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Modular MV switchgear with shielded solid
insulation system

Information from Schneider Electric

Schneider Electric introduces Premsel switchgear, the first MV distribution switchgear combining shielded solid

insulation system (2515) with extreme compactness and complete modularity.

Schneider Electric, o global speciolist in
energy management, has rolecsed Premset
switchgear, ts smart grid ready MV switchgear
with o completely modulor design to
facililate sasy insfallotion, upgroding, and
mointenance.

The switchgear lsa uses the shielded solid
insulafion system (2515), u breakthrough
innovation thal protects oll the switchgeor's
Iive parls 1o help ansure o sofe, rouble-fes
senvice lf for both operator and equipment
According to Isanc Kruger, standordisation
manager MV at Schnaider Elaciric South
Alrica, Premset applications can be found
in all medium voltage secondary distribution
subsiafians, such a8 in buildings and industry
os well as disitibution networks.

“While solid insulation has previously been
Used, Premset switchgear is the first globol
product using this eanh-screened solid
insulation. This system reduces the risk
of infernal arcing, anhances safty and

no preventive maintenance nor servicing
necessory.” he says.

With its three-in-ana design, Premset
switchgeor is sald fo be fhe safest and most
intuitive switchgeor in s closs:

o Breaking, disconnection, and earthing
functions are oll infegroted nfo a single
compact ihrse-posifion device, moking i
sasier fo operate

o SF6-Iroe des

fotprint, and simple front pawer conneciions,
both time and maney spent insialling Premsef
switchgear are greatly reduced. Every ospact
of the system is designed with the infention
of vadisting \otal-coft of ownershiss s wall
o moking installotion and odoplations as
seamless as possible, including:

technalogies.

Enhanced safety since it's firtad with built-

in foilsafe intedocks.

Additionally, through advonced monitaring,

control, and smar-grid functionality, Premsat

swiichgear helps ensure your netwark is ot its

peak performance lavel, featuring:

* Feeder automation, with switchgear
including buill-in communicatian and
locol infelligence.

«  Lood management, with integrated smart
metering.

.

Asset manogement, with odvanced
swilchgear and ronsiormer monitaring.
VIP seli-powered prefoction and
communication relay for higher MV
netwark ovoilabiliy:

Ard, vith imansions, reduced

. o assambly bocouse
identical bushor and coble connactions:

ore used for the enfi range;

Easy-to-install patented universal flot
power connection system; ond

Extendad poss billties for cobles entry, with
sasy connection o a height of 700 mm
and a single frpe of bushing.

“Premsst switchgeor is o technologicol
breakthrough, opening the way fo

unprecedented safety,
and ease of use. That
and relioble in any enviranment as
insularion and screening of ll e perts ensum
a trouble-free service life, while SF6-fren
technelagy enhances peace of mind. Also, it
it flesible, simplo, modulor, ond funchional;
it is easy 1o install ond easy to use, with
operator-fiendly swichgear and no servicing

Tenris s Coninns acy

Download a MV
White Paper TODAY
and stand a chance
to WIN an iPad2.

Visit: www.SEreply.com
Enter Code 22212p

Lastly,
e switchgear is smort grid reody ond offers
distributed infelligence, including advanced
protection, control and menitoring, fully
intogrotedfor highar depandability snd energy
afficiancy,” soys Kruger,

Upgrading is: made simpler, with the: same
ausiliaries, accessories and monitoring
devices being usad for the entire rangs. n
fact, this “plug ond play” design also allows
for on-site odditions thot do not require any
speciol raining, toels or adjusiments
“Since the 1920s, Schneider Elactric
hes bean o the forefront of switchgear
innawvation, including the erire evolution of
MV swilchgeor technology o dote. Premsat
swilchgear is the result of this exf@nsive
knowledge and experience, representing the.
kind of leop forward cnly seen in switchgear
technalogy aboul once every 20 years,”
odds Kruger,

For mara information on Premsel,

visit iclar-

Contact Jocgui Gradwell, Schreider
Electric, Tel 01 1 254-6400,

iacqui grodwell@schneider-slectric.com

FrontCoverStory _
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35 my oppreciation to the AMEU
ing nddress
tht lastyear, | hod to apologise for not honouring my cammitment
o open your convanfion in Cape Town due o the foct that | hod
ma Motlanthe on an

v inviling me to

our 63th Convent

oL

vodl working relationship that has started between me and the
AMEL, and the long-stonding refa auists betwean my
department and tha AMEU is appreciated. The imparfant role h
the AMEU is ployi y in keeping the
but alsa as a professional associaion thot is operating on
industry, is recogrised
g your technicol responsibility
¢ ot & polticol and gover

The ge

1 &n of o municipol

diferant levals wibin he
nd valued. This role ranges from
ta rendering ot anly ossistenc
within locol govermment, but olso o be a resource base for
ional standords, policies an

anca lavel

ifluencing

jes. This is nat, you would

sk given the ever chan
ol he o
oll spheres of government ant

g enviranment, be it

ollas some of uctural challanges that ars

the EDI snvironment?

inberent wit
One
implementing, and

ct that the elactriciy indushy i globally

ment in o smart
and customer
cammunicafion fechnologies. Hance, | very sacied o natica hat
yearis Solutions for @ smortindusiry”. This
s very approgriate and fimeous, and | wil come back fo this topic

fater in my she

h new o

bution

We are all aware that the mandate of the Department of Energy is
1o craate n emvironment which will secure o susiainable. provision
of anergy for socio-sconsmic development for the country and the
continent.

Government,
on various energy related asp

here taday, | want fo highligh

 the Dapariment of Energy, in porficular s focusing
utfor the purpose of this gathering
1 the following mefiers

15, b

® The pravision of on enabling platio
up aconomic growth ond franslormatio
bl livelihaads.

for ather sectors to speed
reatn dacant fobs and

 Susiainable anargy resource management and use
« The unlacking of infrastr
regulatory fromework

& invesimant theough policy and

o That we Improve our efforts 1o meet fhe energy efficiency and

anergy torgets

o Securly of supply of eleetricity through the revomping and
ing of the electric
distibution and reficulation.

maint specifically thot

o Ve efine fhe imegrated national electification programme fo
eradicate the elecrification backlog as part of our endeavaur to
achievs ol access

It is impossible to consider the sec

y of the supply situation without
crcaly addrasing th prolems focing fhe sty dributon
fthe new build p o

#it connot effectivel ic

retwork. It won' b
anodaquate
be distributed to the end users

b of Bl

Cabinet mada o decision in Decamber 2010 fo distonlinue fhe
wocess of restructuring the sleciricitydistribufion industry through the

sablishment of the ragional electricity distributors or REDs. Cabinet
also approved the housing of the electricity distribstion industry
resiructuring process within the Dapariment of Energy.

This does not mean that fhe reasoning and tha work dane by fhe EDI
Holdings is or was not applicoble or relevan, The chollenges in the
EDI ore stll with us, 03 a matter of foct, in some coses it hos evan
worsaned during fha last few monihs.

Dipuo Potor, i of ey

The curment challenges in the distribufion secior, such os maintenance,

refurbishment and strengthening backlog can be solved within the
9 q

existing regulations and Iagisation, but 1o apply them more effectively;

thefocus will be shifting fa implementation rather than o new structure

to resolve these chollenges.

Current packets of excellence wibin d s need 10 be
shared wih struggling utites. Assistarice from relevant municipaliles,
metras, Eskom, national and provincial deparments such as COGTA
fhrough the MISA process, AMEU, SALGA, OSSA and other relevant
ons will be required in this process

Also imporiont ar iniliatives such os  of COGTAS ‘Locel
government tum around stralegy [so-colled TAS programmel’, the.
PICC {Prosidantiol Infrostructure Coordinating Committéalinitiofives
under SIP 6, which is focusing an fhe mointenan:
electricity ond sanitation bulk

atributing

instity

dos roquired in wa
in the 231

lites, covering 17-million psople

ict municipaliies, in fotal

st rasourced diss

I payallel, Dok will implement the Approoch to'Disiributian Assat
Moriagement or ADAM pragramme which forms port of SIP 10,
o oddress the distelbution industry Infrostructure and resou
challenges.

ADAM, you would know, i in essance o fhree pronged opproo
which:

irastvucture challanges, including the finan

s Addresses the
shoricamings

= TV TR RN
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Manoges thess chollsnges by sirict progromme and supper by
imeans of project manogement practices.

o Addresses the skills shorioge within the EDL

Tha ADAM rol-out hos b . The ficst

e s fh sovcalled ‘in-ADA"phase, n which the rllout vl

be tested ot about ten different municipaliies and two metros. This

phass vl olso be used for Dok 1o set up the processas and systems

e

the |mplnm.nhmn oftha rofurbishment process.

A sl-r\ni cnmmma mwgh! be responsible for mam thon ene
uding AMEL,
In this process, the DoE wan's fo fap info the !-dvmw\ resources of
AMEU. We would also be interested in some of your rofired AMEU
soff o become part of his cssistance group which Dot is plonning
to establish.

As confidence builds the meihodology of implementating ADAM in
{he "mini ADAM? phass, more funding will be made oveiloble to roll
out the sacond phasa of the programme. The second phase il be
@ mare holisfc rollout of the ADAM programme o the broader EDI
distributors, including Eskom regions. Currerly, diferent financicl
madels are being considered o address the finenciol challenges in
the EDI

| want fo smphasise tht fhe essistanca as being envisaged fhirough

rocess, will not mean that the current bocklogs in the
EDI will be funded in full or the EDI skills challanges will be resolved
iy | icleal

meiras hos fo fake up some: of (e burden of this challenge
Hance, oll spheres o gavarment wll hove fa moke o contibutn.

My depariment has developed o new implementation strategy 1o
ensure that the rote of delivery will be improved by uilising the
fellowing measures:
It is recognised that slectrification can not enly be defined
o5 o grid connaction, since it is in some cases (ust 100
expensive fo build infrastructure for o few houssholds in
daep rurcl arees. |t Is suggested fo implement more non-
grid solor systems, but systems with o higher elactricity
capacity than what is Insfalled currently (S0 W systems vs
150 W systerns), to oddress this chollenge. Currently ebout
52 000 solor systams ora in use by customers in rural oreos
(50 W systems), where grid connection is o0 expansive, This
will not anly relecse some electricity from the notional grid and
generators, but eon also increase the slechrification rate of which
«an eleciricity service con ba delivered, since the non-grid rall-out
is cheaper ond quicker
The future roll-out of the elsctrfication arogromme will have
1o be done in occordance with o nationol electrfication master
plan that wall be developed through municipolifies, IDP inputs
and gssistance of Eskom, |1 is fareseen thot the first draft will ba
finolised in mid 2013: The respeciive elechification projects in
fie-couniny will have 4o follow this plan. If such o holisfic plan is
not followed, It wil nof be possible fo reach universol occess in
the country.

o We will improve the inefficiencies in the delivery of the
electrification progromme by managing Eskom and the
municipalities more fightly. Some success has been obtained by
monoging the progromme holisticaly fa manage or ollow fre

ith INEP In this
regard inefliciencies have been identified and highlighted.

o Assistonce will have o be given 1o struggling municipolifies in

.

where municipolifies will racaive funding 10 30lve o very sarious
problem. The EDI Haldings process hos faught us that very many
of our municipalities have ot re-invested into their infrastructure
a8 they were supposad to do, especially during the period that the
EDI process was sfill clive. As o result, the ADAM process will be
following o diffisrent approach. In order to support the inifiation of
the ADAM program, there is o need for o fresh ossessment of the
bocklags in the EDI, becouse thers have been major events such as
the 2010 World Cup, which influenced the indusiry status since the
lost 2008 assessment.

I the nest few momths the Dok will eonduct on assessment of the
current backlog situation, 1o ensure govemment that fhe plonning
and modeling can be done by ilising the most up 1o date data
regording the EDI

1 will deal now wi i
programme is managed hy INEP The process is managed through
applying some crhnnn and mlu, which are debated, dmﬁed and

s (NEAC)
SAE 1 an cvs mermbar o i comrmitae, o the conibution
of the association is oppracited.

| ool ot

goabs. Progress fo electrfy South Africa has 5o far been good, wi

mom thon 5,5.million connactions mode betwasn 1994 and 2011,
confirming South Alica’s slectrfication leadership role in the sub-
Saharan region and ifs posifive development path compared fo
ther emerging cconomies. mmm there ore sl 3,&-million

turol areas, ond. nh«lf 1 Q-MI‘H:MA informal mllumem in uliwmud

§ i
) digibution indu ool

metros, s well os
ot tenkog il

o The current slechilication progromme funding allocations wil

hove to ba incmased, f the leciiciy progromme delivery rate

i8 10 be improved, but tha improved INEP programme willfirst

hove fo be implementod. This can be ochisved by intemational

. s =it

g i
efficiancies which are cleady resulling In mors connections,
Thi s Rl i

o
“scf loans' in order fo prevent the [0ng fime it tokes o connect
houses due 10 slow delivery of impartant nirasiruciure projects.

Considering fhe gbove proposols with respect fo an improved

electrfication implemeniaticn plon for fhe future, universal accsss

10 all exfing households and future households should b possibie
025.

and fo make construclive contributions fo. the INER programme,
since you are the clossst 1o tha coal face of the industry through
i i h :

1o thonk the AMEU for their pasitive cantribulion fa the developrent
of the new implementation strategy over the last four monihs.

It is important thot the full effect that such fechnology con have on

(EDi)
mﬂj: s the huge backlog in Inm'menl, infrostrecture maintenance
sirengthening, be harnessed. While trying 1o oddress thess
challenges, it is esseniial that the grid is modemised by deploying
the latest technologies. This will lead o among others raguitory
compliance, enhanced asset management, industy sustainabiliy,
senice delivery ond job creafion.
The DG in collaboration with SANEDI is involved in o project 1o
mnm the curent sta of he business and gop Kenliication

all uneiecirfied households would toke about 20 years. In addition,
more unelectrified houssholds are being each year, which
- 6dds to the pressure of delivery.

of smart mefers, stakeholder involvement and
munuq.m‘nl and the decision on suitable pilot sites for initial

Confinued on poge 10,..

e ————————————————————————— e




WelcomeAddress N
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Incoming president's address at the AMEU

Convention 2012

it is indeed an honour 1o hove been elected presidant of tha AMEU.
A honour yes, but it olso comes with some trepidation o | venlured
on this o0 for the o years which | know will be exciling, rewording
and o most enriching experiance. Whils this is indeed o feather in my
awn cap and a personal gratification, it wauld not hove been possible:
without the support of the Clty of Ekurhuleni which hos allowed me o
il his role. | would not have been able fo fackle this demanding fosk
without the suppert of my HOD, Mark Wilson, and colleogues of the:
Ekurhuleni Energy Department, it is greatly oppreciofed.

Since being nomincted o3 President Elect at he technical convenfion in
Cope Tawn in Septamber 201 1,1 covld already startfeefing the pressure.
‘an what was il ta come, I've hod o year in which 1o realise whot | om
infor and, as you nio doubt know, itis abways easier 10 5it on the side fine:
han being ¥ in fhe hat seofl | fhank you for the confidence you hove
shown inme and | om proud ta ba abla 1o serve the association, the Ciy
of Ekurhuloni ond our indusiry os president of the AMEL.
" e bt

o establish our associotion way bock in 1915 because they beliaved
tha it was necessary "o promate the interests of Municipal Elaciricty
Underokings'.

They did this by developing and ogresing on technical standords for
our indusiry, prometing the standardisation of regulofions, by-laws ond
salety standards, the fraining of technical stoff, and promation of good
manogement — fo nome but @ few things

volioge ond

fraquency for elecrricity supplies. In his-doy and oge of national grids
we easily forget thot in fhe early doys oll member undartokings relied
on their own local gensrating stations, and were free fo choose their
own supply valloges and fequencies. Did you kniow, for exomple, that
during Wodd Wor 2, and @ year or two thereafie, he old VFP system
{pre-Eskom &0 dlong the Winvatersrand) operated at 50, 5 cycles per
second (Hi) not 507

This wos because fhe mines nesdad more pumps for de-wotering the

Hannas Roos, incoming AMEU presidant

the maetings, looking net only for speling mistakes bul olso checking if
the wording of my senfences made sense... 05 o youngster af that sioge

(and the colloctive wisdom passed on 1o me.

I als recall my early membership of the executive council in1999 ond
the suppor received in fhe various jobs | wes colled on fa handle over
the years... and naw this great honour of being your president, Thank
you, ane and all

There have baan mony changes 1o the assaciation in ts §7 yeors of
existence, These: have not only been o is consitufion and membership,

L
g N T b 0o 0 fhe echnical, sociol ond ool siorment in which #
pimpig copocty operotes bl on the rock

W alsa need to be reminded that from early on aur colleagues ployed loid by befors - some of whom |

leading roles in the work of the SABS and ths vorious govemment eores Wok

depariments involved in our incustry. We sl do, of caurse.

1.0 proud o have worked with some af those pioneers — peaple fiks
Al Fortmonn, Jules van Ahlfien, Jan Loubses, Eugens Pretorivs — all of
whom heve since possed on fo o higher srvice. | have fond memories of
peaple ike Howard Whitehead, At van der Merwe and John Ehich - oll
impanant pilars in our proud history who have refired from municipal
service, bul who sfl ploy octve roles in the industry. And then, ladies
and genfiemen, my fovourite, and | om sure you will ol cgros with me,
Max Clorke. Aftr ol thesss years he is sill involved i the industy (AMEL
and SAJEE ond the like). Thank you Max, for all your inpus, they are
mueh apprecioted.

From my infroduction fa the indusiry in the lote 19805 | hove benefited
‘and grown fram the colleciive wisdor of the ossociation, and those
sarly angineers. | hove great appreciation for the colleagues who
odvised and supparted me during my spell s secratory of fhe Highveld
Bronch In 1992, and my loter progression 1o vice:chaimman and fhen
chairman of the branch in 1994. | recall well how some of these people
used 1o si in the Highveld branch meefings scrufinising my mindtes of

‘stranger than ever - olways ready ond able to guide the industry ond the
policy makers an how best o meet our primary abjective of serving our
customens wih the best sleciricily supply possible.

nl Post President Peter Fowles in 2004 o3 o speciol udﬂs!'ﬂ assist the.
Exacutive Council g of mee

go
and parostotal organisatians that are now the order of the day.

This is now o full ima appoiniment and | express: my appreciation 1o
Peter for the way he hos been able 1o relieve the workioad on aur office
beorers, and provide an indalibls AMEL imprict on the regulofory and
policy issues, and the related ormonisations tha ssem 10 be muliplying
each year,

And what of he future?

During my term of office | wil ry 1o exend our membership 1o
South Alricon municipolifios who ore ot yet members of the
association and, from my experience as o boord member of PIESA, |




elcomeAddress
hope to brooden the membership even further by persuading
some of gur neighbours o foin us. When | s
Narribian ufifes are formed branck

o con persua i1 to join us and

or way.

sk s to prasent the o

cor W2t i uterding seris ding e

oh. And alsq wan to make use of this appartunil 10 present
Gaurrah with o cert

continued from poge 8.

