up fo

Higher GOP. i pressure on
the slectricity supply system. Reduced demand
elasticity is axpecied in the medium 10 longer
tarm. Decisions obout new generating plant
must be fast-tracked fo meet incremental
growth in demand, fo restore system reservs
margin fa an accepoble level. Governance

GOR Howaver, will the historic relafionship
between GOP growth and slectricily demond
continued

A weakening of the ‘ane-fo-cne relationship i
axpectad 1o lead 1o lesser infordependency:

6% p.a. Is fo be realized as part of
MW each year from now unfil 2025.

ment’s ASGISA initiative

The follawing informafion from Eskom reflects
tha huge challenges facing fhe country if the
goverment’s 6% GDP growth per onaum
lgovemmant’s ASGISA iniiative) is to be
successlully achieved

In essence we need fo incroase our generafing
capacity by approsimotely 2485 MW avery year
fill the year 2025. See Table 1

Demand grawih scenarios

Eskom's officiol egistered system poak demand
reached 34 800 MW on 29 Juna 2008. lts
annual peck demand growth from 2006-2010
s estimoted ot 3,2% based on short ta medium
farm economic growth forscasts.

From 2010, two (Eskom) demand growih
scenarios are considered

Low cose: 4% GDP growth p.a. with
electricity demand growth of 2,3% p.o,

High case: 6,0% GDP growh p.o. (based
on ASGISA, government’s accelorated

e the fest, Readily available gensration options.
are limited in the nacr to medium term, OCGT
solutions are baing introduced ta address
peoking copacity shartages. Coal-fired plant
vl continua to dominata fhe bose lood market.
Moturol gas (for CCGT and CHP applications)
ond nuclear have roles to ploy. DSM, demand
side parficipation and distributed generation
need to feature more strongly.

Security and adequacy of supply
Secure, reliable and adsquate sleciriciy supply
is crilical 10 economic and sociel growth and
development in South Alrica

What are the itsues relating to security of
supply?

Sustoined evollabilty of existing generofing
plant and power syster

Improved composition of plant mix
Broadaning technalogy and fusl choice

Restoring o ragsonable system reserve
maigin

Timaly declsions on new generation
expansion

*Inthe shortfo med on increasing
shars of GDP growth wil come from large
but less energy intensive infrastructure
projects

Significant growih in less energy intensive
sectors of the economy such os financial
sorvices and ICT os well as tourism forecosts
& siructurol change in the composition of
the Seuth Alricon GOP

The suceess of demand side management
(DSMY infiafives, primorily torgeing growth
in pack demon

« Changes in anargy market dynomics
- LPG replacing some electricity usage
in demesfic/commercial sectors.
Natural gas incraasing its share of
commercial and indusirial morkets

Tobe 1.

damand growth o 4,4 %
Eskom Generation expansion and
technology choice up 1o 2015

Up 1o 2015 the following generaion. aptions
are being pursued:

De-mothballing of Simunye plant {Camden,
Grootviei and Komati): Total of 3500 MW
of capacity to ba added

Amot eoal-fired expansion: 300 MW

Uiquid fuel fired opan cycle gas furbines
{OCGT): Eskom (1050 MW) + DME
tender (1 050 MW]

* Bramhosk pumped s |
i ped storage plant:
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Security of supply - what is Future fariff increases mo
required? Eskom, EDI and IPs)

usiained high plant availability Conclusion

etz
du (800 MW] +  *
Sasol ca-gen

decisions on generotion solutions fa the challngs

ity ond odequacy of supply:

Elaboration of governmeni policy ing asse

n general
Eskom Generation expansion and 5
technology choice - after 2015

ers and new ement on DSM

Dl i gener: =
* Progress policy and re

on IPPs-and privofe se:

latory framework

" partic

w genaration developments

ed nuclear reactor (PBMR]

der manogement

* Mid-merit opfians:

plant

Peaking plant options:

OCGT plant

Engags the private sector on
+ Suficient - o

ial resources
energy proposols for increosed use of non

Eskom has a strong bolonce sheet, kom plont ond expansion of

does # need 1o be sustained?

Health an@fety .
is your responsibility,

Why take a risk

Specify th&hew range of Megger
CAT IV testers

T n't bl

=Insulation and ¢

=Hig

LT300 Serles DET Series
TER EARTH RESISTANCE
EARTH LOOP TES’ ESTER
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Transformation, mergers & aquisitions
- a management perspective

Over o period of

which went through transformation, or @ merger or an acquisition.
the focus was. on

by D Willie de Beec, EDI Holdings

18 months research was done on a selected panel identified from international and local companies

With reference to the panel from the international

utilities.

he aim of the reseorch was 1o understond
from o practical point of view what worked
and yielded the desired resuls, and whot did
not work

In addition to this research, a range of
hypotheses was evelugted from both a
theoretical and a practicol perspective. In
general, when dealing with Iransformation or
& merger and acquisition there s significant
focus, and rightly 35, on the core business
related motters such os synergies, fechnicol
dimensions, financiol matters, systems efc
Hawever what this ressarch locused on was
1o understand some of the other kay success
foctors thol ore not effectively managed mast
of the fime, and fhe research therefore focused
amang others on:
« Key success drivers from o management
perspectiva
Key drivers bahind failures
The tole ond selection of leadership

* The role of sxscufive sponsors

This presentaion only deals with a limited
seclion of fhe fotal research, The aim ks 1o
provide a very high level parspective on the key
ransformation, merger and ocauisifion success
drivers fram @ management perspective.

Transformation, mergers and
acquisitions

rricity

The alectricity distribution industry (EDI), while
histarically regarded as e “different type of
business*, has oiso experisnced a world wide
ncrease in these initiatives. South Africa is no
excepfion and the current EDI sransformation
roiad the quesiicn: whot are the success
drivers for on effecive business franslormation
or merger and ccquisifion?

While investors are looking for financial
relurns, the sharehalders are looking for
sharaholdar value creofion and the employes

are looking for carvers and job opportunities.

Trere s cloarly a significont

Leadership sustainability

Executive sponsor

Realistic vision

Saffing realisfic gools and manoging the
ironsformation fighly

+  Communication

Motivotion

o Passistence
* Business/culture ocumen

The visibilty of effective leadership and the

should tha ultimate gool be a successful
business translormation that addresses: the
current inefficiencies of the EDI. The challenge
is o creote wholeness.

Many people, including some leaders simphy
do not have the confidence to embrace the
change and make the necassary leap infc the
future despite all the compelling reasans for
chonge. Katter (1996185 stotes: “For a lof of
reasons, many pacple are siil embrocing the
twenfiath-century caroer and growth model.
Somefimes complocency is the problem.

They have baen successhul, so why change?
Somatimes they have no clear vision, and
30 they dort know how they cauld change
But often feor is o key issus. They soe jobs
soeming to disappeor oll round them. They
haar horror stories about people who have
b s

of work,

b o the:cost

inifiatives are o world wide pl
These. o by vari le

s best-practice world trends and essantiol
for o business fo survive in on ever changing
and very compatitive environment. There
are however also those people who express
the view thal this is not necessarily the mast

f for their children, So they don't think

about growih”
The drivers behind successful
transformations, mergers and
acquisitions

pr practice. |irespe  the
difforing views, franslormations, mergers and
aequisiions ore faking ploce of an increasing
afe, and ennnot be ignared. i s however clear
that the challenges facing the business warld
brings amang many other challenges olse
he challenge fo. cantinvausly look for wors
1o ansure business suslainability and growth

from the raspandents in the forget papulafion
the following points were: highlighted as key
drivers for suceessiul transiormotion inifiatives
or mergers and ocquisitiens:

« Eifuctive l6odership

Transformation leadership

&4

ability to icate the
sision 6nd goals clsarly stonds out as mission
aiical in ensuring transformation success

Should ihis leaming point thersfore be applied
10 the EDI iranslormation in South Alrica, her

it suggests that it is cifical thaf the leaders
ot gavernmant level as well as industry level
urgently come to an agresment on the way
forward. It s essentiol o recognise that people
ploy a crtical role in the ulimote success of
the translormation inifiafive. Credible and
visible lsadership is crificol 10 the success of
any process. Without proactive leadership it
s most onlikely that any process will yisld the.
desired outcomes.

It is through effective leadership that people
are inspired and thet stokeholders are willing
10 buy into a process even i the poter
autcome is not thot cerioin. “Laaders inspire
othars, provide amotianal support, and
iy te get employees 16 rally oround o
common geol® (Kreitnar, 2001:551), Withou!
visible leadiership, tangible commiiment and

consistency, any process runs the risk of
failure.

The ultimate success of ihe fransformation
Process is dependent on the ability of the
leadership and the key industry stokeholders
10 respond 1o the transformation challenge
ond fo dirsct the lmited rasources available.
The differance between successful and
less successtul ransformation initiatives
could alsa be linked ro the level of staff
engogemant, Failure loams in the absence of



staff commitment ond their fock of belief in the
translormation journey. Stofl must appreciate
their rola and understand thair accountobilty
for delivery. Without effactive staf contributions
and defivery of oufputs on fime and of least
within the ogreed fo quality parameters, the
potential of @ successiul ransformation could
fode away. It is therefore essentiol thot clear
drech s ore ack il s el
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criteria. Agreed-lo
the relevant

areas and

being porsistent

and progress trocking and also contribute
to providing focus for the people. Aligning
the outputs of the people with the ogreed.
o and areas

should o level of flabildly, the
respanse olso indicotes thot these leaders
ore decisive in the implemantation of fhe
transiormation strategy. The secret coukd be in

provides purposs for the people L.a. they can
ses how their contributions impact on the

are managed tighiy Efective delivery requires
focus and o sound of the

(Communication must be proaciive, consistent,

mandate, undersianding the expacialions of
the decision makers, having clarity on the
delivery time lines ond ogresment on the
key assumpfions. Uncertainty in ferms of the
deliverables provides excellent opportunities
for people ta influence the direction and the
speed of a process negatively, This s even more
50 should the percaived outcome conflict with

d i W

Poor communication before the siort of an
initctive s regorded as just as bad o3 poor
communication during ond after he initiative.
Togenerote trush, motvote and insill confidence
in the process, the communication channels
must be open and work effectively upwards
and downwords. From a communications
‘perspective thera is 0 nasd for simple messages

¥
and effectively work with peogle.

As wide and as diverse as the scope of
business/governance/cultural dynomics
might sound, the research indicates thot theso
components are vital elemants in the success
of fransformation. Thase factors all cantribute
o the ultimate business snvironment. The
business enviranmentin fum could impadt on
the businiess performance and the affitude of
the people. “The environment shopes people’s
atttudes and felings. The right environment
will encourage, motivate, and liberate pecple
1o perdorm® (Hammer, 1994:105). The
sk

i byjia Jaccarsi

which ore

lines set should match the exscution capacity
ond capobiliy aveiloble. Bossidy (2002:30)
tates: “No motter how well you exscute, the
risk of failure ncreasas markedly when ihe
ideas you dovelop dor't it with your existing
capabiliies, or force you to acquire these
capabilties af foe igh a cost”

The research results suggest that the création
of vision should preferobly not be a bafiom-
up process; i is o leadership accountobiliy
ond must be driven from the highest level
Furthermare fhat vision is about promofing
a leap of foith info the future. The vision
must create a sensa of urgency in all people
associated with the business or the process.
“Without o sense of urgency, people won't
give the exira effort thot is often essential®

(Kotter, 1996:5)

Uimataly the vision must be owned by the
stakeholders and they must be able o rolote
1o the vision and they must be comforiable
with it. Frequent changes in directian or
changes in terms of deliverobles s cited os
a contributor to the lack of buy-in from the
staksholders or resulting In the siokeholders
losing confidence and interest in the infiative.
The frequency of changes ond the level to
which stakehalders interest is ost, could also
be regarded as “failure potentiol” indicafors
and therefore deserves close monitoring end
manogement attention. The anerg of the
stalf must be directed towards constructive
contibutions, and impoience about the lack
of progress must be managed. Failure to direct
the energy could escolate the fransformation
foilure rote.

Tha research results suggest that it s importont
10 idantify and agrae up front to speciic areos
Yo be msosured ond the associated quality

d on o regulor ond

Some messages might hove 1o be repeated
since repeiion i somefimes needed [0 gel o
message accepied, Polentiol inconsistencies
ond conflicting messages must be addressed
heod on, 1o profect the credibilily of the
communication and fhe fransiormation process
in general. Unco-erdinaied communieation
o communication nof recaived on fime: or
not ahead of key events, is an important
contributor 1o the less.than-desired msults of
transformation initiatives and mergers and
acquisitions.

Tha response suggesfed that, o motivate
pecple, whether employees or ctherwise,
raquires the trectmant of pevple with
integrity, dignity-ond respect - and a sense
of appreciation ond valie must ba creoted.
Paople in general expect good frectment and
they expect that firm measures will be taken
against deviations from ogreed-o performance
standards. You clearly connet buy mofivation
and commitment or force motivafion and
commitment on %o pacple through threas or
any other means. Just s respact is samed;
ganerating commitment and mativating
peaple colls for leodership and management
fimen, skill

how it is govered, fhe business volues. and
how If is managed. The leadership 1o o
lorge extent shapes fhe business culture. The
reseorch resulls indicale that leaders who
plays & positive rele in helping people 1o
sustain their obilily to contribute in o positive
manner and who are regorded s o key
source of inspiration behind the successful
iransformation, are people who encourage
innovaion and who respect culturol and social
differences. Thess leaders are pesple who can
leverage diversity and have the abilty fo olign
actvities with the vision.

Understanding the business ond financiol
imperatives were rated by the respondents as
contributors fhat could lsod to tronsformation
failure f not eliectively monoged. The obsence
of appropriate quantification of the expecied
financial returns and the lock of effective
management controls 1o realise the benelits,
<could contributa fo franstormation failures. 1t
is therafore fo be expected that in successiyl
fronsformation infiatives systems, financiol
targefs, goals and controls are well défined
and effectively managed. I is essenial fhat
the patential liobilities are well dafined and
that appropriate risk-mifigating sirategies aro

and th freaimant of people with dignity and
respecs. Nelson (2005:14) indicotes the need

of @ negative impact on the translormation
success ofa. In the absence of appropriate

L ge W
and siates: “Da not let your own opinians

o af f the businss to be transformed
ot merged, the risk of not undsrstanding the
g what  systems, financial and | obligations

and poirts of view
someane else is saying”. The surest way of
killng contributions o sfifle mefivation s 1o
adopt the sa-called “I know # all” syle.

Lsadership commitmantfo reaching the geals,
underpinned by o strong work efhic, is cited by
some of the respondents os choracleristics of
persistod Joaders. Wil thers is on observation

85

could increase significantly.

The lack of appropriate businass information,
banchmarks, and reliable financial siistics
could complicae the transformation process
significantly and could further increase the
failure potential. Without proper financial
analyses and o well defined transitional
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plan the initiative cannof be successful

Elements highlighted with reforance fo

business govemoncs ond cultures, s deciding

factors in determining the potentiol level of

ronstormation success o foilure are:

+ Business: dus diligance; systems
integrotion; labou relations: Hexibilty,
resource gllocation and fask cligament

Governance: legisiotive complinnce;
contraciual obligations; transtormation
implamentation sirateqy; spead of
dpc\:‘cr\ eking; spend o which change
is implemented

Cultural dynamics: cultural differences;
change monagemeni; sie
ampowerment

Leadership dimension

Based on the research rasults it can be
cancluded that there are speciic leadership
dimension thot enhance the dagree of
transformation, mergers and ocquisition
success.

These dimensions can be summarised os:

+ Motivation and directing: lsadership;
creating visian; and networking

» Situofional analyses: exploring opporturies;

evaluating; how 1o communicate; ond
‘when fo commusicate.

Decision making: taking decisions in
time and specilically during fimes of
uncarainty; and follow thecugh

Deliver on the mandate: how fo refain
focus; and rocognition and reward

Pawer: responsible usa of authority;
competitiveness and will fo succeed; and
retain and build credibility

Leadership affributes 1o ensure
sustainability
It is nat surprising thal the research suggests

develop and maintain moivated, energised
employees have no cost, but rather are o
function of how employees ore Ireated on a
doily bosis” {Nekon, 2005:63). The research
results suggest that in lscding @ successhul
tuansformation inificfve, the leadership must
fully appreciate the diflerances in coltures of
fhe businesses fo ba fronslormed, merged or
acquired.

A sound appraciation is requiced of the way
i which the diflecent businezses are operated,
heir value systerms, whot cold be leveraged,
what could be terminated and by when.
The five key lsodership dimensions tho!
susioined motivofion ond supported fhe obility
ol el o contiute o th oriomation
vision;

roles that such o persan can play for success
should ot be underestimated. In the normal
business cpatotion on executive spansor wauld
be g parson ot an executive level nominated
10 acl os the sponsor for o spacific output
or project. By woy of example, the exacutive
sponsor wil represent the board of directors
and will manage the relationship ot the most
senlor lavel, facilifate the decision-making,
nourish and direct the project feom, and take
omnership for providing occess fo the resources
required o ensure the effective execufion
of the project. The concept of an executive
sponsor becomes essential spacificolly when
the transharmation inifintive cuts ocross an
indusiry where oll participants do not fall under
the same governance regime.

mativation; persistence; and business/culture
s =

Selecting o leader

The early appoiniment of the leadership
provides focus, direction and corfidence i the
process. Early appointment of the leadership
slso brings about o level of siobillty and
removes posifion-jogaing and peliicking 1o
a certain dogres. Sincs the importance of
affective leadarshigs was cleory highlighted as
0 very essential dimension for success, it was
necessary fo explore through the rasearch what

The typical will

play include:

« Paving the way far fhe efiectiva execution
of the project

+ Ganerote suppott for the project ameng
the ultimate decision-makers

«  Provide straegic guidance and direction
1o the transformation leadership

+ Ensure ransarmation alignment with the
shareholders’ vision

+ Advococy of the projctthrough aciive and
visible support

in selacting a lader.

i Is importont 1o note that these dimensions
were derived from the real experience
of the respondents ond were fested and
verified against supporting theory. Essential
qualities of the loadarship, particularly during
transtarmation, ore the ability to direci and o
mofivate people. The criteria for the selaction
of an effective leoder 1o lead o fransfarmation,

d o based

The EDI i e
a national govemment inilitive driven in the
nafional interest but deoling with o mullitude
of stoksholders and at least four govemment
depariments. Clearly i is essentiol that effeciive
Integrafion must iake ploce amang fhe relevant
four ministers and thaf agreement is rsached
ai this level on the national imperatives to
be derived from the EDI transformotion. For
a project of national dimension, the classic

e

that leoders play a significant
susainabilty and providing on anchor ‘o

on tha research, include the following:

holders during times of
margers and aequisiions.

Th
correlation befween fhe leodership affributes.
o ensure sustainability and the drivers
bahind successful mergers

¢

research also indicoted o marked

relotionships; obility fo comfortably interact
ot al levels; effective communicator; ond
strong ability to motvate and leod.

o Business acumen: sound overoll Business
i for

of fhe appoiniment of the exscutive sponsor,
due to the level ol which the incumbent must
interfoce.

1 could be argued that since the government
charged the rhinister of minerols and energy

sound

and acquisitions. If stoff, for example, is nat
ampawerad, irusted and actively paricipates

and sound abily (o set business dirscion
« Sirgtegic thinker: abilty fo create vision

with the occounlabilly 1o lead the: EDI

that the minister, by default,
bacome the executiva sponsor for the EDI
transformation.

in the transformation process, the risk of failure Early stage transformation,
s ¥ d se; ond ability to proachively MaA
could bacame  rol: Mf@ Sl oo failure indicotors

staff will their knowledge  Successiul rani requires high lovels
commitmant to the process through their of the \ndud'r, ond uppn:nliw for the  of commilment and Fnzu: on the effective
‘behoviour and-contributions. Powerlass siaff industry challeng Even
will However also demonsirate their lock g oo oonsor when things are going well, there is no room

of commitment through their behaviour
and lack of quality cantributions. “The
most important things manogars can de fo

The raseorch results suggasted that the
iimportance of an exsculive sponsor and the

&6

for comlacency. Complacency is the number
one fhreat becouse i breedsoverconfidencs
ond inatiantiveness” (Kreitner, 2001 : 638)



It s not surprising thot the research suggest o
significant corelation between the drivers for
successful ronsfomations and he fundamental
reasons for transtormation failures.

identified

The following dimensions we:
through the research os porential early siage
anstormation, merger and acquisiion failure

tors

 Poor communication: lack of
communication; lack of chonge
management; and lock of feedback.

*  Lock of vision: lack of detail in the visin;

and vague or changing end-siafe gools.
* lack of stakeholder buy-n: lock of
stokeholder commitment, lack of polifical
support; lock of organisad labaur support;
lack of stoff support; culfurol differences
not respacted; and disconnect between
transformation success and employes
intarests,

Financial: lack of financiol analyses
and controls; lack of defined financial
targets; lack of reliable business and
financial information; and ineffective due
diligence.

Other: inaflactive business gavemance
swucture; lack of legislative support;
lack of legal campliance; contraciual
obligations which could nof be honoured;
incompatible lack of system integration;
ineflactiva programme management;
speed af ransformation oo slow; ard lack
of transformation flexibility

Early stage success indicators.

The research results equally idenified very
inctiva dimensians which could be used
o determine of an crly siage he pofential
transformation, marger and acquisition
success rato

These dimensions include

Visible executive sponsarship

Strong leadership

Effective communication

Motivation

Managing of cultural/social difierences

Encourage innovaion

Vision, buy-in ond alignment of activiies
1 the vision

Due diigence

Efiactiva progromme management
= Elfective ond proactive measurement
Conclusion

In generol the transiormation, merger and
aequisition failure rate is regarded as high
lowever in unpocking the failures most of

them suggest, nof o falure in the concept, but
vesher in the way it was resecrched, planned,
managed and implemented. The different
upproachas foken oround the globe clearly
indicate that there are many ways fo facilitote
a relatively fost and successhul transformotion
process that will realise the desined benefit.

To obiain fhis, however, requires effective
leadership, tharough planning, well designed
and communicated implemantation plans,
commitment, an effective change management
pecgramms, effective programeme managoment
and resources

Whether it is o tronsformation inifiative, o
merger o an acquisition, they all hava in
common a defined gool and a defined fime
line within which it must be executed

Futhermote tandlomation intiotives, mergers
and wcquisitions consist of muliple activifis
and projects cutting ocross the business
and involve people. of vorious and diferent
disciplines and skills.
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The challenge however remains fo creale
something that will presant long-term
sustainability and complement both the pure
business requirements os well os the socio-
political requiraments.

“Without changs, organisations would not
progress, they wauld not have an opportunity
10 serve new customers and toke advontoge
of new markets, and employess would nof be
able to move forward in their coreers

Chonge allows all this and much more”
(Nelson, 2005:24]), Al times thers is  nesd
1o take a position or stand and with conviction
and infegrily o step forward and provide
direcion. This Is, in many coses, raquired
when there is uncertainty and parcsived lack
of diraction

This paper and ihe supparting presentafion
represent only a fraction of the research rasults
However in the time availoble this is about
5 comprehansive as one can be b wilh the
subject, A

SURETECH Instruments

SURETECH HV/PA
the High Voltage Personal Alert
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Electricity restructuring
- the Cape Town experience

RED 1 was formally established on
of the articles of association, wh

Funh-v shares will be obiained once the
compensatian policy has baen determined
nationally and the transler of elactricity staff
and assels hos occurred

The decision to operate RED 1 os a
municipal entily was only put in writing by
the Deportment of Minarols. and Energy in
a letier directed to Eskom on 23 May 2005
Due ta this lofe nofification on the type of
antity 1o be esfablished, RED 1 compliss
with the requirements of the Service Delivery
Agrasment by sub-caniracling fhe services
of Eskom Westarn Regian and the City of
Cape Town Electricity Undericking (o provide
elactricity distribution services on its behalf.

The Agreement signed with the City of Cape
Town allows far the fransitional arrangements
for electricity distribution as well as.for the
ransfar of the City's eleciricity undariaking fo
RED | within a period of 12 — 18 manths.

The agreament signed with Eskom also allows

1 July 2005 by the City of Cape
ich allow for the founding municipality fo hold 5

by Louise Moller, City of Cape Town

service delivery agreement with

The COQ subsequently resigned. RED 1
appointed o chief financial officer (CFO}
from March 2006, The CEO has appointed
o personal assistant. RED | will be funded,
during the infecim phase, by the City in the
form of o management fes for fhe oversight
of the electricity distibution foking place within
the ful jutisdictianal area of the City of Cope
Town. A moximum emount of R1Q-million
was budgeted for thi
electricity undertoking in the City.

managemen fee by the

The City went through fhe necassory process
1o appoint directors fo fhe board for RED 1
Thera are curently & directors appointed by
the Cify. All boord members are non-executive.
The CEO and the CFO are ex officio boord
members.af oll board meetings

The City has nominated an officiol 1o be
the parent municipality's non-participatory
bserver at board mastings.

Dynamics of the current electricity

fectricity
distribution within the City of Cape Town
jurisdictional boundories, but has a number
of suspensive conditions that must be fulilled
befora the transfer of sleciricity dishibution
from Eskorn to RED | can take place.

These suspensive canditions are pradominantly
related fo various seciions in locol government
legislation which Eskom wanis repealed of
rolased — due to the current void of pertinert
legislation for the estoblishment of the
alectricity disiributors.

The Depariment of Minerals ond Energy is
attempting 1o negatiate with the nafional
weasury 00 the relaxation and exemplion
of various sections in the Municipal
Finance Managemant Act as well os with
fhe Deparfment of Provincial and Local
Government on changing vorious sactions.
in the Local Gevernment Muricipal Systems
Act.

RED 1 originally oppointed two members of
soff, thesa being the chief exaculive officer
(CEO) and the chief oparating fiicer (COO}

process
While: the above givas @ short précis of whers
the city is with its electricity resinicturing, i
must be siated that the process has been
challenging

Balow are some of fhe dynamics that have,
and contive ta be experienced by the authar
and ofher role-pleyers during this process.

Town with the city holding 5 shares. This is in terms

shares after completing the necessary

process to follow, simply to come 1o the result
of what hos olreody been publishad in every
newspaper in the couniryl

Is the process then to lollow the legislative
parameters rigidly and hope desperately that
the outcome is, in fact, what th *required
oulcome® myst be? Oris the process dictated
by what the oulcome must ba?

While we may be asking these questions about
the creation of REDs, should we nof be asking
this oll the fime? Surely you do ot embark
on the costly section 78 process without some
ihought in mind. of what yau wont 1o do in
ihe future?

‘The vision for the RED's vs MED's

(RED = Regionol Electricity Distributor;
MED = Mateopolitan Electicity Distributor]

The restruciuring of fhe eleciricity indusiry is
a complex process. Adding to this, national
government has not concrefised the final
vision for the restnucturing of the eleciricity
distiibutien industey and on Wednesday 14
September 2005, cobinet was briefed on a
plan 1o occslerate the implementation of the
eleciricity rastructuring.

The cuicome of the mesting was racorded
as, it being ngreed that 6 mefropoliten
REDs will be se1 up as so0n as. possible
after the local government elections. The

Section 78 process - p
ouicome vs. actual
Saction 78 of ha Muficipol Systems Act (MSA)
clearly outlines the process for reviewing
current service d mechanisms and
determining altemate machanisms for service
delivery. This is @ long process that must be
foken slap by step ond is, fo a large exent,
writien with the expectation thot an axernal
consultont would assisi with the process.

Ginca the decision has bean mads o appoint
an external service provider, another process
losting o least 90 days is outined in tha

lagislativa for enabling the
smooth transifion have, to date, not been

finalised.

Whan working on the founding documents
of RED 1, city officials spent very many hours
analyzing local gevernment legislation and
debofing optians 1o find wakable solutions
for the greater area that would bee servicod
by RED 1. It is clear that fhe municipality with
effective. coniral, or holder of the greatest
municipal shareholding, has some significant
50y in the running of o municipal entity.

Hawever, legislofion also allows for variovs

{See saction B4 of the MFMA] This s o long
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other that may have been
in o RED for any private company thet is o



municipal niity) to have some input info the

general processes fo be follawed. Secfion

93C of the Municipal Systems Act refers

10 the kind of relationship that needs o be

formed batwean the municipaliies that share

the savice provider. (Also refer to section 86F

of the MSA)

Parent municipalities that have shared

canirol of o municipal enity (ME] must erter

info o mutual ogresment datermining and

regulating:

* Their mutual relafionships in relation to
the ME;

= The oxercise of any shareholder,
contractuol or other rights and powars
they may hove in respect of the ME;

= The exercise of their powrs and functions

ito the MSA and the MFMA with respact
1o the ME;

Measures fa ensere that annwol
performance objectives and indicators
for the municipal eniity are established
by ogreement with the ME and included
in the ME's muli-year business plan (per
58715(d] - MFMA);

. The s pat

municipalifies no longer hove fo toke up this
daunting role. Howersc, i craates o problem
for the notional RED, i that s still o process
being followed. (Tha *follow-up* cabi
decision wos stll outstanding on the final
vision for the electricily restructuring process
of the time of writing this paper)

Does this revised visien for the restructuring
o tha electriciy industy trigger @ new saction
78 process? This question must be roised
in eanjunction with the first arsa this paper
investigates.

However, 10 what extent could the originl
section 78 process deal with the greater oreq
1o be coversd by the ariginal proposals for
the regional electricity distributors?

Assurming allthe figures for ol the oreas within
the propased region wero readily availabls,
o what extont would i be considarod that the
section 78 process pre-empted the culcomes.
of the individuol section 78 processes in each
and every municipality within the ragional
area?

it i also questioncble to what extent thot
information would or would not be required
for o council to make an informed decision
Perhops it would only be required for those
that have effeciive confrol

of the ME's annuol budget process. [per
SBT ~ MFMA), of the perfarmance of the
ME egains! the estoblishe performance
objectives and indicators;

The payment of any monies by the
municipolities o the ME ar by the ME to
the municipoliies;

Procedures for the resclufion of disputes
between those municipalities;

+ Procedures govéfning conditions for and
consequences of withdrawal from the ME

by @ municipality

through majarity shareholding

However, if not all the information wos
ovoiloble for the section 78 report, would thot
moke a decision foken based on the repori
on incompetent dacisicn? Once again, the
“required outcome”/publicized “resulting
structures” must be bora in mind ..

The negotiating teams in the
municipality - those who are to move
vs. these who stay

The process followed by the City of Cape Town
was o co-operafive process, focifitated by
EDI Holdings, wih the role-ployes including

and utilisation of the ME a5 o machanism
for the performance of the municipal
function, and

The disestoblishment of the ME, the
division, transfar or liquidation of its
assefs and the determination of ihe
responsibility for s liabilites.

The City Of Cape Town had written info
the sarvice delivery ogresment (SDA) that o
municipal forum would be esiablished where
the: parent municipaliy (the City of Cape Town
in the case of RED 1) would deal with issves
raised by oll the municipalifies ond foke o
singla stance to RED 1

All ihm procasses fall by the woyside mm the

city covering the finance,
infermation technology, human resources
and electricity cperofionol crecs os well as
Eskom officials.

It soon became clear that while oll Cape Town
afficials hod @ common abjective, i.e. the
ereation of RED 1, the visions and views on
the procass and outcome hald by City of Cape
Town officials olons wers widely divergent.
While it moy hove been ideol fo porfroy
single united "city view”, during negofiafions,
it was clear that those who were staying wiffy
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wansfers that need fo.take place. This is 1o
be expected, considering that the officials are
looking at th same obiective from diflering
views, and are protecting difierent inferests.

However, the process will be hampered whers
alock of trust staris creeping in fo the process
and negatiations. There should be na hiddan
agendas - negoiotions need fo take placs in
an open and fransparent woy.

need to have a commen
g of the vision for the final
“product” - eosier said than done when
the national vision has been changed
mid-straami If the parent-child relationship
outlined In legislofion is recognised and
accepted, it immedigtely becomes clear that
the musicipality and the municipal entity are
dependent on each other for their existence
and thus no cne porticular party sheuld be
unfairly advantaged or disadvantoged.

1f there is a lack of sccepfance of the porent
role that the municipolity must take with
respect 1o the municipal enfity, thera
clwoys be conflict. The electricity restructuring
process does not remove the responsibility for
tha provision of electricity reficulation oway
from the municinality (refer specilically to
section 81 of the MSA)|

The negetiating teams - municipal
vs. public entity

The differing viewpoints expounded on above
become for more eviden! when negafiations
toke place betwsen municipal officials and
officiels from Eskom. The Public Finance
Management Act has been in ploce for o
good while longer than the Municipal Finonce
Management Act. There hos also been
more emphasis on ensuring the necessary
regulations for public entifies are in place. The
municipal entity legislation has only recently
been subsianticlly overhauled.

Evenstill thare are some significant differancas
inthe legislation for public and municipol
entities. The local government sphere is also
significantly more legisloted and this legislative
framework guides oll local gavarnment
officials.

Obviously, Eskom aficials have not necessarly
been expased to all the different local
government legislation, just a8 municipal
officiols have not necessarily been exposed to
the Public Finance Managsment Act,

The impact becomes clearer once the related

of those who were moving infa fhe newly
ereated enfity.

This process confinues to ploy out as more
is given fo the assefs and sioff

of MEDs - and
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ogresments h inerdarto
fully establish the eleciricity disiributar or the
municipol service provider and the service
outhority role needs fa be outlined in the
Service Dlivery Agreement.
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The Division of Revenue Acts for the lost two
yeors hove covered the need for municipalties
1o enter into service delivary agreemants
with the sarvice providers in their municipal
ares

This has been a difficult process as Eskom
hos been 5o entrenched in vorious areos that
the lazol govemment responsibilty and right
10 provide electricily reticulation services (as
per Schedule 4B of the Constitution) has
bean overlocked. Thus, municipalities have
ol been faking up the servics authority roles
and responsibilities.

Municipal undertaking vs, private
company (social vs profit motive)

The creation of the municipal entity is
essentiolly the sstablishment of a privole
company, This private company receives
disction from the board of direcfors. The
municipolity will source the diractors for the

o o ienci i

Uneesinass regording the
~parent role® as autlined in the MSA will
provoil initially as the boord understonds
the difference batween he private company
scenafio where the board has the final sey and
the municipal entity privete company scenaria
where the board hos the final soy, when the
parant municipality has given its parmissiont
Service authority vs. shareholder

The parant municipality of any. municipol
entityis legislated 1o ploy twe difering roles:
tht of the service authorify; and that of the
shareholder.

A this fime | om invesfigating the role of the
Sharcholder Compact (which is a legislated
document for public enfities) to clearly
\denily and diferentioto behween these fwo
responsibilites.

It may be argued that the Municipl Systems

municipal antity and those of the shareholder,
both in the role of shareholder and os the
sanvice authority.

This issue of the service authorly runs deeper
than simply o sharshalder’s compoct. It
saams clear, from the Municipal Systems
Act read in conjunction with the Municipal
Finance Management Act, that the licy
and tarff ssues related 0.0 muricipol service
remain with the service authority and ore not
tronsferred to the service provider.