@ resp
years, as well s fimelines are alsa indicated in these discussions.

The msula f willassist the Do to guid the ek
indusry i dofining emongst ofhert, the squired sondords,

Todinie % urge the AMEL and the conference Giiandess 1o 5 uppon
this iniictive of the DoE and SANEDN, to make pesitive contributions
and 1o keep unqnglflg with us in shoping this programe:

' e AMEU 10 keep

contribution the assaciafion has made over years with regard 1o
the ED1 and the sleciricity industry in general. In building hese
seolessicnal and comglimentary roles, you must not act fike on
‘epposition party hatis anly complaining about what is wrong, but

chas and

trust that

It gives me

grateful recognifion

which they hove fu

promoting

of thair unselfish

objective:

orts i

of the associatior

annes Roos, incoming pras

rather find common solutions for the challsnges in fhe leciric
industry

1 think thot the time has come to establish o more formal
relotionship between Dok and AMEU. This needs fo be further
investigated 1o ensure that where Dof and ofhers in the industry
fock certain skills and indusiry experience, we must ba able 1o
draw on and benefit from profassional entities (ke the AMEU for
future engagements.

| want o wish you and the association a productive and blessed
&3rd Annual Convention, and we look forword to the outcome of
fhis gathering, as wall 0s your 6ngoing angegemant with us.

Dipuo Peers, miriter of energy
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Jorge Pereira

has been an offiliote mer

Jorga Por
fhe AMEL since 1990 representing the former
ASEA Electric, ABB Power Tronsformers and,
etirement sotlier this yoar, PowarTech

ove personally
had the honour to work with Jorge since 1987

Paul Johnson

o individuals, wha the association wishes

outstanding servics 1o the
ply industry. Ferdinand Diener &
o professional engineer who heoded up the

16 hanour §

Michael Rhode

Michael J Rhade

d Hope Br

v many years o further the ai

whan we took portin an elecirficafi

Khayalitsha. Jorge h

every Good Hope Branch meeting
save for lwo meelings, over the

past 22 years, and hos been

assisting to make fhe Good Hops
Branch meefings successful over
all these yeors through his ca /

ndardisation processes

wih the broader

ESA and

further fhrougl

clecticdy department of the City of Windhoek

for the past 14 yeors unti his retirement in

wiously, Ferdinond served of
el

Africo [PIESA

and has exfensi

generous spensarship of fha local meefings
and functions. Jorga has been on
institution at the Goad Hope Branch
meatings. Tha Good Hope Branch

takes greot pleasure in nominating

Jorge to be hanoured by bestowing

an i on honorary membership of tha
AMEU.

es regularly on
Jblishad @ number

of papers o
nd porficipant ol AME
conventions. We propose 4

so many years in furtharing

doing tha amangemants ard groundwork for
various visits by the executive council ond ofher
South Africon delegations o Nomibia. We
propose o honour Ferdinond for his pivolal
role in establshing the Namibian beanch of
the AMEU and for his help In mointsining
relationships ocross fhe borde:

municipality in the Western Cape, nomely

Drakenstein Munici Sbia

Stallanbos ity and is o regisk
Energy Manager

ot €

cate of Competan:

Cape of Good Hape Branch

henour

ninate Mi

nonorary member of 1

63rd AMEU Convention 2012



HonoraryAwards
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Louis Steyn

It is indeed an honour and o privilege for me
o propese fo this convention thef honorary
membership of this essociation be bestowed
on another special men in the history of our
argonisation. |t is o plecsure 16 introduce to
you the person the | am specking about —
Lowis Steyn. | have known Lauis since | stored
ding the AMEL in 2001 and o

o3 0 sales manoger ond product manager; of

during 2009, Ha joired ADC Ensrgy os theic

w2010,
He offered advice 1o the slectrical indusiry
or inslituions whose decisions and policies
might affect the alectrcal industry. He played
@ major role in the design and infroduction of
& special shalt cable in conjunction with the
cable foctory and the engineers from Anglo
Gold as well a5 & five core low volioge coble
fothe miing wum He promoted the spirt

2010 for 18 month,
supplying the industry with verious technologies
in switchgear, fronstormers and electrical
coble, Recantly he started his own consulting
company (WD Consulionts) and is involved in
the electical industry, specialising in elecricol
coble, tronstormers, switchgear and metering
Our consiton defines an honorary mamber
as'a

when Louis became the chairperson of the
Afiliates. Ho joinad tha AMEU during 1990
During his 20 year ferm af the Powerfech
Group, he mainky worked of Absrdare Cables.

Roy Wienand

s an honour and o privilege for me fo
propase 1o this convention that honorary

nd shared
=mungn ‘othar prolassionals and providars. In
2007, he was elected by the AMEL Affiotes
members fo the commitee ond wos slected
o3 chairman of the Affilioles Commitiee

the very successful aThekwini landfil gos
z number

whom fhe associafion desires fo henaur for
outstonding services”, Mr President, | submit lo
you that Lauis Steyn be conferred with hororary
membership of the AMEL),

o
of papers, incuding ot aur 2007 Convertion.

‘ond humilty e characterisics fhat Ladmire

tis Roy's role with the AMEU thet | would  tremendously. Atlending o mesfing choired

ke 1o highlight. Roy has foken a very ocive by Roy s o plaosura. His dedication and

port in the procssdings of the KwaZuls Nojel  passion for th AMEU and the municipal

Branch of he asaciaton for s ong as | can indushy o srongly evdont whenaver he
ey T 2

mber the
pasitions as vice chairman and chairman.

in Dundee, KwaZuly Matal, togathes with his wisdom, knswindge and
ond educated of Saint Andrews Collegs,  Apart from his loyalfy fo his branch, Roy has  experience have assisted inising the profle.
Grohamstown, and the Universiy of Noalin  ployed an extramely acive ond voluoble part of our ergarisotion. | parficularly cdmire
he groduoted with in fhe AMEL level. i constant colls for reasan ond foimess
o Exomi f the AMEL list of in oll matiers. Our industry is privleged fo
with an MBA from the University  on various associations, commifees  have o person of the calibre of Rey in our
of KwaZulu Notol. He is regisiered with  and workgroups wil give some indicafion of  ranks. If i wilh regref that | note his decision
the ECSA s a PrEng and is olso a ssnior s invalvement to the benefits of our industry. 1o step down from some of his numerous
member of the South Afican fultule of 118100 long 1o dekil here but suffce o rcle il activires (ke the ESLC gand
Re d.o b PIESA) 1o concentrote on his demanding
from the srstwhile Durban City Counci fnow ~~ he AMEL, e
:mepmwh—_mw mm&wmaﬂwrﬁ. mwda&mnn‘hwuqmlm-
its v % por

28 yedrs. He hos experience in planning, the ossa de s

maintenance of the HY, @ postion ha hald for 12 yeors and was oo for outtonding sanvces”. Mr Presidons |

projects and was infimately invelved with

Merit award

i i dentan s
2011 when de o dacision 3
bl oy g S

Stephen Delport

Many members of the AMEU ovar tha yoors
have gone the exira mile in serving the
associofion and the industy in giving their fime
ond expertise 1o large number of associafion
and technical workgroups, such as the NES
workgraups, convened 1o oddress common
industry ssues. One such member |3 Siephen
Delport "

of the AMEU Highveld Branch, serving us
s secrefary from 2002 fo 2004 and ox its
chaiman for the 2005 fo 2006 period. In
2006, he wos a finalist and received an
award [n recognition of service excellence in

longer provided o reasanable comparison of
the averoge cost of the elechicity for typical
customes in the sampled distibutors. We
belisved fhat the suvey wos an importan!
service fa oiher distrbutors'and interested

the cotegory “Mos! for power
quelity monitoring implementation within
Ekurhleri. During fhis period he hos been
achvi on @ rumber of industry workgroups
sch a3 the EDI Holdings wires commitiee,

and os an installafion elecrician, He received
his Netional Diploma in 1986 whersafter
ho possed the Governman! Certificata of
Compatency examinations and qualified os
a Cartificated Floctricol Enginear in 1987 In
oll, Sephen has had more than 33 years of
extensive exparience of slecrricol distribution
networks at voltages fram 400/230 V to
132 ¥, Stephan hos been i staunch supporter

the PIESA ond pawer sysiems
cralysis workgroups os well os several NRS
Workgroups. He is currently the chairman of
NRS 048 quality of supply workgroup. It is
Stophen's rale with the AMEU Tari Commities
that | would like fo make speciol mention.
Stephen s a very knowledgeable and active
member of this commifes and when it was
decided in 2010 to discontinue the annual
AMEU tarifl survey, the results of which no

tephen wha
took on the fask of developing @ model that
could be used for the comparison of the cost
of eleciricity for o particular customer profls in
differsnt foriff areas. He completed this project
earber his year ofter many, many hoursof wark.
The AMEL Exacutive Commities is very proud
of this axramely useful tool tha is o living
exomple of our obijective 16 provide an advisory
service 1o our members and customers,
Tha effort expanded by Siephen on this
model has gone obove and beyond the call
of duty ond the AMEL execuive wishes to
extend this Maritorious Service Award fo
Stephen




EKURHULENI
AEROTROPOLIS

The Airport Cities World Conference and
Exhibition (ACE) is the annual one-stop, global
platform to facilitate discussion of the key issues
in airport city development.

Ekurhuleni will play host to this annual event from
24 -26April 2013. The 2012 ACE held in Denver
attracted high level aviation decision makers and
was attended by over 80D delegates. ACE is
about airports developing both as cities in their
own right and as unique business and tourist
destinations. There are countless opportunities
for growth around airport cities - ACE focuses on
maximizing bath business and leisure
development potential in and around airports.

Hosting the ACE 2013 is a spin off from the 2010
Soccer World Cup, when the Ekurhuleni 2010
office submitted a bid to Global Insight to hostthe
annual conference. In early 2011 Ekurhuleni was
announced as the host for ACE 2013,

N | &e&uasgﬁ apgmaﬂﬂh tﬁainim ianjnfng and

wadd This is me alrpor(
Wmﬁ thodel. It consists of an

a partnership that works
www.ekurhuleni gov.za

airport centered commercial core (the airport city)
and outlying corridors and clusters of aviation-
linked businesses that make up the greater
aerotropolis.

Virtually all commercial functions found in a
modern metropolitan city centre are establishing
themselves in airport cities and their surrounding
aerotropol. As an inecreasing number of
commercial activilies and businesses locate on
and around airports, they are transforming airport
areas into new urban growth destinations where
air travelers and locals alike work, shop, meet,
exchange knowledge, eat, sleep, and are
entertained without going more than 15 minutas
from the airport. Multi-modal transportation
infrastructure (air, highway, rail and links to ports)
connect airport city and aerotropolis businesses
and people to markels near and far, driving and
shaping their growing local, regional and global
significance.

The City of Ekurhuleni is home to OR Tambo
International Airport, the gateway to Gauteng, the
rest of South Africa and indeed:

conllnent -

City of
Ekur¥nnen|
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Smuri- grid evolution through microgrid
aggregation in Africa

by Dr. Wojdi Abmad and Dr. Lana El Choor, GE Energy

Smart grid vision integrates o vmole hoﬂ of software and huldwura solutions with the aim of modernising the
rid

power g

rid,

to optimise the process of energy delivery

he higl

and ll the way 1o low voltage consumption.

This vision requires close collaboration ond

commitmen from o variaty of slakeholders,

comprising policy mokers, utilities, industry,
o d

&.. diesel, wind, biomass, roshop solr, stc

oe iniodli

veltage grid,

i b

con increase powsr evoilabilty and enhonce
refiobilty The integrofion of DERs obviously

different things fo different people; therefere, it
hesto be customised 1o oddress the particular
drivers and pain points of the uiify, and be
exscuted in o phased approach. Furtharmore,
itis extremely importont 1o have solutions fhot
ars interoparable and siandards-based in
order fo prevent i technology

e po
grid and apens the door for two-way power
flow, whersby the consumers can become:
producers and foed power 1o the grid,
henca the nofion of “prosumers". However,
some DERs may pose o big challenge for
integrotion into the: power grid; for example,

obsolescence.

Central fo the smart grid vision is the aim to

ore naturally
intormitiant; casing the: DER geseration
utput 1o ba unpredictobla and fluctuant;

v
12 the lorger grid through & connection bus,
o may ba completely solated and operats
in an “aland” mode. Furtharmara, it may
include community energy storage ICES)
o store excess energy from renewable
resources such as wind and solar, which
compensale for power loss coused by
intermittency. Such opproach will not only
solva the interconnection of lorge DER with
lorge power system but it can also bnel the
customer os users can be supplied power every
dhring outoges (1, 2,31, Morsor ﬂuage

system rafiabilly. Energy sficiency relates to
‘power grid lossas, whereas reliobility is closaly
fied o outages. The traditional power grid
topology s bosed on ane way power flaw
from o centralisad power plant through a
massive grid of various voltage levels fo fhe
end users. One woy fo reduce technicol losses
incumed throvigh tha enargy delivery process
is fo reduce the power transmission disfance
by uiilising distributed energy resources [DER)
placed close to the loads. The use of DERs.

1] Therefore, incorporation of big chunks of
such resources mquires odvonced solufions
o dacilate such integration. This changa in
power grid topology could not have been
possible without the sophisticated smart grid
solutions such as microgrid.

What is & microgrid?

Amicrogrid (MG ks minicture presentofion
of the bigger, ar macrogrid. It comprises
ocal pawer genaration, local load, and an

Utility Grid

| Storage t loadl Load2

Fig. 1: Geid-connocted miciogrid sonfigurofion.

to balance the system lnllwmn donitioii
and/or significont load changes. Fig. | shows
a #ypical conlfiguration of o grid-connectad
microgrid system.

Whether the MG is grid-connacted
o islanded, an odvanced confrol system
is neaded 1o foke the oppropriote octions
for load and gensrofion managsment.
For exomple, in the cose whara the MG
is connacted fo the lorger grid and the
e connection iz lost, the control system

will taka oppropriate actions thol might
include lead/gensration shedding to

The cantrol and management rquired for
MG aperation is different than fraditioncl
power system control, 08 MG is modular
ond may contain different generation iype
equipment with diffecent choracteristics
and dynomies, containing shortflong ferm
energy storoge components fo siabilise the
system. Hence, there ore two main fypes
of MG cantrol: odvanced unit-level conirol
and system level integration control 1]
The unit grode controllar which includes
DER ond locd controllers, execute system
level controller commands in addition fo
Iocal information allowing dacisions fo be:
made with respact 10 voltage or Fequency
control. The MG system level control, lso
called MG central controller, whers orders
are given occording 1o market information
for dispeiching purposes as well as moking
system’s decisions bosed on information
inferactions among contrallers.
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The main obieciives of using microgrids are 1o
foclitate integrotion of distributed renewsble
energy resources and o provide high ool ty
and reliable e y supply fo criticol loads.
Microgrids benefit the overoll power utiity

by deferring major investments in power
generation plants and transmission and
datribution infrasinucture. They alsc enhance
relobility os a result o their ability o respond
quickly 1o
balonce during disturbances. Microgrids hove
four oporcting stages, in all of which reliabilily
must be ensumd.

ain the generation-load

« Tronsiont stage of gaing fo grid-connectad
mode.

#  Steody stoge of grid connacted mode

'+ Transient stage of going fo island mode.

» Staody sioge of island mods [1].

The stage of island: mode operation s affected
by pawer quality, copacity of enargy siorage
device, communicaiion networks and fypes
of DER. The management sirategy in tis
mode of operfion depends mainly an th
local dlimafic conditions, lood demands, fuel
consumptions ond power quality

Microgrids and rural electrification
for sub-Saharan Africa (SSA)

Electricity.is undoubtedly crucial fo human
development, and ploys a vital role in
faciitating essentiol activities for end users
The rate of ification of o certain
community can be used on accurale measure
af its level of energy poverly [4]. Mony
countries do not hove the copacity to
build large centralised genaraticn plants or
ransmission infrasiructure. There ore now on

Th of

estimated 1,5
{0 davaioping coinkie, and BS% o thern
live in rurol areas 15], In 2009, sub-Saharon
Alrica (554} had obout 585-million pecple
without access o electriity, with the urban
elecirification rafe standing ot 59,9% and
o rural elechification rate of 14,2% where
most of the aveilable supply is unrelioble (5]
Fig. 2 shows a global picture of fhe numbers
(in millions} and the percantoges of people
withou! electicity

The study conducied by the Warld Energy
Courcil (WEC) in 2004 highlights the foct
hot Africa could be snergy self-sufficient du
fo the vorious omple resources. However, this

{5 not possible os these resources ore a1 wide

dispariies in occess fo eleciricly [¢]

I miny cases, grid exfension is ohien highly
costly and not fegsible in iscloted rural
areas, ar is unlikely 1o be accomplished
within the medium term in many areas
This is porticularly troe for SSA, whera the
vast lond erea ond terrain noture pose
big chollenges for grid extension. fn such
siuations, microgrid systems can be insialled
locolly in rural areas fo provide capocify
for both domestic appliances and lacal
businasser. Microgrids hove the potentiol
1o become the most powarul

with @ genset hes proven fo be the least-
cost solution for rurcl communites, o5 the
bensiifs and advantoges of each fechnology
complement eoch other [B]. In the case of
554 where fronsporiation of diess! for pownr
generation in rural areas can be very costly,
renewable resources can be used as the
primory source of powsr generation. This
primarily comprises solor and hydro, while
diesel can be used for back-up generation
Henca, an odditional benefit is realised
thiough miligation of carben emissions, thus
ontributing 1o sustainable davelopment
and helping in the batle of fighting climare
change. Furthermare, the MG concept can
influence fhe marke! and level of compeifion
for prime sources of energy. It helps reduce
dependency on imported fuel sources and

supporl in ragulating prime fuel morket
compiiion

The praliferation of these individually
controlled small microgrids. paves the way
for eventunlly aggregating them into an
integrated ond intercannacted smort grid with
improved efficiency, snhancad reliability, ond
enviranmant protaction through renewable
negration. Multiple distributed microgrid
controllers could evantually be integrated
with @ master disiribulion management syster

appraach for acceleroled ol elect
It s quite passible fa incorporce isolated MG
1o mee! the demand of rural communities
without wearing heavy financial rasources
[7]. Microgrids can be used s basic bulding
blocks for future: system exponsion,

Fig 2: Nomber (miflions] and % of pecple withoot efocir

W <2s5% B 50%- 70% 80%
1 25% - 50% B 75% - 00% T

2008, Source: WHO & UNGR

(OMS),

infrasiructure, most likely IP-bosed, thus
forming on impanant element of the end-to.
end smort gAd vision for the utilly

Micragrid deployment challenges
Aithough MG presence sounds prociical ond
prevides o eosible solufion o increosing energy
dumand, utifies ore coutious in integrating
dispersed generoting units 1o their sysiems
17, ). Claar and consistent policies ore
requited 1o support this inifiative. Other
challenges can be categorised inta non
fachnical and technical

Non-technical chollenges

Deployment of mierogrids involves complex
financial and orgonisational questions (8]
The bottlenecks for.he sustainable success
of microgrids ore nat the technologies, but
financing, mandgément, business models,
maintenance, sustainable operations, and
saciosconemic condiions. Each community
prasents o cluster of characieristics and
inferests which wil define he best technicol
solution aecording to locol financial, social,
and enviconmental terms, In addifion,
pricing, incantives, risk rasponsibiliy and
intsrconnection standards and regulatory
control must olse be addressed

Technical challenges

Urgent concerns and needs must be ftackled
such as sofety, lslanding, restoratin from
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scheduled and unscheduled outoges, pewer cuality liabilly
ty ond reserve management 7, 9], Additienally, cther

sllsnges including interconnection requireme

penetration ond power exchange are imposed by utilities
[1,10-13}
Cenclusion

Despile the verious challenges focing microgrids, the merts

such s nitely worth their penatration, especially

i ural/remote areas. I will utimately change how elacrici

is gonerated and its impoct on human development. It
will clse enhance the efficiency of the use of locol
resources, help maet the damand regordless of geogrophic
cation, and reduce the impact on the environment

Hewaves, some measures need fo be oddressed by

oll stokeholders invalved in the energy secler to laciliole o
sofe ond reliable MG integration. MG systems form a viable

solution for rural and remcte electrificotian in general and

canform the

for S5Ain parficular,

c building blocks
for o future smart grid evolution
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Innovative approach to an ICT infrastructure
supporting smart grids and smart metering

by Paul Renshall, Moff MacDonald

Power utilities across the world hove recognised that a key enabler for the successful implementation of their
smart grid and smart metering projects is gaining o higher level of intelligence and information from the
power network, something which can anly be achieved through the massive growth in the use of ICT systems

and servic

The most flexible platform for the delivery
of such services {os well os the existing
requiraments for operationol telaphony
ond generol business communications), is

dly o nofwork

cverse, and by kesping services in-
house: they can contral the raliabi
availability ond dependobility of
communications. services thot support

¥
Deploying fibre desper inta the nehwork and
closer 1o the customer hes many advaniages.
However, adopting such a shralegy comes:
with o significant price fag; for many regienal
and national utiliies the recessary copital
invesiment and subsequen! operstional costs
of creating this ICT environment are hugs
and any business cases 1o supper il ore at
best challenging and af worst non-viable.
This situation can be exacerbated for utiities
with smaller geagraphic footprints whare
sconomies of scale do nol contribute posifely
1o their commerciol models.

This pager uflines an innovalive Gpprooch
thot was considered in o project conduciad
by Mot MacDonold in 2008, where we
designed a solufion 1o create a single national
fibre network specificolly for the power
industry bosed upon existing uiility
owned fibre. Although the solution was not
implernanted in this form, the initiol plonning
wercise in cssociotion with the laval of ufility
company engagement and cooparation hat
was achieved does provide insight infa one

the critical national infrastscture (CNI).

ane discusses the issus of securing
manoged or oufsourced services with
ity componies; thers is afton common
feedbock thot such on approach is
difficult to odop! os “only the povar
industry really understands its needs”,

e« Somaofthe

This is olso rue for the mubi-notioral uiles
In 2011, Moft MacDonald conducled an
opergiional felecommunications benchmark
wtudy which compared @ group of uttes from
the USA, Europe, Alrica and the Middle Eost. it
was found that uilsies which have o mors global
footprint .. those with operaicns in more than
©one couniry] oparate in @ similar way o any
globol enterprise. Core business funclions are
ceniralised across the group, such as finonce,
human resources, puchasing ond sven T and

required by the s e
very demonding periormonce ofibutes
and character
tele-protection servicas). The public
telocommunicetions operators [PTOs)
do not always provide such services, or
such stringent senvice lovel agreements
[SUs) required for these services within
their standard product partfolio. As
spoke™

such, utilities ore then
services by the PTO, which in many cases
are more expensive fhan self provision.

Due fo cancerns over national security,
there is o growing view that translerring.

corporate Howmever, OF is
in ganeral deliversd Incolly through in-house
networks managod by in-house tearms:

The challenges of in-house service
delivery

Building, operating and maintoining an in-
house OT network i not witheut s challenges
and complications. This poper does not
inclue o definitve it of these challanges but
it doos tauch on a fow ke arsas.

Firsily, it is expensive to build ond maintain
dedicated network, and unlike & PTO the

providers, ragardless of the SLAs,
confracival erangements or punitive
meosures agresd between porties is
inoppropriate when operafing ond
managing CNI.

¥

mutual benafit throush o mare collaborative.
1o a comon issue. In a femitory

such a3 Seuth Africa it may well merif further

investigation.

Background

Historically, many utilities hove built their own

in-house operationa! telecommunications

(omn

o A power ulilyis und
from rogulotors and lagislators 1o
driva improvemants in perormance,
sofety and ultimately value for maney
for consumers. By building, operating
and maintaining their own in-house
natworks, lities provide o level of
commercial, contractuel ond technical
stabilify thot underpins their business
operaiion. For example, any new

and maintenance support feams fa manoge
them, This behaviour hos been driven by o
number of factors:

& Prior to the creation of competing fixed
telecom network operators, the uflily
hod little choice because incumbent,
govemment owned telecom authocities.
would not invest 1o meet the needs of
utiity companies.

Utility companies are by the nature
of ihair business opertien highly fisk

e Rt s
‘operational needs in o controlled, fimely
and budgeted manner, wheroas a PTO
moy demand the uparade or change
15 o technology platlorm used by the
ulility fo suit its own business strategy,
regardless on fhe impact o the utiity

For many wtilies building, operofing ond
maintaining in-house OT networks is an

o inadkions of dilscant remati:Hnecn
to recaver the copital expanse. Additionally,
‘aven budgeting for relatively smal upgrades
er nelwork extensions can become more
complex-dus fo the woy in which tha lacol
regulotory authority views how the costs are
dealt with.
Secandly, uiilities adep! a slower rate of
communicotions tachnology change than
PTOS. One moy expect histo be advantageous
o utililes, as cnee a technology s depleyed
it will remain *fitfor-purpose® for perveps
20+ yoors. However, in realit tha tachnology
market {daminoted by PTOs] is driven by
innavotion and development, leaving utlites
with ageing ond in some cases unsuppariable
infrastructure. The issue is compounded
by the complexities associated with the
deployment and parficularly the inferfocing
of new communications devices with the
eaisting power engineering assets. Arranging
network outages (both communications
ond power network] fo support these

coporote respensibilfy and accountabily

is disruptive 1o fhe business
operaiion ond con ake yeors o complete.
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Thia results in ulilies finding it hard fa integrote:
new fechnology easly. As o consequence, this
has created @ “mesh of fechnologies ™ in many
utiliies, whers network requiremants have
developed organically and new networks have
been overlaid on older networks.

A addiional challenge concerns the rssource
pool. Utilities worldwide ore offected by
an ngeing workforce ond diminishing skills
base: Iis relatively easy o recruit lechnicians
and groduate nginears, howsver onca the
utilty hos invested the fime and meney in

‘raining and up-skilling thess employees, staff /

retantion can become o problem with more-

Fig. 1: Exomuple concept design.

eperation of a utiity (ond without doubt
their imporfance in parforming this function
will grow within the context of smart grid
and smort metering) thase sarvices do
ol constitufe "care business’ 10 o power
uilly. 4s a consequence, thars will always
be pressure from the business fo drive
down cost and moximise efficiency of
the telacommunications department —
especially in an unbundled and compeitive
enviranment, This invricbly means reduced
 invastment in equipment and resources.
Many utllities then ore faced with o
dilemma. How do they find a solutian to

y
indusiry. Again, this is particularly frue in the
ICT environment were. graduote recruits are
likely to be less incentivised fo work on what
they porceive os lagacy networks (TDM bosed

Telscommunications services are an
imporiant encbler for the sofe ond efficient

delivery that:

o Meets the demanding performance
stondards of OT.

[ —
o

DSO2

The co-operative op-tel network

One possible answer may be 1o create o
ca-aperative O network, o ubiquitous fibre
‘based communications platform thal would
‘e owned and operoted by o groua of uflly
<camponies. The cooperative natwork would
be designed and buil to deliver dedicated
OT and B28 services fo fhe indusry, with the
option to genarate addifienal ravenue through
leasing spare capacily and services to the
general market place, The platform could
be used to support mult-disciplinary utlities
[eleciriity, gas, water efc) loyored ncross
the end-to-end value chain (generation,
transmission, distribution and supply).
Ultimately the platform could provide the
tar an intagroted smort grd in its widest

b i s
nat fust within each ullty (today’s smort grid

« Supports the sscurity for
NI
cost effactively,

& And con embroce new techology with
the scale fo make if cost effective?

focus) butin a truly centric manner
linking teoditional, renewable, bulk and
distributed generation, storoge, iansmission,
distrbution, supply and the consumer.

gET T e e T
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uiilities, concemns over canfidentiality and
commerciol sensifivifies can be mare simply.
oddrassed, The process also illusirated
that nat every utlity had to be inferssted
wor convinced from doy one. Within the
geography considersd within the case study.
there was a national TSO and fourteen
DS5Os. Four of the DSOs were initiolly
ambivolent obout the scheme, However, os
the mormentum builtthey decided to aciively
participate in discussions.

In such o scheme, i has fo be recognised
that nof ol uklities will bs equal poricipants,
sither in how much fibre they contribute, or
in the services fhot they lease back. However,
the:plotlorm hos o ba copable of delivering
compatibility between all participants. The
siarfing point for his s fo recogrise that
the inificl platiorm will support multiple

Fig. 2: Commercil framewerk options.

In 2008, Mot MacDenald was engaged by
o client fo davelop such o scheme, While the
project did not come to fruition in this form,
he experience provides a valvable insight into.
what could ba achieved, idenfying some of
the key activiies and challanges involved in.
creating such o scheme, including ossessing
the overall scheme viability, design concept
and architecture, the commercial framework
‘options, the operating soviranmant (indluing
necessary sarvice level ogreements) ond
potantial operational models. A brief cutline
of the case study is documented hers 1o
provide confex.

Case study

Anofianal ransmission system opeeator (TS0)
was considering its OT strategy for the next
15 to 20 yeors. As part of that strategy, there
ware some key drivers for change which it
wished to consider:

® An urgent requirement fo replaco the
ageing telecommunications ossets
and platforms, some of which were
unsupparted by the vandor community
due 1o their age.

An urgant requirement 1o upgrade and

in some areas replace the ogeing fibre/

infrastructure.

* The impact of the migraion from TDM
10 [P sarvices (considering both the affect
of implementing and the effect of not
implemaning IP services for

o Reviawing the likely future requiremants

for sman grid end smart metering

and how these new services could be
accommodated into their network.

The seurcing stategy for the OT services

— should they build an in-house solufion

or outsource fhe natwork fa o FTO.

A fundamental decision foken by the TSO
was thot regordless of both fhe current ond
future services i required, fhe most flesible
platform for defivering them was aver a fibre
based infrastructure. The immediote cholenge
therefore wos how to implement o “refreshed"
naticnal fibre network with the minimm
disruption fo their existing operation.

The vision proposed by Mot MacDonald
was fo create o national fibre natwork
threugh a combination of TSO and DSO
fibre, The fibre network would be designed
on o core ond access network basis. The
core netwark would be primarily formad
from existing TSO fibre, and the access
netwarks craated primarily fram existing
DSO fibre. The scheme leveraged the fact
that the DSO primory subsiations were
loceted adjacent to the TSO substations.
Additional fibre would be installed feither
underground or OPGW or fibre wrap on
the DSC) netwark] 1o support the closure of
rings for enhonced network resilience on
both the cors and access layers.

and solutians for multiple
OF senices and such solutions are readily
ovailable in the market today. Linked fo this
is ensuring that there-is o foir and equitable
commertial orrangement put i ploce which
benefits all concorned parties.

Assessing the overall scheme
viability

Creafing g co-aperative network can have
o large impact on fime and resources. It
s fherefore imporant to be able fo assess.
the averall validity of the schema quickly
50 that a dacision con be made on whether
4o proceed or not. This can be ochinved
thraugh some initic! praliminary design
octivity which in essence wil idoniify whefher
shers ore indeed enough ossets 1o shore (i.e,
fbre, spare capocity sic.), what future rolloul
and refurbishment plans sach ufilty hos (in
the cose study, roll-aut and cefurbishment
of OPGW plans for o three yaor period
were considersd) and the scale and hence
estimated cost] of any new build required 1o
support the scheme. An exomple of such o
design is provided in Fig. 1.

Design concept and architeciure

s dascribed sorer fhe core design conceptis
o create o fibxe network based upon a highly

Without doubt the most difficult challenge
is opening the initial discussion and
generting the inferws! between the various
. Lassons learned from the cose study

showed that from the butse! i wes imporfant
that discussions werp fed by & ‘neutral® P

through 1o the later desis

provided oll parfies concorned with a ‘level

playing field and wos o woy of successfully

manoging the competing inferesls that
il

locol access rings. The core network is mainly
pravisioned through the TSO fibre and the
aconss rings provided by the DSO companies
fibre. The interface paint between the cors
and occess loyers in essence ralies upon the
prowimily of fhe DSO primary substations fo
the TSO) substations providing an effective
point of present,

For the TSO), the dasign beneilts can include
identificotion of cliemotive routes. between
TSO 'subsiotions (using rautes craaied through
the DSO netwarks) thereby providing eifher

ians, By establishing
this “neutral’ bulfer belween the various

o
for maintenance/fibre replacemant works, o
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providing
affoctively. Alihough in mos! cases these routes
will nof be the mos! direct (shortest] poth
betwesn TSO substofions, they cre often more

i o ity
& Srcind 1o augmed ik e sumrbite
network. Transferring technical siaff from
the wiilty fo the new organisation focussed

thon syitabl
For the DSOs the design bensits con be
more signiticant. Firsly, there is likely to
be much less fibre installed within @ DSO
region. Whese fibre does exist, it may only
b connectivity batween small groups of
primary subsiafions. Ohten these clusters of
fibre retwork are islanded from each ofher,
and consequently across the DSO ragion not
all the primary substations are connected
19 0 single network. Through careful use
of availuble TSO fibre and much reduced
new build fibre, these clusters can often be
connacted creating @ more resilient DSO
et Futhermor, fbased vpon suicble
0

on
opion to the utilities companies and stoff
alike.

Benefits of the co-operative scheme

The primary benefit of the schera is the
craation of @ purpose buill, bespoke netwack
that caters specifically for utility requinements
with the cost for the build, operation and
maintanance shored propertionately ocross
ihe ullities thot utilise the network. The
performance, topalogy and capability of the
co-opsraive network pedecly reflects wility
requiements, ofleing a fibra bosed ferible
plotform supported by othr technologies

partners for delivering fodcy's

access) it con be passible
1o extend fibre deeper into the DSO network.
Within the cose study, we olso idenified
areas whers odjocent DSOs banefitied from
Interconnecting and sharing fibre olong the
geogrophic boundories.

The commercial framework options.

The key commercial benei 1o the op-operafive
network s cost shoring, The increased customar
base {mul-utiity), ond thearefically fhe reduced
lengih of fibre roufing across he network reduces
unit support cosis fhrough economies of scale
There are bwo key amas of shared cost. Firstly the
shared cop-ex for infrostructure casts, which
could be for new build or investmentinta the
scheme by providing spare fibre capacity:
Secondly the shered servics management
o lense costs (op-e) from leasing copocly
frem the scheme. There ars many options
avoiloble for cost sharing ond these will
depand on the spectic circumstances. of the
co-oparative network that is achieved (see
Fig. 2). OF course, ona oplion of the model
s o create o now utiiy telecommunications
business, cracted 0s o foint veniure between
il e utlies, o buld operate and maitain
the network.

Operating environment

In odditien fo the asset shoring required 1o
create the physical co-operative netwark,
@ suitabls operational and maintenance
environment has to be croated. Again, many
‘options exist ond these will be determined by
the specific solufion creoted, however shoring
of technical resources between utifies moy
Prove beneficial, lssues to be oddressed in
creating such an enviranment are operating
standards acceptable ta oll utilities, and
Tmportantly service level ogreements between
uliiies [particulorly in the event of incidents,
faults and euteges). As identifisd within the
commercial framework options, some of
ese issues may be more eosily oddres:

telecommunications services ond indeed o
basis for net geneation communications
sarvices including supperting smart mefering
and smort grid. Additionally, the co-operative
model has oll e adventoges of an in-house
solution, but is in effect an “in-community’
salution. This oddresses concers over security
and risk associcted with CNI ond should be
affraclive 1o legislétors and regulators olike.
From o resource perspective, in the cose of
major faulls there is polentiolly access fo o

wid
ulilties {siaff sharing opportunities as well o5
infrastructure).

Summary

The co-operative OT network is an innovalive
solution created by the co-operation and

resaurce pael from across muliiple

shoring of existing ond new cammunications
ossets betwean utites. n the conted of Secth
Alrice, this would consist of colloborotion
betwsen the municipalifies and nafional
trarsmission operator ko creale @ ubiquitous
communications platiorm. The process to
create such on eavironment will not be easy,
butthe idsa may well be worh considering, As
with many counsries, South African utliies are
allfaced wih business challenges ossociated
with creafing cost efficiencies whilst af the
sama fime having fo support new iniliatives
such g5 smad grid and smart metering. The
OT nefwork underpins all of these current and
future sarvices, and o co-operalive network
hos the epportunity 1o meet the demanding
requirements of the uilty operation and
provides o level of future procfing whilst
reducing the overall invesiment and cost
axposure of an indivicual iy In essence,
a solution whers: the: achieved outcome *is
greater than the sum o its parss”

Contact Paul Renshall, Mott MacDonald,
paul renshali@mattmoc.com

Landis+Gyr
Pioneering
smart metering
solutions

weewlandisgyr.com/za
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ZigBee as a technology platform for

advanced metering infrastructure (AMI)

by Jomes Colmeye;, Stiike Technologies

e

According to NRS049-1 (rev.1, 2010)

devices in the sy

of the data

can cither be p:

frequency (RF). These devices comprise single and three-phase mefering,
interface unils. Each of these fwo communication platforms holds benefits and disadvantages in ferms of system
costs, functionality and reliability. The challenge for

that will provide the solutions they require at the least cost.

The purpose of this paper will be 1o axplain
the functionality and security of the ZigBee
wireless RF platiorm, 1o highlight instances
whera this tachnology provides superior
capability and fo provide ools with which to
calculate the casts of deployment. The poper
will provide reference o fhe deplayment of
this tachnology as part of the residantial load
management project roll-out, as funded
by Eskom IDM, af the Municipalities of
Drakenstein, Overstrand, Stellenbosch and
Mossel Bay, which collectively make the
biggest ZigBee platform roll-out in South
Ahica to date.