‘This simple fact is offen averloked when
dacling with the ring-fencing process that
precedes the establishment of on external
servica provider. Once the decision has bean
Jokan 1o use an extemal service provides these
“service authorly roles and responsibiliies”
must be unbundled from the infernally ring-
fenced provider of the service.

boord from vorious diflerent Aet cavers the Compactinthe cy
in order 1o cove all S Sk i :
i 8) of the Municipel Systems Act makes i clecr

Many of fhese difaciors may well come
from the private sector whers the profit
mative drives the daily operations. This s
significantly different from fhe sociol mofive,
which pormeates every action performad by
a municipality.

The local govermnment sphére is the service

that fhe Service Delivery Agreament [SDA) is
a langer-ferm document.

The treasury ragulations stipulate thot the
Sharsholder Compact for-a public eniity
will cover 6 period of thrse yeors, updated
annually on o rolling bosis.

While niot a legal opinion, | have clorified the
rola Compactin my mind,

fhe nafional government bosic services and
relofed free basic services policies. At the
same fime, the municipality must deal with

il ‘within its boundaries in order

at this stage, os the following:

*The Shereholders’ Compact it is an
agreement (ameng the sharsholders) 1o allow

to ansure sconomic growlh, increosed roles
bose, constant revenue streams, efc

Thus, the provision of basic services fa all can
: 3 b g

P
and management role, os culfined in focal
govamment legislation, in order 10 hold fhe
hamd of th service provider accountable
targets, without

economic davelopmant, This bolance can be
restored through the arms length ditance of
the: municipal anfity from the municipaily.

The shareholdor will set cerain key torgets/

key performance indicators for the municipale

entity, whils the board of the ety will dike
out aconomic efficiancies.

any cloim of :m"m ofintarost or self-dealing
agains! that sharshalder. — Louise Muller's
Definition of the Shoreholders Agreement”

, To me, the agreement/compact harsfore

sarves fo promate and encaurage good
qovernance practices by clarifying the
respective roles andsresponsibiliies of he

if the ring-fancing process is
being iniiated with the aim of establishing
an extemal sarvice provider, then the service
provider roles should not be fing-fenced.

Conclusion

The elsctricily rastructuring process is being
drivan notionally with national timelrames
boing imposed o the locol government
sphers. Yat, the national vision is sill o bit
vagua ond very fow of the formol logistative
processes are in place to provida the required
guidance.

Thus, while the perspactives provided in this
paper are limited, in the future, as further
clarity is oblained, they may be considered
an exiremely namow sample of soma of the
dynamics asperisnced.

Imespective of thi foct, it s clear thot there ore
@ number of lessons that can be learn from
the process, no malter how for the progress.
Theough all the processes and procadures,
however, we must not lose sight of the
foundatin of the eleclricity restructuring: 1o
bring betier servica dalivery 1o wider range
of clients in the mast effective, aconomical
ond elficent manner possible. A




W Established in 1966

AN ESKOM APPROVED BEE COMPANY
[Suppliers of Overhaad Power Line Material]

The majerity of
things in life are done the easy way; water
will run through the easiest course, eleciricity will follow
the path of least resistance and predators will select the weakest
farget for their next kil

Humeans are no different and when faced with options for the future, most would
make the decision based on which choica requires the lsast input or change,
Only a rare few will tackle the mare challenging oplion but armed with foresight
and a genuine commitment fc the spirit of the BEE Charter, this is exactly what Cual
Engineering (Pty) Lid, an historically family owned business, did.

Mike and Andrew Walsh wers adamant that becoming o BEE company nol be an exercise

which further empowered someone who had already had access to the empowerment

process. Thair patience finally paid off and Mrs Mpume Gwala joined Cual in July 2005,

Mpume came from a construction background where she put her skills as a
Qualified Quantity Survayor fo good use.

Mpume has purchased 26% of the shares in Cual Engineering - which was no easy feal
as raising the capital to buy info the successful family business meant putfing everything
she owns on the line. Mpume carries the fitle of Director by virtue of her shareholding but
ioined Cual as part of the Sales Team ~ a posifion which has seen her grow from sirength to
strength, and now sees her as an integral, motivated part of the Cual Team

“Some days are lonely, some days are frusirating bacause of the loads of work but that is

what makes it so exciting. In this field of work, you can never say that you know it all - you

adually learn averydoy because you are dedling with so many diverse people, companies
and situations” soys Mpume.

Operafing from Durban, Johannesburg and Cape Town, Cu Al Enginsering supplies fo
cusiomers throughaut Southern and Central Africa, as well as areund tha world,

The Company manufactures as well as rep many well-k e
locally ond abroad, and offers @ wide rangs of products ex-stock including overhead
pawer line material, Preform Line Produdts, cable jainting, heat shrink products and ABC
fittings. Custamised producis fo individual specification can also be supplied.
Cu Al Engineering (Ply) Uid has a national distribufion network with its own fleet of
\ramsport linking to all ports and a stock holding in excess of R 16m which enables
very promp! delivery and service. Exports are handled by an experienced in-house
export department.

Recognising the success of o senvice driven organisaion lies i the skil, exerience,
dedication and aftitude of its pecple. The company is strongly commitied to
the training and development of _smh‘ .?m;ivro the South ‘Alncar-.pu!m, of Black

ing wilh this policy if offers technical assistance fo black
ownad businesses.

Empowerment. In keep:

The challenge for Cual Engineering, going ’orward,‘ is o ensure that
The company confinuss fo daliver the level of service on which its
reputation is built and that it will confinue os one of the

suppliers of Overhead Power Line Material
o the power indusiry.

lengstanding
lsading

l.coza *
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Developmental local government
electricity distribution

by Russell Boloyi, SALGA

local is abou
the need to use revenue generating services and el
The current slectricity distribution Industry restructuring

A1 the glabal level, tha United Nations has
adopted eight milk desvel ol

" @
delivery and development.

Countries in Africa hove different systems of
nd local

{MDGs] fo be achieved by 2015 in responsa
10 tha world's main davelopment chollenges
Erengy scarcify and poor supply condemns
many women and children to collecting
firswood, fetching water, and performing @
number of daily tasks manually in addition 1o
delaying devalopient.

Elaciricity can bring neaded lighting to homes
ond schools craating @ better environment
for children to leam. Enargy, thersiore, is o
vital input in reaching the sacond millennium
dovelopment gool: achieve universal primary
educafion.

In fact without access to relible and affordable
energy, people ore denied basic healih and
education services and apportunities for
Improving their fives.

Energy is ogain paramount o achieving all

he sight millennium development goals, from

edueation fo health core 10 gandsr equality
A -

govemment is not recognised os o distinct
sphere of governance. The lock of legislofive
#ramework, limited powers and functions and
Inck of aecountability are amang some of the
key issues focing local govermant n Africa.

Hawever, in the South African context it is
g out thot all
sphares of government ore distinct spheros
of governance and play o pivotal role in
ecanomic growth and development in all reas
of South Africa,

The oweroll govamment approach 1o service
delivery shows that planning ond authrity on
the dalivery of basic services is devalving 1o the.
implamentation level, which is developmental
local govermmant.

This oppronch is clsar from the restructuring of
the transport secior, water, housing, eic., that
have seen local govemment assuming more
responsibiliies.

and ansuring

Pecple warking in fhe indusiry should not sse
sheir'wark in isalation o the overoll impac!
of the indusiry In the development of our
communities and improving the quality of
.

Paople working in the industry are directly
caniribuling towards better lifs for all and
should ot see the use of alectricity surplusin
other services as o problem, but rather as o
contribution of the industry in oddressing the
developmental needs of our communities.

The C ) Systoms Act
also provide for cerloin powers and funcions
1o be assignad fo municipaities that have the
capucity fo underiake such functians

The powars and funclions assigned to
municipalities are infer olia influsnced by the
municipality’s ecanamic viabilty and posifion

nature of local government functions, and
lectricity surplus in particular fo finance other services. Energy and
rocess should be seen in the confext of service

must be noted thot the level of govemance,
rasources, capucity and systems difer from
municipality o municipalit. i should therefore
be acknowledged that the impac of the REDs
‘onmunicipaliios will differ between categories
of municipallfies.

The SALGA members assembly which took
place in Ethekwini in June recommended
that we uphold, respect and recognise the
following key principles thai were agreed upon
1o quide the eleciricity indusiry restructuring
process
« Restructuring must be conducted in
oecordance with the Canstitution, taking
into account that the responsibility for
electricity reticulation is o municipal
function;

The financial state of municipalities
curranty parforming the electrcity function
must not be adversely affected;

Any RED end-siate model must meel the
restruciuring objectives set out in the EDI
Blueprint fhal was approved by cabinet
earlier.

The Restructuring of the sleclricity
distribution industry should be done
in such & way thal it does ot impact
on munleipalities’ obility fo play their
developmental role, and the achievement
B e foord

not have o sound saurce of ravenue such s
s and user chorges.

Municipalifies vary in their copacity ta
discharge their consfturienal mandate, and it

the nafianal farget of universal access
0. electricity by 2012 is dependent on
municipalities being able o play their
developmental role ot the local lavel
ere poople nesd sarvice delivery, &

Visit the AMEU website

www.ameulLcoZza
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Six issues affecting restructuring
of electricity distribution

by Frof. Trevor Gount, Department of Electrical Engineering, University of Cape Town

20 yaoes oo in th
out of the pawer :innou« eorli

too much capacity, There were fwo

y 1990 elecirficafion wos envisaged as

Elecriciy for Al It becore the Natianol
Electrilcation Programime and betwesn them
the two progrommes doubled the number
of households in South Alica with cccess fo
eloctricity. The cost was high, about R1 0-billion,
but the coniribution o meeting socio-economic
ond social objectives was substantial.

Thoslach d

in South Africa was proceeding
in the decade. Then consumption growth slowad, and

g fast, as Eskom built its way
suddenly there was

the paricigants and is essenfiolly poiifical,
fhough not necessarily o pary-poliical activity.
The outcomos of the pofical processes ore

in ol the main iies, with the disnuptions in
the Westem Cape being arguably the most
evident and costly for the economy, The limis of

uence.
These struciures and systems may distort the
gtiginment of the original objectves, through
the sflact ofien refamed 1o o5 unintendad
consequances

propos
by proposals for restructuring, Redicol
restructuring was justified a3 necessary fo
ochieve the ambitious numerical objectives,

usvally arise
from a lack of awareness o on inadsquats
understanding of the situation, in this cass
the elecrriciy distribution industry and all it
and mistokes

fund the f g reduce

in king are seldem reversible,

i di ¥ benefits. There
were many proposals ond prograss reparts 1o
AMEU mesfings and elsehire, but compared

demonstroting the impartance of information
thotis clear, u((wnl!, npwnpmﬂe nnd aa.,m
underskand

with negligible
have bean made with restructuring, although
the casts have been signficant. The peapasols
have created uncertointy in the indusiry ond
contribuied to the neglect of maintenonce, loss
of experianced stoff ond widesprend failures of
supply. Perhops the cos! of resuctuing hos

aloctriciy distibution industry the informaion
doas not oways met this spacification!

Also, given the irreversibility of mast decisions
ond events, it s necessary to recognisa tht,
whotever the history, prograss can only be
made by recognising the reality of the present

exceded the cost of

This paper esplores six broad issues ksl 1o

The following issues are discussed in that
context. To limit th

affoct haw fhesa two processes
and resuching, may develop I he ki,
Fundamentals

Most of the participants in the electricity
supply industry ogree on fhe fusdamentols,
although this may not ba apgarent 10 those
outside the debotes! The comman objective s
develogmen, which can be characterised a3
having three companents

. ficiency,

constoinad 1o electricty disributian, alihough
mony aspects apply similarly o fransmission
and gensration

Open “SECRET”

Based on my own experience and analysis of
the distribution industry in South Arica, | have
identified what | consider fo be six signiicant
issues: skill, entiflement, capocity, reliobiliy,
emiranment and forifs. They connat be

growth and finoncial retum.

Sociol development is concamad with
equiy, usfice and poverty alleviation

Socioseconamic development seeks long-
teem sustainable changes of festyle

The differences between the porticipants (0
development arise from fheir differsnces in
valuas, intacests and resources. The contestation
of rasources leads fo apporent conflict betwaen

other, and an
u\lnmu:wl analysis might identify alternative
clusters of characteristics, but they provide o
useful format.

1. Capacity

The limits of the capacity of the national
eleciricify network have been very evident

forecast
prepored in the 1990s, which appear io have
bsen reascnably ascurae. With oll generotion
comaitied, the defivery networks are also
opsrating close fo their limits, particulorky when
the inevitable foults oceur and N-1 contingency
planning is shown to be inadequate. Even
without faults, tha domastic customer load
research progromme hos identfied thot the
supply valtages for many customers are well
‘outside tha quality of supply limits odopted o
ragulatory sandards. Networks oporating closs
1o capaity and with large vohioge drops incur
high technical losses

While the capacity of the power system is o
problem for some, there are ofhers who do not
‘even have access. Electrification reached nearly
70% of households in 1999, but since than the
net rate of conneciions has orly just kept pace
with the eonstnuction of new households, with
thes result tht access hod increased 1o only 72%
by 2005, (Note: This figure doas not appear
fo have been published ond is derived from
various reports of connections and housshold
numbers.) A8 tis rate, and with the present level
of ellocations from the Nationol Electrification
Fund, it is uniiksly that universal access will
be ochieved by 2012, in accordance with
government policy. e

Thesimplemertotion of lood shedding, whether
voluntary or imposed, and tha unsupplied
demond of those who have no accass diser the
reporiing of the real demand for electriciy.

The problams of the copacity of the networks
indicate the limited obilty of the institulions
responsible for electricity distributin to Imprave
the situation

The issue 1s: The distribution indusiry dos
ot have anough electricity 1o meel cusiomer
requirements, the networks do nof reach all

under

recently, Frequent plit
imtemational benchmarks, affect ulbun and
rural areas. Significont foilures have occurred
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severe stroin, and the institutions themsehves
cannot respond odequately o the needs.
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2. Entitlement

The problams of copacity lead naturally
o considsration of who is entitled fo have
elaciricity. Since eleciricity Supports economic,
sacio-economic and sacial development,
f appears thot industry, commerce, other
institutions ond hausaholds all have o right
to consume. Constitutionally, municipalifies
have the rights and responsibilities 1o supply
sleciricity o customers in thelr areas. Similarly,
the national ulilty, Eskorm, was estoblished o
ensure the odequate and economical supply
of alectriclly 1o those requiring i, in support
of nafional development. Clearly entitlement
in the electricity sector is complex.

One change from the pariod of giddy power
stofion building of the 805 has been in the
conceen for the environment. The nead for and
desirability of large fossil-fuel buming power
stalians is now mara than o financial dedision
hasad on costs and patentiol tarif revenue.

Serious consideralion must ba given to
amissions and allemafive uses for he fusis
. .

The major problem with eleciricity from
renewable sources s the high cost compared
with convenfional cantral generation, of least
when based on nomal linancial analysis.

Mast *renewable electricity” is financially
viable only when policies ore expressed
in financial tarms, such as carbon faxes,
inimlany’frading and diree) ‘subsidies, or
when government regulations dictate that o
proportion of elactiicily must be gensrofed
from renewable sources.

However, since ory foxes or extr costs are
padt of the economic system, the suppor of
rmnewoble slecticity through policy instruments
distorts e allocation of resources through the:
‘market system, Furthes, subsidies for renewables
reduce the availability of funds fo subsidise
other socilly desirable processes, such as
electilication anél povarty alleviation.

Many developed countries have established

4. Tariffs

Whils. diversity of supply eapacity was an
objectiva of the White Paper on Energy Policy
{in 1998); the distribution objectives clearly
pursued uniformity, leading 1o proposals
for six equal regicnal electricity distributors
ploying on level flelds, despite differences
between customer density, aconemic oclivity
ond network development in various parts of
the courtry. Restructuring was [ustified In port
as necassary for tarfl mationalisetion ond raising
s funds for electrficatian, but the result would
be to conceol cress-funding and subsidies
within the disfributors:

The Nationol Elactriciy Regulator (NERSA) was
unable fo achieva any tarif rationalisation in
ten yeors, for any closs of customer, despite
tariff otionalisation being ane of s cbjctives.
The large number of complex fariffs mokes it
difficult fo monitor and assist the few ufiities
that ara financially unsiable for @ variely of

that create financiolly viable opparunities for
smollscala dispersed generation [DG) from
B oad bl

o aliematives for reducing fhe energy used,
Wihin his contoz, i might becoma accaptable
in futurs o resic the consumption of slecricy
by the large customers whe presently appear fo
be limited only by their willingness 1o pay.

Al the other end of the scale, the social
S

fechnologies hove significant implications
for the planning ond operation of sleciricty
systems, including the emergence of active
distribution natworks

ibilif

reasons. G 1 objectives of farill
design, including stabily, cost reflectily, and
romsparency of subsicios, 0ppacr fo hove been
submerged by the-emphasis on restructuring
of she institutions. Alihough the municipal
domarcation process hos shown thot tarif
changes can be forced by merging uilties,
rostructuring s ret o precondition for tarif

Intrinsically viable, generation
such s iom bagasse or hydra power siations,

deves the sleciification programme and fhe
provision of frea electicity. Even then, mony
poor housshalds cannat afford sufficient

grid codes and similar regulotory
support lo reduce the orfificial borriers
protecting menepolistic. viliies, In contrast,
“snvironmental® programmes that ore nof

eleciricity for heofing energy, and altemati
like paraffin and LPG are alwoys under
He " ey

financially ond viable wecken
developing countries thet are alraady short of
d should

be

tha delivary of mora than cne form of energy
roises. questions about which form is the most
appropriaie and why it should be supportad
10 the exclusion of ofher interests.

The issue is: While bath customers ond
# f i leciricihy

supported by speciol reguldtions

Muclear generation shares some of fthe
advaniages of renewable generation, such
as negligible corben or sulphur smissions.
While congem is expressed af the high cost of

delivery, the conditions under which supply
should be provided ars uncleor

3. Envirenmeni

Concern about the envirenment and climote
change is strongly affecting the elactricity
industry in Eurape and Norih America, Natural
qos is preforred 1o oil and cool becouss of he
lower carbon dioside emissions per unil of
elecrical energy genorated, but the maximum
improvement s less than 25%. Renawable
anergy sources have no carbon emissions, as
in wind generation, or hava a short lfe-cycle
such thot the emissions equal the carbon
absorption, as in generation from sugar cane
bagasse.

3 financial onalysis using
aven low net discount rotes shows thot
nagotiva effacts of long-ferm future costs on
projact viabily ars smolk: Accordingly, hucleor
power is emerging as an nvironmentally
accapiable source with low costs similor fo
coal power stations.

The issue is: Central generction ond
canventional distribution, with limited DG
supporied by suitable grid codes ond
international subsidies, may provide the most
atiroctive elactricity supply in South Africa
for o long fime, whie soma ofher renewable
energy policies may not be fustifioble focally
despite the importance of environmantal
sostainobiliy.
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In contrast, e agal

of customers by slectricity service companies
s ollowed them ond selected customers 1o
benefittrom distortions in lariffs, without adding
volue: in'the form of physical infrosructure,
operahons or maintenance.

Even when oppertunities arase to edopt
countrywide torifs, such o5 a proposed single
strudlure basic electricity support tanf, it wos
decided! instead 1o allow municipalites to
infrosduce res basic electriciy (FBE) in whofever
form they wishacl.. This freedom appsars to
have contribuled 1o the situchion in which some
cuslomers deserving social subsidies sl do
net have FBE. Similarly, the accopabilty of
ofl-grid electification was compromised by
:mumn, high tarifs for smoll quantiies
energy, in the order of e for
6 kwh, it

In 3pite of the general lack of progress
fowards the objactives of torff policy, much
hos been leamt about torifls and pricing.
The elasicity of demand for small customers
has been measured and demand market
participation has indicoted the willingness of
larger customers ia shed load ‘when finoncially
compensaled. This information could usefully
indorm terff design in future

Finaly, the nafional elecirificatian programme
e it numerical ebjectives without funds freed
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21st Technical Convention

from a resiructured industry, and subsequently
the governmant recognised tha desirability
of funding lorge sacial investments from the

moy not be an aceurate represantation of
the choraster of the system, and imposing
severs posi-event panallies is probably

contral fiscus. These devel indicate
fhat the concapts of ariffs, funding and uliily
structure undariying the proposals for change
wars apparently incorract.

The issve is: Why has taniff rationelisation -
‘which has significant poterfal loeimplementing
economic and social policies withau! rodicol
organisational change - been virtually
neglected?

5. Reliability

management.

The lssue is: Refiabilty s the rasub of o complex
relationship between planning; operations ond
maintenance, which are largely technical
aetivities that should foke info occount the
costs of both supply and inferruptions, and is
ot easily managed by ulily profit objectives
and Financial penalties for failures.

6. Skills

f an elaciricity utilty is the

However, ‘orifls do ot reprasent inferruptions
ook which have become more visible in South
y becouse

2

The univer:
contribute substantially fo preparing new
entrants 1o the industry ond have the petential
fo provide “continuing education’, but are
undarresourced in funds, staf ond odeauarely-
propored studants

and technical colleges

The issue is: Present policies are inodequate
o raining ond retaining the technicol and
enginesring skifls needed for viable electicity
distribufion, and uncertainty mokes conditions
worse.

Electricity distribution in the future

The above six issuss are comples, but not
o sacret. Improving elechricity distribution

supply of v ility
needed is technical Pm:r»:e! re:hm:ul
skills ond and

extended blackouts in metropolitan arsos,
and claims that the wmmuplrom hove had o

experience are vkl for planniog, bulding,

adopling realisfic policies and progrommes o
raplace the simplistic proposals that freat only
one issie of a time.

Shorfages

peraling and ing the
Inroral i
areas also, there am concerns that the costs of  of those skills lend fo problems: safety and
intarmughions are substaniial, Closely related fo.  eosts depand on the physicol infegrity of the
the cost of an interruption s tha value ar worlh  power system, protection systems detormine

of an uninterrupred aupply

The development of nafional grids wos o
respans 1o the need for increased reliability
ot acceptable cost, Inferconneciion of power
siations and loads ollowed tha possibility of
loaing any one generator fo be covered by the
capacity of all the rest. This led fo the concept
of N-T contingency plonaing, by which a whole
systern shauld be able fo operofe adequotely
with any one companent oul of sarvice.
Howaver, as systams grow, the probabllily of
more than ons componsnt nat being available
incraases.

One dailure. might not be: noficed until the
next failure initiates collopse, or multiple
failires occur befors the first can be repalred.
Therefore, large systems require more
sophisticated approaches o relibilly, including
the separation of risk and consequence, and
the integration of planning, cperations end
mainfenance.

Reliebility s not limited to i

oh ol d
restructuring?
Electfication

pressuro will encourage the

por nd the v
supply, ond metming n swedad for evanve
collecion, There are clearly deficiencios in
allthese oracs.

Tachnicol skills and experisnce do ot come
in faceless pockages. They are supplied by
people with diffarent expeciafions. Some want
10 belong fo small ities whiln others

odoption of soma renewables technologies, but
they will be limited by high costs ond  lack of
local subsidies in favour of masting other social
and aconomic needs. The greatest cmphasis
willbe o grid lectrication. It willbe necessary
to develop entlement and reliability policies
regarding 1o whom, how ond under what

want the scops and promotion opportuniies
oflarge organisotions. Divarse utilties suit the
needs of different people, s well as providing
voried experience. If suitoble opportunities
ora denied, fhen people movs to other
utilities or into other businesses, Uniform
Institutins, like the proposed regional
eleciricity distributors, do nol provide the
diverse conditions needed fo train ond refain
the best skills and experience.

Successiul development requires that the bast
use is mads of all the skills and experience

“available. The industry connot afford to.

pursue racial and gender transformation so

Vlage quality,in ferms of variation of volioge
magnitude, veliage dips, harmonics and
unbalance, affacts the efficiency with which
elactricity can be used by the customers.

Many counfries are frying to use integrated
power systems, which were developed to
improve reliability, s vehicles fo imposs
energy compaiifion. In. the absence of frue
competition that can cecommodate he mony
customers” different requirements, reliabilty
s waally monaged through performance
regulafion. However, since foilure is o stochastic
{probabilify] event, the octual performance

v Forexompla,
consulting engineers corry out many tasks fhat
are not sufficintly cominuous 1o justify ful
fime staff in smoll and medium municipaliies,
Racantly however, sorme local and provincial

ity will be disiributed.
Progress will be made fowards bullding
the network copacity for universal access,
accepiing that the technical innavation required
and the high marginal ces! of rsaching deep-
rural customers, such as in Limpopa ond
Eastem Cape, will delay completion. The
need for demand management ond effective
ond efficient poverty alleviation will probably
lead o new tarifs for elechrification customers.
Contined financial support af adequate levels
wil be needed from the Naianol Traasury fo
mest the nationol objeciives of electrification
and poverty olleviation. Tha eventual success
of electrilication will depend on the uilities
retaining the skills needed fo implement
innovotive, systems and operate and maintain
them.

Restruchuring

cannat qualily without points

for diaobiliy or women. Large ullifies also
hove problsms, with widesproad reports of
undar-investmant in human copial. And in
compaifion with new peojects, the lass visibla
areas of operations and mointenance subfer
most from shortages of skils.
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A voriety of initiatives and approaches is
needed fo make the bast use of copacity ond
resources. A process of incrementol chonge
generates fewer unexpecied consequences
Recognising that it is unnecassary fo fix what
iseft brcken, compeition by comparison can be
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Beyond prepayment - smart
meters for evolving networks

Prepayment meters have become an essential tool for the delivery of electricity services to developing communi

by Roland Hill, CB eleciric: Low Voltage

es.

Damestic consumers prefer prepaid services due ta the financial cantrol its provides them, and the simple rate of

he products have matured, become more
dependoble ond have besn intemationally
standardised, Vending systems have ikewise
evolved info anline transaction servers
ragulating o significant flow-of funds.

Haweveg there is growing evidence that the
basic prepayment meter lacks significant
atiributes imparant fo the provision of o
safe, susisinable and sofisfoctory service to
consumers. This paper seeks fo shed light on
improvemants that are emerging and highlights
the work that needs 1o ba dana fo ensure hot
oll manufocturers odopt @ common set of
enhancements.

Service experiences and the equity
challenge

The White Papar [1] on transforming public
service delivery defines the "Batha Pele”
principle of putting people first, which
requires

Redvessing the imbalances of South Alrica’s
past

Maintaining continuily of service to oll
levels of society

Facusing on the nesds of tha 40% of South
Africans who are living below the poverty
line

= A shift away from inward-looking,
bursaucrafic sysems, procasses and
affitudes

A saarch for new ways of working which
‘puts the needs of the public first, is befter,

consumption feedback presented.

faster and mare responsive 1o the.
needs.

The objectives of service delivery enhancement
therefore include welfare, equity end
efficiency.

Obviously, fhe rising occurence of public
protest is ovidence fhot consumer experiences
are not meeting the rising expectotions. Fig. 1
presents o simple modal fo lustrate the service
delivery gops that exist. These are nated in
mare detoil thersatter.

The intuitive nofien that sponsored (indigent)
consumers are due an inferior service as they
are not paying for their services, has to be
¢hollenged. The Batho Pele principle requires
that o child-headed fomily in on AIDS-plagued
community must ba given an equitable level
of service.

The foct that we arent sure how 1o do
sustoinable manner or that we don’t have the
capitol, generotion copacity or capability 1o
do this is o diffsront matter, We cannot deny
ihe challenge:

Planning for escalating service
expectations

[t neadls o be apprecioted that satisfactory
sarvics levels are not siofic. Thus what wos an
accaptable sevice five yeors ngo, is no longer
sufficient o ful
expectations,
by observation of the highly compatitive
computer industry as shown in Table 1. This
parallel creales o subconsciovs precedent in

a consumer's escolating

This con be demonstrated

o consumers mind as 1o what service levels
coukd/should be, It is worth contrasiing his
with the service practices pravalent in the
manogolisfic sleciricty industry.

Sadly, most of the elacricity industry’s service
ovels ars consirained by the capabil
auipment installed in the 19605 and 70s.

Perhaps it i urfair to compare the fost-moving
computer industry where product lifetimes
ore s short o3 three ysars, fo the electricity
industry that typically has thirty year product
Iifefimes. But this is exoctly the paint - the
long product lifstimes that presently constroin
fho service options available to a utlity, must
forca us fo consider the service requirements
af new meters 1o of least hirty years into the
future. This requires some serieus crystal
ball-goaing and industey consensus-building
efforts. The capability to achieve this needs fo
be strengthened ond mentored.

Waves of serviee convergence ignite
innovation

The prepayment indusiry came about through
the convergence of electronic mecsursment
tachnologies and low voltage switchgear
technologies. It is increasingly sppare:
fhot these technologiés are row converging
with public communication infrasiructures,
»rvuhy&pumvmg  new generation of *smart
slectronic meters”.

Fig. 2 illustrates some commen forms of
these products Gnd lists: the related IEC
standardisation warking group and normative
specilications.

Recent standardisation eiferts have
acknowledged the noed for cossistence and
integration of daia from these forms of smart
meters and the above working groups have
engoged a process of establishing o common
infarmation modelling (CIM) lenguage for
each form. 11 is expected that fulure meter

systems. will deal
ith

sl from each form, ond
that

Fig. 1 Sorvice pavcepsion gap anolysis

,, f
the products to merge into asingle, simplified



smarl mieter, The remainder of this peper

porirays the kinds of smarl metor services and
fechnologies that will be deployed. Thi
will need inspiration and standardisation
10 be truly effective in enabling the level of
senvicss that will be demanded by lomorraw's

consumers.
Enabling consumer choice with
multi-service meters

Frepayment suffered an emetional backlosh
when it was first impased on township
communities s it was perceived 10 be o poor
man's solution. Many communiies mhelled
against this minatian and uilities were
forced 1o offer a chaice of prapayment or
conventional supply. Having bean given o
chaice, communifies overwhelmingly odepted
a prepayment sarvice due fo the consumpfion
control provided, As more forms of service
emerge, utilties shouid be able 1o configure
their smarl meters to the chonging needs
{whims} of their customers, without having
1o visit the site and swap physicol assets.
The industry needs o standardised method
ond dataset fo achieve this in a secure ond
auditable way. Typical service oltematives ore
given in Fig. 3.

Itis bayond the scope of fhis paper fo describe
the intricacies af each of the above services,
but it s worth nofing that the key fothe viabilty
of any service cantrol mechanism is that i
shoukd be in the customer's interest hat the
control mechanism operates. This ensurss
that the service will be accepied and adopted
by the consumer. Whorever possible, supply
disconnection should be oveided and supely
capacity restrictions [MAL, MPL) should be
used until full service sestoration. A muli
service meter should be copable of working on
mini-grid or off-grid supplies wher the supply
frequency is intentianally not siabilised to save
on the capital cost of the infrasiructure.

Enhancing quality of service with
multi-function meters

The drive for universol access in developing
Countries demands that services are extended
10 remote rurol communities. The chollenga
of providing o sofe, sustainble, equitable
service fo oll af an acceplable cost per
€onnaction forces the integrafion of multiple
Protection measures into a multi-function
inetar [ECU). In its cheapest form, o multi-
function meter is the entire installation, end the
utility is bound o incur signiicont support ond
maintanance costs arising from malfunctions
ofthe consumer’s installation and appliances.
This ssems an expensive luxury

Naturally, there is substantiol resistonce 1o
ubility provision of such extensive service

Decade

Store
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Defining activity

e chooses when ond whers o e

Soles force go oul and dascribe extont of services
Markeing stoff emphasise beneis of their service:

Custorer sclects what be wants from mony opfiors

Customar says when and where he wanty 1

Customer delines the servica he wons and gels i

Custormer conteols and directs his usage

Cistamer expocts service integratian bereits

Co-generation and adoplive infrastruchiras

Totils 1 Chaweterfics of service scalation since the 1940x

Fig. 2: Chaovackerisics of spacific smart mater Implamentaions,

Prepayment Automatic meter side Automatic meter
bt ) ‘ (0sm)
1
IEC 62055-xx IEC 620560 IEC 82054-xx IEG 61968-x
TC13WG15 TC13 WG4 TC13WG11 TC57 WG14
| I I
CRPIVTC port FLAG 8 DLMS. Ripple control Uch s iu

Gind o it smrsica

LG = Load contol (MAL)
= Usage contral (MPL}

5C = Social credit (grants)
RC = Ralg conrol (€T factor)

= L S R

Fig. 3: Service copotilties of o lypicol mul-service mater

Instollation sofety o o Mot Yo
Instoliation protection: Ne 1" No 1" Yes
Instolation protection No ! Mo Yor

Consumes safety Mot [ Yo

Consumer salaly Should ™| Should ®

Ganeral soiely Should Should *
Appliance protection | Should ™ Should 7
Anplance profection | Cotomer @ | Cosomes
Appliance protecton | Cumomer @ | Cumtom ®
‘Agpliance protschon | Cusiorrer @ | Cotomer ®

e !

(1} The naonol wiring protec

" e
2] Cusiomers must be odequately informed of her risks and mitigation options

) Uity mist occept responsibility whan rural/poor consumen are unable fo protect thamssives
(4] Surge prosection must ot be ntegral  the meter it prone o cacay anlor ectosrophic fllura
i i th

{5} Shouid be provided by the ufilty wher

Table 2: y

protection, maintenance ond support services
from o commarial, logistical ond emotional
standpoint. It is orgued that the utliies’

7

ity for adeh .

rosponsbilty is limited 1o the prévision of &
safe (spli) motered supply ond that further
profective meosures arm the responsibility of
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Type tests. Camplqne'hﬂ- Accelerated lifo tesis

IEC 62052 &
SANS 1524 'STS WGT"

IEC 62059 &
Eskom ALT

Acceptance tests

|
1EC 62068 &
SABS Mark Scher

Fi

4: Ensuring the quolty and dependabily of metering sysiems.

« Most mechanisms ars prone to folse
indications that reduce confidence in
them

There is no substitute for proper,
independent audits

Table 3 lists mecharisms fhat can be provided
and records the confidence foctor they

The comman praciice of supply disconnection
upon (probable) detection of fampering
favour of o detect,
racord and olent sirategy. This minimisas

from incdvertent supply interrupfions. Toble
4 indicotes the signilicance of various meter
molfunctions. The amount of meter domage

1t would be worthwhile researching the actuol
costof poorsarvice o corfirm fthe magritude
of commerclal isk from improper ssaling and
undetected fompering is indeed o twa orders
of magnitude grecter than the risk of acival

Clearly, tho survival ate of meters s highly
dependant on the level of service actually
experienced by the consumer, which is in
fum dependent on tha depandabiliy of the

Comman | 25% vsing daconnect | Lowos it s ysically noi funciional ks
75% oudit courler when supply is cbseni
sheuld be ovoided
Grawing | Not sigeiicant ow, cat dsinguih load sich |
feombinaith PEDY e | RS o Bt consumer frustiation ond aggression
Seldom | Not signitcant Low, can’t distnguish load switch
{combina with BVD) __| foilure from injanionol jemming
Seidom | et significont Low, car' ditinguish delibarate
il from e < from vondalism and abuse is significart.
Toble 3: C addiono! b
Fouly Yo | No, warrany repair Low e
Damaged (abuse) | Tas | No, out of wormaniy resoir | Low
o foult found Yoi | Mo returned fosorice | Low | Measures to improve metering
Fauhy No Ve Med
Domaged (abuse) | No | Yes Hod
Mone (good metar) | No | Mo, nat mauired N

Table: 4: Commerciol sk assessnent and significance of meter sysiem malfunctions.

the consumer, parficulorly when the consumer
is ot poying for the services dlivered.