What is AMI?

Advanced mefaring infrastructure (AM) is an
enabling technology solufion that provides
near raol-time customer specific usage

i (PLE) radio
appliance control relays and customer

two-woy communications riework, AMI has
the capability to drive significont business,
customer, and snvironmantol beneiits
including energy aworeness, conservation
and operational efficiencies, parficularly in
the area of feld services.

AMI provides energy providers with

isto find the

Remotely turm power an or off to o
customer,

Remotely read usage information from o
mater.

Detect o servics outage.
Help detect the unauthorisag use of

system
capabilties, allowing for the first fime the
possibilty of having end-users moks informed
real-ime decisions about their energy
usoge by acling 0 a goteway technology
to the “smart home®. AMI is overlaid on
an inferconnected netwodk of smort meters,
intelligent devices and the energy provider's
control systems. A smort meter generally
relers 1o o typa of odvanced meter that
identilias consumption n more deeil than &

data for anergy purpases. If
refers 10 o system thot collects, measures,
analyses and conirols energy usoge by
wnabling dafa fo be transmitied over o

mefer. record how
much eleciriclty s being used and when it s
being used, such as half-hourly consumplion.

Smart maters include the ability to:

eloctricity.
» Remoiely change the maximum omourt
y that o ct
af any fime.

Support remofely changing the mefer’s
illing plan from credit fo. prepay s well
s from flat-rate 10 fime-of-use tori

Support bi-directional metering.
AMI in the confext of NRS049-1

The NRS049 spacification is focused on the
advonced metoring infrastructure: (AM) for
residertial and commrcial customers and
has boen drofied and published o create
o standard specification for AMI systems in
South-Africa, An NRS049 compliant smart
metaring system essenfially has the following
chorcleristis (os ilustroted in g, 1):

o Bisd ) i

o Sl bl
from these devices bock fo the central
sarver
Customers are oble 1o hove o poriable
custemer interface uni n heir premisas
ot can rad information off o meter and
receive information from the utky,
The abilly fa €oniral up 1o two relays for
lood control (such as hot woter cylinder
ond  swimming
'+ Becopoble of remoe load disconnect for
revenus profection of the uily.
I Herems of this specificotion, i is envisoged
that eithor power-line camier (PLC) or. radio
frequency (RF) communications would be
deploed betwoen individual meters and the
dotn concanirotor, with the communications.
between the dato concenrator and the master
station typically theough the callular network

ZigBee RF technology
ZigHee is o global wireless language

connacting dramatically diferant dmvices to
work together and enhance everydoy ife.

.
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ZigBee and IEEE 802.15.4 are standords
based protocals that provide the network
infrastructure required for wireless sensor
network applications. 802,154 dafines the
physical ond MAC layers and ZigBee defines
the network and epplication layors. Typically
whare sensors ore used, fhe key desian
requiremants revolva around long by lfe,
low cost, small footpint, and mesh networking
o suppon communication between large
numbers of devices in an inferoperable ond

multi-application environment.
There are numerous applical
ideal for the redundan, seli-configuring and
sali-heoling copobiliies of ZigBee wireless
mesh networks, including

s that ore

Energy manogement and efficiency os @
rosulf of impraved information frans
and corresponding direct load cantrol.

for

Home automation fa provide greater
ontrol flesibility of lighting, heating and
cooling, securify and home enferainment
systems rom anywhare in the home.

. Bu

automation for cenirolised
conirol of lighting, security and HVAC
opplications.

Industrial automation to increcse the
relobility of manufoctuting ond process
control systems.

The interoperable nature of ZigBes menns
that these. opplications can work together,
providing evan greater bonefis.

Zighee channels and frequancies

The RF spectrums and avallable channels for
ZigBee (802.15.4) ond WiuFi (802.11b/g)
overlop. These compele on fhe licence-
free 2,4 GHz band. ZigBea hos the ability
10 be agile across 16 channels in this
band as illustrated in Fig. 2. Interference-
can be minimised by selacling ZigBee
channels thai use the froe spoce between
two neighbouring 802.11 channels (the
Wi.Fi channels} as well as chonnols 25
and 26

ZigBaw netwark topolegy and device iypes

ZigBer networks are primarily compased of
throe types of devices, namely co-ordinators,
rauters and end devices. Co-ordinators
conirol fhe formation and securityof natworks,

Fig. 2: Frequency spectrum allocation of the 2,4 GH band.

routers extord the ranga of nefworks and end
devices perform specific sensing or canirel
funciions, Manufacturers offen crate devices.
that perlon

ultiple funciions, for exomple
© device corfrols @ geyter ond also rautes
massages 1o the rest of 1he neheork, The
typical inferaction betwsen these fhree types
of devices is ilusrated in Fig. 3

ZigBee communication reliabil

In terins of netwerk reliability, ZigBes was
dasigned for the hostile RF envirorments that
routinely exist in mainstream commercial
applications. The languoge uses direct
ssquence spread spactrum [DSSS) with fsotures.
including collision avaidance, receiver ensrgy

Fig. 4: Cartilied ZigBea teshing programmes

o Defining the network, security and
application software layers

o Providing interoperobility and
conformancs testing specifications.

o Promoting the ZigBee brond globolly to
build morket cwaraness

& Managing the evoluion of the technology

For a product 1o camy the ZigBes. lliance
logo, it must first successfully complee the
ZigBee ceriification program, This ansures
tht the prochuct complies with the standards
described in the: ZigBes spucification. There
are two Zighas certiied festing progrommes
[see Fig. 4):

datection, link quality

casessmant, acknewledgement, sacurity,
support for guaranteed time siots ond packet
freshness 1o offer produes manfacturers
highly reliable solufion.

Product cortification and the ZigBee Alliance

The ZigBee Alliance is an association of over
285 companies working fogether o enable
relioble, cost-effoctive, low-power, wirelessly
nawarked, moniloring and contrel products
bosed on an open global standard. Their
focus s on the following:

« Zigoa compliant plotiorm. This

applies 1o modules or

platlorms that ore infended o building
blocks for end producis

o ZigBes cedified product, This programme

appies to end producs thet are buil
upori @ Zigee compliant plariorm. Afer
successiul completion, these products con
disploy the ZigBes logo.
Products thet use public application profiles
are tested to nsura interoperobility with
ather ZigBee end products. Products that
wsa manuluchurer-specific profles, which will
operate os “clased systems”, ore fested to
ensure they can co-exist with other ZigBes
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systems (see Fig. 5] 1 ensure that they do
0t odversely impact the operafion of other
ZigBes-certfied products and networks

Secunty on a Zighee network

jlee securty, which s bosed on o 128-bil
AES algorithm, adds to the secury model
provided by IEEE B02.15.4. The security
services include methods for key establishment
and transport, devic
Frame protection. Use is olse mode of frust
centos (iypicollyfhe ZigBes co-ordinatars but
con also be o dedicofed device] that decide fo
ollow or disallow new devices info the network:
The frust cantra may periodscolly update ond
Switch 10,0 new network key. I first broadcosts
the new key encryptod with the old netwerk
key and then subsequently tells oll devices fo
Switch o the new key.

ZigBee in AMI applications.

Typically, the dota concarirators would oct 03
enardinotors and would sstablish o Zighee
loud on their secondary side with the primary
side cammunications being fhe bockhaul
over cellular or Ethemet fo the AMI master
sfation. Al system components connect info
i cloud and pairing is authorised by fhe dote

concentrator. Essenially any companents
from an adjacent cloud may be o

the first clovd but do not porticipate in the
conversations. due fo pairing. The shape
of the cloud follows each device as eoch
comgonent in the system propagates the
Zighea cloud. Each device in on AM syslem
ideally acts as @ signal repeater o router.
Th benafits of using the ZigBee wireless
communications plotform for the lastmile
communications includes the following

» The ahilly for the network componants
¥ expand the RF mesh {all repeatar
functionality), This results in @ more stable
communications network with o
wider reach. The odded benefit of this in
terms of cosfing is thot fewer GPRS/GSM
cellulor connections would be required
due 10 & kower number of concentrators.
This ensures lower operctionsl costs foo
that makes RF bosed systams for more
cost effective.
Price competitive in environments with
o low geographical penstrotion of
high-volue consumers Tower
concentrator requirements. As o result of
this, RF salutions con ba xremely price
cormpiing Wil PLC tioe dyafiens 64 pou
are not limited 1o the local fransformer

leval. This assumes naburelly fhat the RF
signal propagation is properly designed
and deployed
Capabiliy for llexible metering system
configuration occording o customer
requirements i.e. split mefer ond control
relay. There are no requirements fo install
cables befween mefers and the customer
interface units
» Not limited to two cantrallable londs per
household i.e. con be expandsd as the
needs of the utility chonge ond a more
financial prudent phosed-appraach con
e used.

Loods can be conirolled af the end load
and are measured [and maniored for
disconnect or byposs).

Free from consiraints in o *dirty” power
system where the reliobility of PLC comes
into question.

e The RF nefwork is self-lg
manoging and salf-healing ("plate nnd
forget*) which will ensure o lower level
of maintenance ond o higher level of
elobilty for he utfty and the customers,
Aty to do OTA (aver-the-air firmwore.
updotes fa oll system hordwore af an
acceptoble speed whereas the low boud
rates of PLC make this extremely difficult
and unraliable.

Software tools ore sasily available to
intemogate, plot and evoluote fhe reol-
time status and health of any zone of the
mesh network (see Fig. 7).

AMI system cost

The emergence and maturity of cellulor
technalogy has enabled the grawth of
automoted meter reading (AMR] and AMI
platforms and rondorad them os vioble
solutions. Typicolly this is achieved with
an access point name (APN) which allows
g o Soalocsied uniaue IP address.

Fig. & Sample of o Zigee nehwoek anolyis scltwore ool
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Cami = (Mn + m
whets:

Cu = Tokl M platiorn cost

“nt (Sapn + Capy )

= Hardware cost of the AMI reody meler

= Profoc ariod morital

(including SIM card)

{,sﬂ:‘ {\13}

= Concaniulcn rafic of makes per data concenoior
= Number of meteng poinis or end-users
= Initial setup costs for an APN sysiem

|
= Cost par mater or connaction par manth far GSM network affc
= Fixed cost per monih for an APM (imespective of usoge)

Eqn 1: Costs of an AM! system.

Tha costs involved with an APN typically
include the following.
o S, Inifial setup costs for an APN syster
& G, Foed cost per manth for an APN.
(irespeciive of usage).
Cu Cost per meler or conneciion per
ety for G nework oficlnchuding
Sl card)
The initial selup costs (5,5} include the APN
craaton os well a the instollation of leased

In smort metering or AMI systems, the GSM
connections ore drostically reduced becouse
they ars only required for backhaul fa and
from each date concentrator. Each deta
concentralor then communicates with-sach
meter connected to it fanywhere from 20 1o
500 davices or maters) using aither power-
line corrler (PLC) or wireless RF (ZigBee)
communications. In AMI systems the cost of
the last mile communications (PLC or R i

Residential load management
projects

Curony thera are four municipol projects in
implementation in the Westem Cape, South
Alrica. These projects are parly funded by
Eskom Integrated Demand Management
{IDM) os port of their anergy eficiency ond
demand-side managemant programme.
These peojects focus on residentiol hot woter
lood confrol using the lood conirol porfion
of the smart metering or AMI automoated
mefering infrasiructure) system. The: projecis
in quasfion will enable Eskom and the various
municipaliies to shed lood during peok times.
as lollows:

Stallenbosch (5,07 MW)

Oversirand (3,160 MW)

Drokensiein (7,204 MW)

* Mossal Bay (4,687 MW)

Each system runs independently from the
others ond is based on o site deployed central
sarver from which signals are distibuted vio
GPRS fo dafa concentralors and from fhe
concentraters signals are distributed via
Zighes RF to the appliance control devices
thot will switch the hot water cylinders
(geysars). The relative size of these. projects
in ferms af hordwore is 0s follows:

*  AMI masfer sfofion (4 instancas]

ines {
network and fhe mester siation server.

oo | iy foes. The costs
of on AW spstem ore represenied in Ean 1.

o D (~87 units)
o Applionce eontrol relays (43 400 units)
Conclusion

The business cose for AMI is increasingly
focused on driving efficiencies in enargy
consemption and business operafians.
Although the technology aspects of AMI
o6 Aiggithcnnl,. the Busisss Gikames ors
most important, AMI holds the promise of
mesimising the oparating profit of the utlty
by influencing cansumer. behaviour against
netwark and capacity constraints, The issves
of interoperability and the local standards
should serve as o means fo this end.

ZigBes is viable 05 o lost-mile communications
platform for AMI
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Mobile technology for infield data collections
and electronic works orders

by JH Géte, Motla Malering

Mabile technology has taken the world by storm and

¥ day, The capabllify

date ever GSM networks at a relatively low cost has also revolutionised the world even more than the lndunrlnl
age and there is no end to the possibilities yet. New ideas and new processes are now possible in the field of

infield data collection.

This paper willdeol with o simple, but eflectve
and cost saving applicafion of the new oge
b "

There are mony more dala sefs used and
these exomples above con each be extended

logy
municipaliies o reduce costs and improve
services.

In field data coliection hes alweys been
challenge with date collectors making use
of paper or o handheld electronic device fo
coplurs the data end o seporote GPS and o
sepomte comera to foke the photos. Linking
allthase fo the same and carrect dato bundle
sometimas proved fo be impossible. With

progroms, upgrade programs and movement
and behaviour of consumers. Processes that

info ies extensively os well. It is will define what must be done with data ond
1o he purpose ofthe poper o i detasfs o it 13 done must bo defied clerly and
eidagasspiadag . b d wich i

rely heavily an dato o operate. As does
any business in tha new age of informetion
techrology. Incorrect dota costs money.

Origin of municipal data
Historic doto
Municipalities have large data sets that stem

new handheld technology ol
these faotures the data collection process hos
been simplified resubing in improved dota
receivad from the field. The GSM network
A ik . il

years of gathering dato from the field. The
accuracy. of this doto is. mostly in question
os it was gathered using poper infield data

passi
roceive this dafo rom the field real fime wit
huge advantages

Data in the municipal

must ba kept and ol chonges 1o data logged.
Accass to dota must be managed and user
rights must be well defined,

Define processes o incorporale.

the new data with the old

‘What to do when newly collacted dota and
the historic dota are difierentz What can be
rusted? Normally the historic dota will have
the loast impoct on the cusiomer and couse
the least amount of work for the municipal
officiol and is therefore accepled as coned,
making data collection programs futile.
Db i i deil

as for a8 prooctive maintencnce and large

billing errors are mods os o result of thess
o R

Dtainh impact

and ineffi The worst of these are the

hugely on the services delivered ond the cost

sffectiveness of the municipality. Incorrect

billing data con bankrugt @ municipality and

Incormect dafa on which mainienance efforts

16 based will cause huge odditional cosls

and slaw service delivery. Some typical dafa

used by municipalities are:

Cusiomer dato

+ Parsonal infornatien

& Address

o Propery

Meter daia

* Meter informotien such as fype, moke,
number, efc.

Position.

Condition

Average consumption

*  Maintonance required

Assel register

* Asseltype
 Position

Value

Candion
Maintenonce required

..

ertors that are not evident and that no-one
knows of.

infield dato capluring profects

A1 some stoge all municipalities: undertake:
some sort of doto collection project fo
update the historic dota and/or gather data
nat previously required. These projects are
‘mostly outsaureed ond many fimes the focus
s an the price and how quickly the dota can
b collcted instoad of on the qualiy of data
racaived. The resultis normally incorrect data
a5 0 result of contraciors rushing to ovoid
panalies for lete complation and dus to short
cufs faken 10 save costs.

Much of the data is also recaived from
maintenonce teams. This informatian is
narmally on poper ond sometimes never
rooches the doto bose. Monthly processes
such o meter reoding and credit contral are
also sources of dato.

The solution

Dafine processes in odvance 1o maintoin oll
new and old dota

Dato sefs are “living argonisms” in the
municipal anvironmest due. to maintenance

and the correct data set used. Influences on
customers must then be communicoted with
the customer, but the correct dota must be
implemented.

Define processes fo collect the dofo

Processes ta snsure fhat the collaction of dota
is done efiectively and occurately must be
clearly defined. Deliverables and tolerances
must be dofined and statistcoly represensative
sample audits of data submitied must be done
1o ansure accuracy levels are maintained.
Where occess problems occur due o locked
properties or due tn denied access, clear
and dacisive action must ba taken 1o ensure
access is obloined. Suspension of the supply
of services is a strong 100! 10 use and works
very effeciively. There is no quick fix when
it comes fo dato purification and theretore.
sufficient fime must be allocated to the'dota
collection process.

Manage the data user and collecto;
ot the data

If the user and the collector of data is
manoged o operata within sirict boundaries
the data will look ofter itself. Dato connot
cormupt itself. Il is alwoys corupted by the
action of @ human being. Therefore human
intervantion must be reduced to o minimum.
All human interaction must be monitored,
reported on and correclive uction must be.
taken it errors were made.
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Make use of technology

Tochnology as discussed in the intracluction
s available to manoge dato users and
collectars. Mast processes and procedures
con be enforced using technology. This will
be discussed in more delal below,

Maintain the doto confinuously

Data can be mainfoined successfully if
all users of dota ore managad 1o ansure
The

General

1f o GPS co-ordinte is taken every time on
action such o meter reoding s token, this
co-ordinote can be used to verify whether the

not. IT

Electronic work orders/job cards.
With slecronic works orders, a higher level of
control is pessible resulfing in improved qualiy
of wm and improved efficiency:

o herehins i ead e “pokceg Tosk o
ensure personnel ane kept hanest

Visuol owds
Pholos of ossats can assis in the planing of

mointenance effor must be confincous with
immense discipline. Systams and technology
cannot prevent the affects of il discipline
completely

Technology
GPS
GPS technology cannot just fell you where

an asset is located, but assists in manoging
personnel who have 10 visit the osset.

Parsannel manogement

Due to the fact that you can trock persannel
you can report on haw long the person took
to complete o specific fask and how long
the.parson spant on the road to get there
and back. This information is invaluable
s manogemen af field personnel is now
passible from o dask. Efficiencies improve
with huge cost reduclion os o resull and
with imgroved reaction times and improved
service daivary, Planning con be doos more
offschivaly in farms of e number of pamonnel
required, and equipment tha is required wil

Know what s required o be
done ond whot tecks and pans are required fo
complete the mainenance belore you go fo
site. Travel time will be reduced ond personail
can be employed more produciively. Huge
cost savings can be achieved by providing
infformation fo customers: who moy query
meler readings as no additional fest reading
is roquired. Agoin a picture says o thausand
words 0nd connot be disputed. |t can olsc serve
as ovidence when fampesed mafers or ilegal
conneciions are phefogrophed with o dote
and fime stemp. Photos cre very successhully
used fo verify meter readings o3 new processes
force the meler reader o lake a photo when
the systor does not agree wilh the reoding or
when o mainfenance code or no access code
is envered. I all mointenarice fechricians ore
forced to toke photos of work done it can be
usad 10 do quality assurance os wall. A very
simple applicalion s fo force any perscn wha
opens ond closas o meter bok o 1oke o photo
of the box once the task is completed, There
will b o more open meter boses.