The consequence of this limiled sarvice is that
oll consumers ore expected to understand
the saverity of ha hazards arising from use
af fhe finvisible) servics, 1o have sufficient
knowledge and resources to purdmsﬂ and

cansumer and/or the consumer's instollation
and/or the consumers applionces.

To betier understand the need for utilies fo
provide additionol proteciive functionality for
rural and indigent consumers, consider the
caseof o tyical family in Africa. Normaly, fhis

metering systerm. Thus service and support
efiorts ore required fo soothe consumer
frustration and technical efforts are required
o maximise the operafional dependobility of
the complete melering system. Toble 4 lists
ihe omgoing fechnical sfors, and uilies are
advised ta snsure that they hove requirements
for latest versions of thase in their fender
documents

family would save years o be able to
- is bl

and/or
o pracure sufficient insuronce for any damoge.
hat may occur due 1o inadeguate profection.
This seams highly uniikely in the cose of the
child-headed homa previously menfioned.

The National Energy Regulator (NERSAY is
entifled 1o impose the provision of additionol
‘profecive services os future licence candifions,
when they are tachnically possible and viable.
The provision of such functicnality in o meter
should therefore be pravided as soon 05
possible, and in o manner that gives the
consumer ond utility the optian fo negoficie
and siruchure on oppropriate and fair sharing
of risk/cost that could vory with fime. The
foatures should be programmable and must
be able fo be disabled. Table 2 indicates
the range of protective services that can be
incorporated and racommends when they
should be octivated by the utilty to profect the

of waolth, ridden by men and boys only.In on
oct of benevolance, the ullty orrives, installs
and supplies free electiclly us port of o social
development iniictive. The farnly therefore
forsgoestha purchase of o bicycls in favour of
o television. Research shaws that up fo.60% of
such televisions are desiroyed within o yeor by
supply irragularitias. The provision of the free
service thus hos o disasfrous firancial impact
an the poor when adequate prafection is not
provided.

Measures to improve revenue
assurance and meter survival rates

O & g meter

is the growing incidence of counterfeit
components: being fraudulently introduced
onta fheir prodoction ines. To gain canfidencs,
it 18 worth investigating the degres of rigour
with which manufochurers scrsen their incoming
materials, and the tharoughness (fault cover)
of their praduciion test equipment. This is
what minimises embarrassing, conlidence-
destroying and coslly recalls

Measures to enhanes consumer
value and energy conservation
Demond-side managemant features will be
incorporated infe meters, and it is important
o disinguish batween whw ond consumer-

raquires more than mere fachnological
improvements in the aleciricity meter, as:

iatives must offer
cansumers sommh\ng i return for service
resiricsions that help the utility manage the
generafion and distribution of their service.

in tha supply chain
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ee that banefits
passed on fo the consumer are actvally



warranted as the necessary load switching
equipment on fhe consumer’s premises may
have failed or been circumvented. Thus ripple
conirol, radio paging, fong wave radio and/er
RDS-based systems are prone fo failure over
fime..

Consumer inifictives ore bound 1o be more
succasshul. Thus meters will devalop a service
expansion bus to which consumers moy aftach

* Provide numerous roll over event counters
for common tasks performed or events
recarded

Include outomatic salf-scaling prafile
racarders for oll measured parameters

Include energy import and esport
meosurement fo cater for future co-
genersion initiatives.

o varisly of cost-saving,
and service-anhancing devices. These devices
will draw upan fhe msources of the meter
to provide innovative capabiliies and cold
inferact with mcognised home gutomation
systems. This bus may also be used by uilfies
fo connect service configuration madules thot
simplify the logisics of contractual service

amendments.

seamless integrotion of oll dofo sources into
dapendable reports and meaningful billing
infarmation for direct electronic occess by
consumers.

Logistic simplicity and lower
eperating cost

The whole point of moving away from manuel
meter reading sysfems is fo improva billing

Data simplicity, integrity,
and presentation

It is anticipated that an obundonce of row
and incompotible data will increosingly be
gathered from o diverse array of nefworks,
eommunication channels and online melers.
Whilst the CiM modelling language will
help to categorise and condense: this dota,
the resulting information will lack guality i
incansistancies and omissions prevail.

The tandancy to repsatedly add funclionality
of increasing complexify within mefers must
ba resisted in favour of o faw wall-defined
industry-agreed porameter sets. Idually,

reduca mefer raading costs, Tha
opposits is hopponing. Uilfes aro unwitingly
bacoming sloves to the maintenance: of
increasingly complex dotabases that demand
perdact and consistent data from o mulituds
of human-based (error prone] business
processes. The promised efiiciencies ore lost
in @ host of highly-skiled interventions and
monogemant fasks.
The White Faper on sarvice delivary encouroges
usfo search for new and faster ways fo provide
a beterservics o citons. Eleven charoctersics
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of & simpla broadcost system (2] adequately
prowide enhanced service management and
revenue axtraction through:

+ Cost-affactivaness (instollation and
operation)

Logistic simplicity, faul faleronce and data
redundancy

Nor-proprietery, sxtensible and ubiaulious
deployment

Multi-service and multi

pplication
copobilifies,

Warihy of mention is the IEC 61968-9

committee drof thot defines & number of use

case actors fhot share and inferac with the

wperational dato systems of o typical wiilly.

These are the:

* Meter technician

Molntenance scheduler

Outage management system

Operator

Customer

Customer bill

Planner

Meter data manager

Automated meter reoding system

mathes. should only medsim ond stors dafa | Stesndsed moussings ond snclogorss STANSA T
SANS 1524-3 (o
ond should not include advanced processing PIESA \murg‘, d
capabilities - which are bast kept in the G0t it oy cntem ond recticotion of STS mumbering STANGA TC62
domain of the cancenirofor or better stll, | fmiions TS WG4 (draf)
locoted on o caniral data serves, This gives NRS 057 7 EC NP1
maximum llexibility fo odopt servicas 10 | Sandartied dota clements, modeling and mewoges TSI W14
emerging requirements withoul recourse 1o EC 61968.9 (COV)
maming of replacemant of mefers. Improved senol data interlacs for vinual tokens and meter powared IEC TC13 WG15
R S place communication modems iwira EC 62055.52 (CD)
Guidelines for maintaining dotor quality and  [T4er oo for occalerted reicbily esing EC TC13WG13
intogrity are: IEC 62059.31 SOV
il i ot et Sundordsed short odes and digloys for eld suppor Hoft STSNPR =
Eakom SCARAS 432]
[ tionally adjusted to incorect
:I’:: Stionaty. 908 sy, STS WG (bl
imallociual propery polices S5 WGA ()
::'d ;";‘ '“: ““"’b:"“rd °";:I‘fﬂ 5T enhancements for sep forfs ond woter opplications STS WG idraf)
! n ba pu
Im:m .;,:... Fa P 575 global key management inkatinichrs 515 WGS
STS supply grovp code resloraion process. SISNF T
Hime funclions must be vsed, ensurs ima  |=2r - SN
s hali-servics mafes, service mode selechon mathod and dotosa? STsNPR
means
v [Soin conturtion modules B
Avaid bateny: b““;“m‘:;:s ‘Sﬂ”; Ml Ronciion meters: extendad qualty of servica requirements NRS 047 ¢
:'K.n'r;s'\“ﬂ::ls accur o8 - T
improved mater soling mathods and vechnologies [T
Use olopsed fime-based roll ver logaing ===t = T
thot is time-stamped upan receip! ond
Toble 5. Maler
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*  Meter
+ Mater reader
* Supplier

IEC 61968-9 further defines o number of
meter reading and message control fypes.
Thess are repraduced hore us it is expected
shat our systems wil clign fo these:

+ Ouloge and meter health avants

* Customer dota

simuHaneously opening the door to the
costeffective provision of enhanced sarvices
1o oll types of consumers. How soon these
can ba introduced in sufficient quantifies,
and how effacive they will be in safisying
cansumars’ changing needs, depends an
the efforts and skills of those involved in the
dfinifion and specilication of such products
and technologies. Toble & records the
standardisation ocfivities already underway
fomards this goal and includes addiional

+ Mefar reading and load conteol

« Customer swirching

Meter installation

Meter configuration

Power quality svent
+ Manual meter reading

On-demand meter read reques!

Historical reading
*  Meter disconnect and reconnec!

+ Billing inquiry

+ Real fme pricing

Connecling and integrating all of the
piaces

Like it or nol, prapaymant meters ore gaing
online and they are morphing into smart
mulii-service products. The incorporation
of ubiguilous communication channels
provides a plethora of new challenges whilst

fied, but not yet
initated dus 10 o lock of resourcas

Promoting global scales of economy

To be truly cost-sHective, smart muli-service
meters must be monufacturad in high
volumes. They must therefore be designed
to intemational requirements nd standards,
and must be capable of negotiating &
barrage of international trade barriers ond
inellectul propaty hurdes. This depends

= Departmant of Trade and Indusiry (DT1)

South African Eleciro-Technical Export
Council (SAEEC)

African Eleciro-Technicol Standards:
Commission (AFSEC)

Conclusion

At the onset of South Africa's moss electrication
programme, Dr. lon McRae oeknowledged
3] that services pravided fo developing
communities had to ba of equal standord to
these of existing customers: In oddition fo this it
is now cleer fhot the service delivery expeciations
of wisting and emerging consumers are, and
will, centinually escalote

Forfunalely, fremendcus scope exists 1o improve
he quality of senice provided to electricity
consumrs # the indusiy manages 10 focus
and direct its evolution. via open industry
standardisation mechanisms. Emerging smart
mulli-sesvics meters will hren smpawer ullites o

an an open an
devalopment framework, legu!aled by
and

prociices to moet the challenge, provided that
meter planning hos occurred.

corparate
intellactual property policies

The Sauth African meter manufocturing
industry has estoblished such structures

The rote of which thase smart meters will b
deployed and the fime required o esiablish
meaningful quantiies depends on the mofivation

and now leads the global
indusiry. It is well served by the fallowing
organisations:

+ South African Prepaymant Meter
Manufaciurers Associaion (SAPEMMA)
Standard Transler Specification Association
(5T5A)

that oisa in this marke, i hess ara inodequate
1o draw resources iram afher profiieble
venlures, then much of e cforementioned will
not come info being.

The SANC TC13 commiiee will provide
discussion forums fo debate the issues {o.g.
‘gender specific requirements). Vhen necassary
e commitiee will ssue calls for proposals and
amange meelings of interested ond offected

partios.

Toble: & Mambers of fhe South Alricon Notional Comminee of EC TC13,
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Case study

Implementation of

FBE within Sedibeng district

by M Tehabolola, Embuleni Lids M Shikishi, D Nelugwane, A Ndambe, Eskom; and P Geldenhuis, Mool LM

Free basic elecricity aims to contribute towards raising th tandard of living and fo help poor hauseholds

selibang Frae Basic Eleciicity Forum (SFBEF]

consists of he district murscipality, three local
manicipolies and three Eskom regions. The
forum shares its experiences and chaflenges
within Sedibeng disiic

What is free basic electricity (FBE)?

1t is o lmited omount of electricity desmed
necassary to fulfl bosic household electricity
requiraments s dsterminad and funded by the
government.

The FBE progromme ims:

+ To contribute towards raising he standords.
of ling o the poor

« Tohelp poor households to have access 1o
basic electricity,

Through fhis programme, govemment provides

funding for 50 kWh of froa slectricity per monih

10 poor houssholds

Stakeholders.

* Tha commanant provdes daction ond
funding

Municipalities ore accountable for the
provision of FBE and sef the selection
eriteria within the porameters of the
national FBE guideline and within their
boundaries.
Eskom is o servica provider for FBE in Eskom
areas of
Funding agreement
The cost of tha free allocation (FBE) s
funded through the equitable share
govemment.
Municigality {funding) selection criteria
Indigent policy
Blanket approach
Funding ogreement
Sarvice level agreament betwaen the
municipality and Eskom os the service
pravider in Eskom supplied arsas
Billing
Monthly bills are submitted 1o
municipalfies
Payments are expacted 1o ba made
w\ﬂ\m 30, doys ond overdue accounts
subjected 1o interest
l.ﬂlﬂr!ll.l and access
« Council rasolution — decision taken by
mmecutive moyor and councillrs.
Palicy - indigent or blanket approach.
Registrafion - customers bring along 1D
frombers, eleciricity matar number, aecount

1o have access fo basic electricity.

number, physical address, contact numbers.

ond lost foken purchose

Convantional customers — 50 kWh is

credited 1o fha customer bill o the end of

the morth,

+ Prepod customens — callec their 50 kWh
fro token from the vending siation.

Hints and 1ips on FBE

o The free units must be collected monthiy. i
o collected they vil be forfeiied.

.

Data oecuracy on aur systems, both Eskom

and municipollty. This is influencad by the

move in / move culs and meter changes

shat ore not updaled on the system

* Data stondards not comman,

Customers

«  Customers relocate with meters. Customers
who paid connection fess, fez the mater box
is e osset, hance they remove the mefer

when they relocote
+ Tompersd mefers.

meters; thacefore they cannat be franslerred
from one month to onother.

Free eleciricity will be valid until oll has been
used.

FBE unis can be collected of local vendor.

Abways check toriff code ond supply group

code when collecting token

Communication strategy

Municipality

+ Councillors briefing

* Word and block meetings

» Communily siructure involverent

Eskom

» Fomphlefs

* Vendorfraining

*  Customer forums.

o Awareness compaign

Highlights and lowlights

Highlights

Roll-out within the district has been

success

Emfuleni and Midvool rolled out after

signing funding ogresments.

Fayment leval is very good.

Good staksholders relations, The

communicalion | batween Eskom and
eucellant, parformance

....,n..ﬂ, DTl o0 & maaly b 1o

discuss baneficianies, configuration, loken

cn!)esdmr\ :ml\mw, ‘payments fo Eskom

ther rela

LW'\ENS

« Na roll-out within Lesedi boundaries.

= Noindigont register in placs

+ Token callection very low in Eskom areo

Challenges

Data

« Dala from municipality is not aligned 1o
E vems. Municipality collects dofa
using o number or slond number while,

Eskom needs on electicily mefer numbar.

84

Vending system

+ Technologically challanged. Vending
machines cannat auta-vend magnelic
tekens

+ Vending machines avallability and securiy.
Aaloilty winin the 5 ko radus 1
compromised due fo theft ond vendors
‘losing down for securiy oasons.

Way forward

Dato

Dota collection projocts from both

staksholders, Revenue protection o collect
doto when they do fisld audits.

Siandordise dofa femploles and siondards

within our systems.

Municipality to verify the illegibility of
registered customers

Cusfomers.

Technical solufion fo

« Minimisa ilegal connachions

* Tampering

+ Enforce bylaws

Vending systerns.

On line vending

Roll-out lotest vending soktware — 10.58

version is able fo generate aufo-vend on

magnetic a

Vanduf trairing -

magnetic tol

. Mum, and MTN SM4$ vending. Will orly
& FBE fokens, no money invoved.

Ce»duwlm

The siaksholders have o responsibilty towards
cansitusncies 1o oftract, educate and
effectively implement these kinds of iniiafives fo
ensurs development nd poverty clleviaion
Acknowledgement
Sincers thanks and grafitude 1o Sedibeng
FBE Forum members for their dedication and
commitment in contributing fo the success of the
Forum and compilalion of the paper. A

How fo generate FBE
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Pilot testing and findings of
the Homeflex project

This paper explains the objective of the

by Vashna Singh, Eskom

il timenol-

project, fo the

project, the market drivers that support the project and the pilot an«nm, W deschba e detalsof e pilot tests
HiokVere conduired The daxs nchucron, analysis and findings of the pilet fests conducted In Tableview (Cape Town)

E skom identified the need for a fime-of-use
tarif for resideatial customers more than
sight years aga. Since then, o orif {Homefiex)
was developed and vorious pilot projects
wara run. Af the same fime various other lood
management and efficiancy sirategies were
also being studied and tested in the morke.
These load shil
integroted with the toriff

ng technologies were not

Dus ta the changes in tha wholesale electri
pricing system (WEPS), Eskom's integrated
stratsgic electricity plon (ISEP), the eleciricity
supply industry (ESI) and the elaciricity
distribution industry (EDI), the abave tariff
became outdated

Considering internal and external
wansiormations which have faken place, o
revised business case for the Homeflex project
was opproved by Eskom Distribufion

The revised business cose recommended o

siategy of piloting a Homeflex tori similar
10 the structure of the WEPS farifl togethar

Sandton (Johannesburg) sites are also discu:

+ The disirbutor’s reqUirement forincescised
sales in ofi-peck periods

The Energy Policy While Paer siipulatins
for cost-reflective tarifs, differontiated
capaciy charges ond sophisticated tarifis
for the upper market.
« The increosed customer needs for flexbiliy
and lower costs, which ullimately increoses
chion due to reduced bills
and mare value-odding options

« The sirong difereniiol in the tarfl's peak
to off-peak rafic encouroges customers fo
shift, which con reduce the disfributors
purchase costs and incrense profitability.

* There is on increased incenfive fo shift
load.

The Homeflex toriff is designed on WEPS

principles, creating @ better alignment of the

taif o the WEPS

This sarves o occurately roflect the cost of

snergy generaion and consequently provide

with an automoted lood device
[geyser control) that would be pvowded to the
cusiomer as port of the Homeflex package.
A residential fime-of-use [TOU) tarifi wos
tested of various sites around the country aver
the pariod 19982003 [inclusive).

The objective

The cbijective of the Homeflex pilot project wos
to develop and introduce a residential fime-
ofuse (TOU) tariff that would penefrate the
market and provide incentives and benefits to
the customer, which would ultimately resultin
he opfimisation of the country s peak demand
curve profile.

Market support

The following are market drivers that
support the implementation of the Homeflex
package:

* The continued increase in Eskom's peak
demand and requirsments for increased
capacily decisians fhot need fo be made.

pricing sig
costs, thereby resulting in improved net
contribution for the distributor.

The Homeflex pilots
The objectives of pilofing

The primary aim of the pilot studies was
1o determine whether o time-of-use (TOU]
pricing signal would sncourage cusiomers fo
shift their electricity consumption from peak
1o off-peak periods.

Other aspects that were: fested in the pilofs

were ihe customer's acceptance of and
response to the tariff and lcad management
technologies, and Eskom Distribution’s
support siructures’ ability to handle the
Hometlex tariff,

The support siructures involved in the pilot
tests included mefering, billing, customer
conac cenire and field servicss.

The pilats

The following sites were fested: Sandton
{ehannesburg) and Tabieview (Cape Town)

Also on unspecified orea in Durben, pilofed
in conjunction with eThekwini Eleciricity, The
onolysis of the Gurban sife data will not be
raported on in this paper.

Each site consisted of o control group, o
twa-port TOU (TOU2) sample, ond o 3-part
TOU (TOU3)| somple, with approsimately 50
consumers per calegory ol each site, making
an axperiment total of 450 cansumers.

All of the consumers on the Homeflex pilo!
tariffs were retrofitted with load management
devices which ware sither timers instelled
10 the hot water storage heoters (geysers),
or cantrally switched radie ripple-control
devicas.

The hot water storage heater system (HWSH)
wos progrommad to switch off customess” hot
waler storage haaters during the moming and
evening pack periods.

Customers were given continuous sducation

on how fo manags the tariff.as well os ofher
energy efficiency information.

Durbon & Summer 2000,
Wirder 20013}

Sancon al Wicler 2002, 2003
Summer 2002

Tablaview 50 Winter 2001, 2002, 2003
Summar 2001, 200

Toble 1: Summary of axper source dato available for

o e im.m,
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‘Consumers targeted by the tariff
Characterisation of consumers with HWSH

This elafionship implies that if o geyser-
achivated fariff is applied o cansumers
with less than 500 KWh/manth- aggregate

domastic load rasearch project n South Afnca
[1] wos checkod 1o estimate the penetrotion of
bt water geysers in communities whh different
levals of consumplion.

Fig. 1 illusteates the findings. Each point
ropresants aggregate measures from groups
of 80 o more househalds a1 o ressarch ste
over o yaar.

The relationship between consumption and
HWSH penatration in the region of 500 kWh
can be modslled a3 a sep function

then diminishing refums will
result

Potential audience of Eskom demestic
consumers

From an Eskam point of view, smoll ond
medium domestic consumers on conventional
meters (i.e, the “Homepower* tariff) ore oll
potentiol targets for this type of fariff

An analysis of these Eskom consumers is
presanted in Fig. 2. About 75% of these
Homapowsr consumers used 1000 kWh per

2

18 et
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' 00 280y B %o
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o lonSee S o
o 500 10 1500 2000
Cansumption (kWh/mih]
Fig. 1 Relutonship ber "

‘communites (Sowce NRS LR Projeet 1994-2003).

0 500 1000 1500 2000 2500 3000 3500 4000
Consumption [(KWhimth]

Fig. 2: Cumulative probobilly of overoge monihly consumption for Eskom
“Homepowerconsumers, yeor 2002

"

N
\

menth or less over this pariod, The potential
audience for such o fariff may therefore
be the proparion of custamers wha use
500 kWh/menth or more. This constitutes.
about 60% of this customer segment (113
000 cansumers) 2]

Technical evaluation of sites

About 52 000 hourly load reodings were
collacted during the course of the pilot project
on 1o o project dolabase ot Eskom.

The data resource

All pilot/coniral site dala was fillered to
exclude consumers with incomplete data;
consumers on a ‘special’ TOU iariff af
Sandion; periods of change where the staje of
the sample/cantrol experiment was uncerfain
and gfer filtaring, the dota set shown in Table
1 was usable.

Indications of profile modification

Asi investigofion wos carried out fo identiy
the diflerence in laad profile (sample versus
control] betwsen consumers with the sama
lovels of consumption, and 1o tast the
significance of the causal variables fori,

For this purpose, sompls and control
consumers wera binned according 1o discrels
ranges e, bins) of consumption over the
same fime period for each site 10 darive on
‘average proil for consumers with o without
2-port or 3-part TOU.

The widhs, of consumption-bing were chosen
spacifcally for each sie in order to moximise
the certainty of results ot aach location

During this process, if became apparent the
somple design of the experiment wos marginal
and any alempi 1o bin consumers led fo o rise
in levels of uncertainty.

Agaregote profiles were generated for
consumers in each bin and tarif

hour (ime of day)

doy-fype (weskdoy/weskend]

season (highrlow), as defined by the
tariff. >

The diferences betwean the cantral, TOUZ
and TOUS torifs in the differant periods wers
also usad 1o nvesfigete the relative effect of
the tariff 6n the household profils ot o given
tima of the doy.

These nalyses ware based only on the
comparisan of profles for consumars in the
similar consumption closses, and ignarnd tha
sifect of the tarifl on energy consumpion.

Fig. 3 shows the measured response for
mid-range consumars in Tableviaw, during
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in Sondlon, 2002.

T ot ta fhes

n oW DR

Fif iodelied avarage high-seascn weekday proffes for ol cansumers
e oo 5 on T 1, 200

high-season, 2002, Aggregate consumption
at this site wos about 900 kWh/consumer/
month, and peak fime shedding ot fhis site
wa effected by radio control

Figs. 3 and 4 show load profiles that have
been normalised fo the consumption of the
control group at eoch locotion. The figures
show the cenfrg] group (CON), 2-part TOU
group (TOU2] and 3-port group (TOU3)
Differences bewaan control and TOUZ/TOU3
roups are distinct, Abou 0,8 bW/eonsumer
oppears 1o have been shified from the
overage Tableview pesk periods, giving 2
30% reduction.

The different responses to TOU2 and TOU3
at this site are not disfinct.

Fig.4 shows the measured response of mid-
range customers of Sandion during high-
season, 2002.

Aggregate consumption of fhis site was
2200 kWh/consumer/month. The HWSHSs of
Sandlon consumers were conirolled by local
timers. These fimers could be aver.ridden
by the consumers. Therefore if is possible
that shedding fimes ware diversifiad by the
consumers, in order o bettar suit the living
habits of their households.

About 0,8 - 1 kW/cansumer appaors 1o have
been shilfed from the average Sandton peak
periods o 20% reduction.

Again, the different responses of TOUZ ard
TOUS3 of this sife are not distinet.

78 076 86735
7] 0.70 79 959
910 0.57 64 835
8l 713

s 072
: = s 1223

Tobla 2 Estmated impoct on ntional pack. during averoge
ia high-seasan 2y
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Also apparent in this sub-sef is a poor
indicafion of recovery of the shifted energy
of evening peak ofter the HWSH load wos
restored. This is an indication of noise
assacioted with low sample numbers.

Variance between the load profiles of
consumers of a similar onnual ‘consumption
is appreciable, and this carries imporiant
ations for sample dusign of such
domestic consumers.

Findings of the data evaluation

Effect of TOU2 versus TOU3

Our analysis of this doto indicated that the
shlect of TOUZ is indistinguishable from
TOU3. Analyses of the difference befween

the tariffs show that the variant of TOU used
is stofistcolly insignificant

This is consistent with research which shows
high-end consumers ore relativaly inelostic
1o changes in the price of slectricity as o
grovp.

The effect of TOU versus non TOU.

We found the effect of TOU versus non-TOU
16 be statistically very significant, which
suggests that most of the profile modification
witnassed were simply due to the: operation
of the shedding devices installed on the
consumers’ HWSHs.

Effect of TOU 1ot on anergy consumption

arical sales dola from consumers of the
s wos comalated with the lad protles on
the Homeflex database, and befcreafie tests
were: run 10 oscertoin whot ffact (f any) the
onset of the farlft had on the consumpion of
electricity.

The change in consumption solely due to
onset of TOU2 or TOU3 was found 1o be
stotisically insignificont.

MNational effects madelling

A generalised load model wos assembled 1o
estimote the efiects of lood shiffing"én the
nafionol load, and on revenue from these
consumers.

Consumens were divided into two groups,
for the Tableview and Sandton sites: control
consumers and consumers subject fo TOU

Data was then extrocted for these consumers
overtha entirs Year 2002, as this was the time
interval when load control davices (of some
form) were instolled and active ot sach site.

This data wos then aggregated into o mean

annual load profile for consumers with and
without TOU af sach site.

Using the control and the pilet consumer
groups of each site, o linear interpolation
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Fig. 6 Scheme for evaiuation of the domestic TOU.

model wos buil betwean these fwo groups

of customens, af each fime of doy over the

antire yeor 2002,

Therefors 8760 hour models wers assembled

for each of the pilot ond control groups.

The model has the following shoricomings,

but was indicative of the underlying shape

functions which ara primarily related 1o

consumption levels.

* Eastfmsst diplocement ond diffaring
climates of !

+ Coniral controller versus imer controller

Differances in Scturday responsa af the

two sites.

Using this model, the typical responsa of @
group of TOU consumers at any arbitrary
consumption level can be quickly esfimated
{given the nermal concoms about extrapalation
wiappucabitiy

¢) Network losses wera added fo the rasults
of fa) abave 1o estimate load at the bulk
level

{d) Apply WEPS PSO pricing to the resulf of
¢} obove to anive of "cost” for the bulk
supply fo these customers.

(e} Prosent the resuls.
The model hos bsen used fo esti offex

A tmquest for an outomated metering, load
management and dota menagement propasol
has already bean sent out fo the market
This Request for Proposal is currently being
evaluoted by Eskom Distributicn.

The sslected technologies will be tested
for implementation recdiness, system
integrotion, selution performance and
customer acceptance in o Proof of Concept
phase which is planned for the last quarter of
2006 and eorly 2007

Conclusions

Homeflex moy be usefully practised on
consumers using more thon 500 kWh/menth.
The polentiol market for this torif in Eskom is
thus obout 113 8OO consumers, with oggregate
consumplion of about 1232 KWh/month.

Tha difference betwen respenses fo o 2-part
or 3-part residentiol Homeflex tariff wos not
distinguishable, but was distinguishable from
he conirol groups

The introduction of o residential Hemeflex
joriff did not appear fo change levels of
consumplion

An hourly load model was esiablished in MS
Bxcel and used o esfimate the response 1o
Homeflex for o defined group of Homepower
customers. The estimated national nefwork
offoct of Homeflex was fo move 65 to 87 MW
out of the moming peak period and about
81 - B2 MW out of the evening peck period.

of Homeflex on sales, purchases, and system
damand ot various times of the year.

The results from the model indicate that
the impact of the farilf ot a nafional level is
marked, as is shown in Table 2. The tabla
shows thal on an overags weekday, between
64 ond BS MW may be shifted out of the peak
periods during the high seoson.

During low-season weekday, this reduction
in demand reduces significantly: and may be
about 60% of this figure.

Fig. 5 shows fha estimoted pilot and conirol
profiles of the two pilot sites after ing.
Fig. & illustrates the evaluation process in
which the hourly load profile models were
used.
The following method was used fo evaluate
the effect of TOU sales and consumption at
national levels:
o) Tha annual hourly profile modal for TOU
and control groups wos vsed lo estimate
regate

ible strategles

From the pilof tests it wos nated that the current
Eskom Distribution business con support the
implamentation of the Homeflex tarift.

There is howster some cancer regarding tha
metaring fechnalogles, the capital costs of the
meter and the metering and billing integration
mediums.

With the vost amaunt of technolagies,
products and packages available in the
marketplace, invesfigations into the melering,

consumpfion os o variable
{b) TOU and control soles ot the L¥ side were

far implementation have already begun.
o billing, lood

¥
that kesps the load shedding devices in placs,
operating normally and unfomper

In order fo make a load management sirategy
most successiul, the cusiomer must see direct
benelits. A time-of-use farff is on extremely
affactive strategy that provides immediate
incentives fo the customer fo do load shitting,
theraby reaping direct banefits.
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Proposed direction for
domestic customer tariffs

by Hendrk Bamord, Elespert

This paper will lustrote that current domestic pricing practices are fo from S T

Thu challenges that face the electricity

1 with specific reference 1o
} practicas ore as follows
ious capacity shartages in the Cape and
1o @ lesser extent the region, now and even
more 50 in fulure; the incraased pressure

on the environment by the mcnmd use of

oﬂ'u biggest problems in the industry.

new AMR systems now being lounched ond
tested in South Africo: These include the abiliy
fo measure capaciy and limit the capacity
on o fixed per year basis or moro dynamic
time basis; abiliy to apply fime-of-use tarifs;
the option of applying peok doy withdrawol
tariffs where the toriff fime periods can ba set

Iy load

energy; the demand
in South Africa; fhe increased cost of grid
electrificotion; the strain on resources and the
financial difficulties of

management.

Finally sty angineass and accounants shauld

The shorteomings of the current domastic

customer pe

ing and metering proclices ore

2 be bensficiol fo
Ihem. Although shori-term revanue may drop
somewhat, monthly und yearly load foctors will

as follows: heavy ne
(or very limited) copacity pricing signals; no
incentive to move loods to cheaper fimes of
day; very limited uiility load menagement;
almast na customer lood monagement and na
abilfy 1o effectivaly further manage Inads.

H is possible fo address these problems
through the application of new pricing
practices; applying the principls of limited
capacity supplies for subsidised tarifls;
tarifl structures more closely.reflecting the
true cost boh

copocity charges; applying fime-ol-use fariffs
and assisting customers with technology o
manage their loods.

The technical features required to implament
the obove con be oddressed with some of the.

yy delaying massive
atvid i nat e b and racuing

iripping and low voliage problems.

This will lead ot an overall reduction in
custormers’ energy bills, leading in fum 1o
increasod disposable income and increased
eleciicity vsage during low forifl periods.

I
ity engineer il they percieve o problem wifh
domestic tariffs or proctices the answer would
probably be “No”. This really illustrates the
magnitude of the problem, 1 soid that once
a prablem is idantified and accepied o siart
can ba made fo addross i

Problem indicatars

Industry is facing mony problems and
challenges. It s not the objective of this paper

oday, we ware 1o ask any councillor or

ECTInCAnoN £0ITS v AEvENE

Fig. 1: Elachnfication costs vs. revenve.

fo try and defail all of these but to discuss
those issues which are direcily caused by fhe
sub-optimal demesiic pricing practices. Many
of the other chollanges will, howaver, also be
addressed through the solution offered by
optimal domasiic pricing pracfices.

The following statements ilustrote some ol the
seriaus symptoms which suggest hot industry
is facing major challenges:

* Invarious areas in Johannesburg, Twana
and other municipalities developments
cannot go ahead because of electricity
copacily shortoges.

« Powar interruptions on a large scale are
becaeming more and more commaon. Many
of these due to equipment overloading

* Mojor capital expenditure projects are
being undartaken to increase capacity
in existing residential arsas such o3
Sowelo.

+ Payment levels in many areas are siil os

low as 40%, 0s has been the cose for more
than five yaars.

*  Many municipalities are still under sarious
financiol constraints.

+ Them is fhe ongoing call for. incrsased
employment,

The fallowing are indicators of the challenges

‘that we face now and in the future:

Senous copocify sheroges in the Cape
andl 1o o lesser extent in the ragion, now
and sven more so in future.

Prassure on environment via increased
energy use

Demand fo incraose electrification in
South Africa,

Increased cost of grid electrficalion and
#iroin on resources,

Meed 16 reduce prices for industriol
customars in ordar fo stimulate indusiicl
wrowth and job creation.

Indusiry challenges

The question arises ax o what is cousing these



challenges, There are many couses. Most of
these are being debated and addressed by
various means and sirafegies.

It is however feared that ane of the biggest
causes, which alsa has the biggest pofantil
to address the problem, ralates fo current
domastic practices which are not being
oddrassed. The following praciices ere the
cause of @ major part of the problem:

Cross subsidisofion

Many people react when this subject is
mentioned. They should oll calm down. The
plan 1 propose will not increose the lectricity
costo the majoriy of customers, The domessic
cross-subsidies which exist in the ES| are as
follows

« Elecnification customers. W is o known
fact that copital and aperating costs are
subsidised by government ond other
customens o low usage custamers. The
current subsidy levels are considered
reasonable ond sustoinable. However with
the growing bass it s vary likely to bacome
non-sustainable. This i illustrated in
Fig. 1.

The current breakeven for elscirification
customers on the single energy rote of
Eskam is more than 500 kWh/month
which is woy more than the current average
consumption of about 100 KWivmonth.
Normal domestic customers: The majority
of thesa are subsidised fo the exlent of
about 30%. This is illusirated in the Fig.
2. The overage consumption for these
customers is more than 750 kWh/month.
The detailed cost braakdewn will be
discussed Igter in this poper

The exact levels of cross subsidisation differ

significantly betwaen different ul
Figs. 1 and 2 illustrofe the typical situation.

Lock of capacity pricing signols
One af the bigges! problems in domestic
pricing is the lock of capacity pricing signals
and proctices. The majorily of municipalifies
provids 60 A, 1 phase or 60 A 3-phose
supplies 10 customers. In various coses. such
s Eskom, 20 A is used for new electrification
Customers.