Gsm

A cote siudy an meter reading will show the
effoct of this loter in the paper.

Spotial reporting
Spatial reporting on

in the meler reading industy ond will also
become esseniil n all focets of he municipal
business. Just as we connol imagine what we
didto communicote befoce collphones, werwil

maintenance frequencies, credit control
efions, aecess o meter problems, etc. is now
ble. This

without real time data communicotion. In
some inslances it s olready a realrty with sman

f o avol v,

i sand il

When taporting spatially you con eosily sse
from meter reading date where there are
stands with slecirical meters, but no water
meler ossociated with fhe same siand. This
ean be investigated and comected resulting

in odditional income, Cansumption data can |
e shown spotially and when a siand does nal! ¢

haave consumption similar to hoss inthe some-
are, it can be identfied and investigated

Routing

Wark in certain arens can ba combined o be:
allocated fo fechnicians to ensure travelling
s optimised. Urgent work can be sent fo
personnel who are in the area. Meter reading
routes can be opfimised, resulting in-fewer
rasources required. Porsonnel can b routed
to the assal for mointenanca purpcses and
even for meter reading purposes.

with real ime
with sarvers oll over the world, not to mention
old technalogy such as telsmetry and SCADA
systoms, Tha metar reading industry is now
using real time dato transders to manogs the
quelity of readings and o reduce tumaround
times. Dota is validoted on the handheld, but
ia then sent fa the server for further validation
and can be sent back 'to the meter reader to
wonfirm while the reader is sill in the field.
Prograss of mefer readars is monitored in real
time. Reading of remote areas can now be
dane much more cost effectively as ne one has
10 collect o handheld device from the office
#2 9o ond read the remote area, A person in
the orea can download the electronic works
‘order and read the melers. This is especiclly
effective where ins consist of

. be forced onfo the person
e o ol o e o
warks o

Phetos can be made compulsory and the
works ordor cannot be clased if the photo.
was nof faken.

GPS co-ordinates con ba foken in the
background fo ensure no canirol over s
funchion is possible and therefors keeping
the person horest.

Cortain data fields ta be captured can
be moda compulsory ensuring essentol
information is receive ck.

Drop down menus con be used fa ensure
there s ooly one way of spelling ‘Church
Sireet”.

Completed works orders are uplooded
anio the ceniral dota base vio GSM as
soon os i is completed. Now ol the
information is available for use and for
foedback fo customers.

Data is not just loaded ono the system
automatically, but is done sa accurately.
Data validation
hondheld before
roquired data is i
Case study

Bockground

Mater reading hos abways been underestmated
in both the volue it can add in terms of dato
from the field and in tarms of the imporionce
of the function in the revenve chain. The
meter is the cash register of any municipality
and must be managed s such. Imagine:
whers. Raymond Ackerman would be i he
did not manag his cash registers praperly
It Is essentiol that municipalities come fo
realisn fhe impariance of the meler reading
function. It is no longer usi about gelting
o veading lor every meter. It is obout dala
collection on the meter and on condition of
tha meter and factors fhot make raoding the:
meter impossible. t his become imporiant to
reportaccurately why a mefer cannot be read
as this willinfluence the mainfencnce required
nd done immensely.

Ekurhuleni i a0 ssomple of & municipolity
that reclisas the importance of this reporting.
Cansultants ore appoinied 1o manage the
meter reading and maintenance of meters
and o5 @ result the imporiance: of reporfing
on meter condition has become port and
parcel of the meter reader's function ond o
very important port thereal, The osset (meter
reader} poid for is used optimally by moking
s of the dota recsived from the asset.

w.w. this need, a system wos developed
all the above fechnology

varicus rurol fowns.

md processes were developed 1o force the
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mter readsrs i the field to collect the roquired informotion and to
do s0 accurately:
GPS technology implemenied

*  GPS co-ordinafes are foken in the bckground for avery action
aken ond are date and fime stomped

¢GPS technalogy directs the meter readers on the hondhelds to
the: next mater o be reoc

«  Spotial reporting is available:
Photos

Photos are forced for tha following outcores

No access codes

All maintenance codes
Al nofe codes

All high/low excepions

Quolty ossurance rules buk in
The follewing rules are programemed arto the handheld to assure
comect data is reported:

o Confirmation of the address

Confimatian of the mefer number.

Evaluation of the reading in terms of the average consumption

Evalusfion of fhe no access code, mointenonce code and nofe
code in refafion fo the history of pr reported cadss.

o Confimation of the GPS co-ordinate in relation o previous GPS
co-ordinafes foken far the meter.

Strict processes are enforced for cortain ouicames. For example
if o reading is nol within preset limits according fo the overaga
comsumption, a photo is forced ond the reading must be re-entered
bockwords.

if o mointenanca code is not the same as the previous month, @
coda is suggested

The following rul bl into the bock off

All entries with o photo are flagged and investigated by o dota
eralyst

.

The phota is used 1o defarmine i the dofa recsived is corect or
rot. I the dola s not correct or i the photo is not of good qualiv,
the data enalyst sends an electronic works order to the meler
cweder or the supsnvisor in the field 1o ra-read the meter

& The data is then agoin put through the somo quoliy check
Case study results

Duta aceurocy

Wotor moding d
improved from 97% 10 99%
Accuracy on maintenonce codes increased from 80% fo 99%
Accuracy on na access codes increased from 80% to 99%.

The most significant improvement wes on the number of meters
read. This increased from 80% 1o B7% due 16 o reduction in the
numbsr of no accass codes provided and due o more effeciive
maintenonce.

Readings directly onto billincreased from 77% fo 86%
Cost reduction

A cost reduction of 15% was experienced by he meler reading
eompany dus ta less transport of personnel required and due fo
incenased efficiancy of mefer readers. If routes could be opimised o
further cost reduction would have been passible, but due fo ihe fact

Continued an poge 49
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Half-cycle circuit breaker for rural smart grids
minimises operating costs of feeder, spur lines

by Dx. Brelt Watsan, Dirk Scheerer, ond Benjomin Gischke, Siemens

Rural slectricity distribution is less reliable and more expensive o operate than urban networks and generates
less revenve. Long overhead line lengths, inherent high faul frequency and the often considerable fime faken o

find and faults result in long

Lang lengths of line that ganerate lfle income
con ba financially problematic for uiilities
&ven when they operate reliably, Lines. with
high foult frequencies and which serve few
Custormers are. more than challarging. They
requirs investment to improve raliability
pariormance, but with few customers it is
difficult 1o {ustify the copitol expend
necessary o improve: them.

This paper. proposes fen criterio that
ropresen the ideal network pedormance of
rural overheod spur line pratection davices
These criteria are fhen used to evaluote ond
compare the rurol network performarnce of
thrae low capital cost protection devices. Two
of thasa solutions ora traditional devices, fhe
comimon fuse and the drop-out sectionaliser
The third is @ new compact, infelligent and
fast circuit breaker tachnology racently

developed
Rural network overview

Roral overhead, medium volioge distribution
networks. are normally configured os rodiol
networks. A zone substofion will have o
number of faeder fines emanating fram i
Each of thess feeder lines will then have
tee-off spur linas fooding clusters of cusiomers
Thace are few, if any, interconnections betwean
foader lines. Fig. 1 provides a typical nework
topology that wil be used for the performance
comparisons presented later in this papet.

Rural networks also fend fo experience
high fault rates due fo-storms, lightning,

P

vegetation and wildiife. A typical foult rote

and, often, financial penalties.

for thess long outoges. Thess foctos have
significant

perlormance and which s used in this paper
for later comparisons is thet a roral spur fine
that experiances 0,02 foults per km per yoar
(1] For example, o 50 km spur line wil, on
average, experience one fault per year.

Foult fypes can ba classified os iransient
or permanent. A transient fauli means
that the electricily supply is tumed off
momantarlly and that the falt will be gene
when the line is ra-enargised. A permanent
foult infers thot tha line has experienced
permanent domaga and the foult cannet
be clecred by @ mementary interruption to
supply. A line crow must physically repair
the domage befora ra-snargising the line.
For o rural overhead network, ypically
70 - 80% of foults ore of o transient nature.
This high proportion of transient foults
has implications for eptimisation of rural
network performance.

Rurol nehwerks are alsa charactorised by thir
large geagrophicel size and low customer
dansity. This means thet the cperating
costs to own and run ihe network are high,
aspacially considering the high foult ratas,
but that the revenue generated is low
Outogas that require ling craw otiendance
incur high operating costs due fo the long
deive time to find the fauh and access the
sife. In oddition, potentiolly substantiol
penalties may be incurred from regulators

on the scole and
type of invesiment that netwark owners ors
prepared o make on their rurol network, Low
cast of purchase, installation and ownership
e all kay drivers for rural natwork investment
0 improve network relabiliy:

Ideal spur line protection
characteristics

A the meiority of ine legth in rural neiworks
is oftributed 1o 3pur lines rather than fo
the fender line, fhis paper will examine the
protection options of the spur line level for
fouls ther accur an the spur line. This paper
will assume the faeder line is protected by o
roclosar with slectronic control 03 in Fig. |

In investigating the: performance of rurol
spur lines, ten perfarmence criterio have
been infroduced that, whan implemenied in
& profective device on fhe spur line, provide
the optimal network performance [2]. These
ten criteria ore listed and exploined in Toble |

Evaluation of spur line protection
solutions.

Currently, the most commen devices used
for the specific profection of spur lines are
o troditienal drop-out fuse or a drop-out
sectionaliser. This paper evcluates each of
these devices and. compares it fo & new,
intelligent fuse-saving circuit brecker. The
outhors acknowledge thet ather devices
arm ako available for spur line protection

g 1: Trbieatruro nshwork fopology:

Fig. 2: A wodianal drop-out fuse. (3]
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including the use of reclosers. Those hove
not been included as-in most cases the cost
justification for use on rural networks is not

Traditional drop-sut fuse
Most rural medivm vollage nefworks are
configured with the primary fesder protacted
by a circuit braker o recloser, while a fuss
protects the: spur line (see Fig. 1]

When o foult oecurs on the spur line the
fuse operates fo clear the foult. When the
fuge pratection is grodad correctly with the
wpsiream recloser, the raclosar will never need
to operate 0n @ spur fine faull. This mecns
only the cusiomers on the faulied spur line
sxperience an outoge. The problem with
configuration is that the fuse blows on all

fauks, both parmanent and ransient, causing

downatioam customers o ahways exporienca.a
sustainad outoge and alwoys requiring o line.
crew 15 replace the fuse Incurring substantil
‘operaiing costs forthe natwork owner In most
cases fhis susiained oulage is unnecessary as
the foult is fronsient.

A fuse that has blown will drop down and
provide @ visual indication 1o passing line
crews s fo the faulted line. Whan in the
dropped down position the fuse provides a
genuine electrical isolafion due 1o the large
it gop.

Table T; Perlormance crtena for opimal s line profecton,

A fuse has no electronics or intelligence and
shorefora o copabiliy fo record historical
data about faul events or reliability dota.
Without communication functionality, it
cannat communicate devics status remotely
1t makes no contrbution %o the formetion of
an infelligent grid

When o live-fine crew is working downstream
of o fuse, the operating time of the fuse is
dependent upon the faulf level. As such,
normel pracice is to use the feeder line
recloser with o hot line log seffing as the
prolaction for the live-line <rew. Even the
fastest recloser protection will allow 2 ~ 3
eycles of cument to flow, which is odequate
1o causa significant bums o an opsrator in
case of an accident.

7 While fuses possess a low copital cosf, up 1o
B0% of fuses blow unnecessorily. While fuses
ore quick and easy to insioll on-site, @ line

feeder line recloser. Whan o foult oceurs on
the spur line, the drop-out sectionliser does
not hove a fault interrupting capability of s
own and relies upon the recloser fo clear the
foul, I the foul is fransient, the raclosar wil
clear the fault. However, in doing 50, i wil
qive all custamers downsireor of the recloser
& momertary cutage, not fust those on the
fauhed spur line. I h foult s permanent, the
sectionaliser moritors the fault current ond
the reclose sequance, and opens during the
dead fime of one of the reclose operafions
wccording o the configuration sef. Esenticly,
the feeder lina recloser is used to clear
tronsient fouls nd the sectonoliser i used
1o isolate o permanently foulted spur line
Unfortuntely, the maiority of spur line fauks
are frensient,

As the racloser protaciion seftings must foke
account of the load currants generated from
i the pick i

man o crew
may foke haurs o avel, patrol the line for
potentiol b search for ond repir the blown
fuse, cosiing tha iy in the order of R10 000
for a singlo fusa operation. This represents
a subsontial cost of ownorship if o line hos
ri

pick-up
can be much highr than [s ideal for spur
line protection where the fault hos actually
accurred. This means thot low level faults
at the end of o spur line may not trigger the.
raclosar protection of all, This can resull in

iAo

Drop-out sectionaliser

Drop-out sectionalisers ars used in ploce of
the spur line fuse ond are partnered with the

events such as pole fop fires or
downed conductors fhe ore sl anergisad.

A sectionaliser that hos operoted provides
line crews with o visible break cf fhe site of
the operation, but without fault interrupting




SOLUTIONS FOR A
SMART INDUSTRY

WorleyParsons is a leading global provider
of professional services in the sectors of:
Power | Infrastructure & Environment
k | Metals, &C

Power
+ Renewables

« Transmission networks
+ Power & co-generation
* Nuclear

= Gas engine plants

Infrastructure & Environment

« MV & LV electrical reticulation, networks &
electrification

Management & analysis of electrical networks
Power distribution, sub-and-switching stations
Control & monitoring

Highway, street & high mast lighting

Our services include studies | consulting | engineering | construction
| full &

management (EPCM)

Durr Pieters
Consult Manager
durr,pieters@worleyparsons.com

EcoNomics

www.worleyparsons.com




Fig. 3 A ypical drop-aut sectionaliser (4]

copabilly, offering no rapid or sansiive foul
prolection o line crews. Again, the upsiream
recloser hot line fog must be opplied
Therefore drop-out sectionalisers do not
improve tha safety of lins crews

Furthermore, the sectionaliser has no internal
fault memory capable of mainigining o
record of outage avents. No aveni log or line
history exists fo ossist the network oparator
10 understand the rsason for tha outage, nor
1o maintain an accurate mcord of the length
of the oulage for performance raporting
purposes. It cannat be infegrated into @
network's SCADA syster, hos no capaciy for
ramote control ond does nat enable operators
ta teansition o an intelligent nefwork.

The purchase price of the sactionaliser is
relafively low, and the devica isol is simple
ta install and replace

Fuse-saving circuit braaker

Fig. 4: The fuss-sover and fuse porinered on spur fine:

Fig. 5 The fuse-saning device,

the “protection off* lever. This means that all
fauls wil be limited 10 o holf-cycle duration
ond the consequences of aceidnts. during

elactrarically controllad, single-phase fault-
intemupting device thet i instolled in series
with @ fuse (see Fig. 4) to protect the fuse
from transient fouts This ‘use-saver” detects,
spens ond dlaars o fault in os litle s o holl-
cycle which, for most rural spur line fauls, is
lass time that it takes for the fuse fo meh. It
then automatically closes after o configuroble
dead fime.

IF the foult was fransiant, then only fhe spur
line: customers have experienced a momentary
outage. Ifthe laulis permanent, afer closing,
e foulh current will ow agoin and the fuse
will now operate to clear the foull, The fuse
drops down, providing a visible flag fo fine
crews of the permanently foulted line and
slectrical solation. Again, only the customers

live-line work are greatly reduced and survival
ha

This device hos on-board electronics
with memory that confain on svent
history, including infarmation on foult
characteristics. A short-range wireless
communication moduls is sasily attached
ta each device allowing connection 1o o
cusiom PC application. This enables an
operator fo view live dafo en the status of
sach installed device, including fhe fime,
type and magnitude of the most recent
foult. Evant logs fram multiple spor line
fuse-saving devices can be retrieved and
anolysed to detormine the worst performing
spur lines allowing network owners fo
fake preventative oction in @ cest effective
Furthermore, o ity con gather
bilty dato on their network

When line crows are working downstream,
the device's pretection funchanality con be
changed o o singla shat 15 opan mod with
instantoneous profection by pulling down

for use

regulotory raporting,
leading o financial savings.

Using short-range radios, the devices on

performance. Synchronous monwal ripping
and closing is possible 1o avoid ferra-
resonance issues. Alio, when ona phass
experiences o permanent fault the devices
on tha adiccent phases con e insiructed
fo frip ond to-provide  throe-phass lock-
oul 1o protect threa phose machinery fram
demage.

A proprietory, purpose-designed remate
cantral unit is aveiloble, enbling this device
10 then be integrated info a network’s SCADA
system, providing ropid peesss fo, data and
remate access fo devicos from the cantral
coniral centre. This includes receving foult
olerts and gotherng reliability data.

Like tradiional spur line protection options,
this technology hos a low capial cost, and is
auick dnd simple o instoll, saving operationol
buelgat. Foybock con bo achisved in s e a5
o year,sublect fo fault requency ond relcbility
penaly schemes.

Comparison of rural network
performance

Acomporison of the threa salutions examined

multi-phase sites can and
work 65 o team to further improve network

critesia is prosented in Table 2.

S ——
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Impact of efficiency measures and distributed
generation on municipal electricity revenue

by A Jonisch, M Borchers ond M Euston-Brown, Susiainable Energy Africa

Arange of national and local policies and sirategies premete energy efficiency and renewable energy in response
1o the electricity crisis and national climate change commitments. This trend is not anly local, but global. In Sauth
Africa this is taking place in the context of rapidly decreasing renewable energy costs and simultaneous rapidly
increasing grid electricity costs resulting from the new bulld programme.

Elactriciy ravenve and city finonciol survival
is closaly linked in many South African
municigliies, dus o our pariicular history
of municipalities operating os electricity
distributars, Typicolly 10% of annual sleetrieity
revenve generated is fed into city coffers,
subsidising o range of other important
municipol services. In addition, revenus
fram “high-end® users [larger residential and
ofher consumers) is roufinely used o cross
subsidise ‘losses” from providing power to
poor households which ars not fully covered
by the national equitable share grant

I the post the theaat of revenue loss inked o
reduced solas rom energy effciency and solor
woter haating progrommes has often resulied
in some resistance by eleciricity departments
to such infiatives. However, foday it is widely
accepied fhat such changes aro inevitable,
aven i just o5 0 consumer responsa fa the high
slactricity prices ond increasing avallability
of chaapar altematives fe.g. solor P¥), ond
a managad response is therafora colled for

Tho thracts 1o alactricity ravenue remain
teol, and only recently has work started
o essess this stuation in detail. What will
the impoet be of *high-end" customars
bacoming more eficient and instolling solar

PV systems for awn-use, becouse it makes
financial sense — s is expected within o
fow yeors? [1]. These customers are key
revenue generotors for cities, and important
for encbling cross-subsidisation of the ever
increosing proporfions of poor households
This papar prasents results from & modalling
oxercise fo esfimate fhis revenue impact of
efficiency ond small embeddad generation
aver the next 10 yeors, flogs the potantial
for an impnding revenue “death sgiral"
assacialed wilh expecied frends, and sugaests
what needs to be done fo avoid likely serious
negative revenue consequences while sill
enabling economically desiroble efficiency
‘and renewoble options.

Hourly load profile impaet modeling

Discussions with municipal electricity staff
indicate that general modals projecting
petentiol eleciricity and ravenus savings
and losses were not particularly useful, but
rather haurly lood prefile impact analysis
was required mainly because bulk purchase
costs vory sigrificantly ot diferent times of
the day and year. An immediate challenge ia
undertaking this exercise wos that chien cifies
don't know what fheir overall load profile is. To
undertoka the modelling, defailed holf.hourly
dota wos gothered for six intake points for

Fig. 1+ Scroengrob of o ol and revenvs impactaralyss spreodsheat model uied,

—

the City of Cape Town and for key oThekwini
intake points for a full year. Only results for
Cope Town ore presented hare, as discussions
with eThekowini offcials o their resuls had not
yat taken place af the fime of writing. Lood
profiles included week ond weekend demand
Projections for uptoke of various eficiency
and renewobla chomativ energy services
wre developed. Thase concerrated on the
residentiol secior {for which more deiled
labls, ond which forms
it some estimations
for commercial building oficiency ond broad
estimates for indusirel efficiency. Projections
were devaioped bosed on ‘real lie’ doto o5
for as possible:

» Residential uptake of efficient woter
heoting based on marke! onalysis
undertaken for Cape Town City roliost
progrommas

Commorcial building efficiency impact
bosed on data foken from the real-time
monitaring of eThekwini municipal
buikdings pre- ard post-ffciency retralis.
Residentiol PY upioks based an o defailed
analysis of customer expenditure on
electricity and therefore PV finoncial
fecsibility inta the future [2).

.

Solar P¥ generation profile besed an
analysis of solar radiation dofa, with array
tit angle selected for maximum annuol
output (sce Fig. 2).

Predicted elaciricly price increoses and
PV prico decranses as roflected in the
national IRP2010.

Pulling these together resulied in the kay inputs
o tha modek given In Table 1

s will ba shown, the most significant omongs+
the inferventions i terms of revenue loss are
the salar PV uptake of 100 000 households
in 10 yeors, and efficient water heater
uptake of 350 000 househalds in 10 years.
Both of these penetration figures are based
on substantiol research, and therefare are
considered credible. Thess interventions will
e primarly adopted by hi-end users wha ore.
most offected by increasing tariff, which is
compounded by tha siructure of the inclining
block tariff (1BT) resuling in thair bearing the
brunt of price Increnses. Revenue losses from
this category of cusiomer ane serious, os fhey
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* Raiceil effwotor hewrers eqippec wi
imira ovold peok lood pariods
. owpoliespack)
Tt intarvanions modeled.

are keyfo cross-subsidising other city functions.
as well as low income housshold eleciricity
provision,

Commercial and industrial solar PV uptake,
which s expected o be significart, was not
modelled in thisfirst xarcise. This impaet will
be explored in future work.

Load profile modelling results

The groph i Fig. 2 shaws the rasult of the
hourly load profile modslling for Cape
Town for the differsn interventians discussed
abave, The major contributor fo the efficiency
inferveniion impact (shown in blue are solar
water heaters. Nofé hot thesa are eauipped
with timers o avaid megaflex peok periods,
thereby maximising their benefit for the ity by

smoothing the load profile. Solar PY is shawn
in yellow of the botiom, and while it has o
small apparent impact, the revenue impoctis
significont [discussed loter)

Refacting on fhis graph the following points
ars notewarthy

Inrvantions thot con hit megaflex peak
periods ara obvicusly the best. At this
point the muricipaliy Is often seling

.

escalations and tarf systems porsis, revenue
lasses ore precicted 1o be around 6% of tofol
revenue: ond probably oround 26% of net
revenwe afer dsducting bulk expensas) for both
solar woter heoters ond solor PV inferventions
combined within 10 years.

In order fo ovoid fhis potentially crippling
impact on cify revenues, changes o the current
modus operand will need to be planned for

¥ 1
are purchasing it from Eskom (particularly
in the residential sector) and therefore
ony load reductions here are potentiol
money svers. Selor water heaters with
fimers o avoid ricds ore one
such intervention (although they will
sl rasolt in @ revenue lass with current
arifl systems, butthis oss will f least be
minimised by the usa of fimers}.

Sellr PV systerms generate most of their
power duting the day rather than in
peok pari thasa times bulk power
purchase costs ore genarally ot standard
rotes, and thus the revenu fosses from
displaced power are more sigrificant.

Electricity revenue impacts.

The grophs in Fig. 4a ond 4b indicate the
impact of the different interventions on
leciriciy evenue. Of mest imerestore slar
P and solor woter hosters.

and the next 5 years.

The graph olso indicates the revenus impoct
if hauseholds with solar PY systems are
chorged o fixed charge and separote energy
charge, o5 wih Cope Town's new residentiol
net matering torif of R9,83/day fxed charga
and 91,69</kWh snergy charge. Such o forfl
is considered o reascnable opproach, as nel
metared households nasd to poy for the grid
availobilty even if they ore generaliig most
of their own energy (unless they chooss to
g0 off-grd completely of coursa). The graph
shows thaf there is minimal revenue loss f such
o fixec charge torff is applied. However, such
tarif olso discournges the adoption of solor
PV significantly, as scvings fer the cusiomer
ore much less than if they are charged the
normal residential tarif. This s discussed
later. It is impartant to nofe that such o net

(cemmerciol and indusrial efficiency, ond ofher
residentiol efficiency maosures) olse have
important impocts, but these ore not the focus
of this paper. The impact shown in the graphs
of solar PV and solor woer heators (SWHs)
ore dlearly signiicont, porticularly when net
(operoting} revenue is considered (1=, whers
bulk purchose expenses ore exciuded, which
ore around 63% of otol expenses for Cape
Town of present, and are likely 1o escalate fo
awver 708 os eleciicity prices increase foster
than inflation). The net revenue impact reflects
the recl effect con the incame availoble fo the
sleciricity deportment for core functions, os
well o for contributions 1o other important
ity functions.

The lesses indicated are clearly untenable
Should current PV price trends, solar wofer
heater rollout expectations, clectricity price

howaver, os housaholds may well choase 1o
still insl solar PY cnel limt ifs generation o
“owm use" ~ |.e. not fead back info the grid ot
any time. It i questionable whether the city
would be able fo charge them a net mefering
tarff in this case, or would even know that
thay have o solor P system installed. For the
high-end housshald ihis is ikely fo bacame.
o finoncially viabla choice in the next fow
years, and the revenue impacts for the city
will be significant. The large-scele edeption
of solor PV systes moy therefore well foke
place irrsspective of torifs imposed — ither
“under the rade” or ouiside of the regulatory
influenee of governmant,

NERSA hos mads the point that hare
is no provision in the 2010 Integroted
Resource Plan (IRP2010) for small solar Py
or other generation within municipalitias,
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Fig. 2: Averoge ganaraticn proffe (MW] of 100000 2 2 kWp selar PV systems i surrimar-and wider (Cape Toun).
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Fig. 3: Lood prokl

and thot municipalities ore not mandated
10 buy and sell power generafed by such
systams. However there is o reasonable
amount of confusion around this issue,
including. potentially conflicting stotements
in other afficial documentation Such as
the net metering guidelines for <100 kW
systems issued by NERSA, which suggest
that net metering can b undertoken by
cities (Standord Conditions for Embedded
Generaticn within Municipal Boundorles)

and the foct that some cities ore allowing
net metaring already. All considared, the
significant future adaption of solor PY

|

e p————

ittsess
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Fig. 4a ond b: Revene losses for salar woter heatar (SWH) and solor PY interventions.

impact modaliing results for eficiency ond solar PY inferventions

moy well procesd despite the regulatory
confusion and intraduction of et metering
torfs.

Pressure on cross-subsidies for
low-income electrification
In addifion o the potanial revenus impact

of efficiency and solar PV inferventions, thers
will b maunting prassure 1o increase cross

subiidies for low income eleclricy provision.
This i lurgely becouse of the escolating focus

coupled with the high growih rates of fhese
settlements (3]

Double whammy and death spiral

Ciies are in an increasingly difficult position
where ey nead o find the resources 1o cross
subsidisa poor houscholds, and this pressure
is increasing as informal electrification
bacomes mare of an abligoticr, yel olecricity
revenue is under strain os bulk prices increase
and important surplus-generating hi-end
customers laok far ways of spending less.

Cities ara under fast incroasing revenue
strass lrom two sides — o “double whammy'
If omampts are made 1o alleviata this pressure
and sustain adequate revanue by further
Ioading the torifi to wealthier residential
and ather customrs (who currantly are the
key surplus income ganerators), this just
accelerates their adoption of solar PY and
affciancy options to raduc their claciricit
expenditure, which further reduces city
revenua - o ‘death spiral [5]

Confinuing on the current path is therefore
Iikely to be untenable and, and while there ore
longer ferm national govemment respanses
required fa support cities in avoiding o
revenue crisis and maintaining service delivery
standards, municipalifies may well need 10
inifiole shoit term fariff changes fo mitigate
this looming business challenge.

Conclusion: issues, solutions and ideas

Seuth Afrcaiis being hit by a rapidly changing
electricity sector financial situatien due fo fast
ising ntional grid electricity prices thet cor't
be readily absorbed by users, coinciding with
copidly decreasing costs of smll solar P,
‘and globol warming emissians pressures that
occslorte energy eficiancy implementafion
such os salar watet heoters.

South Africa has the pariculor situation whers
municipalities operate as distributors and
electricity salss generofo revenve fhal is used
1o cross subsidise elactricity costs in the low
income market and feed info municipal collers
8 a *hidden fux', On the one hand pricing
has to buffer the poor from unmanageable
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Cross subsidisation sews: roe)

Fig. 5: Informol household gronih rafes ore high,

i servicing them willpioce o
o o o W

hardship, however, this con run the risk of
pushing fhe price burden on the hi-end
users info realms where olfernatives become
affordable and dssirable ond ey withdrow
from the system pariolly oc fuly - the double
whammy and potenial death spirol

Current tariff systems will nesd fo bs
reconsidered fo respond 1o these challanges
Amongst othar things, farifs will need fo:

& Not burden hi-and users excessively
thersby dnvm mw seck u“smuhvl!
ond raduce fh 16 ravenu
generation llhe 1op BT sarifis s
wnfortunctely have fhis effec)

Genarate enough surplus to cross-
subsidise low income households and
contribute fo ofher city services

Ensure fhot net mefering cusiomers pay
for grid availabiliy in o foir manrer (e
introduce o fixed cost componsnt for their
use of the distribution grid)

Is it possible fo balance these impacts in tariff
design? This fs uncertain. But current fariffs
‘are unlikely to achieve fhis, and the inclining
block tariff in parficular needs fo be flogged
‘95 potentially counterproduciive: in fhis regard.

What if ravised torif systems disincentivise
customers from installing pet-metered sclar
PV and solar woter hecters through the
intraduction of bigger fixed charges? End
usars will have reduced financiol saviegs af'g
rosult of tarifis with lower snergy charges and
higher fixed charges
*  Solar water heoter or other aflicient water
heater implementation s recognisad
a3 being economically valuable for the
<ountry, and thus detimental effects on
such programmes neads fo be avaided.
This could be ochieved threugh cantinued
targeled national swbsidies as with the
current Eskom DM progremme.
Solar PV net metaring disincantives
vmuld be unfortunate os these are
if customer-funded green eleciricity
nnmfmuu Bui is it befter 10 hove thase
end users putling funds towards o solor
PY sysiem or supporting the cify service
delivery through revenue contributions? If

Fig. & hirend

from othar customars cross-sul

idiss paor

customers (iliustratve) [4],
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Fig. 7. Declining revenue from electiclly soles is pradicled i curmant frands continu (ilsirative) [4].

the country needs more green generstion,
could it not be more economically
sensible 1o focus on large-scole plont?
Wil thousands of smoll PV systems feeding
into the grid create huge manogament
problems for glready over-stretched
elactricity departmants? Given questions
such as fhese, it seems uncleor whelher
such o disincantive would be counter to
notionol best interests. But it i clear that
such net-metering cusiomers need ta pay
o fair contribution to. grid ovalobilty and
operation cests.

Howaver, househald and commearciol use
of solar PY with'no net metering (ie. na
grid faed-in} carinot ecsily be requloted by
goverament, which craates a situction of
generation copacity implementation thot falls
outsida of public planning processes. The
pofential for such uptoke appeors significant,
as discussed earlier, ond tends in this regard
moy nead fo be monitored closely.

Tha main point this poper attempts to
highlight is that thera are growing prassures
o0 municipol electricily ravenue, and thare
is evidenca that current elecricity and PV
price frends and fariff systems moy ropidly
lead 16 a death spiral — where key revenue

generaling customar contributions dwindle,
are cities ara inereasingly unoble fa support
poor households and generol service delivery
standards dhop. It seems oppropriote fhal o
plan is put in place urgently to address Ihis
stuation
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Simulation studies required for renewable
energy integration

by Vimeshan Pillay, Geeven V Moodley, and Dr. Glenn D Jennings, DigSilent Buyisa

Renewable energy (RE) fadlities need 1o conduct compliance studies, in arder to prove that their facility has the
necessary capability in order to meet the currently published grid code, as well as ta ensure that the farm does
not contravene the existing NRS and other published standards.

These stidies, though nat limited fo, ore:
Roactive power copobily

Loadliow analysis

Lasses

Short dmu.iﬂnul! lavel contributions of RE
gonera

o Power qmm, ~ harmonics ond flicker

Dynamic simulations including law voliage
ride: through copobillty and determining

« High generatien + low network load
 Low generation + high nefwork load
Additianally contingency analysis of the
natwork should be dane for sach of e above
mentianed operaiing paints.

Rapid voliage change [RVC)

In line with NRS 0484 [2), i o fam s ta
b tafally disconnected from the netwark
the. WHBEE ot the PCC pre- and post-

successhul bid notification).
Veltage/reactive power
requirements

Reactive power capability

Voltage: regulation is essential fo ensure
correct operation of all connected loads;
therefore control of reactive power af the
point of canimon coupling (PCC) is required
in 6eder to ensure the network voltoge is
regulated within specified limits. Voltage
reguioticn requirements are defined by the
network cwner, uiilty or municipaliy. The
arid code |1] requires the farm 10 be cble fo
operate ot leading and lagging power factor
of 0,95 for forms larger thon 20 MW and
0,975 for farms smaller than 20 MW.

Accurts faul level and nenwork Inpadance
atfhe PCC os well frm

must h

porcasyoges Thi percantage.f deperclerd
on the repefition rote o changes in o pariod
of fime and e voliage level af the PCC as
described in NRS 048-4 Table AS [2].

I the event of non-compliance the fallowing
opfions ore aveilable:

= Cronga the larm operaing power faccr

are ot olways accurate for fhe following
reosons

Controlles (power electronic converters]
are last snough to coniral short circuil
currents from the first milliseconds and
cannot be: considernd in the steady stote
calevlotions

Highly nan-linear behoviour dus 1o
speciol profction mechanisms (crow-bar,
chopper resisfonce, efc.).

Classicol short circuif calculation methods
provids cecoptable rasulis when verifying
the short circuit levels of sxisting or new
installations (e.g. verily shor-circuit level,
circuit-breaker capocity, sising, etc..

When accursle resulls are required o fime-
domain simulation should be used fe.q
onalysis of prolection relay mal-cperation,
sizing of associated power eleciranic devices,

is not idsal 03 %0 the obqbﬂw-n“urmi 1
1o sell s much power os possi

Consider increasing the foult ma at the.
PCC. It is importont to discuss with the
natwork provider fulure upgrade plons o
the netwark that may increase the foult ot
the PCC.

Ideolly the form should operate at unity power
paint power factor with mesimum cutput bat
if the RVC criteria requine y0u to change the

st ol B "

reactive power copability curves ore required
fo evoluate thesa criteria. It is important fo
o that e rid coda spocies equiremants
atfhe PCC

the:network provider is informed accordingly.
Losses.

fawer copability of the generator terminal.
This mokes knowladge of the form layout
criical 1o Gceount for the reactive pawer
consumption within the form.

Network valtoge profles and loading

Due 1o fhe variability of the output of RE
generalion and“further taking info account
the variability of network loading, you canno!
@valuate the farm af a single operofing
Poini, Netwiork valtoge profiles and laading
should be evaluated for at least the fallowing
Gperating points. Generation refers fo the
m Qutput:
* High gensrofion + Nghmmd:\ood

o ransport lectricity through H systems ond
distibute it theough the MV/LV systems. RE
farms conmected o the MV/LV systems may.
cavse Increased lesses dapending on the

aic)

Accurate fime domein simulations require
detailed controller models which must be
sourced from the monulacturer.

Power quality
Harmenics

Hormonics or harmnic distortions are a
function of the PCC location. Hence even
a small contribution from the form that is
connected 1o the network of o point which is
suscepiible to harmonics issues can have huge
implications 10 the network. This suggests that
an accurote network representation is needed
when conducting power quelity studfes,
Compotibility levels for harmanic distortion
fer slactricol network ore stipulated in
NRS 048-4 Toble Al (2]

cperating scancrio. Hnce netvork oses  Fcker

: the four peraiing - ick vl
polns, Inalso netwark dependent ond the location of
cobles{upto 10t 12 kminsome casesjand  of the analysis. Compatibility levels for both

wansformer impedances, Typicolly the form
design weuld aim to keep the form losses
below 2%.

Short circuit/fault level analysis
When considering RE farms, classical short

* low generotion +

lang term and shor term flicker for cannection
fo an elecirical network are stipulated in
NRS 048-4 Table A4 [2] lor the vorious
woltage levels af the PCC.

Lew voltage ride through

One of the requirements in the grid code
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for wind (3], low vohiage ride

any time domain simulat
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Protection
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thoraughly fo establish

& check

condition was ihis celeulated

ogy, generating pattem)?

’ vlation method was used 1o o
slue (planning critera or operational crter

i mair mum value? (You nesd both

to sef profection)

Network protec

0 mus! onsider

* Revarse power flow
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Subsynchronaus contral instability
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ntlor

iher with power qualiy

4 bia conducted upfront and this will give

the network provider on per o worthy ides
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Demystifying the smart grid

by Stuart Michie, ABB

The principles of the fechnology of foday’s power grids have not changed significantly in the past 100 years.
Electricity is a product that has to be generated at the time of need. The level of power generation is set 1o match
the instantaneous demand. With the constraints in power resources, this has o change, hence the development

of the smart grid.