In mast coses the connection fees are
differantioted betwaen these diferent supplies.
In the mojority of cases the tariffs are however
the same. Some da have o slightly higher basic

5 ; o ehari

AVERAGE OAY W YEAR

the 10 yoars since. This was mainly driven by
tha ideclogy of having the same tarif equity),
forall.

Many of thase municipalities have over the
lost fow years realised the problem with this
policy and have, ot leost, winiroduced a basic
charge. In most cases however they ore sillnot
differanfiating by copociy.

The current installation and metering
methodology presents some implamentation
problems

There is na warming system for the customer.
When the supply capacity is exceeded, the
circuit breaker willrp, The customer then has
to run around fo-get if switched on.

When the customer fs not ot home, damage
such s rotting of food in fridges can be
incurred:

B metering
and adminisiraion cost of 3-phase supplies
Before 1994 a lorge number of municipalites,
‘espocialy in the Cope, were applying €apocily
charges in R/A/month bosed on installed
copacity. Most of thess were abandoned in

in staying within the instolled capocity. It
is therefore simply easier o allow a much
bigger supply in order o solve the hassle
for the customer.

+ With prepoyment meters ihe circuit
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broaker s in the meler, which is usually
inthe house, and is therefore easy for the
cusomer fo reset. In the case of some new
prepoyment meters, the meter will seli-
resei after a while. A lorge number of rips
will eventually decraasa the circuit bracker
life, increasing the cost o the uliity

In the case: of many conventional mater
supplies, the uiilty circuit breakers could
be outside the houss, the stand or even
on @ utility pole or in a villity distribution
box which is inaccessible to the customer,
The. wtility will then have o coma out 1
reset the circuit breaker.

In many cases the custamer will have his/
her own circuit breaker fo limit the foad.
The problem with this is that in many coses
these are not set by the customer of the
apprapriate size o the trip differentiation
between the customer and utilty mater is
rot effective thereby stil causing the usility
circuit braaker o frip,

The biggest problem with this is the
bypassing of prepayment meters and
sell-upgrading of circut breokers. being
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+ Space heating is largely done wih gos.
During the past few yeors electricity
usaga hos increased becouse of some
EDF surplus capocity, but in many cases
these customers 1@ some form of staging
device, allowing minimum usage during
peck times.

The majority of househalds cook with gas.
Qvens are sill mainly electric.

We know of the experiences and iroubles fhat
Eskom and other uiliies have hod in making
TOU successful. Later in this paper it will be
shown how fhis can be dane.

The bitiom lina s tht th i

Fig. 4 Bor days.

fority
customers in South Africa are nat applying an

o -
[
.t mont =

lood stratogies.

No obiliy fo effectively manage during o
crisls

There is no ability to manage loads during a
major power shorlage crisis. The only means
in some oraas is the limited ufliy geyser
control and the “call an the public? mathod
used by Eskom in the Cape.

f other mechonisms do not exist the only
means to reduce demond are;

Fig. 5: Simuiated profile

doae by customars when they experience
a capacily problem.

It is clear that the current methodology and
tachnology does not land itsalf o efactive
capacity management. Despite all of this,
some tlties ara doing i ta o reosenable
lovel of affeciveness

This paper will later illusirate how these issues
can ba addressed.

Lack of laod shift incentives

There is currantly no incentiva for domestic
customers 1o shilt foods 1o the cheaper fimes.of
the day, except for o few domestic customers
on pilot projecs.

Recant power problems in the Cope have
clearly Hustrated that there is significont lood
shift potantial for domesfic customers.

The load shifting by all customers, but
specifically by domestic customars during
evaning peoks, hos been 3o extensiva. thot
ihe lood profile for the Cape ever thot period
almost becarme flat.

This lood shifting by customers coused
significant inconvenisnce because averything
hod fo be done manually - na autamated

aquipment was installed. Despite this, many
customers indicated that it was nof 5o bod

In France, domestic customers on TOU fariffs,
where significant load shilting assistance with
tachnology is provided to customers, the
domestic pack is outside the normol domestic
peak fime.

In eher words the profile hos been inverled.
They do the following

+ Apply TOU tariff with significont
diflersntiotion in ates betwaon the various
periods.

Their TOU tarif olso features o so-colled
peak doy withdrawal fariff where for 22
doys in the year, which are defermined
24 hours bafors the tima, the rates wil
incrense a3 much as 10 fimes during the
very cold spalls.

From the maler o sat &f conacts is
provided which switch os follows: on af alf
imes of e doy; on anly duing siandard

This roduced vollage raduces the largely
resisiva Ioads of domesiic customars. This
‘however is nof abways possibls becauso of
low voliege problems olready misting ol
over the natwork, outometed equipment 1o
o this is not instolled and such decreased
voltages for mare inductive loods wil cause
problemms.

Inferrupting selectod areas. This is
extremely disruplive fa cusiomers, causes
mony otber problems such oz viclenca,
aceidents, lost productively, ulc. If also
requires a significant amount of work
for uiilities without the necessary SCADA
systems.

* To call on customers, using the medio, fo
reduce loads. The main problem with this
strategy i thot some customers contribute
1o 6 large extent whereas others simply
don't give  damn, Thosa custamers who
90 1o the effort ore not compensated
ond those whe don't are ol penalised
Over longer periods of fime, this will
become unsusiaincble because no one
will comply.

This poper vl later llustroie how demand can
B ;

and off peaks and H pock
imes.

Using these contacts the customers
con wire their houses 1o the various
applicotions,
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of serious capacity shoriages.
Lok of use of alfernatives

One of the biggest problems coused by
the. cross-subsidisation of domestic tarifls



s thal it makes ahernative snergy sources
uncompeiive.

The Electricity Act makes provision for
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the of cost-reflective tariffs
which will promote the efficient applying of
energy sources with due consideration for
environmentol effects. Our industry is failing

this requirement in spades
Some examples:

= Solor heoting, which is considersd one of
the most enviranmentolly-friendly melhods
of heating water, is almost nonexisfent in
South Alrica. I eleciric water heating wos
priced cost-reflectively meny more solor
systems would ba installed. It is hawever
appreciated fhot the cost is significont
when these loads ore managed from
& nafional capacity and local natwork
capacity point of view. These practices
moke elschricity woter heating much more
compatifive than solor heoting

*  Cooking with gas is much more efféctive
and efficient than with slsctricity. With

electricity, aspecially in poor households,

the losses ore very high dus fo use of old,

cheap and insffective applionces, use af

old, domaged and ling
and poor practice such as leaving pat ids
open, chways selecting the highest sefting
on the plofes, atc

+ Space heofing with electricty i one of the
most wasteful opplications of elecricit. In
o cool-fired power station coal i crushed
nd burmed to creote heat Then water is
hedted to create steam ond the steam s
fun through @ turbine 1o ereate. kinetic
anergy ond o lorge porsion of the energy
s lost 1o condensafion, Then the turbine
turns the genarofor fo create slectricity

voltage, then
length and breadth of South Africa. It is
transtormed dows 1o low voltage again
and, finally, heat energy s crenfed ogoin
i on electric heater|

The total efficiency of this process is
less than 20%. In other words less than
20% of the colorific value of the coal
ends up o8 useful energy in the house.
This. might be acceptoble if there ware
no other olternafivas. What makes this
problem evan worse, compared wifh other
applications such as caoking, s the small
number of hours i is required in @ yeor

Energy efficiency

The current low torifis also couss very limited
energy efficiency praciice being applisd: with
0 low elactricity price, the cost of convering

Y T

—
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Fig. 7: Monaged proffe

10 more efficient oppliances is net warmonted
in many cases.

Because TOU foriffs are not applied, the
applications in peak fime such os lighting are
ot nearly o3 alfraciive as they should be.
High non-techical losses

Thare are sl many arens where non-techrical
ossas ore very high This remains one of
the biggest causes of finoncial probloms in
municipolifies.

This s ot anly in respect of electricily but ofso
applies to woter services.

In the mojorly of prepayment areas the non-
tochnical losses are stil ot laost 10%; in many
of the old townships the payment levels are
il o low g 40% and current tachnology and
methodology fust does nof seam 1o be able fo
solve tha problems.

The limited features of meters

Current meters being used for domestic
customers have very limifed features for fhe
ity and for the customer. Their funcrion s fo

At !

* They offer limited feedback 1a the utility
- prepayment meters hove no regulor
feedbock, Uilities study the purchase
potterns of customers, but that has. no
direct ralotionship with consumption
The premises need 1o be visited in order
10 occess the mefer, where o cumulotive
<consumption reading can be foken from
certain mefers. Some meters will than.also
indicate if bypassing hos taken place.

+ Conventionol meers are visited by meter
readers ance a month or of leas! every
three month. This ot least gives o regular
feadback of the consumption. I does not
hawever indicate when the consumption
took place or any other information

This paper will later reveal how this is
hindering progress with the application of
‘optimal proctices.

Recommended strategy

The above challenges can be addressed
wsing the follawing strategies:

* Apply limited capacity suppliss for
subsidised d :

electricity evailable, Their shoricomings are
os follows:
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* Apply highly cost-refleciive torf structures
and lavels forofl cther dormestic customers.
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Typical variables Domestic exc

Copochy

(ADMD)

owiallad capocty | Amps

[

Erargy

Basic charge.

Coparry [rava_|

Erecgy

s Fixed cost

Variable cost

Fixed cost

Cuttorser servica | B

Administation Rimanh | 12 12 |
[ ) 1184 |
AW

Variable

areas.

This may sound easy, bul fhers are many

questions that need o be answered

< Willt really work?
« Will i really maks o big difference?
« ks it proctical fo implemant?

* Whot ore the costs/banefits?

Cost vs. current prices

Many will probobly say
possible pipe
what | mean and how it is possible

at this is an

dream. |

try 1o illustrete

1 will stort with an llustration af the frus cost
of supply.

The whole cost analysis process will not be
I the

of

Electricity - medium hausheld

%el  Nr
house

Cap:

[E——

acity

Daily
hours

Duty
cycle

fact that many of the issues ara wall known

The analysis of cost willfocus on the analysis
of the lood profile. The analysis was done
using holi-hour profiles of some: individuo
customers and grouped demesfic cuslomers
from various municipal areas in various
regions of Scuth Altico:

Annual lood foclor 30,35%
*  Pook demond (ADMD] = 3,7 kA

1 would be agreed thot this represents o
prefty average nan-electrfication) customer.

. if anything, on fhe low

side. The profila shown in Fig, 3 is similor fo
whot is sually presenied at workshops and
conferances. This shows an average peak

For a iypical domesic customer, however, the
ximum demand is much higher, fypicolly
810 16 kA os is illustrated by the individual
Jfile

Fig. 4. This shows o

¥ should be understood that this is o “before-
diversiy’ profile and the effect of diversity

+ 20000 cusiomers
+ 819 kWh/m

Molrdyorsboen | 100% | 2| 1000 1| oz
Fridge Too% | 1 70| 21| o3 The
Piates 100% | 1 2000 2l 05
Oven ook | 1 2000 1 05

7| 70| 2| os
Washing mechine vm ! e - demand of 2,3 KWAADMD,
Dishwashor - i
Tumbie dryer g | el o o000 L B35 by o 08
Fool pump 0% R - ;
s 70| 1| ~s000| 5| o8 AL

L customer loo
Underficor heating %) 3 5001 24 i peck demand of 11 kVA.
g toox| 1| 000 24| 02
Berahole pump Tox| 1 L1 2
Table 2.

Thass should include basic charges to

Y sources i

reflect the fized
cests; capacity chorges reflegting the
customer’s raquired copacity; TOL energy

rotes as close ot possible 1o bulk tariffs;
pack day withdrawal rotes ond reduction
in capoclly during mojor capacity shorage
fimes

Assist customens with advice and lechnology
to be able 1o move loads to cheaper
fimes; reduce the maximum required
capacity; opply energy efficiency measures;

prog il geyses
management - butin line with the nafianaf
ments 1o maximise
the value to the utility/cusiomer.

Offer inceniives fo customars 1o monoge
their geysers t enable the applicatien of
mors aggressive switching

Reduce non-technical losses fhraugh
better information about consumption,
power outoges, and losses per areas
and then forget the associoed problem
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from the individual customer up 10 the mini-
substation is very high, as much os 90% of the
natien-wida diversiy,

The problems with historical tariff designs are
that the annual peak ADMD is not used but
an average annual peak

This means that the peak that should be used
for cost allocation is understatad by 63 much
a5 48% - 2,5 kVA rather than 3,7 VA

Toble 1 summarises the current forfs ogoinst

pical casts and typicol large-customer
Jarifs



Conven plotes 1o gas.

Convert fo ol space heting

The following opgliances cnly used in off peok tmes:

ing mochings, dishwashars, ps

ump, borshole purps

Tumbia dryer

in stordard day bul sorma hours in m

ng peok

|
\
\

Y g it o e B b

Toble 3.

Key variables

o KMo yor | 9667728 | 8203528 | 14614

[hve imerth g | 192855 [oiesss [ 2765

[MD 3 peckime Torsa | zaen

[ [sowmr_ [sessamn|oswsin
Table 4.

This shows o cross-subsidy of almost 30% In
this cosm the forif for the some profile on the
large customer farilf is olmost the same.

This indicates that | have bean 100 conservarive
and shat in fact the cross-subsidy is much
more, especially i the municipal tax (surplus)
is taken into consideration

Load profile impact
This section shows the impact on customer’s
loud profile of the follawing sirategies

+ Effoctive snergy efficiency

* Load shifing

* Energy conversion.

Table 2 shows the ossumptions used fo
simulote o lood profile for a winter month.

Assumptions were then made about
consumption of various appliances during
different fimes of the day and the resultont
average doily lad profile for a winter menth

was. abiained. Note: that the simulation wos
dona 10 yield the some onnual peok demand
of 3,7 A

pfions were then made in ferms

Various assun
of the epplication of lead management
efficiency and energy shifling strategies as
shown in Table 3

The resulfant load profile is shown in Fig. 6
The profile befors and after change ore
compared in Fig. 7.

The key results from the above analysis are
shown in Toble 4

When we view this it is cleor that domestic
customers sll need significant copocity bul
that it can be ot fimes when the networks
are lightly lcaded due fo commercial and
indusirial ofi-peok needs.
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Customer Impact simulations

Using the onalysis above the impact on
customers is assessed. The impactfor  wintar
month is shawn in Toble 5

During the summet monihs the saving is much

less, Table & shows the verage for the ysor

The fallowing can ba deducad from this

*  Few customers would consider the trouble
and effort worthwhila for a saving of obout
R100. per menth, which will ba fhe case
on the current tariffs.

Many customers would consider o saving
of about R210 per month wrth the
effort.

* Maony customers would. porticipale if

thay knew they were facing o reol fariff
inersasw of 33%. We must remember
that this increase would be on top of any
real increases facing the ESI because of
Eskom's major eopacity increases.

Iam sure that there would be acceptance for
achieving fective load management ff these
are the kind of results that are achievable.
How 1o address the issues

In-previous sections the many practical

problems associoted with these strategies
wers highlighted.

This secfion will addross these issues.

From o praciics implementation point of view
thesa objectives can oy be achieved by using
automofic mefer reading (AMR) systems. Th
nome in ifself is mislending

We are raolly relerring to a ramote

On the higher thereis
diversity with thess othar loads the reduction in
peok demand would thus be significant

, control and
system bacause these are the features offered
by modam AMR systems

The obieciive o this papsr is not fo adveriise
AMR systems, bui rather ta inform you of the
feotures which are required by thess sysiems
16 allow ulilties 1o benafit from all of the

1 not, only o faw benefits will be ochiover

thereby threatening the cost-benefit analysis

Tha generol feotores of AMR systems such
as cost, reliability, accuracy, reliobility,
. brood base application,
application for all kinds of customers,
and water, possibilies for

value-odded services, uility network planeing
featuras, quality of supply managsment, efc

Only the fetures required 1o achieve the
b named. The

Toble 5

032 P e D
032| 04927 14 w21 | ecommended siratagies
rom peck 0,32 0,62 R75 | R144
from standasd. 032 | 02381 63 R4T
o of peak 032 017] 2| wm
0.00 45,00 RO -R111
R163 | -R 404 implementabi
‘Before shift
Total bill Rand/m Ra37|  msao| mard| mizs
% change Exiing 1o rew tor waa| 32.77%
Shikt on aisting torif 163 | -37,33% will not be mentioned hers.
Shiton peopasad taif R404 | -69,69%
Exisfing fo propesed with 1 -R261 | -59.77 |

features required ore as follows
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impact

To altemativas
EHficiency R4 w13
Energy shift__ | | we

%6 a0
wr| o
Copacity i wa| w6
w01 | k212
Total bifl Rand/m _ 7580 ()
% change Eusneg 1o new ook R143 | 3272%
Shilton eising rort -R101 | -23,13% |
Shilf on proposed foriff -R212 | -36,50% |
Esisting 10 proposed wi Re9 | -15.76 | 3
+ Conventional and prepayment meter et I oF oo o pilon: Coimarking

TOU tariffs such as Eskom Megaflex
with basic and administrotion charges
jme differontiated)

energy charges, including high and low

capacity charges

season, peck/standard/ofi-peak fimes,
weekday/weekend, public holiday, super
peok or peck doy withdrowal farif], very
high rafes, oll at dynormic fimes

Capacity tariff management options

including overall capocity and copacity

af peak fimes

Copaclty crisis management options
in order to achieve a praportionate

reduction in capacity

Uity load managsment options includi

utiity geyser control for local netwark

and load contral from a nationol
perspactive.

+ Lood manegsmant ossistance ta thig
customer with information ebout the
TOU periods, ovailable copacity, ousiliary
contacts linked with TOU periods and
opacity imits.

+ Informing customers of various issues

including actual copacity being used,

( H)"

excaeding of copacity,
relevant TOU toriff

s0n for trip such os exceeding

maining credit
nd consumption,

period,

ofter trip due o

capocily, aulomatic res
overload,

+ Some form of tamper defection wi
foedbock to the utly.

Supply oulages being incurmed.
* Lood profile dota.

»  Loss dota per fesdar or substation

Most modem systems offer these features.
Some af them hawever do nof. One of the
ke design aspects is that the terf calculafions
(TOU and capacityl cannot be done cost
unless the tariff fobles

efficiently in the mete

are updated vary regularh
the need for dynamic forifis where the fimes

and rates can change on the day and fhus

the large memery and calculation needs

mquirsd

Utility impact

probably fsar large revenue losses and high
costs that need fo be incurred. The following

facts help address many of thess fears

« The cost of many of the AMR sy

s nat significontly more than currant

prepoyment This is more s

neters

whon relrofiting of prepayment meters
s considered for existing medium
Consumption customars.

The lower leciricity bills will be largely
otched by savings in the purchase cost
from Eskom because of lower cos

evels and more af the cheaper

massive savings in capital expenditure

and reduced Hrips and equipment foilure

due 16 overloading; mossive increase
in revenue due fo reduction of losses;
the effective profit for the ufility con be
ncreased significontly at the current
average price levels due fo the mojor

reduction in cost.

* These strategies will make an incredible
amount of copacity cvailable which con
b used fo supply tha largs demand for
new developments (1 1o 2,4 KVA per
sxisting house]

In many cases the breok-aven for the capitol

expenditure offered by AMR systems and

g these proposed strotegies is less than

ona year
Cenclusions.

The subiect cavered in this paper requires o
full conference fo covar in depth, This paper
s os its objective fo
and ot
are chemaive ways 1o solving marny of the
challenges facing the ESI foday,

sirote fo engineers

nunicipol representatives that there

The case for each utility s obviously different

The netwarks are diffarent, th

the types ol custamers are diffarent and many

The calculatians for sach would thus yield
difforent rasults. My exparience hinfs that this
would be werkable for all municipalifies. This
i 50 aven befora any of the other ‘softer
benelits have been considared

1 hape this will stimulote thought and debate
and that stoff will stan building thess kinds of
ssues into their shrategies for the future. A
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Applicable training for
rural electrification

by Claude Cogll and Menqyn Siber, Indushies Education ond Training nshtsie

1 would like ta intraduce you to three people who, less than three years ago, were unemployed, without income
desperate to find something of worth 1o do with themselves. i) =

ese people are now role models in fheir
societies - they have picked themselves up
from the throes of despair and poverty, and
have eleveted themselves to being paopla of
substance and couroge.

Local labour job creation for
sustainable growih

Catherine Selefo hod completed her schooling,
had acquired an N3 diploma ot o fechnical
college ond was sxposed o some practical
work experience of Eskom, Then it oll dried
up - o resonable qualfication, seme work
exparience But no employment. She then
foined a rurol line training programme in
the Shaleng vlloge in Deloroywile with ET]
completed the full coreer path, ond worked
‘on the Shaleng project. She proved her worth
well enaugh to subsequently be employed
by a platinum mine in the region, whers she
s the position of senior electical instructor.
Her gross manthly salary s in oxeoss of

R10 000.

Sepho Mphehlo was unemployed when
he joined the rural line programme in the
Lichtenburg orag. He worked on the project,
and has subssquently decided to study further
in this camaer opton. Ho hos recenty completed
his NTC 2 cortficate, ond has aspiraiions fo
work towards an alactrical trade diploma.
His current income is in berwean R2000 and
R4000 per month

Daniel Masiga hod compleied his NTC 4
eertificote in elecironics at the fime of enlisting
on a rural line course in Vryburg, He wos
unemployed of the time, He completed the
career path training with IETI, worked on the.

The vast majority of in the

progrommes ore now aifher employed in the
Hormal sector, working for contractors or have
‘started their own lucrative and successiul SMME
business.

The irany of the programme was that it wos
introduced to slecirify the vary communites that
thase people come from - ond in the process
energised careers for themselves!

The strangth of the programme is that it
enceuroges growih from within o particular
region, where fenitarially he immediate region
s ampowered,

Whilt the programme is rot limited 1o rural
araus, the oulying areas are the most under-
rescurced and are fherefore in @ prime pasition
1o enjoy the benefits of such interveniions
Lot's look ai the “domino” effect of this
systom,

An areo is slectrified > people siart using
clectricol power > there is o sudden demand
for house wiring > oppliances are bought
and / or repaired > there are numerous
electified #oding opportunities > services

Also, the are
intended 10 oid or suppart legitimate training
programmes, where the and result will be o
formal or recognised qualification for the
individual.

Background

The: government is fully supporiive {and in
many cases insistent] on projects foking
ploce in community areas where local labour
s employed on such projects. Howevar, in
many instances, local labour is nat skilled
for such projects; resulting in them either
missing out on such an opportunity, or slka
being employed on menial work, leasing them
wih 10 sustainoble skills ance the projact is
completed.

Qur argonisation has identifiad project-linked

iraining as one of our prioriios, and in doing

%0, hos ansured the following:

* Al training is fully accredited; therefora
trainaes blain skills that are linked
1o nationally-accepted norms and
standards.

On successtul completion of froining,

coscade 1o include SMME devel > the
cycle goes on and on.

The are many projects ralling out across fhe
country which hove similar delivercbles os
the ones that our three subjects participaed
in - it may ba that they foa can delier the
some results

Unemployment in our country is not on the
dechine - in foct, it i growing of on alarming
rate — with 60% of our cument matriculonts
certain o end up unemployed. Al he signs are
thera that the . b ot

project in Vryburg, and hos thy been
enlisted as o troines frainer in similor projects
in the areq. His current income is in the region
oI R4500 per manih

The people in these success storiss enfisted o1
0 programme similar 1o the ana | will detoi
later, ond storted from seratch 1o ampower
Themselves. The programme bagan as o rurol
line electafication project with an elechicily
distributor, progressed fo on eniry-level
slectrical course, thot culminated in o bosic
business skills progromne.

encouroging, ond that drastic, yet plausible and
cansiructive methods need to be amployed fo
o the situation round.

Lot me make a point o olieviate any concems
— whatis being proposed s not a “buichered”
or *halt-baked” intervention that is intended
10 qualiy pecple overnight. Wa do not infend
setting peopla up for foflure — rother we offer
o proposal that mests corrent demands. in
sociely, whils! achieving the ullimate objective
of creating sushoinable work opportunities.
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mecognised and their rome s ecerded on @
naticnal egisier meinfainied by the Energy
SETA,

Troining is linked to an accredied caroer
path, and on completion of the required
modules, trainees. may leave the irining
phase and commence work on a projedt,

On complation of the project, the trainss
may become unemployed ance ‘ogain, in
which case he/she moy either slect to seek
work elsewhers, ar continue olong the
<areer path up until any stage, even o far
o arfison sto

*  Training covered in our programmes
are not just suited for emplogment in the
“formal* sector, but is olsc ideally suited
for “self employment” (SMME} due fo them
being exposed fo business skills whils in
fraining.

Under certoin circumstances, our
organisation i obl fa secure funding for
the training, ond therefore no costs are
incurred by the contracter, developers,
Jocal councils or the Irainges.,
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Testing and repairing small poriable
alectrical appliances.

Flectrical appliance repair .

Course confent includes
MB. Minimum entry requirement: Basic
electricol modiles 0, 1

elecirical experience.

+ Salety aspects reloted 1o workshop eleciriciy

2 and 3 or proven
and applionce repair, il ol

Basic fis oid
Domesiic rlrigerafion repair

Familiorsotion with terminology, tools and
aquipment used in opplionce repair

The course content inchudes:

Swoging, flaring, farming and ici
fubing

Making off and installing flexible cables
and cords

"9

Silver soldering, copper welding and
cluminium soldering

Testing, installing and connacting single:
phase AC mofors.

Testing of molor compressor units

Evacuoting and rechorging of refrigerant

Testing and repoliring of domestic slactrical
appliances, including stoves; hot woter

cylindars; washing mochines; fumble ¢ Leok detecing
driers; vocuum cleaners + Foult finding and repair of electrical
ANNEXURE B

ELECTRICA

RELATED TRAINING

OVERHEAD LINE CONSTRUCTION C.

circutry

» Fault finding and repai of refrigeront
system

NE. Minimum entry requirement: Basic

slectricol modules 0,1,2 &3

B

ness stork-up progiamme

The coursa cavers the following

« Registration and orieatation

« Establish the profitability of selscted
business.

« Prepare o business plon

+ Propare o morkefing plan.

* Prosen business plon fo bankers

+ Develop implementation sirotegy.

*  Keap record of financiol activifies, &

REER PATH

RURAL LINE CONSTRUCTION
(HIGH TENSION - HEAVY VOLTAGE)
11and 22KV lines
RATIO: 1:15
DURATION: 15 Days
Minimum Entry Required: Grade §

5L

SUPPLY INSTALLATION OPERATOR
(PRE-PAID METERS 'BOARDS
RATIO: 1:16
DURATI Davs

Ll

&3
DURATION: zn Day-
Minimum Entry Required: Grade 8

ELECTRICAL (NOM"M'
MODULES 1

credit for this portion.

This course forms part of the syllabus of the Electrical Apprentice Course and
therefore anyone wishing to continue training to become an Artisan will get

!ucmchl. ”WNCE REPAIRING

DIJR.AT1DN 25 D
Minirum Entry Reuied: Grade §

DOMESTIC
RATIO: 1:12
DURATION: fo bave
Must have passed Electrician Modules 1, 2 & 3

L1

START YOUR OWN BUSINESS
OURATION: 140-5-
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All good things come in fours.
0SRAM 4Y® lamps

OSRAM offers a wide range of 4Y® lamps for high intensity and cost-effective

outdoor and street lighting.
Re-lamping can be synchronized with the recommended cycle of 4 years.
OSRAM 4Y Lamps reliability has been increased to a rated average life of

24,000 hours with a failure rate of 5%

wrermsnsnnr OSRAM &
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Development of technical skills to
address the skills shortage

by I N Mobono, Eskom

This paper examines the development of fechnical skills within the electricity distribution lndu!lry (EDI). It seeks to

develop a strategy on

A: avarview will be given of some of the
urrent inifiatives which when token
logefher could have o profound influsnce on
the way the industries amploy their stoff, and
the woy in which thase amployess are trained

ond developed

“Historical trends continue in the electricily
industry sector os It shifts uriher iowords more
capital- and skil infonsive forms of production
with significant job shedding af the infermediote
ond low:skill endlof ihe spechum, The demands
of nuclear energy, renewable energy and new
gas resaurces all require mare skilled and
highly skilled Iabour inputs.” - Andre Krook

The aim of the wark s o develop o skills
sirotogy, analyse causes of skills shortage ond
how best existing skills con be enhonced to
et the demands that ore being encountared
by the indusiry.

Restructuring of tha elaciricity redistribution
sector has besn undertaken by Eskem and
about 415 municipalities. The municipalifies
collactivaly service obout 6086 of total customers
by number and about 40% o fotol customers
by sales volume and vice versa far Eskom.
The challenges thot dre cumantly facing EDI
héve bean within the slectricily indusiry for @
number of yeors.

s @ result numerous studies inta ESI have
faken ploce over the past couple of years by
bodies such as NELE, EWG and the Electrichy,
Restructuring Infer-departmental Commitias
(ERIC),

Tha issue has been how fo transform the
industrysa thot it meels the govomment's sialed
obijectives of providing low-cost electicity and
igh quality sarvice fa our growing sconomy
and 16 our grewing population.

use when you ore inferocting Informally and
mofivoling individuals and the teom

As the human capital infensity of products
ond services, Increcses the importance of
humen resources assessments shovld become
 greater parl of the evaluotion of corporate
strangths and weaknesses.

South Africo is o developing couniry with o
large proportion of fs people unempleyed and
possessing very low skill levals, The provisian
af high-level 1 skills is

how best fhe skills shortage can be addre:

types of development and training & compony

‘may carry out

+ Generol fraining which results in skils that
are not only usaful ta the compony but 1o
its competiors in the labour morkel, e.g
fechnical skills, manogement skills.

Specific raining which results In skills
thot aro of use only 1o the company 6.9
manufocturers of products unigue fo the
company. Tha industry would ba prepared
1o invest in specific skills becouss it would
boncliirom them direcly, bul notin generol

skills unless the ir poid

{HRD). Intermediate skills are also o crificol
ond complementary input on which current
econamic grawth is heowily reliant.

Whet is required is an integroed and muli-
pronged HRD strotegy thot simulianeously
supports the sxpansion of high skill capacity
and high level knowledge produciion, which
will re-invigorote the supply of infermediate
skills to the nafional economy ond provide
support fo low skill job creation initiotives.

The infogrofion of countries into the global
‘econamy over the past two decades has meant
that the aiainment of comparative advaniage
for individual mation states i na longer forged
ot the axpense of low cost labour or cheap
matariol as wos the case during indusriol
capitalism, I s now done on fhe basis of high
Juchnology skils, high quality and value-adding
sorvices

The skills crisis facing our industey - espaciolly
in the professional ategories - remains our
key challenge

Skills development

Trolning and development has basn crofi-
mnmd or focused on h\gh stotus work. The

for their themselves.

Th industry needs fo be encouroged to faks o
wider view when formulafing policies including
such faciors as:

Job redesign

Labour market skills

Mofives for development

*  Laaming from exparience

Recruitment

Turnover costs
= Labour mobilty

Economic benefits

Soms of thess issuss wars raised in & paper
by Michas! Catey in 1970, However, it is only
‘ow ther his.suggestions con ba saan fa have
viobilty through the wider framework, albeit
samewhot hiddan under the range of schemes
currently being morketed by the govermment
through initiatives such as ASGISA/JIPSA.

Development actiities ore more susioinable
when frimad within brooder HRD and humon
resource management (HRM} processas. What
distinguishes organisafions is the richness
of the context for training and confinuing

Strotegy
As o mahager wanting 10 got the most out
of your team, you need 1o praciise people-
focused leadership. You need o encourage
your people to contribute fully 10 the success
of your arganisation and fo da that, you need
an armoury of people skills.

Excopt for technical skills, there are skills
that you con apply in formal seflings, or can

found that, of those
employers mamm\m.ﬁ orfrained {one in five
did no), no more than 48% of the work force
was trained, which meant that over hal of the
organisation did not benefit from any training
or developman.

This may have something to do with the
divisians between whof wos called general and
spacific skill, It is argued that there ore two
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that key actors can mobilise.

Same of the factars that contribute 10 the
richness of the coniext are the imporiance of
the former fraining agencies ond emphasis
on financial benefits (relurm on investmant]
a5 wall as the confext of extemal pressures by
customers in requiring quali

The significance of qualiy is that it fouches on
o fundamental pillor of competivensss and



Jike efficiancy in production, generates criteria
that fraising con rely on

I canclusion, training and human resource
management ganarally may be seen working
on of least twa lovals:

Reactive:ond short terrm and concemed with

job candidates, whe have ccquired these
atributes.

EDI needs fo develop and implement o
mandatary skils refention stratagy that will
enabla the industry to mointain adequate levels
of eritical competencies.

s

avoiding fhe costs ond d
with ot frining.

Developing corporate capability so as
o enable the company fo perform wel
immediately and to develop in the fulure
in such o woy os to improve. its marke!
position.

Somehow raining and development hos been
seporated out from the business for speciol
attention. The signs are. that the volume of
roining is Improving, Recent surveys show that
thera has been an increase in the proportion
of peaple of oll oges roceiving work-reloted
raining.

The problem has been fhot though there have
bean some vary innovalive intiatives, their
impact hos been lost wilhin fhe sheer volume
of events. W are not revolutionary people. |
believa th 1o really affect he changes that
are neaded we need to be more revolutionary
ot least in our thinking about the problems of
skills sharloge and how best we con enhance
them with all the opportunities we face.

We ore faced with the following chollengas:
Chalenge of demography with the numbers
of young people declining fowards the
middle o the decode (HIV/AIDS) and with
the ssocioted increase in emphasis o6 the
need for women workers:

Chollonge of compeiion especially wilh
the open markei through globalisation in
line with intgnsification of competition over
the past few years.

Challengs of quality in services as in
manufacturing, with the growing use
of quality assuronce measures such o3
TQM.

Challenge of mocro projects such o3,
Coega, Gautrain, 2010 Soccer World Cup
for bullding stadiuris

Challenge of quolfy of supply such o5 plant
capaciy, plant maintenonce, outages 0%
well as ogeing of plant.

Skills retention

In oeder to be oble to help EDI in affrocting
and retgining competent workers, stondards
need fo be designed 1o identily quoliied job
<andidates, promofe career development end
10 recogniss emplayes achisvement, Businesses
ead to look info educofional instufions and
other industry associations 1o betier define
and develop technical job competencies and
work place sociol skills among the: potential

Inputs.
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They also formulated the ferm “generic core
skill” to rfer fo the non-technical skills.
Conclusion

The industry neads 15 acknowlsdge the
imporiance of technical skills. The decl
output af FETs and techaikons in provi
technicaliy-skilled people mest be oddressed.
Pol il

the retenion strategy.

The strategy should as far as passible oblige
the experienced employees occupying crifical
positions to ersure that they ore competent
to transfer thir skills 1o less experienced
employess.

Point of departure

Although this document saeks o provide o
framework for addrasing skills shoriages, it
acknowledges that skils development occurs
lorgely in fhe context of occwpations and their
spacialisation.

Research by Anderson and Marshall for the
Canadian Deportment of Education and
Employment, ox far back as 1996, found that
emplayers define “core skills® a3 techaical skills

g0ps and shortages nesd 10 be implemented.
The industry need to flectvely establish foint
ventures in addressing and sliminating skils
shortoges.

References

B

s raport: 02 Decombar 2005
21 www.askom.com
[CE—

HI vl gowias

{81 Pelr Citen; nvsing in pecple; 1995

161 Sue Bahop, Tho complete guids fo people skill,
1997

71 Resmarch Tear b HSRC
18] Papar by Michas! Garey
[9] Research thasis by S8 Ngwonya, 2002 &

Live Line Technology

Transformer Combi Unit
it

Live Line Arrestor

Lightning Proof Fuse

103

wwwlivoline.coza T (018) 464 1457  F (018) 462 6776




21st Technical Convention

‘Mean asset life’ and its influence
on the refurbishment budget

by Rabert Wallis, Merz and MeLallan; and Sicelo Xul, City Power

The objective of this paper s 1o lilustrate the imporiance of the assignad asse! life “mean asset life” in the
management of the assets in an eleciricol disteibution system. It also highlights the role of the asset manager and the
crucial role management lools can play in the compilation of the refurbishment budget.

Asset registers and the asset
valuation
‘oday we are bombarded with financial
jorgon that | beliave leaves even the
accountants confused
+ GAAP - Generolly accepred accouniing
principles
« GAMAP - Generolly accepted municipal
accounting proctices
IFRS
stundards

intarnational financial regulation

+ GRAP - Generally recogrised accounting
principles

To those without the bereit of an
‘accounting degree it seams as though there is o
ew sel ofrules for evaty new situation, but what
does this mean for engineers that are frying fo
run an eleciricily distribution network?

Generally, just @ lot of persanal fime swotting
upthe various fow sets of rules. Al the rules are
forthe way in which the accaunis are presented
and what the assets are worth in financial errms,
but contribute very itle towards the actuol
management of the network.

Thankfully, in elecirical engineering the nules
have not changed fo much; Ohm's Law is
sfill Ohm's Low.

1t is claor that fhe financial reporfing and the
dota required by the erginsers and the csset
manogers are very different. As we all know,
our netwarks need meintoining, and as they
age ond daferiorate, various assels need
refurbishing and replacing, oll on somewhat
different time scales. Most of the major ftems
of equipment ara very sxpensive and have
long delivery times %o fhe principle of ‘replaca
it when it breaks” is clearly nct practical to
electricity distribution networks where quality
of service is the main driver.

The rate of deferloration (age curve) an
replacement cost ars the impariant fssues in
ansuring the confinity of supply. The ideal i fo
raplace tha transformer, cable or switchboard
the week befors it would have failed.

uth Africa

Mean

88KV - 275 1
6611k

8B kY 276 WY |

Underground | 11/

2033
[
Ovhead | Canducior

lina (B8 V)

Frofection

Today asset managament
has become much more
complex dus fo

Utliiss growing in size

+  Matworks are becaming
more complex

+ Usilities ore allegadly

béing merged inta REDS

ond Metros

+ Financiol constraints

* Maed for scenario
planning

+ National
‘considerafions

+ Skills shortage, limited budgets

Generally assel management is not well

understeed by many of the stakeholders in

dishibufion netwerks, ond it doas nof increase

the revenue and therelore it is not considered

fo bea high priorty.

What most of these stakeholders foil o realise
is that these am the cssels that genercie the
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std Dav.

EDI Toolkit uK

Mean St Dev.

A power tansorme

age anolysis”

existing income and the funding required
Simply to mairtoin the status quo s o huge
challenge, os will be llustrafed later in this
paper.

Age profile

Lot us consider the deterioration of an osset
This con hoppen for different reasons and on
various fime scales, siher dus 1o high loadings
lack of mainienance, svirosamental conslifions.
fault condifions, number of faults, design, efe.,
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o conditions con  different asset fype

as the

be evaluoiod, coreful system  quickly then slows down as it oges,

data collection con result in e in blue is the stondard normally used by

fhe generation of accurate  accountants

“age profies”
s profles I Fig. 2bwe have shown the deteriaration curve

ship to the asset raplacement
otiities around the glabe  profile. Asset managers experienced in using
hove been collecti \bine their
for my

Orgonisations ke Cigré

and s reh

fhis fype of modalling fool con <o
oy yeors and such field knowledge of the osse closs o accurately
curves have been generoted  moich fhe real conditians within the modal.
by infernotional cansuling

is offen ne il constraints

ssary, dus o
ies that specialise i

set management

o or practical field problems, to delay the
sets, Providing the
le candition fhis situ
d for within the model. The
ol issues o bear in mind are tho all the

roplacement of cerloin

One of the critical qsset is in o su

ion
Fig. 2 Detericration curve: i

considerations is the “meon  can be cat

overage [He® of the assef.  cri

There are some utilties that  porameters must be included in the modelling
donot consider thatage has  process.
any great influence and he
. condition, performance
mai ers ore condition A9 ditian, pe
and performance. By using o selected deteriorafion curve and o

placement profile for @ particular asset these

This is frus latively
his is true of relotively - g modalled and combinad with the

young networks but it has
been proved that aciual age

cssets of the same class and on “ives
profile” can be generoted for a partic

is.0 very valuable crferion in
asset class.

calculoting the ramaining

be expectancy of assets in  Asset class

older networks with crifical 3
e | Mast models use the following usset classes

n the madelling of ir

quality of supply (QO!

agreements

nsmission networks

Jationship o the ossel
1 profile.

Fig. 2b: Dterioeation curve and its
repiocan

ansformers, switchgea, overhead
oble  underground cabl

As can be sean fron s and profection

there is o consideroble £ & oo iy invesiment profile for the

asset closs of tror

differonce between the

slormess for o South Alrican
. The prafile shows a present bocklog of
refurbishme:

genenally accepied figures
in South Africa and the

boing unts. sl in service hot
iered the “risk zone” (Refer inse).
This does nof mean fhat the unis are unsafe or
that a cataskrophe is wailing 15 happen, but is
ot the units should be inspected,
tion verified and the appropriate

figures used in fhe Urited

have now
Kingdom, The figure shown

in fhe EDI column as those
recommended in the EDI
“Toolkit" used for valuotion

purposes

Fig. 1 shows the power
fronstormer’s “age onalysis”
}mnrrg}l'-elalgeslmhiw
distributors in South Af
by votome fovel The dora  Te financial implications of the
ssedo compile hisonalyss  Mean asset life

Fig 2

1o order fhe replacement if required

Threa different replocentet profies.

will be used in most of the 1y Table 1 the different “mean asset lfe” is.
illustrations used in this  comnared fo vorious conventions; the riext few
Here you con see thot

Figures show how these various figures impact
o cssets range from the

e refurbishment bu

g1

oldest af nearly B0 years

gresten) the youngest being an BE Fig. 6o shows
fallre” Poliy unif instailed in 2004 due 1o the o

R1B0-mi
2009, whereas Fig. 6b shows the some ossets
but

e Fig. 2 shows o dat
curve in red with a

lied in

g the longer osse e figures o

" the UK. ost is now reduced
ly o slow rote of
10 R30- period
tion which increases
Fig. 4: The critical os it oges. The blue |i This fion of R150-million in ona oss
“replocem; the left ve fora  closs in one utliy




ere ara 187 wlilfies of various sizes in Sauf
nted thot the

smission and distribufion networks in Soof
s around R100-b

act, the refurbishmert

billion per annu

n Fig. 7 the assefs under dif
curves can be ssen clearly and from field
s claor that these assels do

axperience if
) This dato has

need

aken
power transformers, supplied fo us

including dota for 2005.

and the refurbishment has be

a longer period.

s o distortion of the

Some might argue that
safs presently on your

nd prviding the

facts, but if yo

 of supply, and that fhis is 0

erspactive,

spant by Australion

ofing similar networks.
Fig, 9 shows the current refurbishmer
investment of fen South Alrican d

of ossets that
oge
nent

d their mean

have reached o

life dota. It also show

expacted invest

4 on thé-osset profile doto supplied by

ear future is

nami is just over the

horizon.

Calumn 1 s the ent; column
2 is the backlog; column 3 is the 1-5 yeor
erojection; column 4 the 5

calumn 5 the 11-15 ye

& isthe 30 y

As can i Fig. 10, out of the te
African disiributors, two are over-investing,
o moet the nafional overage and six unde
pend considerably. If we re the two
over-spending distribufors. R

average will drop significantly. The imporiat

issuz is then, the difference in the

ica and At

spend of Sou
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The role of the asset
manager

ans we have be

ity end storage

City Power has bsen
d from o number of

autonomous municipalifies,
e data wes in different

ngle formet was always.
a fask tho! was deemed to

be non-critical, hence it was
sver done. Furtharmore the
ernphasis in new projects has

e speed of delivery of

& service rather than ¢

fermating

Now we ore foced wi
f calloting all the

thevarious sources,

erring It into & common
format fhet oll deparmants
aving to

eir own dofaboses in
order to store tha informafior

seded within their own

department

It has become obviaus to

information somewhere
within the organisation but
0-0ne knows whers. Ahuge
om i of re: 05 have
been wasted researching,
gathering ond storing

information thot s duplicoted

clsawhere

onisaticn has

now revised 1o ensure that
pho
e of IS (information

s 5 given fo the

the e

ossessmen

ber of schools of thought

There are a

the assessment of tha “life” of an cssel.
Some boss the life on the menufocturer’s

recommendations.

seen from the earlier part of th

As con b

experience hos shown that his s in

od. Then there cre

ndiions and

10

Fig: 6b: UK opplic

sers
performancs.

the racl onswer is @ combinh

The age of the asset
* The condition of the asset

* The perormance of the asset

In the past d

sions were based

and thers are athers that measure the

of:

ane
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ismission asset ond by

individual osset in th

reult in

fhe cose of the distrbistion netwark

2 the graph shows fhe age analysis of our trons:

wants 16 know which indrvidual

on

osses n the bar and
the value of thes ispl lick on fhat data

and the d
hese are 20 kY fransform
The asse reg
budgeted ssparotely

The assaf manager can than emove these unis fro

and thot expenditure will than autometically be

raplacement of the next group of assets due for replacement. These

d in seconds so o number of

enen

| motivatians can be

togather with their indi a
Hiciently, moking the bud

presenied and discuss
shorter

As can be seen from Fig. 14, medium ferm forecosting i far more

realistic eradibility with

giing
sed support and enhancing the

lency of the company.

The rofe of the os

bove o greal deal of informaticn can

As can ba sren from the o
e of modeling and the inferpr

be generated by

analysis is crucial fo the eff

o35 of the decisions we make

e consider this po

on 10 be key to the successiul mainenance
of our network ensuring we provid fhe

expecied qualiy of service

heica we have appointed o sénior engineer to manage fhe ossefs
within the network: His knowledge of the soffware is importont but
his knawlsdge of the network and pedormonce of the indvidual
asses is where the ltimate succes:
Conclusion

1 conbe saen thal the “mean average oge” o the asset

0l 1o the refurbishmer

® the condilio

of the osset The

mples, but there

s to assist us. Central cor

8 pracess, the data manogeman, the analysis and reporting

A assot managers.

Jd e the responsibiiy of axperisnc

5. 13: invesiment il
sur financial re o the -
the instollation of the software, we ore ayos,

mmadiata raquin

then produce sce
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Predictive maintenance
using thermography

by Brendan Compbell, Comest

Temperature is @ key condition indicator which is the most frequently made measurement s the temperature

measurement indicates the state of

“health” of machinery

and the human body. By periodically measuring these

temperature indications we are able fo set up a thermal profile which in furn allows us to predict an impending fallure

before if happens and prevents the cost of downfim

is paper will look of some of ths older

tachniques of maintenance ond the
benefits of predictive maintenance using
thermography in industrial anvironments and
the sffact on revenue protection

Maintenance costs are normally a majar
portion of the tofol cparating cost in most
indusiries. A major factor fo thess high costs
wos the misuse of the axpenditure due o lock
of factuol information that quanfifies when
and what kind of maintenanee: Is required 10
sither repair or replace criical mochinery or

‘equipment.

Typically the equipment wos nol menitored

cost effectiv method o5 no money was spen!
on maintenance; this however would have
the greatest effect on the bottom-line s the
following expenses would be incurred:

+ Downtime

* Low production

o Poor quality

This reactive mointenance has further
disodvantages such as fhe requirement of
carmying spare equipment and a high inventary
of spares, the expense incurred on fhis form
of mointenance can ba thrae fimes mora than
o scheduled or preventive repoir:

1o gain knowledge of perk failure
history ond any other symploms that would
lead fo prémature foilure. In many cases
the maintenance stoff would get the blame
for @ poor installation and the cost of
replacement or rapair would be greater thon
the maintenance budget.

The general fagling hos been thet maintenance
s 0 necassary evil and that nothing could be

done to impreve maintanance casts, Tha mast
Joyed in

This form of maintenance is fime driven
and relies on histerical dafo of equipment
as it involves statisiical data and hours of
operation.

In most cases preveniive mainlenonce uses
the MTTF stotistic and an illustration of this is
roprasented in Fig. |

Indicates thot @ new machine has o high
i foilure during the firstfew hours

the post were: run fo failure menogement and
preventive maintenanc
Run to failure management

This progrom wos simpls, the equipment fais,
it and it would seem fo be the most

you fix

R W]

P
or weeks of operation due to installation or
manufocturing problems. Following the initial
pariod the probability of ailure s relatively low
for an extended period of fime.

Following fhis nommal machine [ife pericd, the

probability of failure incroases sharply with
elapsed time or hours of operafion

This raises further factors on the quality of
mointenance as oll preventive mainfenance
programs assume that machines will degrade
within the statistical time frame typical for its
particular classificotion.

For axample o piece of equipment will
normally run 18 months belore it should
be replaced. Using prevaniive manogemant
techniques, the squipment would ba removed
from service and rebuilt ofter 17 manths of
oparation

What if this equipment falled befare the 17
month pariod? We would resort to run 1o
foilure techniques and we have seen how
this form of mainfenance impocts an the
bottom-line.

Preentive maintenance is very costly o5 in
same instances it is very similor to run fo
tailure maintenance and from this form of
maintanance the information 1s not always
factual.

i anly we had a crystal ball, that could tell us
it something was abaut o foil

Thermography

Tharrmography is o nen-contact technology
that measures infra red wavelengths o
defermine an object’s thermal radiation
ution ot o safe distance and in reol
me. In other words we ore measuring the
thermal representation of on object as well
o8 thousands of lempercture. points in real
time.

The

The ion spectrum is

Fig.I. Bathiub curve

the complete range of the wovelengths of
slectromagnetic radiation, beginning with the
langest radic waves (including those in the
audic range} ond avtending through visible
light (a very small part of the spectrum} all the
way fo the extremely shon gamma rays fhal
are a product of odioactive atoms,
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rodiation extending in

requency from opproximately 1023 Hz to
0 Hz o, in comesponding wavelangths, fro

0-13 em ta infinity and including, in order
of decsaasin Y, cosmic-ray photons,

gamma rays, x-roys, ultraviclet radiation,

sisible light, infrored rodiaion, microwaves,

Maost thermal i

range due to hi

and good trorsmitiance.

uick, sosy and

o ihermal imoge: i i

safe fo check critical paris while fhe machine
continues 1o run. An effective predictive

aintenance program can add fo your boftam
ine by using thermal imoging technolagy to
proactivaly find problems before they cause
an outoge, 50 you con effectively plon o shut

down for repair or equipment replacement,
This tokes a lot of the guess work out and
now you are abla to predict these foilures with
foctual information

Eloctrical application

Thermal imagers are an easy way 1o identify
industial

ure differences

apparent temps
hree phose o

crical circuits compared

1o fheir normal operating conditions. By

nspeciing the tharmal grodient of all three
o by side you can quickly spot
performance anomalies on individuol phases,
these e

of o power quality probl

phases si

Herences are an indice

iperature

thot moy

unbalance, overloading, harmonics or even
‘open circuis

New slectrical camponents begin to deteriorate

o3 s00n 03 we instoll them, Vibration, fafigue,

ge cause the loosening of

ions whenever o load i put

on a circut

Put i this way, all electrical connactipns
over time will fail, fortunately a lgase or
orroded connedtion incrooses resistance af
the connection and the increased resistance
mhas

rasulls i an increase of haat which in

a higher cansumption of energy ond odds to

cost of elaciricity.

When using thermal imaging fo troublashoot
loose, over-fight or comoded connections
1 elechrical systems, first remove the ponel

cavers and then:

o Remembar safety st

ps

* Cen

pore femperatures
within panels
« Lok for connactiens that are hotter fhan

others

Gamma X rays UV

' 1 .

Fig. 3: Elachrori
Fig. 3: Elactromagnet

+ Lok for ot spot related connections as

these normally appear warmest of the spot

sistonce ond cooler the fur

of high
you get from

e spot
+ Stors the relevant image for further
analysis

Other thermal imager applications include

*  Mechanical
* Process

* Building

* Medicof

Prediclive mointenance

Predictive maintonance is o condition driven

preventive maintenance program, instead

of relying on industrial or in plant average

life stotistics 1o schedule maintenance
aclivifies, prediciive mainienance uses direct
condition monitoring techniques which

determine operating candition, efficiency,

ndicators 1o

determine the octual fime fo failure or loss

that would ba datrimentol 1o the

ow provides factual

rmation

on acluel operating conditions of critical

12

including effi
al condifion.

asse! fency, as wall os the

Now mainisnance management has the
formation to effectively plan and

schedule maintenance octivities.

Predictive maintenance is not vibration

ng o thermal imaging, i is o philosophy
or affitude that

aperating condi

ians of plant equipmer
v 1o optimise total plant operation

sypsten

Predictive maintenance is an in

approach fa condifion manilaring and in
thermography and vibral

 analysis

A comprehensive prodictive
progrom uiilises o combinafion of cost

ve sooks, .. then

ménitoring ond some ofher
testing methods, 1o obloin achual opere
conditions of erifcal plant systoms

1 we look ot some of the benefits of pre

maintenance we can see that

* We can minimise unscheduled breaks in

produciion.

= We con identify prable
becoms criticol

before they

evented if @

ojor repairs con be

roblem is detected sorly,
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THE RELAYING
SPECIALISTS

Fig. 4: Insicle IR sofware.
* Repaired equipment is in accaptable condition

* It could eliminate 33% fo 50% of maintenance expenditure.
* It improves the lie span of critical equipment.

Maintenance routing

routing requires frequentinsp i this could

be visual inspaciions o non-desiruciive fesis using vorious fest insirumens.

The frequency and sequence of inspections should be predicated on ihe
unique requiremens of sach system ond will vory depending on the moke
up of facility aquipment

There are three primary criteria that should be considared whan developing

routes for predictive maintenance

Travel fime

Logicol sequence of inspection

* Soley

Crificality of machine
The bast solution s to create o reguler inspection route that includes all key

eleciricol pansls and othar load connecions such a3 drives ond controls. This
gives you  baseline to campare fo which will help you fo dstermine whether

@ hotspot is unusval or not, and it is also helpiul for verifying if repoirs wers:
suecssshul
You could then analyse siorad imoges foken of your equipment and then refum

o regular maintenance intervals o reshoel your equipment. Then using o
computer compare the naw images with the previous ones o determine any
grodual changes in femperature thot could signol impending problems.

This allows you fo plan o maintenance roufe that can be uploaded fo your
imager, which gives you a description, the image and date of the imoge. As
seen in Fig. 4

Conelusion

A properly conducied predictive mointenance route will ensure longer
W cycles of equipment, decrease downtime and increase profitability. of
production
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Sweep frequency response
analysis as a diagnostic tool

by Luwendran Moodley, <Thekwini Electicity; and Brian de Klerk, eThekwini Electricity

This paper details the use of sweep frequency response as a diagnostie fool fo detect winding deformation and core
displacement demenstrate

in power fransformers. Practical case studies are presented that

weep frequency response anolysis. has

proven itsalf within aThekwini Electricity to
be & valuable diagnastic fool for the detection
of winding movement and ofher faults that
affect he transformers impedance.

The loss of mechanical infegrity in the farm of
winding deformation and core displacement
In power transformers can be offributed 1o
the large electromechanical forces due to
foult curvents, winding shrinkage cousing the
release of the clamping pressure and during
transformer transportation and relecation
Winding deformation and core displacament,
it not detacted early, will typicolly manifest
inta @ dislectric or thermal fault. This type
of foult is irmeversible, with the only remedy
Ioaing rewinding of the phose or o complete
replacement of the fransformez It is therefars
{mperative to check the mechanical integrity
of oqing transformers periodically, and
particularly after  short circuit event o provide
early worning of impending failure. Hence an
early woring detection technique for such
phenomena is essantial. Fraquency response
analysis i recognised, o being the most
sensifive diognostic 100 10 detect even minor
winding mavement and core displacoment.

Background of frequency response
analysis

Froquency Response Analysis hos been
devaloped over the yeors since its introdugian
in its 1960s. I initiolly used the Impulse
measurement lechnique and softwaire was

of this technique.

used to translorm results from the fime domain
fo frequency domain. In the 1970s Ontano
Hydro pioneered frequency response by
injecting o sinusoidal signal and measured
the fraquency respanse directly, In the 1980s
MNational Grid Compony (UK refined the
technique by firs using the impulse method but
so0n the sweep method was employed as it
was found fo be better suited for site work and
gave better high frequency results. The 1990s
som the introduction of fhe fint commercially
buslt systems fo be used on ste. Presently there
ars a number of worldwide users that usa the
swasp and impuise method.

of infegrity

the effectiveness

Per phoss leckage reacionce messursments
generally show litle or na correlation between
the phases. The fhree phase equivalent
measurement Is a broad fest and con mosk
a variance in one of the phases, Further the
discrepancies from the nameplate volue of
0,5 fo 3% con be o reason for concem. This
makes accurate assessments of the machanical
intogrity of the transformer very dificul

Other condition monitoring fools such as
dissolved gas analysis [DGA) do not aid in
he detection of winding deformation and core
displacement

The fraditional methods of electrical fests
corried out on transiommers such as winding
copacitonce, excitation current and laokage
reoclonca measurements hove proven fo nat
be parficularly sensitive to detect winding
movement. Each of these methods hos
drowbacks:

Winding capacitance measurements con
daoct winding movemant successfully anly if

reflerence dofa is available or if measurements
A st ol ol

of frequency response
analysis

The fransformer is considered to be o complex
network of RLC components. The confributions.
torfhis complex mesh of RLC circuit ore from the
resisiance of the copper winding; inductance
of winding coils and capacitance from the
insulofion layers between coils, between
winding, between winding ond core, between
<ore and tonk, between tank and winding:
eic. However, o simplified equivalent circuit

transtormers, referance data is unavailable
and on site par phase measurements are not
possible.

The excitation current method is on excellant
means of detecting tum-to-turn failure as a
result of winding movement. However, if o
fum-o-tum oikure s absers, winding movement
can remain undetected.

Fig. 1 Simpifed equivolent circut with fumped RLC companents.

with lumped RLC. fllustroted in
Fig. 1 con be used fo accurately exploin the
principle of frequancy response

Any form of physical damage fo the transformer
rasults in the changes of this RLC network
These changes ore what we are looking for and
amploy frequency responsa 1o highlight these
small chaniges in the RLC network within the
transformet, Frequency response is performed
by applying a low voltage signal of vorying
frequancies to the tronstormer windings and
maasuring both the input and output signals.
The raio of these wo signals gives the required
response. This ratio is called the transfer
function of the transiormer from which both
the magnitude and phase can be oblainad:
For different frequencies the RLC network
offars differant impedance poths. Hence,
the transfer function ot soch frequency is @
measure of the effsctive impedance of fhe RIC
network of the tronsformer. Any geametrical
deformation changss the RLC netwark, which
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urn hanges he rasfer unciion ot difer

ights

areo of

Interpretation of responses

easured responses are anolyssd for any one

of the following key indicators
3010 -50 dB
5 dB for the

« Starting dB values [ypicolly

for HV winding and -5 fo

@ axpecied shape of o sior and delto

canfiguration wil e

resonant point/s,

»  Comparison of respe

e 10 tha different

= Comparison of resp

phase former

mparison of responsa from sister

sation of new resanance frequencies

and the slimination of existing resanance
quencies
guidaling for the use of the swaep method

develaped by Doble hos bes for

be vary useful in
These different
o different sensitivifies fo

many yoars and has proven ic

the area of concem:

rent machanical failure modes.

relates 1o

encie

itance and inductance of

ansformer. The resistonce s ralate

physical consiruction of the winding (s

tums, core earfh etc.) and results in the vertic

shift (dB avis) of the respanse. The copacitance
and Indu
of the winding (defermation) and resuits in o

d 1o the geomalry

nee are relc

horizondal shif ar frequency shif. Fig, 2, shows
the respanses of a 132/11 kV, 30 MVA, Yd,
cora formed, 3 phase,

3 limb transk

At the lowsr fraquency ranga the capos
an be disregorded and
the responss is purely inductive. At theso

nce

of the transforme

frequencies the inductance of the »

circuit dominates. There

s o g
difference in fhe responses betweer the ouler
center phose at this

frequency range. This is dua tohe flux paths of

two phases and th

The canter phase has two flux poths of

tance and the cuter phase has fwo
result
points

flux paths of different reluctanc. As «
the outer phases: have twa resananc
s compored 1o the center phase fhat hos just

also occouns for

one resanance point,
the difference in the starfing dB volues,

At higher frsquency ranges the response looks
o th
Aumeraus resonanca points. At this frsquency
inding inductance dor

very confusing and complex as o resul

ates wi

et crcuiteffectively scroaned. Hence,

depandant

the winding responses ore less

on the magnetic circult, which

measurement more sensifive to winding

deformation. At the highest

equencies,

the inductonce con be disregarded and the

esponsa ¥ capacitive.
P

eThekwini Electricity’s axperience

eThekwini Elactricity is responsible for the

mainfenance of aver 250 transformer

n 275,
151015

s betwe

operaling af primory vol

132 and 33 KV with rc

1125 yoars, Nawihsoriding fheic oge, these

transformers have proven fo be vary relioble

fransformers fakes
and

cal condifion

Life asse

inta account oil analysis (il screen

DGA), electrical and mec
of the tansformer. The availability of thess
its, ollows osset

fos res: wanagers 10 make

informed decisions on the following actions:

+ Replocement ai the transformer before end

nt of the fransfo

Cary out comecive maintenanca

Posiponement of moinenance

Looding of the transformer

For the above reasons, eThekwini Electicity
hes ploced

reat amphasis on obtaining and

undarstor on ol o

transformers

n the the infroduction of

advanced diagnosik
eThakwini Electricily

ment on fransformers is os follows:

opproach fo conditien

Monthly visual inspectic

Oil anolysisin the form
fi tan delta

reen, DGA,

an anolysis, af 90°C

Electrical tests in the form of tan delto and

capociiance meosurements on win

116

and bushings, 10 kV rofio mer

excitation curres
reaciance measy

raspon:
resistance measurements

ored scanning

Colculation o

ture by dry

percenfoge

weight and percentage saturafian of oil.

Sweep frequency response analysis
(SFRA)

Due 1o the lack of

sensi
fest 1o detect winding movement and the
positive responsa fram intemational users,
eThekwini Elact
(Doble M5 100} a5 o diagnostic ool three years
ago. Since its incaptian, the SFRA has praven
ul toal for reliable an
means of defect

y of the edst

introduced the SFRA

i be o pos

winding mov
npedance of the

other faults that offect the

fransfor

As o standard, aThekowini Ela:

city pe
SFRA measurements under the following

= Onall naw transiarmers for finge
pusposes

s part of roufine elecrical ests

+ After

5 uits
« Aiter repairs to fap

*  After any vacuum freatment, purifico
. any type of

After any type ©

enance
SFRA measurements are done os a siondord o
fhe highest, lowest and nominal fap positions.
An addifional measuremen is made on the

i ofter any fype of f

e HV and LV

Shert

ircuil tests on both f
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Transformer asset management
using monitoring control

by 5L Brover ond P Stewort, Dynomic Ratings, Ausiralia; and T Pink, Dynarnic Rotings, USA

per explores the b

ll|| :bllilrfonnlllﬂn 10 extend the life of

benefits of the current state of iransformer manags systors
their transformer assets while ebhlnlnqlh-ndi-n‘vnh-dlﬂnhlr loading

jement

and condition moni

copacities through real time monitoring control and communicati

betier system of monitaring,

E in ganeral h
radical changes over fhe post few years. Cost
ond compelitivenass have become common
business drivers and fight business management
is now the norm. Overcopacity is o thing of
the past, it is  lusry fhot con no longer be
offordad. Assels must be driven harder fo keap
costs low, yet without loss of customer service
and reliobiliy. Guality of supply messurements
quickly show up poor performance. Af the some.
fime, networks have become more dificult to
‘operate as they approach fheir copociy limits
‘and redundancy options dwindle. In order for o
utilty o operate successfullyinthis snvironment,
bettar tools are needed 1o permit efficient
natwork management.

TMS (transformer management
systems) and uprating safely

Power transformers represent one of the kay
componens in mast uiily neheorks. They are
the single most costly items in o subsiotion and
can become shafegic botfienacks in a power

pradicting nd octing fo prevent domage. 1 s
importont that support ond decision fools ara
avoilable to the system operotors fo ensure

Another economic gain 1o bs made through the
implementation of dynamic rafings is reduciion
of the fallawing; losses, costs of spinning

reserve, running less efficient plont fo bypass

A e i

in the system. Funnel has

if an operator does not eodt quickly enough o
prevent passiblo domage.

“Tradiicnally, the rofing that cperaters use to
run the pewer transformers has been prepared
wall in advance and is bosed on worse case
assumpiions. Foctors such os wind speed ond
dirction, solar rodiation, ambent femperature,
pre-ioad can oll affect the real-fime mting of
plant commenly utilised in the eleciricity indusiry.
For practical reasons, i is necessary fo moke
o number of engineered assumptions about
thesa foctors based on the uiliy's operaing
policies when delermining the rfing of plant. We
should also recogniss that for any given event
when the transformer is runring close o fs pre-
datermined rafing, the environmenal or ather

roported of over $600-illon
per annum largely through fhe applieation of
dynamic rafings that allewsd more efieiant
oparation of the system.

Management of he power network based on
“foct’, rather than assumption, has become
increasingly important as eleciricity utilities
worldwide are faced with aver increasing
commarcial demands and consiraints. Energy
utilities must maximise shareholder value
through eontinual improvement and innavaian,
The techniques described here can have
significont impact on the utility's botio line.”

In erder to understand how dynarmic rating works
we firaly nosd to roview standard fransiormar
rafing.

network system. Significant opp for
improvament in ransiormer manogemen! a3
@ network companent have become possible.
This is through new technalogy thot has baen
doveloped specifically to address the issues
uillifies. cyrrantly face. This paper compores
iraditienal tronsiormer operating praclice
(which can be equated to “flying blind"} with
the approach faken ord factures avaiiable when
an effeciive TMS (transformer manogement
system) is employed. Parficular emphasis is
‘phacad on operating obove nameplate and how
# is achieved through dynamic rafing withou!
<ompromising salely on either naw or exifing
tronsformers.

Reasans for investing in dynamic
rafing

Dynamic rating is touted as a fransformer
management feature of velue. Let us excmine
hy.
As stoted by Russell [1], "As osset utiisaticn is
incraased, the spare capacily once avaloble in
the sysiem bacomes increasinghy scorce. The day-
to-dlay operation of the power systom becomes
More and mare dificul.  the netwerk s 9oing
10 be run closer fo an overdood siote without

that we have made for thess foctors very well or
of all, In most cases, the utility does not expect
the system operators fo m-evoluate the rafings
‘on the fly during the system emergancy L. the
systenn operator should aperate the plant within
the roting prepared without compensating far
current conditions. Therefore, by necessity,
for most actual condifions the pre-defermined
thermal rotings are generally conservaiive fo
ensure the transtormer is operated sofely. This
approoch invariably yiekied very conservafive
roting figures bacause of fhe need fo moke

ing

Tha rating of o fransformer {or maximum
allowed loading) is gaverned by thermal
considerotions and s based on a simpls model,
Energizing o transformer results in losses in
the cors and windings which become h,
causing the oil lemperature 1o rise. Increased
loading increases the losses and henca the
temperature, The highest temperaturs in the
winding must ot éxceed the allowobla design
limit. 1 is mot passible o measure his hot spot
femperature dirsctly, 30 Yhe fop of femparature
is mwxur'd instead ond vanous methods have

rofings con be assigned, f the ociuol operofing
condilions are used to confinuausly colculate on
occurota thermal mods! for the plont.
“Whatis needed s o cost-efieciive lechnique for
rimising the asset ullisotion of ansiormers
through real-time monitoring and control
while ensuring fhe translormer is operated
within 15 design parameters. By leveroging the
information available fhrough the: real-time
caniral ond monifring sysiem, the transformer
can ba operated fo its maximum safe lood ond
s I con be maximised.”

ne

ie tha WHS
gmdw hot spol emperature, with varying
degress of success. See Appendi for mora
information o these s wall s ibre -optic direct
WHS meosurement systems.

Since factars such as ambient femperature,
wind speed and direction, efc. olsa inflvence
the WHS tomperature, she fronsformer rafing
is based upon defined vlues for thesa facior.
Loading guides dfine limis 1o kading based
on various criteria related 1o the relavant
foctors. Howaver, it should be stofed that fhe
figures are for ransformers in goed (os new*)
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condiion and generally ossume o wars! case
enviranmental situgtion.

Under fransient condifions the rate of rise of
oil and winding femperatures depands on the
difference between rate of energy generotion
and dissipation ard on the thermal fime constant
of tha ansformer and its camponents. It
thesalore bacomes more dificult o simalate or
estimate the WHS temperature when lood and
enviranmental conditions are changing.

Static rating

Transformer condifion has a bearing on
loodabiliy. In on aged ranslormer for exampls,
ifthe solid insulation moisture content i high,
bubbling could commence of temperatures
well below the design limits. Thus the ociual
fronsharmer condition must be assassed ond
taken Into account beforo seting realistic imits
1o loading for that sranslormer.

Tradihonaly the loading guides have been used
o prapore static themal rotings forransformers
for vorious ombent and operafing condiions
Soma SCADA and subsiafion control systems
include fransformer thermal models with
confinuously monifored load currents, ond
somefimes, ambient femperatures.

Typically this siatic thermal rafing mokes i

are infrinsicolly more accurdte. A fransformer
may typically be loaded o further 10 - 20%
higher fabove: stafic rafing) and with graater
confidsncs wih such dynomic rating than with
stafc thermal rating. Insteod of “fiying blind®
when opsroling close to the limits, dynomic

such infimate knowledge of winding fempercture
and condition Is confinucusly avadlable in reol
fime leads directly o several ether odvantages.
Some of the mare significant are increased
refiability and reduced risk of unplonned cutoges;
opportunity for reduced maintenance cosfs by

5 1o whot the eal thermal limt is at any point
in fime.