This paper investigates some of the concepts
oraund the idea of the smar grid, with the
purpose of showing tha implementing @
smart il s no the opplication of o single
technalogy, but the callectiva resul of a
system design with the application of many
technalogies and producs. |tis imporfont that
& uliity fakes o holistic view of indiiduel smart
@id related projects in order fo get the many
components fo work fogether and achieve
better utilisation on copital spent.

Vision of the smart grid

Around the world, arnd in South Africa, it hos
become evident that ulfities need to do more
with less, Consteained pawer availobility
rising demand, environmental pressures,
<ot pressures, skl shortoges and limited
resources have all led 1o increasing pressure
on the power grid.

‘The digital aga has pluced increased demands
on the quality of supply, whil new shemative
saurces of generofion have made fhe
reliobilty of supply more unprediciable. The
configuration of the power grid is changing
from hoving certralised generation (Fig. 1)
with Gne-way power flow to end-consumers
1o having disributed power generation and
<ensumption (Fig. 2}, No longer can the
ossumplion bs made by o numm-rmm

picture of the stotus of the syster is nesded.
Better utilisation naeds to be made of
existing assefs. Mora intelligent investment
decisions need 1o be made, Knowing the
real time stafus of the elements of the power
grid are key to ochieving this. Infegrafing
the reclms of aperational technalogy and
information technology is essanfiol fo realiss
the vision of e sman grid. The key concapt is
integrotion.

Technology
Operational fechnology

As on example, o sophisticaled outoge
manogement system con exchange
information with a SCADA system, o
‘geographical nformetion systom, o metering
syslem, o customer manogement sysfem, o
e managerment system and o call centre
1o provide o dynamic, real fime foult and
planned cutage management for a ulliy
Systems thinking

When slinning an invesiment n @ fechnclogy,
it is ocvisoble fo take o “sysiams view"
approach. For example, installing an
autamatic mefer reading system (AMR) to

On

denices that allow the phisical moritorng
of @ pawer system, such os basic SCADA,
RTUs, protaction relays, maters ond
communications. Operationol technologies
provide the: measurements, indicaticns and
control intarfaces to physical plant in the
power system, The more defailed infarmation
provided, the beffer a power system con be
modelled and controlled.

Information fechnology
Informatian fechnclogies are the enierprisa
soltware systems fhof enoble the monagement

Power grid is an

<an be topped af wit:

To successfully operote o power sysfem
under these conditions o clear real fime

Intsgration of the operatianal achnology
world and the Information Technology workd
bings significant benefits fo o ulfity.

ige poyr nnections
provides usehul functionality. Broadening the
scope 1o an advanced metering infrostucture
{AM) with twes woy communications provides
more possibilites for smart grid infegration
ond ossaciated benis.

Moking the metar information ovailable from
the AMI system 1o provide customer outoge
informafion o 01 autage managerent sysrom
incregses the volue: of fhe invesiment.

This requires the corract specification up fronf
fo realise these synergies (e.g. metars roport
outages within a short time period rather
then only raporting metering data oncs o
day). Using the same system o feadback
information fo consumers adds ancthar
benefit, while wsing the some infrasfruciurs.

Four key areas

There are four key creas that must be
considerad to implemen the smor geid
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Fig. 3: Inegration of operatianal ond Inormation lechnology:

Communications

Communications is key for enabling the
smant grid, Without a relioble, oll.reaching
communication netwark, it will not be
possible o realise tha full beneiits of the
smart grid. Our daily lives are being improved

far better fo be able fo inform o customer
that colls in o report o fault thot the fault is
known and when fhe estimated restoration
fieme will ba

Distribution automation

by the confinvous in makilo
communication tachnologies, which are
anabling whols new applications such os
live raffc enobled GPS and persenal instant
messoging. The some is nesded fo anable
the smart grid, with the ideol baing to bave
two-way communication enabled right o the
end davicss in ooch consumer's instollotion.
There is o ona size fits all communications
solution. Different technologies ore applied
o the core. natwork, the distribution area
netwark, the neighbourhood areo network
[NAN) and the homa aren network (HAN)
(Fig. 5).

New tochnalogies are baing developed ond
axisting technologies aré being improved
in woys tha allow the implementation of
communications for the smart grid. For the

backbone fhere: am the existing mhilexer »

type natwork fechnologies (SOH, POH) usings
fibre aptic and microwave rodio. For the NAN
there ara wireless mesh technalagies thot
craate a self-conliguring and healing netwark
For the last mile there is power line carrier
(PLC) and for the HAN, shart range radio
technologies such as Zighee and Bluetooth

At the medium volioge level, o good
cammunications netwark supperts the
implementation of disiribution automation.

Towo way communications with end customers
gives befter control of powar system
demand and the abilily fo match demand 1o
avallobla ganeratian. Good communicatians
infrastructure lso enables real fime customer
angogement for outage management. it s

‘automation. Moniioing and outomotion of

information technology world to analyse fhe
history.From an ouloge manogement sysiem,
fault causss, durations and other siatistcs for
perfarmance measurement con be: darived
automatically. This provides befterinformotion
that automatically lsads 1o improved reparting
quality 1o the regulator and the abilily to
manoge future evenls better. From on asset
manogement system, non-operational data
an bo used fo inack the healh of assets for
condition bosed mointenance, This feads fa
better performance of assels and reduced
maintenance costs. Scarce skills con be
wtlised more eflectively

Integroting new fechnalogy

Integration of new technology is the final key
area of the smart grid. While these might
ot be prevalent in South Africa yet, they will
come as demand from customers grows

When they arrive, slactric vehicles wil place
significant now demands on power ditribution
infrastructure. This needs o be monoged
in real fime, such os with real ime pricing
of elacricity 1o manege the demand for
charging. Eleciric vehicles can oo be usad as
o source of storage for uiiities, where power
can be bought back from customers fo assist
with meeting demand o peok fimas.

I of bles, such as

high and medium voltage plant
‘management and eontrol of the power system
plant, thereby loading o betle reliobiliy and
betir efficiency. Outages are detected quickly
and can be dealt in a shorter fime, thareby
reducing customer minutes lost,

Troditionally SCADA menitaring has been
applied of the HV o MV subsfaion level
Todoy equipmant is readily avoilable 1o
extand monitoring down fo the secondary
distribution level, greotly extanding the reach
of manitoring to moke distribution automation
possible.

The provision of faulf currant measuraments
and sorh foult indicator operation leads fo
the possibility 1o have a self-healing grid.
Dynamic algorithms in the SCADA system
can sensa whan a foull hus happenad and,
lbasad on ral time looding and back feeding
«capabilities, deviss and, oplionolly, execute o
switching plan to estore supply 1o a5 many
cusiomers as possiblo.

Loss reducion through Voli-var contral is
ancther benefit of distribution outomation.
Bost suiled 1o rural reworks, algorithms on
@ SCADA system can be vsed fo manoge
copacitor swilching on medium or high
voltage networks fo controf the var flow,
which in furn manages the voliage prof
ond the losses.

Grid anaysis

Improving the opecations of power networks
<an b achieved using severol fools in the

wind and solor, will bring @ new dynamic
1o the power system. These ore varioble
sources of power that are not predicloble,
Consumars will also become producers with
the manogement of distributed generation
requiring incorporation info: power system.
Local ares power storage i ancther new.
fechnology being explored. Power is stoved
in @ medium voltage network using o storoge
faciliy such 65 o batiery bank. This is used o
bridge stiort ferm variafions betwesn demand
and supply and helps reduce the effect of
intermitient ronewables.

Advanced meter infrastructure

While: the main purpose of an automatic
meter reading system is fhe management of
billing and poyment for elaciricity, there ar
many ofher benefits that can ba derived from
installing on odvanced metesing infrastructure
(AMI), Using two-way communications
systems, thess systems con be used to provide
useful information for other systems that make.
up the smart grid. Reol time informotion can
be used by an ovioge managemen system
40 provide indlication of pawer ouloges and
restoration. Before o customer is even aware.
of @ fault, it con be idenified and even
repied, with o comesponding improvement
in the regulotor meosured indices. Pawer
auality informotion con be provided by an
AMi sysiem. This informafion can be used lo
idantify problem areos and inifiate carreciive
action
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Dermand response control is another passible
benafit of AWM. With the scarciy of generofion
resources and the growth of mittent
owable sources, no longer is the power
system o seamingly infinite source of enray,
Therefere demand hos fo be dynamically
toilored to meet supply consirainis. An AW
system con be used to control consumer
Ioads, sither by inveluntary disconnection
o by Indicotion fo fhe consumer 1o iniliale

veluntory disconneciion of foads
Benefits of the smart grid

What are fha bansfits of the smont grid? Wiy

Asset management helps o iy fo moximise
the wse of fs assels, Qne of the benelis
mainfenance is done when required, making

best use of scorce mointenance resourcas,
while of the same fime extending the life of
on ageing power system,

Efficiency

The smart grc leods 1o beter effcisncies, bath
anthe power system and the se of resources
With ageing worklorces and reduction of
skills, i is required that the skills that are

iloble o o uiiity ore used more efficiently
Better mnuugcmnnr of -nuu; on the gnd and

AMI_systoms enabla customers o monage
iheir loads mare effectively, with batter
understanding of the various lcads tht they
have.

Outage management enables o vost
improvementin the ulity response fo cusiomer
calls, ollowing call cantres to provide useful
information fo callers. Customer involvement
in the-power syslem operation removes the
mystery of powes. It is much easier fo keep
customa happy thot & informed.

Barriers

Deploying fhe fechnolegy needed for a smart
d Th |

mentioned technologies?
Copaciy requirements

Demand for powar continues o grow. New
loads such as daia centres and the confinuing
electification programme cre adding more
load to the power system. Electrification has.
the worst demand profie os if contributes 1o
the evening peak. Demand management can
be used 1o manage this peak and reduce the
requirement for new gensration, soving on
copitol spending investmant.

Reliability

Distribution automotion and the self-healing
network make the power
reliable, Outage management systems lead
1o o reduction of customer ﬂviona m-nuhs
due 1o automated foult loca fault
process management. This net orly Hn\as a
utllty mee! the regulatory requiraments, but
also gives cansumers @ more relioble supply
and o batier experiencs

twork more

hase elicencies

Dynemic powsr systern aptimisation reduces
losses, gives better uilisafion of equipment.
Improved customer awareness increases
efliciency os customers make bater use of
the power avoilble fo them.

Sustainobiliy

For the powsr arid fo be sustoined in fhe
future, the new tachnologies for generafion
will have ta be successhully integrated
Interconnaction of renewables inlo the grid
white reducing CO, smissions, is crucial fo
susioinability of the power grid in the future.

The smort grid will assist in maeting the
challenges of the infegrafion of renewables.

Customer encblement

Impravement in customer education and
aworeness theough dynomic feedbock of
information i large benefit of the smart grid.

boriers fo its implementation.
Policy and regulofion

The smart geid [s o 100l thaf can ba used
10 Implemant governmant policies oround
energy usage. Timeous implementation of
policies that deol with srergy effciency and
usage are crucial fo the implomentation of
the smort grid, In Scuth Africa, energy savi
is something that is high on govemment’s
aganda. This supports smart grid investment
decisions that will improve the efficiency of

energy usoge and reduce overall demand.
Morket uncertainty.

A second barrier to fhe implementation of
the smart grid is the financial disincentive fo
power utliies. Smort gid fechnology can ba
expensive ond, at the sarre, reduces o uly's
revenue steam due 1o the reducion in use
of anergy. The warld economic crisis bas olso
limited the amount of money available: for

,
i

Fomputeriued Ay sographical

]| Infarmation Sm— billing

—— - . . aystems managament
—%— 1

realtime mission
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Fig. 4: integration of uhity systeens.
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Fig. 5 The evolving grid - new inelligonce.

the system from

smort grid projects, jding o borrier

1o implementation
Technology bariers
Whila there is smart grid fechnology that hes
been in the market for mony years, such es
SCADA gnd substotion automation, there is
it

the utset, rother thon being balted on later.
Lack ef consumer involvement

Customer involvamant i vitl 1o the gool of
manoging power demend. Education, real
time information with regord fo pricing and

ot s onvgoing
15 bring new technology to marketand fo
batter infegrate. existing fechnologies. New
technology reguires: implementation and
testing lo become proven fechnology. Smart
81 systems can be complicoted and not all
solufions have been fully developed, s it is
in & ulilly's best interest o select @ proven
technology partner hat has fhe track record
and experiance o make sysiems work

Securty

AS systama within a power uflity begin 1o
communicate, the issue of securly s roised
Smar grid solutions should be designed wifh

ot "

hat are provided by the smart grid fo gef
customers invelved in monaging the process
of using energy more sfiiciantly.

Until customers con see this kind of
informatian, the assumption remains tha,

being ovailable 1o match fhe new tachnolagy.
developed. It i in power uiliies’ best interasts
to demand sfondardisation. This is so thot
wtil

are ot locked into single vendor
solutions, but ore oble to mix and match
equipment to provide a suitoble overol| system
salution.

Standards bodies such os the IEC and IEEE
are in the procass of develaping standards
for the smart grid (see www.ie.ch/smorigrid)
In the SCADA and substation aufomation
worlds, IEC siandords hove lang been in
place and utlites are reaping the banefits of
standordised solutions.

Conclusion

Imiplemenfing o smort grid is nof o one fime
project bul raher o fransformation process.
It i5 @ journey that wil be undaricken by
oy utility that will take time, Many of the
components are available ond in use today.

There are many oreas to consider, Utilities must
toke imo occount their business needs ond
determine what overall outcome is required
beforn seleciing the right combination of
technology fo provide fhe corree solution.
Making the grid smarter will require
coordination ocress the diferent disciplines
within. @ utlity 1o soa the bansfits of a fruly
integrated set of systems
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When is smart metering really smart?

by Kobus van den Berg, Aurecon

Smart metering (SM) systems are rolled out at a high rate internationally for various reasens. It is however true
that SM as a companent of smart grids will play a significant role in the electricity distribution indusiry fo enhance

energy efficiency and suppart revenue

This poper

various aspects of distribution manogement in the African context.

Smant metering for the purpose of this
presenfation comprises a mefering/
manitoring/load switching device locoted
at the slectricity supply point fo o customer
ramise (Fig. 1), The devices will olsa enable
utilifies fo pedorm much mone thon merely
abloining o consumption reading for billing
purposes. The device ond s supporting
infrosiructure enable utilities 1o effectively
monitor. and. manage: the. low voliage
disiribufion system in o network. This part
of the distribution network has always been
the “neglacied” part of an electricity supply
sysiem dus 10 the cost of installing SCADA
{supervisory control and dota arguisition)
systems ot this lavel in the systom. Any
fesdback fom this part of the network was
accomplishad by costomer feedback and

are collected. The concentratar is again
connecied o the moin controllers via call
phone, fibre opfic or fadio communication
channels. The dota is transferred fo a MDMS
(meter data management system) for storage
and processing.

Metering system

The metering functionality of the systam will
collect and process the following data:

o Automaled readings

o Intenal dato

Support complex tarifls
Credit/prepayment switching

Automaled prepayment credit token
transler

In the metering mode these systems
provide the and recording

ouditing operations. Thus in most cases this is
o reocive process

M is instolled internotionally.for varicus
secs0n4 ond s imporion o undarstand who!
the Altcan requirements are. The lollowing
functonal and functions can

functions to enable effective measurement

of consumption dote for billing purposes.

The fact that i racords interval data enables

tha utilty ta determine when and where

energy has been used. Half an hour

profile dafo con be obtained to.faciltate
#

on the

of SM fo support

The meters con be swilched betwean credit
mode ond prepoyment mode remately.
Credit tokans purchased ot the vending
utlets or online via the inlermet or callphone
wil be ransierred 1o the meter directly. The
South African SM specification, NRS 049,
alse roquires o compotibility with the $TS
prepayment standard to facilitote fhe use of
existing vending infro-structure 10 serve the
sman prepayment meters. The keypad on
the customer interface unit (CIU, disploy and
keyboard instolled in  customer’s residance)
will olso ollow the monuol entry of STS fokens
when required.

The meter ollows the implementation of
complex tariffs. The use of TOU frime-of use)
s allows fhe wiilify fo offer new snergy
producis o the cusiomens o3 well 0 use pricing
signols lo manipulote tha consumption pattem
of consumers 1o enhanca enargy officiency,
The SM system will supperl improved meter
vecdings and billing processes. Fig. 3 depicts
the flow of dota e the various functional
epplications

The smariness thus provides o flexible,

be supported with appropriate technology:
Enargy eficlancy
o Domand managemant

neh use of
time of use torfis.

The system willthus enoble the uilly fo recond

melering system 1o enhonce
the management of distribution systems ond
improve enargy efficiency.

Revenue management system

ferms of

Revenue managsment
o Revenue protaction
» Network management

It is olse necessary fo fulure proof systems as
much as possible io dand fhe Hespan g wel
s improve the finoncial viobility by: * *
Adopling proven infemational stindards
®  Appointing relicble meter system suppliers
® Exploiting the advantages of the new
metering system by effective integration
into existing systems and processes.
This paper will fhus ttempt 1o explain the
total impact of installing SM systems s o
path 1o upgrading and improving network
and utillty management. A typical SM system
will include functional blocks as shown in
Fig. 2. Al the customer premise 6 smart mator
with Ioad switch and in-housa display will be
instolled. These devices communicate with
concanirators via radio o PLC [power line

the load profie data racorded every 30 min.
Readings on all meters will be synchronised
10 enable defailed consumption information
during a specific period and fociliole energy
balancing in o specific oma of supply.

o Accurote meter reodings
Timeous billing

re-processed reodings wih VEE
pullshl‘an, estimation lmd aditing)
«  Ramote connecl/ disconnect

ion systems.
where the dofo for o group of meters
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One of the most important challenges in
South Aftica is fo rad maters ond produce
accurote bills fo enable customers fa poy their
dues. Meter readers are used 1o physically
visit cusfomer premise fo reod melers. It is
nol always possible fo get access fo mefers
resuling in “no reads” or “esfimated” readings
on o customer bill. Many fairly manual
processes are lollowsd o verily meter readings
and bills, b is however not possible fo check
every single bill in detail an & monihly bosis,
I the case of SM the consumption data will
however be validated and any inconsistencies
corrected in the MOMS before i reaches the
billing system, ansuring much higher quality
billing. The VEE (validation, esfimation and

restare customer confidence in the uilily and
improved poyment will esult.

The smartnass thus provides fimeous,
occurate readings ond billing 1o improve
customer corfidence as well os managsment
mechanisms 10 improve revenue collection.

RP (revenue protection) system
Reoding VEE will detect anomolies
Tomper defection

Alorm generation
Energy hatancing and loss detection

Non-payment/famper discannection

Most ufiies employ RP officials or controct
meter auditors fo visit and inspect meler

disconnaction function can be uiilised fo
manage tampering and on-payment cases
This will result in recuced energy losses, less
tomparing and more ficient personnel and
supponting resource ulilisation

The smariness thus pravides improved, less
costly revenue profection operafions with
autamated meter moniforing ond alarm
funchionality. The end rosult wllbe significant
reduction in enorgy lessos.