The “wha-if* dynomic roting information can
be presented in two ways [2]:

* Maxlood: Given the prasert (or pra-defined)
«condifions such os ambient femperature,
sronsformer temperature, load and LTC
position, whot is dmum lood the
can be comied for a specified fime without
exceeding the preset load and/or thermal
limits?

* Maxtime: Gventhe presont (or pre-dfined)
«conditions os fhe starfing poml, how long
can the ransformer camy the present or
pre-defined) load withaut emud-nq the
fraset load ond/or thermal

Taking advantoge of dynamic rafing can resuli
in very lorge savings due i deferred capital
expanditure and reduced number of oulages.

A 1998 survey, canducied with o representative
sample of US uillifies for o prior Doble poper,
revealed that 30% of utility

‘nameplote rating for exended pariods without
sk of domage, but this is stll not dynamic
roting,
Dynamic rating
The dynamic rating of o transfarmer is the
maximum load possible without exceeding
thermal and current rating fimifs,
bosed on real fime measured ambient ond
transtormer temperafures, condition, cooling
status and load, In oddifion fo real-time
measurements and calculafions for dynamic
rafing, advanced transformer management
systems employ enhonced models which

customers were moving taward some form of
increosed or dynamic loading policy 13] A
mere recent survey of 43 member ulilfies of
the Edisan Electric Insiitute (EEI], regarding
transformer loading proctices, reveoled thet over
75% allowsd regular short-term overloading of
thai teonsiomers. Tha survey also confirmed

‘end life consumpion fracking

But these are cnly some of many benelits of on
effective fransformer manogement system.
Monitoring
Depending on the system employed and the
features implemented, the operational data to.
ba moritorsd may include: single cr hroe phase
amps and vols, waits and vars; frequency; fop
pesttion; ambient, oil and winding het-spot
femperatures; top changer siotus and cooler
siotus. As o minimum, %o implement dmomic
ratings, one needs to menitor load curren,
ambiert air femperoturs n the viciriy of the
wansformer coclers and transiormer top.ail
temparoture. Further impravement in aceuracy
moy b obtained by monitoring tap postion
sinca this offocts losses ord temporature rise.
Whers ovailable, additional support for
perotional deciions is obioined using fibre
optic prabes fo, directly meosurs temperoturs
spols, although his is only poasbla on new
windings since the probes must ba fited during
monufacture.
Improved occuracy of femporature meosurements.
‘on misting fronslormers can be achisved using
electrical sensors compared to fraditional
capiliary tube instruments, With the modern TMS
el

v
that aceslerate o iranstormer’s aging process.
in order fo obiain additional cutput during
‘contingency condifions” [4].

Since the uprating is achieved withaut exceeding
predefined thermal and current rofing limits it is
not only completely safe, but the very fact that

because the ageing rote of cellulose insulation
increases mpidly with femperature. Oil end
‘winding temperotures con be both measured
‘and calculated ffrom ambient temperature and
lood), enabling the thermal model paramaters
10 be colibroted o great eccuracy,
Translonmer condition assessment parameters
are also monitored and con be infegrated
into the TMS systern. Thess could include any
combingtion of the following:

*  Moigure in oil

Dissolved gos in oil

Bushing gamma or fan delia
Partial discharge

WHS diract lemperature meosuroment
Oil dielectic wibstond

The padficular parometers mecsurad dapand
upon the criticality of the transformer. The

an influenc. Tha recommanded philosophy is
40 monitor ust sufiant diagnostic information

dy an-line 10 give o relioble early
waming of potential problems. This can then
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igger more thorough diagnastics and site
festing o raquired. This opproach leads
fo sovings in monitoring equipmant and
maintenance costs, improved reliability and
raduced down fime.

The TMS can also keep rack of fon and
pump run hours, Wansfommer ageing rates and
accumuloted oge (I consumption) ond the
number of fap changes for each top position.
Event rscording and doro logging focliies
ore also usualy included fo faciilare incident
analysis end faul invesfigations.

Cooler control
Typicaly in @ conventional TMS the cooling fors
and off i

+ Cuculoting current

« SCADA control (direct commands or
changes in sefpoins or folerances]

Simulated winding hot spot
(traditional WHS gauge)

Knowledge of Winding Hot Spot (WHS)
provides critical information

cuidatlaconcefortao ong,a fa1op chorge

regording sofe translormer loading levels.

. Cortrol of o
ne thres. winding fronslarmers, seporotely ond
auto wound i also possble

“The TMS can olsa monfior and rack requency
of use and wear factors of individuol tap
postions 5o that mainfenanee scheduling can
be optimised

system sarves as a single point

of ion with the autside world,

i hayy
or autamatically controlfed.

An advanced TMS should have o “smart
eooling® fsature, that on sensing o sudden
1 e e

thereby greatly simplifying communications
‘and focilitafing access fo informatian cbout ol
‘aspects of the ronsfarmer operation and status,
All this information is available in real fime and

winding femperature is going fo bs, and would
start the cooling fons and pumps immediately
to cocl the translormer without having fo woit
for the temperaiure fo reach the set point. The
TMS predicis (based on present lemparatures,
iup position ond load) where tha top oil ond
winding temperotures are headed. If a higher
than normel femperature is predicied the cooling
is tumed on immeditely. Thus, the insulation

;i d

s of volus to many dif in the uflily
through & common web servar fypa inferface.
There ore 4 primory hardwore communication
connactions that ore. most common:

modem, LAN/WAN and Inernel.

The TMS system collects a wida variety of
information including real fime operational
information, condition slalus, maintenanca
indications and assel lile consumption. Each

S i

pi

essary mey
exparienced.

For some rarsformens the fons and pumps may
not need to run for long periods because of
fight loods and low ambient femperalure. it is
vital that when they are required to run, they will
run. Th fans and pumps can be programmed
by the TMS to “axerciss” them periadically o
detect any faulty oquipment. In the event of
fallur cf o temperalure Iransducer of its own
communications or powsr folls, cooling i
switched on (*Foil Safe).

The TMS should als be able to determina when
o sensor fails and provide on clamm whep such
an event occurs and again swikch fo 0 foil-sofe.
mode of operation.

Voltage & OLTC cantrol
Tha TS shouk b ol o contol and mrtor
ouc.

‘roups within the uility. When specifying

@ TMS system, it is vary important o consider

how thot system con banalit all areas within

the utlty.

Savings

Dynamic rafing enables conirolled emergency

loading beyond nameplote rafing and beyond
s possi hermol

‘winding hot spot of a transformer:

Simuloted WHS temperaiure (govge)

Coleulation {slectronic temperature
onftoring)

*  Direct measurement (fber optic sensors)

Conventional winding temperalure indicators.
use o copilary thermomefer fa meosure fop eil
temperaturs, and have o smoll heater in them
o simulote the temperature rise of the winding
hot spot over the 1op ol femperature ('the
grodient®). Current from ane of the bushing
CTs s passed through the hedler, raising fhe
measured temperature. The wotage ouput of
the haoter is colibroted using a resistor o ofher
colibroting devien,

The copillary thermemeter provides o fypical
accuracy of +/-2 to 3°C at the one point of
calibration and i known o deteriarate with fime.
Erraes of § fo 10°C on site ore ot uncommon,
o remain accurate, the system requires regulor
calibration and servicing, this s difficull fo do
on site.

Colibration of the WHS heater is bosed on
the temperature rise tests, which measure the
average winding and of femperaturs rise. The
diference is the average gradient, 1o which is
added an allawance for oddiional riss of hot
spot over average in accordance with the IEEE
o IEC stondards.

The fime constant of the simuloted valus is
determined by the sensor, thermal well design

roting based on the loading guides, without
undue risk.

Wiren sufficient confinuous on-line monitoring is
installed ho provide eorly waming of most types
of potential problems and foults, further lorge
sovings can be achieved by reducing the risk of
failure and improving reliability and rducing
maintenance costs by using condifion-based
rather than fime based maintenance.

e
the thermal wel {which wil dissipote fhe heat
generctéd by tha resistor). The resulting time
consioat connot ba tuned or adlusted

Transformer manuloclurars ore responsible
for calibrating the heater to read comectly
ot hull load. i the colculated gradient is
accurate; the funed system wil only provide o
reasonable reading af full load under steady
e conditions: The occuracy of the roding

mmmmm control configurations and
medes of operation:

+ Independent manual
*  Independent sulo

* Master monual

*  Master aulo.

* Followsr

*  Revarse reacionce.
WVars sharing

fociltcte the trend 1o unmanned subsiations:
and reduced frequency for operotors and
mointenance persannel viss fa subsiotions.

The addad cost of putting o TMS system on
o transformer is fypically 2 « 5% of the total
transformer cast. Power fransformer users
stand 1o harvest many banedits from the added
foemation and improved control. The relofively
small cost can improva the reliobility ond can
facilitote safe higher looding copacity.
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at load: and lass thon this will depend
on mony factors inchuding the transiormer
design andl the lacation of the thermameter. The.
accuracy of the reoding during ransitions wil
depand on the WHS system design.

One of the mast common complaints with
weditional simuloted winding hot spol gauge
systems is the tendency of the gavge i stick.
This problem hes bean noted on both new and
i transformers and is @ couse for concen,
especially when the gouge is used for codling



‘canirol where a stuck gouge can couse excessive
transiormer aging or transformar foilure.

in oddition, WHS analog gavges fypically do
nof provide femperature information in an
lecironic format fhat con be transmitted back
#hrough SCADA. As & resull loading copaciy
s determined from @ remofe confrol oom is
very conservative.

Electronic temperature monitors (ETM)
The use of elecironic temperoture moritors
(ETMs) has become the standard for many
s, providing the needed temperature
informaion to their SCADA systems,

The most basic ETM systems operate exoctly
the some as a simulated WHS gouge, except
tht the odifional femperoture rise of winding
het spot over top oil is odded digitolly in fhe
builtin compur, instead of thermally using
heater. Hence, they colculate the WHS instead
of simulofing it. More advonced systems
L ‘more informatian, provding more
precise hot spot calculations and providing
rmany other diagnostic and communicafion
functions.

One odvantage of using on ETM over @
woditional gauge is the accurecy. Most ETMs
fse o Pt100 RTD fo measure the fop oil
semperature. The P00 has o typical accuracy
of +/-0.2°C. Also it is for more precise fo enfer.
she: host spot gradient digitally wifh & precision
of 0.1°C than the friak-gnd-error mechanicol
adjustment of o rheasiat fo probably 2 to 3'C
o best.

A second advantoge of using an ETM s the
obilty fo tune the time constont of the ETM to
match the time: consiant of the transiormer Al
loads orher than ful load, or during thermol
transients {heating up of cooling down) the
odvanced ETM is more procise because it i
possible 1o control the thermal model with
regord te how temperature vories wifh lood
and fima. In o copilory instrument fhis cannot
be controlied.

A bosic ETM i @ very cost efective:abemaive:
For opproximately the same fice 85 @ goUge:
an ETM can proyide fhe electronic output .0
SCADA system, improved accuracy ond equal
o better relabilly.

Even the basic ETMs con ofir some vert
beneiicial feafures indluding OLTC Defa
monitoring But they do not have custom
hermal models or predietive cooling contral o
check and odius heir thermal modals bosed on
fan or pump sfoius.

Advanced ETMs o TMSS

Advanced ETMs are now available that
Brovids. utliies with high accuracy and i
detolled information, The primary benefit
fhe advanced ETM over more bosic systems &

i abiliy 1o conver! he femperoture data into
usaful information that can more easly guide
the safe. loading ond/er of the
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The advantage of knowing the ultimate top oil
and WHS temperature is that it provides an

transformar.

Following are some of the tharmal mods!
eshancements thet e ovailoble:

WHS per phase: The most bosic improvament is
achieved through fhe monitaring or calculation
of the load n each of the fhree phases. Many
wiilifies have opplications where the system does
not have o bolonced load and since most basic
ETM systems only monitor ana phase, there is.a
chance that they are nof moniforing the hofies!
phase. Advanced ETM systems con monitor all
fheee phose cuments ond use sither on average
load or better yet, o worst-case load in the
calculation of the winding ha spot.

WHS per winding: A sécond improverent i
ochiéved through the calculation of the winding
het spotforsachwinding. Basic ETM systoms ore
callbrosed 1o anly ane of sither o HY or the LV
vinding with an assumed lap posiion. Advancod
£TMs colculote the winding hot spot of both the
HV ond fh [V This may ba done by measuring

cendifions and provides o good sense of “hew
hot the transformer is going 1o get.

Dynomic rating: The dynamic rafing of o
ansformer fokes this one siep further. Instead
of *how hol it is geing o g, dynamic roting
sells you *how much lood i can carmy” or “how
long the transfarmer con confinu to carry this
load"”

Fiber-opiic temperature measurament: The
tharmal models available in the advanced
ETMs are guite complex and with modem
techniques are quite accurate. Hawsver,
these calculotions are anly os accurate as
the calibration information used to fune the
model.

The calibration information i typicolly based
on the thermal heat run fests canduicted of the
factory. i the transformer thermal infarmation
s nat available-then this can be oblained by
measurement of the transformer behovior overg
period of fime (say 2 - 3months) and on oceurale

e
tien then adjusting the winding rafio fwhich
ofiects the thermal model) os the LTC moves,
Alternataly CTa may be used in both HY and (¥
For 3 winding tronsformers advanced ETMs can
caleulate the WHS of ofl three windings using
C in each, or by colculation meosuring LTC
pasition and the mognitude and phase of the
currents in o windings.

Adjusimanis for conling oystem heath: Arguably
he most important improvement i the shermal

for the transformer is abtained. Most heat run
‘st reports aro designed o meet the calibrofion
needs of he fraditionol WHS gouges which are
calibrated ot only one point; ful load, al cooling
‘stoges on, stead state condition. Newsr heot un
test procedures provide a fima ve. femperature
report which is used fo program the fime
canstant portion of on ETM sysiem, This added
callbration informaton cerainly enhances the
accuracy of the ETM. Fiber.optc temperoture

based on which stages of cosling ore on and
warking. Advanced ETMs cre available which
seloct botwesn different themal models based
on ONAN, ODAN, ONAF, ODAF, OFAN and
OFAF and with multple stages cnd muliple
groups within each stoge. With such o syster,

provides the abllity to directly
measure o 5ot femperature of fhe winding, t
is not simulated, nof calculoted, it s the actual
temperature of the 5001, This meosurement,
while dependant on the plocement of the
probes, cerainly complements the calculation
mnjhed of madam ETM systems ond provides

he the troe WHS
given the faiure of o fon, pump or cooling
systom corfoctor/broakes

Providing more information: Converting
jomperatyre data info useful and octienable
information o key benefi of the more advanced
ETMs. Knowing how hot the transformer wil
eventually become, how long it con: safely
maintain @ lood or how much loss of life it has
or will incur, can enable engineers fo make
better decisions.

Ukimate fransformer femperatures: In addition
o ideniiying the present fop oil femperalure
and winding hot spot, it s feasible o ufilise
the fhermal model o interpolate the ultimate.
steady siote top oil femperoture ond ulimate
stoady siote winding hot spot. Thess colculations
ore bosed on the assumption that the load,
ambient and cooling system status remging
unchanged.
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Advanced ETM systems can

incorporate this fibre optic meosurement ond

ulilise the hottest of ts colculated and measured

temperatures for dynamic rating purposas.
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Earthing of MV and LV distribution
lines - a multi-faceted problem

by Dr. Hendri Geldenhuys and Goreth Stanford, Eskom

Earthing and bonding of systems and the
en varlous possible stresses on

po:

his includes step and tovch potentials under
fouh conditions, clearing of faults, the
inability of LV systems fo clsar cartain fauls,
lightning profection, wood pole shattering

Pawer system safety and power
system supply reliability

There ore primerily personnel and animal
safety os well as system continuily of supply aod

@
HV and MV ground potential rise (GPR) foulis
fransferred 1o the LV system efc.

This paper discusses some of the aspects that
mustbe faken infa cansideration when bonding
ond eanhing is dane n o sysiem, and ilustrates
these choices with some examples.

Fig. 1 sefs fhe scene of the environmentin which
safe pawer system earthing and bonding is 1o
be ochieved. The paper discusses the speci
issuas Eskom must ke into considerotion when
making such design choicss. Eskom usos 22 KV
dysiem technology primarily for new networks
{as well s 11 KV fechnology where it exists ond
33 KV in rare cases) fhot are eanhed thraugh
nautral earhing compensators (NECRT) which
fimit the sarth foult current nominally fo 350
A, The LV systern is sarthed according o SANS
0292 code of practice for the earthing of LV
distribution systems) close to the fransformer
installation fo @ separate sarth electrode with o
resistance round 70 or 30 Q (system voliage
and protection dependet] oimed at clearing
o MY system foult - contactfo the 1V system by
means of the MY earth foult protecticn.

oawer system sorthing

Transferred power frequency potential from
the MV system

In the case of open wire overhead MV sysiems
{not cobles), Eskom uses o neutrol arrester 1o
separate the MV earth from the LV eorth at a
transformer, This is done 1o isolate any GPR
vallage emanating from the MY nefwork o
fhe LV earth system, o3 this will be transferred
directly 1o the customers on the LV feeders if
there is a direct connection between the MV
and LV earth. The MV GPR voltoges con be o

components of (HV-) MV-LV power supply systems
the system ond various fault conditions. that can occur in such systems.

require a balancing act

oceurs, @ fault conddion accurs on the 1V
system that is currently not proteciad in
overheod power systems, This is howsver
quite  rare event. This is not discussed in
this poper.

LV foeder neutral break: Considerations
around the risk of the LV neutral break ore
not discussed in this papee. This is a very
significant risk and hos fo be dealt with by
the utility in addition to fhe issues discussed

here.
Use of wood pofes
Wood (compared to stesl and concrele) hos
odvaniages os a sfrucural matesial for power
systems,
Waod poles are exensively used in Eskom for
ditribution o electricity, The beneit of wood is
its mechanicol sirength and relatively low cost.

few kV and would be leihal i it s
e "

Also, os it of

1 the po v
and the focal ground of the some fme.

This paper focuses on considerations for
achisving an optimally scfe and (power syster)
optimol reliable bonding and earthing of a
wood pole stucture that carmies MY, LV and
cther services at the soms time.

LV foul - ground pofentiol rise:

o V1o MV LV transformer fonk fault In the
case where o LV fo MY transformer fonk

Fig- 1 Ensuring safety ond optimum perlommance: The envircnmant in which

a dismbution su
and his insallation (home), ond the expos
This i

stem operates includas the vanvice 1o

the custormer
 the public (in the sireet]
tors such as polufion, lightning,

‘accidents, vandallsm, ofher vervicas skc. {Artwork: A Dicksan |
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ta fhe manogement of bonding and earthing
of powr systems.

s on example, in the cose of single wire sarth
refurn (SWER) systems, saparate sorthing of
elacirodes os well os moking contact o earth
electrodes inaccessible te the public is essential
foe solis design. Wood structures moke this easy
1o do, On stes struciures i s impossible fo
chieve such designs.

This arficle focuses on the use of wood poles
in a village/town or urban, densely populated
MV - LV supply insiallation environment
Environmental factors fo be foken
into consideration in bonding and
earthing of MV - LV pawer systems
Lightning on MV systems: 300 kV BIL in high
lighining oreas

Lightring causes equipment damage, wood
pole shattering, shont duratian inerrugfions
and long-term intermuption due to equipment
failur, Lightning con also cause deaths of
customers connected 1o power systems and
failure of customer equipment connecied fo
the grid,

300 k¥ BIL philoscphy

D6 not allow stikes 1o the ground close fo ¢
line o couse o flashaver on the line. However,



Fig. 3.

in the cose of o direct sirke o the fine if /8
praforable 1o hove flashover of the line of o3
low spark over voltoge s possible, which wil
vg sirke energy awoy from
such as tronsformers end

divert the ligh
terminal equipmer

formers. fi should

the aresters on the frons!

fransformers are not rated to. withstand the
full lightning current (# will ba vary expensive
to withstand the full lightaing currenf] In this
foult will occur which

case o pawer frequency ‘
should be leared by the profeciion, ond power
restored quickly and automaticaly by the auto
ciion on the protection. In high
y oreos, such as the overcge
e Highveld of oround one direct sirike
per km of line, there should be around cne
auto reclase infermuption per km of line per
yeat. This sefs o benchmark perormance for
induced oulo

the line with respect fo lightning
aclose ope

ns.

s concapt of bsing wood insulation fo
enh busion

lines dotes quite for bock

& the insulation level of MV distr
in South Africa [1}

Fig, d: The il ocking on wood surface in
The ignition cf the wood ord desirct
is o function of the polutian in the arse,

Shottecing of wood by lightning

Lightring can couse savere damoge 1o wood
‘poles as shown In Fig. 2, When the are travals
on the surface of the wood the damoge is
nemally ot serious and doss not affedt the
mechanical integity.of the pole, Howsver
when the lightning arc fravels inside the pole
it sharters the wood bodly, often destroying the
ol completaly. Pole shatering is exsocioted
with poorly-dried wood in the first year of the
= and ogain of the end of tha weod

line's

Fosi caoring of Y
tno | faul {1 sach Auto
gap no insulation of | Fackss rapeat 1o lock
IL wire). o,

High GPR on LV

natallotions and BIL
wite locations.
Med risk

reas wherm pollnon ploys a role ¢
¢ shuciure can be seun in Fig. 4(b).

pe of insuloices used on the stucture ond the number of
ferse it S e

21st Technical Convention

" be sex
lekoge curre

the stuciure,

pole’s life, if the cora bacomes roten and
meist ond creates low breakdown resistance
internally in the pole.

It is tharefore imperative that wood pole lines
‘are built with poles which are propery dried.

Recently expedments have been done in Eskom
with proteciive spark gaps; effempting ta hove
the lighining spark.over arc kept away fram the
suroce o core of the wood 1o flash through the
air. Sea the siructyre in Fig, 3. The hordware

d

V consuctor
contact fo BIL
dawn
Siow chearing of oult d
110 3ec) even o smoll | BL wito siy live

ofnot dearing | High risk

fauk,
Ve high GPR on BIL

Foult nof dlsared
Fewer Bl wies pioy o
High risk.

Med risk

No iisk

Mo risk

Font cloaring of MV
ol (1 300 Avto
Rockss moet o ock

tructuress
insulate bottom 2 m
of down wire.

P GPR on 1y

Siow dearing f ol
12c) even & sl

fisk of ot clearing

f

Foul not cleared
BL wire not accessiblo
Med risk

ol
Very high GPR on Bil
wire

nstolations
s
Na BIL wire - N risk Nodk |
double arresters on
Iransformers an MV [
e S L
BiL wires on oll BILwiro will i~ | tow ik
- mave gap down liva anth 1 flashes to
below LV. ¥ protectve earth.
| Fault o 1V oceurs |
| claoring of he foul is
| the same o5 column s
et
(Bt wires on [ Low rise Vo ik
split sir gap heve & |
below LV to prevent
W oults.

Toble 1 The AC power syster refcted risks o0 shared
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services wood pole sticture bonded in difierent ways.



21st Technical Convention

Lightning

Effective earth  Consumer lighining  Equips

ris dama
Mysorh V| Best procice
vorh 1Bl | (ot ol sl
on of Bl wire), earths. |

Bost prociice

MV sarth + LV
eorth +lewer BlL

Best proctica
{not totally saie]

Bast practice

wires orly on suspension
sruchus wih no stays (no
ftion of BIL w

MV sorih+ IV earth

anly
BIL wire on oll shored W eorth Best pra
structures- insulate botion eorth only [not totally safe}
2 m of down wira
No BIL wire. doukie arresters. | MV sarh + LV
on banslormers on MV side. | sach +81L earhs
m viows o allmava gan | WV sarth 1 0 Best prachice Bew practice
m below LV sarih + Bil sarths | {not tosally safs} |
BiL wiws on ol sgll air gap | MV earih + IV | Bow procika Bost prachice
bave & below LV 16 provent. | earth + Bil earths | [not odoly safe}
1V Foults.
Toble 2: The lightningrelted risks on o weod pole shared siuchure boaded in difierent ways
|
AC power risk. Lightning risk
Design [ [ MV | WV comtoar
philosophy | Cond conductor | contact conduetor | 1o
drop anto | contact o contact 16 | down wire
LV system | BIL down
re anly
Bil wirea on all
1hnr=d structures
o0 v Mad Mad
ot o BL
“BlL i only
Mod Mad
| ‘sors (no gap no- |
| inudotion of 8iL
o BiL wire Mod Low
BiL wire o ol
sharod syuctures
insulate bottor gd b
2 m of down wire
o BiL wi
syunougd I
s MY side
BiL wires on ol
Move gap down Mad®
bolow IV
BiL wires on ol
Spit o gop
obowe & below Med low
/o peevent LV
Fouls

Table 3: The averall

AC powar and lghtning cambined. Where o *

" appaoes he phissoply

discorded cutright, and the mos? afractive opfian is the bor ophy option with on
ane medium sk optic
on fop of the structure is bonded with o steel  in high pollution areas fand even low pollufion

wire running between the insulofor mounting
brackets, Between this common bord of the
insuletors 1o tha pole BL earth wire a spork
gap has boen ifted

areos such os the Kolohori with low rainfall)
is trocking, which in severe cases turns into
combustion of the pale and even outright
pale fires

Wood poles in polluted enviranments

in Fig. 5.0 structure with five porall o
phose fo

s per

A second problam th, i forent
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Fig. 6 How th o wood pole
shructusa shored by MY, 1V and ciher services
by a0 with the lowes? network isk?

insulators used. This leakege current
aceurs in soch of the phoses and runs along
e wood surfoce (i there were na bonding
conductors) batween the three phases

I areos whens leakage currents oro significantly
igh, fhe designer hos oddifional issues 1o
consider

The hardwore ot the top of the siructure should
be bonded to ensure that leakage currents
betwean phases have the opportunity o fallow
condyetors rather than leaking oeross the
surface of the wosd. Cars hos fo be foken
sothat the leakage current cf the basa of the
insulator i effectively “collecied” by bonding
conductors and should not be allowed fo run
on the surkacs of the wood before i leaks info
a conductor medium. All the differert parts

of the structure have to be sorthed - not only

some of them.
The sum of the leakage currents betwsen the
thrie phases s not necassorly zeo
Sumof leakage current
phasen( polution severi

number of insilators

o

The type of insulators betwsen he ouler and

middle phose is often not the same. Tha
number of insulators is often olso notthe same
This leads fo o net Inokoge curment fo.ground. In

ihis case a BIL gap may well be the point whare




MV Foeder

59 mm LY gap

Fig. 7: Optienal bonding ond earhing of shored
structures in densaly populoted arecs with high
Tightning densiy

he propeny supplied, (This s the responsibilty
of the customer) In eddition, if there is na
contoct between o person and the remote
earth, there will not be any risk either; which
implies that centect with the power systerm
during lightring storms should be voided,

In general it has baen shown that communifies
af lerge ara sofer from lighring risk in areas
where powar systoms are present comporad
fo @ community without the overheod power
system. The gir termination system and earth
elecirodes of the pawor system protects more
effectively against the lightning risk, but does
and roloys the {reduced) risk in

of wood may occur. For this reason Bl gops in
high pollufion aress moy eouse problems and
may well not be used.

Bonding of parts of concrele structures

Even concrete siructures do ot escape the
effacts of the envirconmen. Incorrectly bonded
concrete stnuctures sulfer form domage fo the
concrete as well os buming off of spindles of
insulators and the reinforcing steelin the pole.
Where no bnding exists, lighining can flash
o the reinforcing of the pole and do structurol
damage to the concrete.

Where poar bonding contact exis's, the primary

a different way.

Example of bonding and earthing

of shared structure in a densely
populated area with high lightning
activity

This section of the poper examines the
consequences of the impacts listed above on
designing a sale shored services sinucture,
where the MV, LV and other services such as.
telephone lines share the some siruciure. The
choics o designer is laced with is exomined by
meons of a molrix shown in Tobles 1 and 2.

Table 1 examines the AC safety risk impacts and

flashover i oft
not do the damage) but dus o ihe secondary
pawer frequeny fault current, welding damage

Tabla 2 excm ;
safety and reliobilty of e systam.

is done fo the spindles of insul dio the
reinforcing in the pole.

Lightning personal safety
considerations

When a lightning sirike terminates on power
systems close 1o points of supply, it doss
‘endanger the life of parsans {ond animals) that
are aceidentally pasitianed between the power
protestive sath and the *lacol earth”.

A direct strike 1o the power line flows info.
the system and the lightning coused ground
patentiol rise (GPR) is properfional fo the
lightning current (madian value of 34 k A} and
the system resistance (iypically 10 ), which
easily produces a GPR of 340 KV on the IV
protective sofaty eanh

This problem is olleviated by the combined BIL
down wires on the line. However it will only be.
eliminated i the BIL wire sarthing wos extremely
low {much less thon 1 2 per pole; which is not
pracically possible) so the problams remain.

The only effective counter-measure is i couple
n extensive protecive ring rench sorh orcund

Pollution low

Lighting low

Bonding of hardwore
o BIL down wirel

hhor v, 50 nsulator BL
Bonding of tofal siructure, 00 gop, bigh

Tobla 4: Ganerol rules for he use of BiL wirss ond

of the table. The choices that fhe designer has
e the following:

To have o BIL down-wire on the pole ar not
o have one ot all [iully insulated pole.)
Not to insiall BIL wires on siruchures that
alvendy have “accidentol” BIL wires such
0 stuy-wires.

To insulate the bottom 2 m of the BIL
wire.

Toinstall more eftactive lightning protection
on the line such as the use of doubls
omesters, etc

+ To have additional gaps on fhe BIL down
wire.

All these options are examined in Toble 1 and
2 and the consequences are shown. Finally in
Table 3, Table: 1 and 2 are placed togethar fo
shaw which option provides tha bes! choics

The best choice structura (which stil carries
risk) is where a double gop s used above
and below the LY bundhe. This layout is shown

in Fig. 7.

bording of hordware on wood pole sructures
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In the case where fightning activity s low, the
lightring risk is not o consideration, which then
allows the “fully” insulated ogfion.

Notes

LV conductor system: Eskom currantly uses LV
bundled conducters with a bore neutral or
pan wirs LV on bobkin insulotors. In the cose
of an insulated newiral bundle conducter, if
cannot be assumed thot the MY faul cument
il flashover 10 the V. neviral, and clearing
of the fault will ba:subject 1o the local earth
resistance condiions. It may be unable fo clear
the MV canductar en the ground

MY earth and IV earth reforrers fo the sarth
electrodes o the pole mounted distribution
transiormer,

BIL and BIL down wire: *BIL" and “BIL down-
wira” refer to the practice in Eskom to install o
wire on the surface of MV wood pole siructures
with @ plus:minus 300 mm gap. This gop is
normally consiructed by applying two banded
straps af the end of the wire 300 mm apan.
The lop of the structure is noemally banded ond
brought down on the BIL down-wire, The aim
4o increase the lightning impulse spark avar-
woltoge from araund 170 kY of tha insulotor fo
300 kY from the three phasas o ground,

s 0 general rule for the use of BIL dawn-
wires and bonding of hordware on woad palo
siruciures, Eskom uses Toble 4 o5 o guidaline.
There is no good structure for all sitvations;
it depends on the pallution and lightning
environment and the relabillty fargef fhat must
be achisved.

Conclusion

What appears fo be o simple decision has
many possible impacts and must be considerad
carafully. Aber applying coreful considerstion
1o all the foctors as shown obove, some risk
remains. (There am undortunately no power
systems that do nol have some associaled
tisk] I should be noted that shis paper i not
comprehansive. and hos focused on specilic
issves. Significant issues not discussad here
include braaking of the LY neuiral s well as
HV and MV GPR fault patentiol fransiermad via
the LV profective earth.
Reference
111 C.T Gaunt, A C Britten, H J Geldenhuys
“Insulation co-ardination of unshislded
distrbution fives from 1 k¥ 0 36 KV Preparsd
for the HYCC task forca on fha Lightning
protection of Distrbution Lines. Published in
‘association wit the SAIEE.
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Effective condition assessment
of MV switchgear

by Chris Lowsley, Neil Davies and Dawn Milles, EA Technology

There is a general trend within chdl\ﬁ!( distribution companies and operators of large private electricity networks

1o extend maintenance

MV swiichgear. This binga with it o need for Interim condition assessment
10 give sty and rellability of the equipment.

of diagnastic

hars are a number of fechniques availoble
for assessing the condition of nsulation and
the mechanical operation of circuit breskers,
Appropriate use of thess tools provides valuable

Fig. | shows that for vocuurn swichgeor (which
wil in generol have air insdloted chambers),

t and the

s b stated thaf data from visuol examination
of the swichgsat should do ba taken ino

the biggest are mechanicol
problems accaunting for 30% of faults, when

ensure resources are more efficiently deployed
during outage periods. This paper wil describe
the mast appropriate fechniques for assessment
of MV swiichgear ond how data con be collated
o provide the best possible information on the
condition of the assets

The drive tewards extending mainisnance
inervols i

o 15 included in this, the figure rises

o 38%.

The second largest foull cause wos associated
with parfial discharge ecrivity (26%). 1 shauld
also be noted that foults reparied with coble
termination baes (6%), voltage: transiormers
(VIe) (9%) ond current transtormers. (CTs) (3%)
wil alten be ossociated with pariial discharge

with the pressure fo moximise squipment
avoilabillty, paricularly on industriol netwerks,
means greafer relionce must be mode on
condifion menitoring techniques fand in
porfcular noninirusive techniques) to provide
information on the condifion of assets and
ensure o sale and relioble network is mainiained.
Thare are o myriad of condilion assessment 1ools
ovailabla 1o provide condition data, howeves, it
{s essential that fhe most approprate fools are
employed and best use is moda of the collected
dota. It s all 100 eosy fo concentrato on the
collection of dato and not fum this into the
Information required o most effectively manage
the assets. The siariing point in developing @
condition assessment program must b the
‘analysis of historicel foult ond failure information
for similar types of equipment. This will help
assess the couse of problems and ensure
appropriate weighting is placed on techniques
that deal with these couses. Spending 80% of o
condifion assessment budget to tackds o failure
made that coniribules fo 5% of falures will not
be the most appropriate use of funds.

MV switchgear faull causes

it is sometimes difficlt io obiain definiiive
information on the causes of faulis of MY
switchgaar, howsver, some information is
avoilabls and can be used o5 o guide fo
typical problems encauntered. Fig. 1 shows
a breakdown of fhe couses of faulis for MV
wacuum swilchgear operating on eleciricity
ditribution nehworks within the UK [1]. The foul
information shown includes defects identified
during operation or maintenonca as well o5
disrupiive failure of the swiichgear

discharge related problems will actually lie
somewhene batween 26% and 44%.

Torgeting potentiol mechonical problers and
detacting the onset of parial discharge aciviy
ore thersfore wo of the key foctors in effective
candifion assessment of this type of medium
voliage switchgear. The generol consiruciion
of SFé switchgear is comparable with vecuum
switchgear and it i therefore nof unreosonable
o svggest that o similar faul breokdown wil
xist with this typa of MV switchgear as well,

The situation i shightly diferont when it comes o
ol fillad swichgaar. A lot of ressarch has been
comed ouf ino how bulk oil filled swiichgear

when developing on overoll
assessment of the candifion of the asset

Diagnastic fools

An imporant factor in selecting the most
appropriate diagnestic toals is the ability
10 non-intrusivaly defermine switchgear
condiion. Howevst in soma instonces this is
very diffcult fo-achieve. For xample, in crder fo
affactivaly assess the condition of circuif breaker
mechanisms invoricbly mquires the machanism
o be operated

1 is olten possible 1o switch cireuits indviduaily
dus o the level of redundancy buit info networks.
Indeed, due fo fhe prablems associated with
sticfion in circuit breaker machonisms, most
UK electricity companies have a policy of
regulorly exercising the mechanism. Condiion
assessmant should ideally be carried ouf when
the mechanism is being operaled for exercise
ar maintenonce.

Provided fhat the diagnosic foals that are
employed do not interfera with the mechanism
or guxiliary components of the switchgear then
the can be considered to be on-infrusive.

that the condition of the ol is o key indicator of
the overall condition of the switchgear (2, 3].

What analysis of this historical information
astoblishes ore fhe key criferia that need fo be
considered in any condifion assessment progrom
for MV switchgear |.e. mechanicol operation,
partial discharge acliviy and in the cose of il
filled swilchgear, fhe condifion of the oil. It must

® Maloperation
®Mecharical
©Discharge
0 ®VT
acT
m Cable Box
@vacum |
HLighnng

B Water

Fig. 1: Compasition of laults reported in vocuum
swikchgeor (UK).
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chanical of circuit
breakers

The bosic princigle of mechanical condition
mantofing of HV circuit braakers is 1o defect
dateriorofing onditians within a circuft breoker
operating mechanism prior fo cny malfuncion
orfailure. In furm, this leads to improved system
reliobiliy-and more effective maintenanca. I is
important that diagnostic squipment emplored
Hor the assessment of the mechanical condition
of @ circult breaker can be used with the
switchgear in he sanvice position. The main
advantoges of festing circuit breakers in the
service position are the obvious fime savings
in ot having o isolate the circuit breaker and
the fact that the first trip con be monitored.
Tosting the circut breaker during operatian of
the firs rip gives on indication of how the circut
breoker would have performed if colled upon
o trip in an actual faul situation.

Thera are o number of systems and instruments
available for conying out mechanical testing



in fhe service position. The simplest type of fest

simply monitors the apening and closa fimes of

the circut brookers. The problem with such a
; 2

of insulating materiol due 1o contominants

o imagularities, within gas bubbles in liquid

insulation or around an elecirode in gos
ot o o

he reasen foran abnorml fime. Consequenth,
it is possible for o componant with o clos
foleronce 1o be deferiorating bul, because of
other companens [or fravel movements) with
larger foleronces, it may not be possible to
datect it

If o network ewner is going 1o operate o
circuit breaker to assess the condition of
the mechanism, then ideally 05 much useful
condition information should be derived
{rom the test os possible. For this reason it is
prfurable for more sophisticated squipmant
fo be employed thot will produce additional
candition data and halp establish the couse of
any identified problem. Thero is now estoblished
circuit breoker monitoring equipment in the
markat that helps with this ossessment. In
generol the equipment works by femporarily
for sometimes permanently) insiolling sensors
on the conirol circuitry of the circuit breakers o
be monilored. Porameters that ore
include tha cument profile in the DC trp coil, the
current on the secandary side of the ommeter
o provide main conloct opering fime and fhe.
batfery volage.

The monfforing sysiams wil copture and siore
the dot from each circult breaker operation
for comparison with pravious dota from the
same unit ond olso for comparison ageinst
ather circuit breokers of the same des
The eflectiveness of these fypes of machani
monitoring systems is therefore' dapendent
on 0 good background dotobose with which
measurements con be compared. Provided this
database is ovailable, voluable infermation on

in aged, defective or poor qualiy insulation
and con propagete and develop untl tha
insulofion is ynobe fo withstand the electrical
stress and Hlashover and follure occurs.
Vihen pariial discharge aeivity occurs, it
s anargy in the following ways

*+  Eleciomagnefic: Rodio, Light, Heat

* Accustic: Audio, Uhrasanic

+ Gases: Orone, Nivous orides
Nen-intrusivaly, the mest pracical methods
of locating partial discharge acinity invoives
the defection of boh the rodio frequency
part of the electromagntic spectrum
ond airbome ultrosanic emissions. These
techniques are complimentary and their
application enables o comprehensive
ssessment of fhe condiion of insulation
‘on medium volloge switchgear ia be nan-
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infrusively defermined,

Electromagnetic detection

The most commonly used method for the
detection of electromagnafic emissions from
partial discharge achivity on MV swirchgeor is
through use of instrumentation that uses the
Transient Earh Voltoge (TEV) meosuremant
Jechnique. When a discharge. acours in the
phase o carth insulation of an ifem of medium
voltage plant such as o metal-clad switchboard
or a cable termination, o small quantity of
electrical charge is tronstered copocilively from
the medium voltoge conductor system io the
earihed metol-dadding.

Fig. 3:Portol discharge actvity manitored an.on 11 kY
voltoge transformer.

insulated chambers, os well as o, bitumen and
oir insulated chambers.

Ultrasonic detection

The sound produced by portial discharge
breakdown of insulation can be detected with
ultrasenic detactors. In order for lfrasonic
defeciors 10 pick up ultasonic naisa, they must
b in medio of similar densities because the
propagation of ullsonics between low and
high density mediums s poor due fo most of
the anergy being reflected. Airbome ulrosonic
defoctors are therefore successful in detecting
surlace discharge activity where there is o good
o st

Yo coreiicone
be quickly ond easly abioined. Fig. 2 shows.
races rom three conseculve tip opecafions on
Mum:mhhnimmmnﬂmt—'

skin effact the Hansieat volioges.on the insile
of the meiohwork cannt bo direcly detecied

Ay

lifle use on gas insuloted switchgeor or ol or
bitumen filled chambers butis an Impartont fool
T catacion o sl e WA o

signikicantly longer than for the subssquent twe
tips. Knowledge ofthe syster wall quickly allow
#he aperafor 1o cenclude that the problem wos
associated with siicion in the slug or plunger
Fig, 2 also shows how the aperating fime for
#ips 2 and 3 were back within the occepioble
or nomol times. This demonstrotes why #
imporiant fo capture the frst tp gs 1hs & how
the circuit breaker would hove operated for @
genuine faulton the network

Partial discharge festing

Portiol discharge is on eleciicol discharge of
spork that bridges o poriion of the insuiafion
betwean two conducting slectrodes. The
discharge can oceur of any location within the
insulofion system (behween fhe two.eleciodes]
whare the elsctric field sirength exceeds the
braakdown sirength of that perfion of the
insulating mterial. Discharge can ootur in
voids ..::;n solid insulation, across the suridce

the slectromognefic wave con propagate oul
into frae space. The wave front impinges on
the outside of he metal cladding generating
o iransient earth valtage on he metol surioce.
Hance the technique is called TEV for fransient
earth voltage.
The TE mognitude isa fundion of he ompliude:
of the discharge and the aftenuafion of the
tien path and con be meosured with
B apaciive proba plocad o1 th sahad
metaiwork of the swiichgear. The fechnique is
poriicularly useful for the detection of infernol
portiol discharge aciivity within the bulk of
solid insulation e.g. Co ids and

insuloted switchgear e.g. on a diy ferminatian
in'a vened coble box.

The amplitude of the ulirasanic signal greafly
depends on the charocteristics of the fransducer
ond instrumeat as well s the discharge aciivity
ond the atfenuation of the tiardsmission path,
Therefors, quonfilying the seriousness of
ected uitrasonic signals can be difficult
and the fact that ulirasonic activity has been
detacied can ofien result in the nesd lor further
Investigation imespeciive of the signal lavel.
Employing the techniques
The combination of the twe tachniques is very

powerluland oliows o comprahensiva assessment
of the dition of MV insulation to b carried

The insulotion medium of the swiichgear

out non-inrusively with no disnipiion fo fhe
network. Uirasonic detectors identify discharge.

s not o critical factor ond the TEV signals
wil propagate from oll types.of chambers o<ty foking place on the surfacs of insulsiion
Lo.the! brapeliedges i baviniah
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Fig. 4: Rrial discharge octivly monitared an o 33 k¥

coble termination,

tachnique will also defect potential failure
sites that would never hove been identied
during any visual examinafion of equipmant
6. deficts within solicl insulation. The fype of
instrumentaion available for he defection of
TEV activity varies from small, simple hondheld
devicas thraughfo lorge permanent monitoring
nsiallaions (4], Ulresonic detection primarly
involves the use of hand held insiruments
olihough manitoring systams-are available
When switchboards are of a critical naturs:
then the cost of permanent monitoring can
e justified. Permanent manitoring for portial

il analysis

Extensive ressarch info the

* Moinloin: Indicates very peor of qualiy, unit
shauld be mairtained within & months

condition end

of oil filled switchgear
f condil

with |he UK ku ower & years. The process hos
h hos been

2.3 )
s the critical factor in defermining
the need for maintenance
Consaquently the performance
and degrodotion of il hos also
been studied in defail. One very
significant output from this work
was the development of specific test
procedures designed fo meximise
the amount af information oblainable from an
oil sample from switchgear

in oddilion to the measurement of maisture,
acidity and breakdown strength, which ore
stondard procedures routinely applied 1o &il
samples, if has bean identiied thar fitotion
of the sample and ossessmen! of the nature
and quantity of salid material recovered gives
on indication of the interaction between the
oil and materiols within he switchgear and
herelare fhe condliion ofthe switchgear infemal
songacm Consaquent, o fesf reuis con

used u;s:vrnch justifcation for many of the UK
slachricity companies fo exiend their switchgear
maintenance intervols.

Thermal imaging

nfrared rodiation cannot directly peneirate
metalwerk. Therafore the use of thermal
imaging equipment, which only meosures the
surface temperature of components, is not o
vioble methed for diagnosing infermol fauls in
metal-clad switchgeat. It s possible for thermal
imaging cameras fo see through speciol
viewing windows; however, these are no fied
o standard 1o switchgear and. can inferfere
with fype test cerification and the infemol orc
managament of swichgeas. Defection of faults
using infrared techniques olso requires line of
sight which furkher limits opplication and would
require extensive use of viewing windows 10
ideniify defects in oll compartments:

and can helpwith the preparation of metfication

be used

m udvu\ units, I order 10 toke advanioge of

periods. Fig. 3 shews an example of one such
case. The dischorge activity can be sean 1o
davelop ove o s morth period: The problern

from

o technique was devised fo

uho.-m mmp‘eﬂm be remaved from switchgear
{fing main units and exansible switches) whist
port of the swichgear remained five and supplies

an 11 k¥ switchboord ond this early warning
allowed spare components fo be sourced and
be ready to be fitled when an outage opportuniy
become ovailable.

Pemanent moniforing also allows quick octicn
o be taken o rectify problems and remove
pofentiol foults on critical switchgear i partiol
discharge activity suddenly infiates or goes
through o siep change in severity. Fig. 4
shows one exompla whera the lavel of partial
discharge ctivity on @ 33 kY cable ferminafion
on a GIS switchboard dramtically increased
in severity. The eorly warning encbled the
pofetial sautce of foilure to be removed from
he system within o matter of hours, The banefits
of permanent manitoring for pariisl dischorge
activity are clearly demonsirated In these two
axamples and it would be obsdlutely ideat if
confinuous monitoring could be incorporated
o0 cll MV switchgear. Howaver, in reality this
is not o praciical or cost eflecive option. There
are however, relatively low cost handheld
instruments available that can detact both
dlrasanic and TEV aciivity. Using this iype of
insrumentafion s part of roufine subsiation
inspoction can greafly enhance the condition
information collected during the visits to the
substation with minimol addifional cost or efort
Thecelore, application of partial discharge
detection equipmen need not be resiricted fo
the mest impariant swiichboards on networks
but con easily be applied 16 all MV switchgear
on the network.

the il fark via the tesf probe cecess point wifh
only freder isclation and earthing necessary ‘o

of faults afibutable o overheating means that
e prociicality and ussfulness of employing
he tachaique on MV metal-clad swiichgeor is
very limited,

However, where these constroints do not exist

L. on open busbar equipment and low voltoge

acuipment where canfacts are, or can be, solely
d i h (b

‘opan the test aceass. Therefore pling is
underioken when some parts of he switch within
the il fonk are live. A reusoble cover plafe
{manufoctured specifically for each switchgsor
typel fifs over fhe fest probe occess ond an il
sample s removed through o specially mochined
orifice using o sompling tube and syringe. Fig. 5
shows one such cover plate and sampling fube.
Two 50 ml samples ore removed from the top
of the switch lank and anolysed with the results
being cotegorised as:
+ Poss: Indicotes sofisfactory oil candition,
which enobles an extanded maintenance
interval fo be adopled

Refest: Indicofes evidence of some oil
degradafion, should be retested in 30-36
i

Fig. 5: Tast accsss cover plate ond sample ki fited
o ring moin uni
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techniques can have some mer
Deriving a health index

The diagnostic techniques described above
allw useful information 1o be gathersd on the
conditian of MY switchgeor. In cedain insionces
information from a single diognoskic tool wil
indicote that immedicte action s required to
briig o tem of plant back 16 an acceploble
condiion, for example, ifther oro sever levels
of parial discharge actviy within switchgear or
the condilion of the oil is very poor. However,
where there is no overriding factor, best use of
fhe diggnostic data can be mode by combining
all the: ovailable informtion fhot relotes directty
ae indirectly to ossel condition such os these
diognostic test result, visual inspeciion dta,
mainisnance experience, causes of pravious
failures stc. and dertving an overoll healih index
for the assels under review.

The heclth index is achived by numerically
coding the ovallable information, usually on o
scale of | o 4, and opplying weightings fo fhe
fctors based o their effect on the probability
of failure (POF) of the equipment. The oim is
1o obtain 0 value on o scale of 0 - 10 that is
*collbrated” agaist  consistent reiationship wih
prababiliy of failure.



The concept of a numeric repressntation of
probabifty o foilurs is essentiolly simple but it
provides the bosis for o very powerful process
hat enables future condifion, performance ond
risk o be defermined for any future mnnegdn:.l

21st Technical Convention

future condition and peri

In oddition it provides o sound
engineering bosis for evoluafing isks
and benatis of potenial investment
stegies Over o porio ofsevrel

programme. Morsorer as the &

healih ind is based on ufiising enginesring
knowledge, experisnce ond information the il
outcome relates diractly 1o enginesring realy.
This provides results that are both credible ond
have o clear ‘audit ol bock fo the orginal
information supported by the most relevant
enginasting knowledge ond exparience. The
heclth index volus raprasents the exent of
dogradation.

Low vaiues in the range 0 - 3,5 represent some
abservable or defeciable deteriorotion at an
early shage, s might be considersd nomal
ageing, he diference between a naw assat and

years, EA

o working methadology and hs
pracical experiance of succasshul
applications. Saporate hoath indices
are colculated for each circuit breaker.
Thesa ore then fed nto an overall sk re
model that fakes info account cther

MV Swichgear Hoalth index

T
Mo ndes

M s

iek facko

thot ore unvelated o s condion e
the mumber of customers connecied,
or i crficaliy to the network, +ic), The overall
(isk model then enables the implications of
diflerent investman sirtegies fo be compared
on @ circult by circui basis.

in good condition. In such a condiion, the POF
remains very low ond the condition and POF
wauld not be expacted fo change significanly
for vome fima. Medium volues of health indes,
in the range 3,5 - 6,5, mpresent significont
detericrotion, degrdation processes starting
10 move from normal ageing fo processes thot
potentiolly threaten failure. In this condiion the
POF although silllow is fust storting fo riss and
the rote of further degrodation is increasing.
High values of health indax, >6,5, represent
serious dterioration; advanced degradation
processes now reaching the point that fhay
ctuolly threaten failre. In this condiion, the
POF s now significantly foised and the rote of
funther degradation will be rulafively w-d

‘When determining what condiion casessment
fechniques to apply on any asset group, it
is importont that due cognisance is taken
on the couses of faults ond failures on the
equipment. For non-oil MV switthgea, the
majorty o fouls e associcted with machanical
problems and partial discharge problems. it s

Fi. & Evomple: haolih inde for MV swiichgeor populaiion.

rascurce con be quickly torgeted fo ensur
that unsafe plont is removed from the network,
When the: diagnostic dafa doas not highlight
switchgear in need of immediote afiention, best
use of the do'a can be mads by combining oll
the ovailoble irformation tha relates directly or
indirecty to asset condition such as fhe results
of the diagnosiic tests, visual inspection doto,
maintenance experiance, causes of previous
foilures efc. This encbles an overall haglih
index for the assets undar review 1o be derived
and effectively ronks the populaiion of smiar
assets in ferms of condition. This provides
involuoblenlormatan tht wil eed direct

and can belp form the
basis of repk irblbenee plons.

the mechanical oparation. of the: swilchgear
and olso assass the condition of the swichgeor
insulation. For ol filed switchgeer, the condition

The derivation ef o health index is one of the
key stoges in o process called Condition Based
Risk Monogemen) which is being Increasingly
vilsed, b

b considsred during fhe assessment program,
Mader diognostic techniques and methods

{healhindicas) ond. mmhmcm:lmlmb'ﬂqu
10 lnk the HI fo POF and fo esfinate chonges
in Hi ond thersfore POF] with fime provides o
poweddul basis for modaling ffure condiion and
perfarmance. Oncs the parameters have been
32, s simpl fo modelth fture condéon

with minimal or na disrupfion fo supply.

Therefos, oppropriate use of these fechniques

con provide vital informaion on the condifion

of switchgear and help increse equipment

availability. There ore @ number of wall

esioblished diognostic taals avaitable tha can
e i

netwerks workbwide, fo evoluate mainfenance
ond replocement sirategies both in terms of
probobility of failure nd in ferms of risk, EA
Technelogy's CBRM methodology has been
successtully opplied with o number of UK
Distrbution Network Operators as a proctical
means of meeting stretegic objecives and has
been well eceived by the UK slochicity indusiry
regulstor OFGEM.

ond
the future failure rotes im groups of ssefs. An
axomplo of o typical health idex praiila for MY
switchgear is shown in Fig. 6.

The derivation of @ healih index and probabily
of folure for sach asset is the first part of @
‘process called condition based risk monagament
[CBRM) which can then be ussd to evalucte
maintenance and replocemant siralegies in
tarms of probobility of folure and in terms of
riske [5].

Condition based risk management
(CBRM)

CBAM is 0 process developed by EA Technology
fo ossist Distributian Network Operofors in
making ossat manogement planning dacisions
o o shrategic level. It involves combining n||
evailable proctical and theoretical

and experiance of assets to define curlenr
condition and fhen uses this fo estimote.

:m;‘mhhdngmummmm
ranges from smal hand held devices hreugh
o full confinuous manitoring selutions. What
solufion is best pplied within companies will
|orgely ba diivan by the rumberond the cricolly
of assets on the nework. When swichgear is
obsalutaly crifical fo the: network ond process,
then continuous monitoring may ba a viable
option. However,the availobily of inaspersive
hand held condiion assessment tooks means
he tachniques can readily be applied 1o ol
types of swiichgear on the network and con
greaty enhance fhe infarmation gothered during
fouting substation inspections,

One ofthe major benefits of using the diagnestic
tools s that if provides the cperofor and
owner of electicity neworks with confi

in the continuing safety and reliabiliy of the
equipment. Where equipment is found to be
ble condition,

1l om M\htr “Vacuum swichgear - o review of

cns o g et ST

Modula 4, m.«a No S0472, EA Technalagy
Ragon, No,5439, June 2001

12]: & Meiniosh, HT. Owen and D.T. Hughes
investgotion of moteriols i cldar 11 WY ol fied
switchger”, STP Module 4, Project No 50409,
EA Technology, March 1999

18] 5. Morthcete and D.1. Hughas: "Study of
arodotion of swichgear oi in senice”, STP

Module 4, Projoc No.50420, EA Technol
March lm

[4] 0. . Daves and C.1 Lowlor: “The svoktion
of ree-inkrusive partial dischorge tesing of MV
swichgear”, Cired 17h ntemational Conference
n Blecrichy Disrbution, May 2003

8] DT Hughes end D5, Russall; “Condition
Bosed
investment planciang for diibuion retworks”,
3rd Imematonal Canfarence on Refabilky of

Trnsmission ord Disibuton Nebwarks, op 261
265, A

in on
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Creating failsafe maintenance
methodologies

by PELRisi, Live Line Technology, and Kevin Risi, DRE Upbanido

A sound maintenance

he reliability of the network's electrical

equipment will datermine the consistency
of supply, thot the consumer will re
end of the doy. ft can ih idth

ive ot the

program involves creating @
maintain the performance of equipment. Any electrical
equipment working in unison to generate, transmit an:

The result of o methodical approach, once
explored will result in the erodication of the
undasireable effects due 1o the presence of o

“raliability Is the essence of maintenance.”

It is important to take: cognisonce that
breakdowns will always aceur ot the wo
fimes due to physical exertion of a system,
resulling in colloterol damage that extends
far beyand the origing! problem.

An axamle of this could b, the winter of
2010, when millions of soccer enthusiasts
anter the shores of Sauth Afrca for the Saccer
World Cug, and o power failure inferrupts
the opening ceremony due to peak slecirical
dernand

Intricate maintenance plans need o be
in place 1o protect the systems infegrity.

reliable program.
The levels of maintenance
management

Aging electrical equipment needs 1o be
managed ogainst comprehensive mainlenance
plans and procedures. The goal is o achiewe
Jhe maximum amount af lifecycle from the
equipment 1o “sweat the asset” whilst stil
effectively protecting the asse!.

Readlive maintenance
(level sic)

A crisls-styled maintenanca approach fo
assel management, whereby a response is
given fo squipment malfunction only ance: i
has transpired. This approach involves the

, 10-
year and 20-yéor maintenancs plons, lo keep
current with the growth of an scanam,

The attiuda of “if it brake, dorft fixt”, hos
cost companiss, incolculable sums of revenve,
rebulied in licenses being contravened and
has meant that the credibilty of long, goad-
standing parormance has been ruined

This se called “braokdewn theory of
maintenance” has fa be examined, understoced
and overcome sa that failsafe maintenance
methodologies can be implemnted.

ol of isk a8 o ferward plonning
is presented, and can aften indicate an
inefficiont maintenance department or poor
manogement

Preventafive moiatenance

{level 2 - intermediote)

A more systemalic approach to maintenonce. of
eur elecirical networks would ston with periodic
checks of the system and adjustments 1o the
desired objeciive.

The advantage of the preventative model is
that the diserspancy of the system is mere
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statistical framework with which to understand measure, and
netwerk consists of an intricate configuration of electrical
d distribute electrical supply 1o the end user.

predictable os management begins ta
implemant maintenance methodologies that
are mora involved and fime bosed, 5o the
risk is romoved

Ses Fig. 1 which indicates the perceived v
actval cost for o level of mainenancs.

Predictive maintenance
{level 3 - advonced)

A dafined maintenance program, whera
periodic measuremen! of equipment
iranspires.

Equipment is defined by cost and life-
cycles whereby, five, fen and twenty yaor
maintenance plans are implemented. Budgets
are set in placs to coter for adequate parts
and services. Management is.involved with
otal quality monogement

Confinuous monforing of process squipment
for any abnormal operating candifions. The
movement from people-dependont sysiems 1o
fime-directed methodologies is an important
stop In the ramoval of risk fram the system

Prevention mainfenance
(level 4 - systematic)

Thisisthe most advonced fom of maintenance,
where technology development plays an
impartant role and where the system is bosed
on minimising the maintenance procedure.

This progression of maintenance has
moved from people-directed and fime-
directed mointenanca o condition directed
mainienance.

A close relationship with the suppliers/
manufacturers of tha lecirical equipment
is requirsd 1o continually imprave on th
alacticol squipment

The totol quality management hos advanced
10 o process of centinually improving
squipment,

Although risk will always ba o variable that
naeds 1o be considered, once it has been
affectively minimised, this will be a very
relioble systam.
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Fallsafe maintenance methodolagies

Avery important fallsats mainfenance variable
tegrating new
technology info a ully, This is o callaboraiive

to consider is the process of

effort that is inifiated when the utilty identifies

@ problem and can provide the domain, whilst

the manulacturing company providas the

hardware and software [product platiarm)

and lastly universilies provids tha testing
facilies.
Technical improvement plans ars wark

proctices spocifically aimed o making sirategic

refinements to an electrical distribution

network in order to realise fangible benefits

such os

+ Meeting current and fulure fechnicol
capabilities of o system

Increasing aperational efficiency.

Kaeping current with technolagical
odvancements.

Extanding fhe usehul lfe of  system.

Adding value to the system. eg
conservation of energy,

+ Reducing losses and excessive costs

In an environment whare farthcoming
engineers and operators do nol olways get
adnquote opprenticeships, asperlance handed
down from management or exposure fo
various system foults, technology development
‘and infegrotion work fo compensate for wak

areas and improve on currant stondards
Tochnology and upgraded hordware can
provids o utility with advantages such os:

*  Increased productiy

* Quicker fault clearing and service
restoration

* Improved customer service.

+ Mors powerful design and planning
toals

« The ability 1o work within_smoller
margins

The correct idea would be to do routine
tchnology upgrades 10 o system fo avoid
having lo do mojor overhauls, mojor repairs
or replocements.

The movement away from maintenance
intensive and sub-standard conligured
networks is infficlly o costly exercise, but once
wroded-off agoinst decraased maintenance
oracedure fimas, less prassura on sialf,
and increased commilment ta perform the
maintenance procedure, the best passible
outcome for an elecirical network will be
realised

Fig 2: Eskon’s configurstion D-DT-1840

The steps for continusus technology
development

Identfy the maintenance canstraint.

Identify the cause.

Develop o profeiype for improving the
systorn

* Tost the profotype.
Measure desired resu

+ Infegeate the new fechnalogy.

*  Measure the improvemant.

Case Study : 3 kV - 33 kV surge
arrestor maintenance

In'the sarly 19903, DOC Mining Supplies,
a manulacturer of low voltoge electrical
mining equipment, embarked upon exlensive
research fegether with Eskom Distribution,
inte the excossive downiimes of dishibution
natworks during summer (rainy) seasons.

Eskom's disiribution networks range from
3,3 KV to 33 KV, with the mojority of these
alecirical lines being 11 kV and 22 kv
netwarks.

Attgntion was soon directed to pole mounted
tronstormers and the associoted downtimes
causad by lighining and over-voltoge damage
The main cause was found 1o be the ineffeciive
surge anestor mainfenance and configurafion
problems ot transformers.

1 i luring, fhis pciod thot oni'sffort s
made within
maintenance mainly an 11 kV and
Distribution networks.

Pole mounted frenslormer
Eskem disiibution was colculated o be four
times higher than the overage utiity and this
situation had o be eddressed

fosses with

The mast vulnerable pericds for over-volioge
domage was messured during the roiny months
of Saptember through to Aprl each yeor

The problems that were identified on these
networks with fegards 1o surge arrestors
e
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Fig. 3 Phose indicata eonnected on g 11 W and
22 1Y distrbution ne.

«  Difficulty in the identification of spent surge
amestors, from ground leve!,

« The staff‘s reluctance towords comying
ut the maintenance pracedures on sutge
arrestors

« The time duration of severol hours fo camy.
out maintenance (outoge fime)

+ Surge anestors often didn't blow clear
off fhe fines cousing senstive eorth faults
(SEFs)

+ Salety of parsonnsl wos baing compromised
during the maintencnce in rainy
conditions.

Reactive surge arester maintenance

level ] - bosie)

The pracess of new fechnology integration
began when DOC Mining Supplies rasarched
and develaped an overhead phase indicator
to reduce surge amasior moinlenance lime in
configuratin 0-DT-1840. The phose indicator
wos developed fo provide o visvol indication

i 4 The black b phose icleos rmrN‘:d
inside a o

of o downed phase, by using the corona affaci
of each warking phase, af the pols mounted
ranslomer

To augment this product, o lifle black bax was
ploced in the
a visuol in

sstomer's home, 1o provide
ation that one of the phoses

¢ R

Spont unis requie 3iv|
masntenance operaiion|

Fig. 5 Conventional surge amesters.
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Fig.7: Esko's conkigurtion D-DF-1640.

Thes, DOC Mining supplies st out fo design
@ surge aresior that could be mainiained
five: fine without the need of an cutage. Affer
just one yeor of implementation, the results
were measured ance goin ond the results
were asiounding. Tha relum on invesiment
was reolised in the first season of their
implementation.

Prediciive maintenance
(leve! 3 - sdvonced)

H was then identifed, that the excessive pole
mounted trarsiormer losses could be further

Fig. 8: The translocmiar combi i

Fig. 7o

hod gene down. This provided ever quicker
idntfication; isalofion and raciification of
the fault

Ahtar twa seasons of implementation and
measurement # wos foted fhat this reactive
responsa fo mainlenonce was only achieving
micimal improvements and wos ot viable 0%
a long term cansideration.

1 was fhus decided that onother nwmhh
wais neaded for management 10 goin I’d e
co-oparofion of field stoff's ofifude fowarcs
effecive surge arrestor mainfenance an 11
KV and 22 k¥ diswibufion lines.

Preventotive mainfenance

(level 2 - intemediote}

Amore cancered effort wos needed lo;:\:‘:
thot field staff wouldn't anly proparly & ot
the spant surge arrestor but would olso >
more co-oparaive in the replacement &

these unis

L
Combi Cornouwmicn
s,
Heakny System
U =
freee
=
eauny Transtormer
Fig. 8.

reduced by improving on Eskom's configuration
at pole maunted fronsformers {D-DT. 1840).
Engineers working on this project around
South Africo, were seeking to remove the
redciive and prevantofive compornent from
theie devaiopment plons and wers lookin
towards the couse of problems directly
reloting 1o fhe excassive fronsformers losses
and bringing them closer 1o o prevention
maintenance model.

A mathematical model was 5000 implamened
16 analysa the propstiies of tha fusa ond
suge saparately ond in their fuse.orrestor
configuration. [ was not lang after these
steps were faken thot it wos discoverad that
the surge arrestor could withstand greater
amperages fhan the fuse over thir individual
time durations.

A decision wos thus foken fo correct this
configuration ta ensure tha the fuse would
ot continually iake the surge errestor aul
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of ciccuit during electrical storms, It was thus
eoncluded, thot the fusa's position nesded fo
be comected in this configuration,

This configuration performs satisfactory under
normal 50 Hz conditions but when exposed
ta over voltage oceurrences such as lightning
the vulnerabiliiies exposed itself in excessive
pole mounted transhormer losses.

Prevention maintenance
the final salution

Aunit was finally, designed to ensure that the:
eonfiguration ot pole mounted transformers
was corfected. The transformer combi unit
ensured that the surge amester wos ploced in
parllel to the fuse and no longer in a series
connecion,

This final design not only corrected the fuse
and surge arrestor info the corract position,
butalso ensured thot o healthy surge arrestor
was also present af oll fimes.

Live line capabilities were a roquiremen,
a5 well as the unique arrostor aler, which
was the indication that the surge arrestor
was spent,

The conclusion to the mointenonce program
was that the surge arrestor could now deol
with the over-vollage prablems af the pole
mauntad transfarmer eHactively, bringing
about @ prevention maintenance approach.

This configuration parforms better under
normal 50 Hz conditions and when expased
0 over-voltage occurrences such s ightning
the surge amestar can now offectively deal
with over-voliage occurrances. No more.
nuisance fuse blows or fronsformer losses.

Maintenance schedules

The produci life cycle of the various
equipment within an elacirical uiilty will differ
considerably according fo the type and use.
he maintenance schedule wil have to be
systemotically set-up and occyrately necorded
info the maintanonce datobass.
Important variables such o the manufachurer's
recommendations 68 1o the maximum life of
the praduct in service, the relative imporiance
of ihe product (primary varsus secondary
equipment) and according 10 the sxposure
to extremae condifions.

Maintenance courses and education

It is imporlan for managars o show their
commitment 1o an effective maintenance
program ond for this to extend fa avery stoff
member in the maintenance department.
Management noeds to allocate part of their
budget towards the education of every stoff
member in this departmant.
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Courses and education could be pravided
by outside contractors, suppliers, trade
associations, conferences ond publications
Maintenance audits

An audit is the barometer of success for
the maintenance progrom, An oudit will
show the real success in terms of continuad
operation, reduced maintenonce costs,

i i pige

Management's commitment

A strong management policy establishing
leadership and support for the mointenance
program is a primary part in esioblishing on
‘effective mainfenance progrom. Monagemant
must communicoe is sincere support through
‘an aggressive cammunication of the policy and
procadure fo oll employess.

ing of

such an important mointenance duty, is the
changing transtormer oil

Poor customer servics

The degraded condition of an electrical
nefwork, will confinue fo wreak havoe on
custamer servica levels as @ system is only
desigrned o oporate for a designated number
of years before officiency fevels off

Without measurement it is impossible fo
rate the condifion of the squipment and the
measurs of the system’s improverment.
‘Computer software management

it hos become incraasingly advantogeous for
slectricol utilities 1o ufilise computing software.
1o manags their infrastruciure. Computer
software s often copable af aciing reasanably
on behal of the use.

Information obout the spare parts required,
test procedures, histericol records and
instruction manuals con all be accessed
from the anterprise mointenance system.
Wark orders iniiated by computer software
management indicates when and where to
perform and what kind of maintenance on
what devices.

Facilifies inspection

A thorough faellity ond assat inspection
periodically is a key slemant in the
mainfenance program. This inspection lists the

g |

activities

I often so accurs that there are lorge scole
assas of exparisnced sngineers and operators
due fo retirement ar, 0s we have seen in South
Afdca of late, @ broin ond skils drain 1o the
countries of Australia and New Zeolond.
Mew engineers are not always exposed to
the infricacies of new systems ond therefore
lack the experise that o ity moy require.
In thess cases, it may then be worthwhile fo
smploy a private pary o nsoll, commission

Sound maintenance methodology involves
continusus examination, inspection and
assessment of an electrical network and the
associated risks o3 @ rasult of deviation from
the stondord.

A effsctive maintenanc progeam il identity
the undesimable effacts of o deviation from
standard. Management needs 1o keep current
of fhe stalus quo of an electrical nefwork, 50
tho the identiied problems can be highlighted,
reoted and arodicaied. The obieciive s 1o

and
operation is as

maintain thy Jard ond the reliability of the.

ended by the

system, o3 well as k
oot

Effects of poor

Downtime

Reoctive styled crsis maintenance plans are
the couse of excessive downfime and most
certainly couse the most destruction fo the
and user

Downiimes ore usually brought about due to
e following causes :

equipment,
jon parts, fransmission (sub-stations)
and distribution sactors

These inspections should be documented
by the duly outhorised staff member and
summaries should be brought to monthly
mointenance meetings.

Provision of spares

The maintenance depariment needs o be
in constant collaboration with the wm;n

« Bosic condi neglected,

*  Inadequale skills of stff.

« Operafing standords are not fellowed.
+  Deterioration of equipment.

+ Quality of equipment compromised.
Degrodation-of the network

Cerlain equipment requires periodic

maintanance and upgrading otherwise it can

o exposnd o axverma warking candilions o
then th

manager
valable. Adsquese. budgers nead 16 ba in
ploce to provide the spare parts and services
1o make maintenance mefhodologies work.

Historical records and database
development

118 thos imperative 1o keep accurale records.
of product e cycles, information cn the
oging of areas and assats wihin an elsctrical

‘equipment could siort 10 reloy this stress onto
other squipmen.

Once o syste is exposed fo xcessive siress,
o choin reoction of degrodation can sat into
o system.

Damage lo equipment

By not maintaining our slecirical equipment
ogainst the se standords, it wll be exposed to

network and keeping d of the
current nework 30 thal a uiily can undergo
affective mointanance plans.

Gathering data and kesping histarical
records: ncbles the creation of statatical
analysis which is expliei information and fhe
‘movemant e it

result in the. product becoming domaged.
Loss of human Hfe.

By foiling fo do maintenance operafions of
their designored times, we may expose our
employees or colleagues fo very dangerous

at o later slage. Exomples of
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Importast constraints of o mainfenance plan
include:

« The strategic importance of the
equipment

Cost constraints and considerafion of
budges.

The life cycle of the equipment.

The skills required to implement the fype
of sauipment baing maintained.

* Duration or tima interval required.

A level four maintenance progrom can
be achieved by implementing stofistical
fromeworks, so the siralegic importance
of each individual line in the distribution
network can be mapped ond categorised
according fo @ time-based model describing
the aperafing life cycle of eoch piece of
equipment. A sound maintenance programs
involves strong management leadership
and commitment to creafing a stofistical
framework. It s management’s respansibiliy
io implement the necessary time-based
maintenance mathodologies, agains! the fised
set of constraints montionad dbove:

I W Van *Tha plocement of line
mm .nuhmz:mm:
jipment against lighining”" Mar

i

2 §Rbiman (o) " Al vligonca in e
Elaciric Power Inc 1991

At of sofety

131 M Monianta, “The ancii
management’”. August 1991

[4] D Hellriagel; SE Jackson; Slocum, J. & Siraude,
* Mo Cape Town. Ondord
University Press |

5] KCRisi, “Lossas 1o pols mounted yransformers ond
sclutions 1o tha problam”, Research document
Ma



Water tree degradation and
how to manage it

i around the world transitioned from PILC to XLPE insulation, they have become vulnerable to
D ‘reduction of system reliability grews steadily year by

. The resulfing
water tree degradation. the leading cause of dielectic failure,

ransition was more than 30 years ago and the water tree problem has become

able monulacturers have lrgely leomed

how o build cables that are much more:
resistant 1o woer rees. A good cable todoy
should perform reliobly for many decodes.
However, the prassure on manufacturers o
reduce cable costs sometimes leads fo quality
problems that will nat become apparent
unfl years after the cable is inslalled. Cables
manufoctured with defocts con show reduced
reliability from waler trees in as ltfie as five
years
Once @ poor qualiy cable is insialled, water
tren degradotion will slowly reduce system
seliabillty. There ara few tools available to
system managers who have fo manage the
resulls, The extremas of manegement fociics
include wholesale cable replocement o fiving
with the problem and just repaiing failures as
they occur:
System managers in North America and
Europe have besn using o method of insulafian
restoration for mony years. The need for this
technology i now spreading acruss the rest of
the world following the path of the tronsilion
1o MLPE 15 and 20 years ogo
Water tree growth
AC stress within homogensous XLPE insulafion
of distribution cobles is many fimes lower then
lavls fhat can lead direcily 1o breakdown.
However, small defects on the surface orin the
‘ulk ofthe insultion will ocf os elecirical siress
risers and focus the siress fo very high levels.
This willaod fo eleciro-oridation of amorphous
ond as @ consequence
4 change of properiies from hydrophobic
4o hydrophilic. This prometes condensaion
of water vapour 1 form micro3COpic walet
fillod voids betwecn the XLPE molecules
ancouroges further slectro-oxdation and
condensation, causing tha phenomenan 1
qrow i he direction o the sires. Tha resulting
lowd of voids grows nthe shope of atrse and
s therofora colled @ water reo. However, the
voids are not wmeﬂoﬂnedbdw{hem s no open
channel or trunk to the free.

regions in the XLPE

Without the defec fo focus the siress.or wafer
o condariss, o waler ros ill ot grow, IFeiher
could be conrolled after insiollation, waer e
degradation could be controlled ond sysiem

by Keith Lanan, UHIX, USA

reliability would be maintained. However,
ahter installatian the defecis are  permanant
fact of lfa and there ore few aplions fo reduce
the stress.

Cables con be manufoctured and insilled
completsly dry, However, ff ot profected with a
fll metol waler

21st Technical Convention

r. In North America the

1o discharge than the surrounding insulafion
If the siress across the insulation excesds the
reduced discharge resistance of the water free,
o portial discharge is inificted. This discharge
will burn an open channel in the insulation
called an electric iree.

vopour in the sumounding environment will
diffuse info the XLPE unii it renches equilibrium.
Most sails and ducts cantain close fo 100%
relofive humidily. Consequantly, in o few yeors
the insulation will approach 100% soturation.
Therefore, thers is ample waer in the insulation
of most cables for waer free growth. Even the
humidity in ambient air con be sufficient to
promote water froa growlh in above-ground
insuloted cables.

Efforts fo keap water out with PE or PYC jockets,
water swellable compounds, strand Hiling
materials, or water blocked accessories have
litle affect on aventul water concenirafion in
the XLPE

Transition fo electric tree

The XLPE within the woler tree is stll o good
insulatar, Howevsr, it hos a lower resistance

Fig. 1: Bowlie water e grawing from dus! poricle:
n syaor o YLPE insulation,

Fig. 2: Small bauwte woter nes ond lorge sleckic
e soveral centimeters from coble foult
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o resi in the electric ree's
channel finception voltage) is lowsr then in the.
undamaged woter tree, Further discharging
is therelore mors. likely. While dischorging,
the eleciric free will lengthen which lowers
the incepion woltoge furiher. A smell elaciric
frea may exist In o cable for some fime o3
long 05 the exinciien veliage is well above
the operating vollogs. Bu, if the extinction
voltage drops below the cpersting vohoge,
the discharge will confinue and lead fo failure
within hours

There is @ stang corralation beiwsen water
rae langth and AC breakdawn sirength. As the
water troes grow longer over many years, the
cobile gets progressively weaker. Eventually, tha
resistance to discharge is reduced for enough
that even minor fransient valtage events such
65 switching or grounding will initiate an
elecrric e,

Detecting water trees

Directly delecting water frees in situ s difiicul
bacauss water trees have minute elecirical
signatures. Test systems generally roly on the
cumulative property of o choradleristic from
many water treas o reoch detecoble fevels.
But, fthers are only o few very bad water trees,
the technologies will average the condifion
‘overthe entire insulation volume and therefera
oceasionally underestimote the severity of fhe
cable’s ageing.

Water frses can be indirectly meosured by
applying high AC vollage af various frequencies
including VLE. The high siress. will inilicie
partial dischargo. f the high veltage is
maintained, the sleciic ires will rapily grow
‘across the insulafion and produce a fault, This
is on AC breokdewn test or withstand fest. It
may be compared fo having  patient exarcise
on a treadmill. I the patient has a heart atack,
you have confirmed the paient had a weak
heort. A variation is 10 use PD squipment o
detect the dischorge and immediotely shut
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the fest down. This leaves small elechric irees.
behind.

High voliage DC has been used for yeors for

critical water ree problems incroases and

the scope of fhe assessmant can be greclly

Iy woter becoma the lsoding
cause of outages.

e bt
detect lorge defects such as knife cuts, But the
valtage level required for this festing injects
space charge that will make woler frees more
suscepibla to discharge when placed bock in
sevice. High volioge DC may ba valuobls for
testing new cables. But it s not appropriats for
commissioning croftwork on aged cobles.

When applied af lawer voltges, BC can
be useful in measuring the ageing condition
of a cable either through leakage current
measurement of through measuring the rote
of space charge injection [or relsose)

The only definitive way fo diractly measure
water froes is 1o send @ cable somple to the
labaratory for woter free inspection. Wotar free
staining and visuoliatian can be done on a
sample only o lew centimetors long, Somples
from fault locations should be regularly
inspacted for watter trees fo identlfy trands. AC
breokdown study can effactively measure the
effect of woter frees. Bul as it requires many
mefres of cable and o high veltage laboratory,
it is generally only used os o ressarch fool

The sasiest way to.gauge the saverity of ageing
in on XLPE system is 10 onolyse foilure history
All cable fand occessony) foilures should be
documanted and categorised by cable type
(oge, manufacturer; siz, etc.) and failurs type
(extemal damoge, accessory, or otherwise
unknown insulation foilure]. A review of this
information along with o few lab tests of failure
samples will reveal certoin closses of cable that
have woter free issues.

Managing system reliability

Managing the effect of water tree degradation
i 0 matter of bolancing the valus of system
reliobility against the cost of the remedy, When
‘an XLPE insulafed system is young, almoss all
cable related oulages coma from mecbanicol
damage. Raliability improvements.at this
stoga focus on reducing the threat posed by
axcavations olong the cable route. Relafively
smoll invesiments can produce significant
improvements.

level while the water tree problem grows
necessilates an ever-increasing aftention 1o
their resolution. Focusing on installing higher
quality cables today con help years from now.
Butfor the cobles n the ground, fhe ogfions are
fimitsd 10 replocament ond restorafion.

Prioritisation

Circuifs within the ageing system must
be evaluated fo ossign @ criticality foctor
wssocialed with the real and perceived cost
of an infernugtion. This is-combined with an
estimate of the probability of a faul 1o derive
o prioriy

Many of the highly crifical circults within
o system are already identified through
intuitive cues. Thase are circuits with large
customers that are porticularly sensitive
10 outoges (industriol complexes, police
facilities, government buildings, and healthcas
faciiies). Other circuits thot are infullively
critical ore the backbone circuits which would
have a large area impact or have no backup
Iring main circuits or radial circults).

The rest of the system must also be assessed fo
identify where reliobility of o parficulor circuit
has higher value. This can be o giganfic task
Bt o))

records of cable age are not always available,
In this case a geagraphic opproach looking at
ihe age af development can be helpful

The firs step in judging a circuif's potential to
foil i reviewing it hstery. The cable’s oge is
a cantral factor in water trae-relotod reliabilty,
But, of equal imporfance is fhe original
quality of the cable when it was instolled
Racards should ba roviewed o dantdy groups
of cables that should have similar quality
issues (manufocturer, insulation type, dofe
manufoctured, coble construction).

Foilure records must be reviewed fo identlfy
particular cablos with low reliabilty. f o coble
has had on otherwise unexplained insulation
foilure, it has o very high rsk of faiking ogain.
Anclysing all faiure records along with the
associated original cable record will expose
roups which had original quality issues and
ara now af high risk of failure. This leads o
recognising marker facters i fhe eriginal coble
reconds. Soriing the ether aged cable meords
oy thess markers wil raveal groups that have
ot yet failed but should be suspect

Testing s expensive and can lead fo furthar
problems. Therelore, testing should be limiled
to anly the high risk circuits identified through
the record analysis. Tasting programs should
begin with possive or online systems to narrow

adding fo the baseling of autagas from other
causes. At firstthe woter tree- relatod faults are
@ small fraction of the whole reliobility issue. The
cause of these few faults is frequently lobelled
08 unknown and na aclion is nacessary. Even
if they are: recognised, the cost of proachive
infervention is As the system

ges further, the percentage of cobles with

Fig. 3: Proxitisation.
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the feld for furt g for adtion). Second
level tesfing can include offine systems with
Tow risk or more desiruciive systems such as
PO measurement.

The rslinbility of the system relofed ta insulafion
degrodation is dynamic. As the years pass, new
groups will mach crifical age and some groups
will drop from fhe fist when they ore reploced
or rastored, The banchmarks in the decision
process will also chonge as the ovailability
of funds, polificol prassure, occsplable ik,
and the number of circuits.that need aftention
chonge.

Restoration

When o parficular cireuit or group of cables
reaches ihe fap of the priorities list, its
circumstonces must be eviewed to determine
which course of action is likely fo achieve the
desicad result. The factors that will be weighed
in this review include the full cost of the action,
the disruptian it couses, the availobilty of funds,
and how the use of resources will impoct ather
projects.

In the early stages of system degradation, the.
higher cost of o few coble replocements can
be jusiified, considering it also. provides the
‘opportunity fo upgrade the capacity or quality
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of the cobles, joints, terminations, ducts, ar
manholes. However, os the watar ree problem

o moderate vocuum. This ramoves air or
fittcgen from the conducter o anhance fhe
luid it

that must be oddressed can overwhelm the
availoble resources. A that point restoration
becomes favorable becouse the lower cost and
higher speed of application cllows more circuits
1o be oddressed with the same resources.

Restoration is @ process of adjusting the
chemistry and elecirical properties of the
cable’s insvlation In situ. More specifically, o
unique silicons luid s injcted through the
length of the conductor which then diffuses
nfo the polyethylene, undergoes o chamical
transformation, and raises the resistance o
discharge. This results in the prevention of
faults.

Treatment process

The actuol steps used for iraotment vory widely
1o match the circuit and circumstances. Whether
treaiing from termination fo fermingtion or from
eint fa foint, the process can look vary different.
But, there are bosic steps common 1o all.

Preparafion

Circuits ore da-snergised long enaugh to
modify or replace the terminations (or foints)
with equipmant that provides an injection
access port ot both ends of the circuil.

Preumatic lesting

Prassurised oir o nifregen is Injecled info one
end of the cable. If flow is detected coming out
the for end, the flow path is estoblished. The
entire: longh i3 then pressunisad 1o detect any
potential laaks, This assures the termingtions
and any infermediary feints will inject without
difficulty

Joints

moving fluid through the coble.
Flid injaction
A the opposite end from the vacuum tank, @

smalltonkis connected ond pressurised o injoct

o small amount of o desiccont fluid. This will

diffuss through the conductar shield and info
e XLPE insulation. There it eacounters resident
water molecules. Two siicone molecules rsact
with ane water molecule fa form the beginaing
of @ silicane: polymer chain. n the process the
water molcule is consumed ond o methanol
molecule i produced. This methanol molscule
diffuses quickly out of the coble and dissipates
into the environment. When the shor silicone

cleaning out water and contaminans

Following the desiccant, @ tank of silicone
restaeation fuid o the inlet end
of the cable ond i is pressurised with air or
nitrogen to the injection pressure. This forces
the fluid out of the tork and through the cable.
The pressura used depends on faciors such
as the length of the cable, the ovailable time,
joints, ond elevation changes. Mast injections
are completedt at 3 or-4 bar. The most common
infection equipmen is certfied fo aperale up
fo 8 bar and equipment rated for 23 bar is
avalable for speciol applicofions.

Complefion

Injection fime is highly dependent on the
conductor compression. For example: 500
m of typical compressed conducior may
complete in twelve hours. The same length of
highly compacted condudtor may taks threa
doys. All rree phases are fested and treoted
simuhansously. Circuits over 5 km have been
treated in ane piece

silicans molecules, the process repes.

Since the conceniration of water in the
insulofion is highest in the micro-vaids of
the wober tree, more reactions occur there.
Additionally, the polymerisation of the sificone
makes the molecule larger ond dramatically
slows its diffusion. As o consequance, the
silicone molecules that diffuse through a water
iras find ample woter 10 raact with and then
they essentially lock themselves in place. This
feves a large concentration of silicone in the
waler tree

Alter polymerisation fhe molscules contioue fo
consume water long into the fufure, keeping
the insulaion dry. The CableCURE molacule
is also o strong water tree reardant praventing
future rowth

Alfer trectment the water in the micro-voids
of the water fres is replaced with @ high
dislschric strangth silicone polymer that has
paicular quolities that prevent discharges
Asa the cable can withstand

Injection is complete wh fid
comes fhrough info fhe vacwum fank af the
far end. The injection fanks are removed and
the terminations are permanently plugged 1o
contain the fluid.

Preventing faults

Phenylmethyldimethoxysilane is the unique

identified with o TOR. Mest are not designed
tor contain intarnol Hluid pressure (although
some will. Additionally, some types of joints
contain materiols ot are not compatible wih
the restoration luid. f he joints on the circuit
are a type that is not cempatible or they (ail the
pneumaiic fesiing, they willbe reploced with ks

boen u
nearly 20 years. iy properfies make it uniquely
swited for cable restorotion:
« Inbolkform it s @ very low viscosiy bquid
which allaws 1o be injeced through greot
lengihs of cable ot low pressure,

It is o relatively smoll molecule and
difh i Jic X

higher transient vohiages withaut the inihation
of eleciric rees

Restorotion intemupts the usuol progression
from waler free degradation fo eleciric Iree
‘and than failure by blacking Ihe discharge that
craates the eleciic frees.

Wihen compared 1o replacement, a treaied
cable can perform with nearly the same
robability. 21 000 km of severely degroded
cobll has been freoted in-almast 20 yaars,
More then 99% of this cable is sill in service
without failure. This matchas or in some cases.
exceeds the rocord of newly-installod cable.

eatmant.
kits are avoilable for installation on crifical
circuits that may b freated in the fulure.
Energise or not

The injection equipment and most termination
modilications are designed fo allow injoction
while the cable is energised, However, for an
addsd margin of safety, cables are frequently
freaied whila ovt of service. When reating from
foint for joint ar from joint to fermination, the
circisit must rmmain cut of service.

Vacuum

A small tank is cannected o ane snd of
the cable and o pump is used o establish

Itreocts(polymerises) with wotes molecules
In his reaction, tha water is consumed ond
the silicone malecule grows larger

The polymarisad moleculs: moves mora
slowly through the insulation.

The frequency of cable failure today is o

funcion of the quality of cables that were

installed decodes age. Once the cable is

instolled, few of the factors thot influence waier

e ion can b changed. To maintain

an occeptable level of system reliabilih
450 fx

with watos.
I hos o very high dislectric srength
Ihis 0 sirang waler free refordanl.

Once the eonductor of o cabl is filled with the
fuid, the restoration of the insulafion begins.
Gvera period of months the siicone molecules
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bl
within the system and apply the avoilable tools
accordingly. Cable raplacement is suitoble in
the early stoges of system degradation or when
more copaciy is required. At the degradation
confinues, restoration becomes increosingly
Viable 1o maintain the desirad level of system
reliability with finite resources. &
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First NITROGEN-INSULATED panel in SA AT 11kV
Environmental Awareness Advanced Technology:

At the TAMCO Group, environmental awareness
has always been our concern. Through extensive
fesearch .and development, the dependence on
gas confaining negative greenhause properties
Pas been reduced with the introduction of
nitrogen as the insulating medium

Tamco have the latest technology
at their finger tips, with the latest
11kV Nitrogen insulated switchgear
being already developed and more
and mare emphasis placed on envi
ronmental friendly technology.

loreaver, of
M TAMCO will continue its development
another insulating medium ie. solid insulation
techaology. Technological improvements are con-
stantly being explored so that the environmental
part of the equation can be viably achieved
TAMCO will continue taking Up challenges to pro-
duce economically and environmentaily friendly

The technology will serve the needs
of our customers in providing lower
maintenance, less environmental
impact but higher reliability. Our
continuous pursult of innovation
has resulted In the introduction of
the first successful  nitrogen ap-

roducts. plication as an alternative insulating
in I“" I medium.
Al
To ensure worldwide acceptance of its switch- Quality
e T e wpnf'msrgg & In addition to in-house routine and type tests, all switchgear products are
] et 'ﬁ“w’mm'f'm?? ASTA In the Shortircult proven at independent tes stations. Qualty control done to
such as KEMA in 3

B The: Switchgear Speci

the AME
Some of our products... -

11-33K0 AIS with Internal
frc Containment

Please contact Anthony Dawson for more details
anthony@tamco.co.za

+27 (0) 11 608 4736/37/39
+27 (0) 11 608 4741

< [E Py

Y A ey



21st Technical Convention

Electrical accident safety briefings

‘Eskom Fatal Accident
by Colin Smith and Koos Kraftt,
Eskom

Staff of Eskom ware shacked by the
circrumstances leading fo the death of an
Eskom employes who was thought to be
o diligent worker. The incident tested the
understanding of the abjective for sarthing and
resulted in.a mojor review of earthing practices
in the business.

Farthing defined

Earthing is the primary method employed by
electricity utilifias the world over fo secure
o sofe anvironment for their staff working
on apparatus of on electrical petwork. It is.
o fundamental precoution. specified by the.
General Machine Regulotion 5{2) incorporated
in the OHSA.

Dehnition of eorthing

Earthing is defined as “the connecting of
apparatus electrically 1o the general mass
of earth in such a way that it will ensure an
immediate and scfe discharge of elecrical
energy at all times” (NRS 042 -3)

Definition of aquigotertiol zore

“A safl work oreo creoted to snsure that
any two or more conducting pars that can
be touchad by o person simulianeously
a6 banded together by opproved sarthing
leads 1o ensure o 2one of squal potentiol
betwean diferect pans of the werking area”
(NRS040-3)

Objective of earthing: the populor
perspeciive

The bridging of ol the phase conduciors and
connecling them o on earh slacirode at boih
sides of the workplace in order 1o provide
on equipotential zone and securo the sofety
o s,

Obijective of earthing: the right perspective
The objective of sarhing s to devoid the
work area on slectrical networks of 'step’
and ‘touch’ potentials. This procoss is much
more complax than the popular inerpretation
leods on

Incident recoll

A work feam was insirucled fo replace bolfed
connactors with crimped sleavs [oints on the
{umpars of the overhead conductors of an
11 k¥ power line. The 11 k¥ supply brecker
wos openad, the ine was isoloted and sarhed

ot the subsiation, A principal technical official
{a certifiad professionol enginaering echnician)
did the following sarthing ffer the line was
proven dead, prior 1o the commencement of
the work

*  He inserted on eorthing electrode info the
ground of the base of o wood pole.

He then connected one side of two long
earth leads 1o the eorth electrode ond o
the ofher side of o phase on sifher side of
the work ploce/structure.

Spacially provided bonds were used fo
short the phoses of both sides of the work
ploce so thot oll ware connacied fo earh

+  Whils this wos in progress, o mobile
squipmeet operator intraduced a cherry
picker onto the work site. |t was squipped
with an equipotentiol footplote and sarth,
He earthed as follows

Removed and ploced the feot-plate on
the ground. The latier was elecirically
connected to the vehicle chassis ond an
eorhing eloctroda.

He installed o second earth electrade
into the ground approsimately 7 m from
the elactrods installed by the authorised
parion. Finally, he connscted the vehicle
sarth 1o the corth lectrode.

From the parspuciive of fhe authorised person
on sita (also the deceased) this comploted
+he earthing in preparatian for the work. The
principal tachnical oficiol got into the cherry
picker and storted to raploce the PG clamps
‘with compression joints fogether with anather
person in the cherry picker.

The 66 KV earth fault

At the time of the incident, an earth foult

Facts cbigined from the incident investigation

+  Two sarth electrodes wers instolled ot the
work sife.

The earth resistonce between the sorth
elecirodes were 640

One of the eorh elecirodes was installed
o virgin soil while the other wos instolled
in disturbad soil

+ Both electrodes were inserted to o depth
less thon depth proscribed.

+ Employing the two 750 mm earth
slecirodes s nat in compiance with the
Eskom eorthing standard which specilicaly
calls for & commion arth electrode.

+ The technician in control of the work ¢=
and these persons wha responded i
1o the incident nofification foled fo -demnfy
#hefouch potentiol situation created by the
fwo earth electrodes.

Immediote couses of the aceident

Both tha 11 KV and &6 KV line originoted
from the some subsiation aad were efieciively
eorthed fo the substotion earth mat. The
sarthed line connected through the substofion
eorth mat presentad an ideal sarth retum
poth for the source transtormer from the 66
KV line foult.

The sarth fauh current divided between the
porallel eorth poths ereoted os follows ot the
work site:

From the earth, through the earth electrode
infroduced at the pole bose, the earthing leads
through the line to fhe excellent substation
sarth, the overhead guard wire on the 66 kY
line and bock fo the source tronsformar, which
wos solidly sarthed on the 66 k side, and the
secand sarth path

s monb hreicri

developed on o 66 kY line

2 km from the work sia. The fault developed

as follows:

* Ajumper clamp failed on the 66 kV fine
‘and a centre phase jumper seporcied.

* It momentarily fouchad the structure when
it swung out 1o @ rest position clear of the.
structure.

MNote: It wos o latfice steel structre sarthed

ot the bose.

The SCADA indicated the time of the 64 kv
line foult firip and auto-reclose) fo coincide
with the time that the deceased wos holding
the clamp on the line in-order fo be crimped
by the second person in the bucke!,
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(7 m oway from th electrade ai the pole base)
through the vehicle mounted crane crm, fhe
buttacks of the deceased, fhrough his body
onte the conducior and the rest of the return
10 the source fransformer.

Roo cause of the incident

The root couse of the fatality wos the
introduction of o fouch/step potential os o
rosult of the second sorth electrode being
introduced af the ploce of work. "i.
.

Learning point

The learning point dass not consitule
knowledge - it is o painful reminder. of
wall documentad phenomenon. Lack

i



SPEEDCRAFT MANUFACTURING

A

- LOCAL SUCCESS IN SOUTH AFRICA.

Empowerment of the disadvantaged is at the forefront of South African commerce and industry as the country continues
alang the path of its transformation process. Eskom, as a parastatal corporation, is particularly vigorous in its pursuit of
these ideals and places a high premium on black and particularly black woman ownership of businesses with whom they
deal. Because of the abvious benefits such as job creation in large numbers, they also prefer to deal with empowered
companies that are also bona fide manufacturing operations. Speedcraft is one such manufacturing concern which
together with its new ownership structure, ensures a very high rating on the supplier ranking system used by Eskom.

mmitment by the South African government to empower black people, more specifically, women, and
12 ngut’r?gzh;: gn investment Speedcraft and the German based Pfiterer Holdings have formed a 50-50 partnership,

FOR THE SUPPLY,
ASSEMBLY AND

MANUFAGTURE OF
COMPONENTS FOR LOW,
MEDIUM AND HIGH VOLTAGE

=}
=)

158 WILLOWTON ROAD
PIETERMARITZBURG
TEL: 033 397 5490

The partnership between these companies was borne out
of Eskom’s mandate to empewer black business and their
encouragement for the two to formally join forces. Pfisterer
Holdings unreservedly endorses the principies and values of
black economic empowerment in South Africa, Speedcraft is
quickly transforming itself into a company where women are
in the majority and the ultimate aim is for the company to
become a company, managed and staffed entirely by women.
In keeping with this vision, Ms. Orene Mnguni in her position
as Managing Director and 50% shareholder is working hard to
accelerate the process. Ms. Mnguni has the ability to contribute
significantly and add both personal value and em; powerment to
the company.

Speedcraft Manufacturing (Pty) Ltd is primarily a manufacturer
of metal hardware, all of which has applications in the electrical
transmission and distribution industry. Speedcraft is now also
a member of the German based Pfisterer Group of companies,
which is a leading global manufacturer and supplier of
components and systems for energy networks. It is out of
this partnership that Speedcraft will benefit from transfers of
technology and skills that will allow the company to expand
its capabilities. has positi its
awn production facilities within close proximity to the Pfisterer
premises in Pietermaritzburg, thereby enabling the company
to make use of that infrastructure and to facilitate additional
transfers of skills in various areas of its operation.

The company enjoys access to a wealth of expertise and support
from within the Pfisterer Group and is ideally positioned to

inue g ] g leading supplier
of transmission and distribution hardware and as a contributor
to the ideals of black empowerment in South Africa.

Staffing of the company continues to grow in order to meet
the expanded manufacturing capacity required to meet
increased local market demands and new local business from

and Telkom SA, as well as posi the company
for future opportunities in export markets. The company has
major contracts with Eskom and has been recognised as one of
Eskom's few 5 star rated BWO suppliers. Speedcraft has earned
1S0 9001 2000 certification from the German accreditation
company DQS.

Tel: 033 397 5490
E-mail: orenem@speedcraft.co.za
Web:www.speedcraft.co.za
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undersfanding of fhe eorihing requirement dnd
the resultant infraduction of the two separale
f the work site

period of about 30 min. The 33 kV cireult
hreakev supplying the 16 MYA fransformer

of the incident, Hence this paper is o reminder

of the sk, sven though the exposuce window

is small, that this type of coincidental exposure

is possible.

is crtical that you urgently convey to your stalt

the massage that only one eorth electrods must

b used for earthing ot every work sita and that

the introduction of o second sorth slaciode

{vathing point] could be fotal

Accident at Buffalo City

by Terence Lee

This prasantation gives an culling of a racent

accident which recently ook place in Buffula

City. The accident was the cotastrophic feilure

of an 11 W switch panal ot the Chiselhurst

Substation in East London

Chiselhurst Switch House fault

Chisalliurs! Switch House was consiructed

about 38 years ago. It provides elactricity

supply 10 obout seven suburbs, ports of the

centrol business district, tha Frere Hospitol

ond the commercial area in Vincent. It has

o firm copacity of 32 MYA and is locoted

adjacent o a 132/33 KV substafion known

s Stoneydrif

The South Wales |1 k& boord consists af:

* 3lncoming circuit breakers each supplied
from a 33/11 KV 16 MVA transtormer

o 2 Bus saction eircuit breakers

« 14 Faoder circuit breokers

Circumshances sumounding the failure.

The Vincant No. 3 feader cable had previously
falted. Tho romoining fwo feadars 1o Vincant

therafara do not share the locd equally .e. ane
300 mim ond the Sther 120 mm?. In order o

provant overdeeding of sither of the o feedar
circuits 1o Vincent, the:circuit breokers were
evidently operated simultoneausly, The rasull
of this was an explasion which coused mojor
damags o one section of the switch board
Sequence of events: Fist foul

Vincent Na. | circuit breaker was closed
fogefher with Vincent No. 2 circuit breaker.
Vincent No. 1 circuit breaker developed @ faul
o0 the leeder side of the breaker and rippad
The fault wos sustained via the Vinesnt No. 2
cable 08 the bus section switch was closed of
the Vincent Swifch House.

Sequence of events: Second foult

A secondary bushar fault developed ofter o

p ond had fo be operated manually
The entire board was then isclated and the
clean-up process was commencad

Other factors

The Switchgear foult wos atributed fo an
annealed Tulip Connection on tha No. 2
Vincent lesder. This s of concem s o similor
fault occurred on the some switch boord in
1999

Conclusion

The snie switch boord is considered 1o have
ruached the end of its useful life and will b
replaced. The oparotor spent three months in
hospital and sustoined serious bums on his
body, hands and legs. He is st undergoing
traatment for his bums, but the psychological
scars moy fake much fonge o heal.

Accident ot Great Brak River,
Mossel Bay

by Dick Naidso

A senior eleciricion from the Mossel Bay
eastem region sustained serious injury (broken
leg, ribs and punciured bowel) when he fell
1o the-ground whilsi replacing a low volloge
disiributian box an o wooden pole, which
broke af the base.

The woodsn pole, which forms port of an
ABC strain ossembly wos also supported by o
stoy wire which sheared of o waak point. The
electrician worked on the some pole o woek
prior o the incident ond therelore misiudged
e integrityof the woodan pole and stoy wire
which wore aracled on an island with a high
water fable.

An investigotion reveolod:

* That o week prior 1o the incident the
eleciricion worked on the same pole o
topped the pole with o malletto scertain
whethet tha inner core of the pole hod
decayed. As he did not heor o hallaw
sound from the pole, he assumed that the
pole was healihy:

Thot becouse the stays were coverad
with creagers the lachricion negacted fo
examine the condfion of fhe stay. It was
discovsrcd thot tha sioy had deterioroted
extensively ond wos on the brink of
foiluee.

Lessans from this incident

+ A decayed pole in o water logged
environment may not give off o hollow
sound when topped with o maller

Elsctricians sheuld be constantly clert
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fo hidden defocts. A severely rusted stoy
wits amongst vegatation 1 o polentially
dangerous condifion.

Accident ot Drakenstein Municipality
by Jan Coetzee

On a Manday, affera stormy weekend in Moy
2006, during which Drakensfien Municipal
teoms worked most of the woskand fo afiend
1o all of the storm damage, o senior electricion
and his helpers want out with their crane-fruck
o replace o fauly pole transformer. i was o
nomal instollotion whers the transformer was
situated on o rack batween two pales. One
being the line pole ond the other o shorer
pole undermecth the fine.

The transformer was well below the line and
wos fed through three dropout fuses situated
underneath the line on the line pole. Ariving
ot the site, the senior electricion made sure thot
the drop out fuses were pulled open and thot
the main low tension swilch was off.

He then ordered his helper to advence up
the ladder fo the bottom of the fmnsformer
12 loosen the bolfs fixing the fransformer to
#hie rack. While he proceeded fo put out the
supports on the ruck for fhe crane.

At that he was going to amange for the line
1o be switched off in order 1o manaeuvre the
crane abave the fransformer fo I it off.

Mext thing there was o noise and the helper
wos found lying on tap of the fransformer.
He wos uncanscious for o while and was
badly bumed. He was fakan fo haspital and
underwent skin fransplants.

Nobody sow what happenad and fhe helper
«caanot remember. He does remember that fhe.
dropout fuses wera opan and that ha went up
ha lodder10 unda the bolts on the transiormer
tock but he canaot remembar why ond how
he gt o0 fop of the transformer and whot
happened thereafier.

Because the line is quite high above the
transfarmer, it is assumed that he made
‘contact with the upper port of the dropout fuses
with the back of his right hond. He is  well
experienced person who has bean five years
with the team and had done this kind of work
many times before

Conclusion

The helpar wos supposad fo loosen the bolis
on the tronsfarmer rack anly, why he cimbed
on 1op of the translormer, acbody not even
he can explain. Could it bo thot he was fired/
averworked because of the repair fo much
storm damage ond his cencentrafion was
therefore ot o low level? A
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Closing words from the Affiliates

As we came fo the close of this 215t AMEU Technical Convention it s indeed a great hanor for me o address you
on behalf of the AMEU Affiliates.

Can you afford NOT to receive thejindustry’s

Ieadlng journals?

ommunications, geom:

OR'electricians, contractors, fechnician

ysers, monagers and research

- to the following: D New subscriber
book me a one-year subscription
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Each at R376.20 p.a inc. VAT in RSA R760.00 no VAT out of RSA O Tax invoice
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ENERGY PRODUCTS
Mechanical connectors, lugs and
repair sleeves for medium voltage
cable accessories up to 36 kV

Features & benefits
« Wide application range Hellstern
« Compact design
. gan be used with almost evedrv type of conductor and material
« Torque-controlled shear-head bolts guarantee i
« Easy installation with standard b spannera good electrical contact  Raychem
« Pre-engineered design for perfect fit in medium voltage cable

accessories up o 36
« Tested according to

| b
Technology Integrated Solutians

niven by Powertech O
G 15ih & George Roads, Randjespark, Ex. 66, Midrand 1685

Raytech Energy, Alpen West,
Tob 011 - 314-2186, Fax 011 -314-2272
dare. £0.28, website: hilp:/www reytech.coza t

el et

KV
|EC 61238-1 SIMEL

& vital part of your world Electronics
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