Network management system

o Low voliaga SCADA

o Oulage detection and manogement

e Demand and loed control

Oishi ties hordly ever degloy SCADA

g
manage consumgtion levels, missing readings
due ta meter follure and energy thefi due
1o bypassing of maters. Tha securenca of
incomect biling wil be reduced significantly.

Tha SM system supparts functionalies ks
ramate connaction/disconnection. It wil
facilitats fimeous and accurate billing 1o
ensure that cusiomers receive corroct bills.
If the customer doas not pay histher bil o
message can be sent to the CIU worning that
poyments ars due. If no reoction from the
customer occurs, the supply can be swiiched
of remotely, As soon as poyment tokes place
the supply can b restored immediately. |
thus improves the revenua collaction process
significantly by ehiminafing physical viss fo
the customer promise. The communication
link to the meter fhus provides the ufilify with.

od by coll

issues. One offen encounters reports of
significant improvement in payment afier fhe
meter audit and claims of reduced losses. This
frocess is fine but very fime consuming. The
visibiity of the mefer cuditors olsa mefivote
customers nat fo famper with meters. The
main challenge is however the fims ond cost
1o maintain this visibility where required. Soon
affer e meder audit, customers revert bock 1o
their ot lampering hobits or pay “cantroctors”
1o “odjust” their metoring system.

A utilty reqiros RP officiols to ba ot the right
place of the right fime. SM systems can be
this “guard deg” to maritor meters 24/7. Any
tampering with 6 meter wil genacate an alorm
that will be forworded 1o the utly MDMS
{meter data manogement system). The VEE
functionality will oise on olarm of suspicious
consumption levels. Daily reports will guids.

or manitaring systems of the low voliage
leval. This s mainly due fo the cost of such
systams. The insiallofion of SM however
roquires 6 communication system cavering
the low vohioge retwork. The meters effoctively
constifute o SCADA RTU [remote tarminal
uni), albeit with limited functionclity, ot the
supply point and SM can olso be instolled
at the 11 kv/400 V tronslormers. The Skt
system does no provide recl-fime information
with the latency of o SCADA system but
navertheless provides uselul information
regarding tha siote of pawsr ot tha supply
point. Any foilura of power will bs reported
and the mater stores “event” information
thot can be downloaded. Power quality
information i olso available. The SM is fhus
a vital component in the development of $G
(smart grids]

phone and elephone service companies.

Accurate meter reading and billing will

and provide o focussed, enhonced more
cost effective service fo fhe utility. The remote

The i )
loods on the customer side of he supply pei
Geysers, pool pumps ond cir conditianing
con be included in an effective demond side
management system enabling the network
contol centre: to manage demand in critical
supply situations,

The smariness thus provides o low vologe
metwork monioring system with demand side
management copabilities.

PQ monitoring system

®  Basic PG monitoring ot LV supply points
» Volings ond interruption logging

The SM provides bosic powar quality
manitoring of the customer supply points.
This facilty hos never buen available fo utiities
on the low voltage network. The only method
o solve this was to use recording squipment
or dedicoted PQ monitoring equipment &t
strategic: points in o nework. If o customer
for example complained obout fhe voliage
level, o specialised invesfigation had fo be
pardomed. This informotion is now available
and high and low clarms can for axample be
86110 record the problem pericds.
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The smariness fhus provides o disfributed low
valtage network power quality monitoring
system with threshold alarm capabilfies.
Maintenance and planning system
Distribufion system loading and power
flow

Fauitlag system

PQ informaticn

System loss measuramant

Porometer frending faciliies
Maintenance olert

Job scheduling

Mater error defection

Analysis of the doto collacted from SM system
can be utilised fo ideatify maintenance
achions 65 well os network extension and
upgrade planning, The PG ond power ouloge
information will provide a good indicator
where the network needs maintenance of
Upgrading. Mater failures con be
immediately and the necassary maintenance
0nd repoir feams activoted. These aperciions
€an now be focussed fo use persennel ond
other rasources mare efficiantly. Customer
sorvice wil improve du o prompl recction
o foilures in the distribution network.

f SM 5 used to monitor soch low valiage
substation as well as ofl the customers
Supplied from this point, energy bolancing i
90 Gutomaed process. Loss meosurements
<an be used to identify technical ord non-
technical fasses. Capital and mainfenance
budgets con naw be bossd on operdtional
Informetian fram the SM systems rather thon
d hoc measurements in the network:

This smartness thus provides low voltoge
Nefwork I

customer should be
o realise that the SM 15 providing essentiol
ond usefl information

ly is of fir ¥ 1o ar more
than the supply capability of fhe generation
system. Many energy eficiency ond demand
side projects hove been

of SM is o the odvontage of the customer
in terms of energy monogement as well as
the improvement of services. Tha M system
opans  naw communicotion chonnel 1o
customers fo inform them of the actions and
intensicos of the utlity without reverting 1o call
cenfres ond the ofher media,

The direct infarmation availoble fo customers
s consumption and cost feedback on the
CIU, To ensure tht a customer responds fo
ensrgy elficient signols and imprave energy
shficiency, it is vitol that eustomers be given
the correct timeous information. It doss not
bl to0 misch if & TOU tariff is implemented
and the customer only sees the result of his
consumphion pattem on @ bill o weeks affec
e end of the cansumpion month. i is thus
important 1o directly involve the customers in
the roll out of systems fo show that they can
sove costs by using system information,
Payment nofices o the customer can be o very
persuosive 10l fo mancge revanue collection
{Everybody reacts very quickly fo the DSTV moil
message on the screen.}

The smortness this provides the utlty with
o communicotion mechanism to keep the
customer i about energy consumplion,
cost as well as network aperotions.

Demand centrol system

Direct control of davices like geysers, oir
conditioners and pool pumps.

Loed limiting during high demand/supply.
shortage crisis salions

« Indirectload and energy efficency control

Customer information system
Consumpion feedback

Cost and fariff informatien

Outags warnings

Bill payment informotion

Remota disconnection/reconnection
Prepayment optioas

The customer plays o vital role in the
ecesaful implamentation of SM sysferms. As
03 the case in many other countries in he
world, eustomert can ether acceptond uiflss
e S focilfies or view it as  mefhod 10 sy
O fhem and force them fo pay for sevices. In
Ny cases customers have taken fhe stance
et the radc frequency emission of Ihese
Metering systems is detrimentol to their health
(abhough sverybodyis sing o callphone wilh
Much higher RF emission] or in some oiher
ey that fhe mare datailed consumption

fomation gothred is impeding on their
Privacy. Whatevar the case may be, the

vio

Soulh Altica is also like mony other African
countries in @ predicament thot the demand

launched clraady. The SM system however
provides twa methodalogies to manage the
demand for electicity on the consumer side
of the supply network. The first method is to
provide lood switching lociltes that can be
cortralled by the utity. Thess switches can
be uklsed to disconnect the supply fo non-
crifical applionces like oir conditioners, pool
pumps and hot woter geysers s well s other
residentiol loods. The metering systams can
also be used fo limit the supply fo-a cusiomar
and motivate the customer fo disconnect
load himsaf.

The second method 1o manage demand
and promote energy efficiency is 1o use
TOU flime of use ) tor siructures fo reflect
the acivel cosi of energy of o parficular
moment and also send g sirang prica signal
to the customer. By effectively using the
TOU tariff a customer can reschedule certain
loads and save eleciricity cost os well as
improve energy efficiency. Ta implement
S without the advantages of TOU toriffs is
assentiolly like o car without tyres, not very
elfective.

The smariness fhus provides demand side
management fools to control peak demand
and imprave enargy efficiency

Dota management system

SM is about dofa manogement and the
extraction of infarmation gathered with the
metering sysiem in the low voltage network.
As illusirated many benefits can be derived
from the use of data in the SM system. The.
haor of the operation is however o insiall
a system o manoge the dota, analyse date
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Technology deployment as a
smarter industry enabler

by Dr. Willie de Beer, SANEDI

The South African electricity

indush
ectly on the sustainability of the mdublry and m ability to pm\nde arel

that impact

ble service 1o electricity customers. While

the distribution grid served the country well in many aspects, the elediricity grid is aging, outmoded, and stressed.

Due fo the gensration chollenges which
surfcad during 2007/08, the generation
related mquirements ore currantly receiving
significont attention. The transmission
infrastructure in ganerol performs wall and i
s underpinned by o well-defined investment
plan. The lotest Eskom annual repart confirms
the pertarmonce of amangst ihers the
Ironsmission system as well 0% the distibotion
system. From thesa resuls i is cleor that the
disiribution system requires urgent afention
and this is equolly applicoble fo the slecticily
distributien infrastructure under control of the
municipaiities

All indications are thot the electricity
distribution eperating environment will
change significantly over the next couple of
Yeors. Mast o the current distribufion grid is
ol designed to accammodate for example;
disirbuted generation, renewable solutions,
o elctric vehicles. This should hawever nol
ba'a sumiiss, sirce ths cument grid wos nat
Sonsinicted with e 215! century power supply
foquirements in mind.

The availability of a more intelligent grid will
ot remave alfthe chollenges associated with
the electricity distribution industry. However it
will enable the indusiry fo btler respond 1o
situations such os when generation capacity
Gonstroints are experianced. At the sub-
'Tansmission level the current distribution
indusiry in most coses do have an advonced
level of grid intelligence ond in some creas
this s lsc: opplicable 1o the medium veltage
ehworks/grid. However, there are no examples
9f odvonced low voltage grid infelligence
doployed 1o enhance customer service/
interloce, advanced customer communication
9 to enhance system operations.

Without investment in the infrostructure and
1he infroduction of inteligenca in the gid,
the unreliability ‘s the slectricity supply will
<ontinus, Tharsfare without the desired
intarventions, the cost fo the sconomy s well
98 ko the end customens due fo distribution
Telated outoges wil confinue. Furhemmors the
Cument grid s vulnerable o afiack ond ratural
disaster with limited *self-healing” copabiity

The demand for lactricity is projected 1o

increase substontially towards 2030 ond tha
cost 1o build new generotion is incrsasing
dramatically [1]. Electricily prices hove
increcised drastically over the past couple of
yeors and the opraved foriff plan suggests
thot thase increases will confinue into fhe
foraseeble future. Without oddressing the
grid intelligence i.e. moking it smorser, it
will become very difficult to match the grid
relabilty and availability with the projected
economic growih forgefs. The current grid
and technology deployed connot supper!
the projected economic growth or respond
effactively fo the broadar dynormics offecting
the grid. The inabifity o efisctively introduce
o demand response progrom is but one
example.

South Africa hos committed 1o substantiol
reduction of CO, emissions by 2035. To
achieve this necessitotes the infegration of
renewable energy into the elecricity netwark/

grid.Itis important ta note thal the distributian
grid, which includes tha majorily. of the
retworksgrids operating o the 132 ¥ level
and below, will ba criticol in the reclisation
ihis objective. Without on advanced level of
grid intlligence the intraduction of renewable
cannol be effectively pursued in
the disirbution sector.

Industry challenge

As stated, the electricity supply industry
in South Alrica is confronted wih many
challengas. Generstion copacily shorlags,
poor perloming distribution networks, ageing
infrastructure, o significant infrastructure

investment Backlog, ageing workforce,
inobility te sffectively Introduce ranewable
energy options into the distribution grid
and the inability to infroduce effective
demand response sirategies are omongst the
chollenges facing South Africa. The increase

g 1+ Smovtergrid cs 0 smarit ndusy enabler



in customer expectations, enhanced cusiomar
participation, introduction of distributed
generation, the introduction ofintctives such
as renawoble enargy options, the elaciric
vehicle, etc. will change the electricity supply
industey landscope and resource requirements.
significantly over the next five fo fen yeors.
From o distribution perspective there are
roups such as Eskom, some of the mefros
ond some of the secondary municipaliies
thot are in the process of addressing some
of these chollenges. Howaver the largar
papulafion of the indushy is nof afiending to
these challenges. It s however important fo
note that where the inferventions ore taking
place that they are not aking place within o
nafional infegrafed framework

This is however to ba expected considering
the struchire of the eleciricity supply indusiry
in South Altica ond the lack of appefie fo
effectively reform fhe industry. The result is
that there is o real risk that the invesiments.
might not be optimally leveraged or yield
the expected resuls. Furthermora the risk
of technology dumping and ultimately
tachnology deployment without the required
inter-aperability is on the increase. In many
cuses procurement palicios ara also not
geared towards the effactive daployment of
resources and investmant in the infrastructure,
The: amount of uninvested money annvally
retummed in porticular in the municipol sector,
sarves as an exomple. The good news is
b Wk p

retum on thest vasimant s not dispuled) there
s & naed lor on urgent review of the currant
municipal funding modal.

1t is widely occepted fhat the average
age of the electricity distribution industry
infrastructure in South Africa is spproximately
45 yaars, Furthermora the estimatad
R35-billion [2] in respect of the distibution
Indusiry Infrastructure investment backlog
s 0150 in generol accapted. Therslore If is
reasonable fo expect that South Africa is
three to five years away from unpracedented
distribution infrostructure failures. However,
the question remains whether we are waiting
for 1 fold you so* or wheiher the indusiry
leadership will ewn up fo the challange and
da something abaut it before it is too late.

Industry opportunity

The cument electricity distribution grid wes not
consiructed with the 715 century power supply
challenges in mind. The need to oddress the
213t century power supply chaflenges and the
urgent distribution infrostructure investment
reqirsmants presants o significant opporunity
for South Africa. Over the post decade or so.
significant progress wos made in many parts of
the workd in respect of technolagy development
and the effective deploymant therecf. While
South Africa is confronted with substantial
infrostructure investment requirements and
resource shorioges, it s now the appariuna
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*  Reducing erergy usoge through ensrgy
efficiency interventions
* Acealerating housshold universal access
1o electicity
Clartting soms of the policy ssues in the
context of on evolving electricity sacior
The inroduction of smorier grid fechnologies/
grid modernisation con provide the answer fo
some of the cbovementioned opporfunities/
objectives. Smerier grid deployment will also
directly contribute omongst others fo the
realisation of the energy security goals. and
obiectives 0 5ot out in the National Energy
Act, 2008 {No. 34 of 2008),

Technology as @ smarter industry
enabler

It s essentiol thot the electricity disiibution
indusiry rid must became smarter. A smarier
grid will lead towards o smarer industry
which will in tum directly contribute fowards
job enrichment and o reduction i operofing
casts. While the transmission grid in South
Africa con be regorded as “relatively smari”
the distribufion industry hes & lang way 1o go.
This s in parficular frue fer the lower voltoge
networks within he distribusion industry. It is
therefora argued that South Africa should
fellow @ structured approach fowards the
implementation of smart grid solutions. The
South African Smat Grid Inifiativa (SASGI) is
.+ @ vehicle which could be used to redlise fhis
b . ;

The investment

The diogramin

the indusiry which could be levaraged.

The complexity of the eleciricity supply
industry structure in South Africo ond the
impact on effective business operations must
nef be underestimated. Naither must the
Inafficient operoting regime of the industey
“be undarestimated. At the root of the industry.
structural inefliciancias you have ospects
such as dual regulation, o vartical integroted
business compating with third fier govemment
uillties, absance of clearly defined mor

rules, an unsustainable municipol finonFial
model, efc. Furthermora the industy is disven
by o *shor ferm focus” while taking decisions

o intreduce advanced fechnology opficns
will be insignificant in relation to the overoll
invesiment requirement. Furthermore the
introduction of advanced technology options
will anrich fhe work of the current amployess
and polentially enhance the attractiveness of
careers in this industry.

The Energy Security Master Plan — Electricity,
2007 - 2025, provides o good reference
point 1o evaluate the ability of the eleciricity
disteibution industry fo effectively respond to
the objectives/gools for South Africa: The
master plon presents the following objectives/
gools:

» Supporting "sconomic growth ond

service delivery and resource implications

Improving the roliability of elactricity
it

A &
distribution indlustry, it is net reasonable fo
expact that the cument proctics of “milking” the
electricity business 1o support other municipal
funchions can be g sustainable model. It must
be extremely difficult to effectively run an
wlociricity distribution business with o "balonca
sheel” that can barely suppart the “bulk
sleciricity purchase and the human resource
bill*e. after ihe "shereholdar cut”. Whila the
principle of allowing @ sharehaldar 1o derive &

Fraviding o reasonably priced elechricity
supply
®  Ensuring the securty of electricity supply

as sat by a securly of supply standord

Fig. 1 presenis an indicative picture of how
smanl grids con be used as an snabler fo,
‘enhance the eficiency of the current electriciy
disribution industey

At s core smarter grids ore & saphisticated
information system thot would allow grid
operators much greater visibility infa the
complex inner workings of the grid ond
achieving wide-area.situational awarsness.
The same information systemwould provide
customers with amongst others @ window
info fheir awn energy use, giving them the
tools to make better choices thet olign with
their own values ond needs, On the olher
hand it will assist tha industry 1o achieve
@reater sperational efficiency. Through
new paradign of involving consumers with
imteroctive loads that respond to the: everall
reeds of the grid, the power providers ond
the power users work together fo croate the
best possible electric gid of the leost cost
1o tha aconomy and the leost impact on the

electricity
Mesing the ranawable energy targets s
1o in the EWP

Increasing access 1o alfordable energy
senvices

.

.

Data flaw and information
management is therefore central 1o the
smarter grid. Considering the current grid
status in South Africo it is envisoged that
smarter grid oplions could ba infroduced ina

manner i.e. o comprehensive smarter
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Smart grid solutions for transformer
monitoring and diagnostics

by D Woidi Ahmad, GE Digital Ertergy

Transformers form an integral part of the power system value chain. They are used at different voltage levels
throughout the power delivery process, starting from step-up operation af the generation power plant and going
through various step-down operations 1o different voltage levels clong the way dewn to distribution veltage

levels. the degree eriticality depends on the intended purpose of operation. For example,
step-up (GSU) are y eritical, as ony unplanned cutage would mean service
o wid possible sy id y resulti

Likewise, some indusirial fransformers
could b smoll in size but yel very ceiticol
for the continuity of the procass, and on
unplanned outoge might entail o big loss of
revenue. Therefore, continuous manitoring
full diagnosfics and protection of eritical
fransformers are crifical ond unavoidable
sk for utliies and industries aliks in erdr o
minitain avsilability, cvoid damoge to e and
propery, profect the assel and envircnment,
presarve the image of the organisation, and
sustain profiability

Pawer system faults are unprediciable, and
are typicolly accompanied by increased
currents flowing through tronsformer cails,
which would heat up tha insulating eil in the
ironsiome tank, Depending on fhe severtly of
the faui, the temperatyre rise in the oil varies,
thus giving risa to o mix of dissolved goses of
differant concentrafions. Maintaining good
dislectric characteristics of fhe insulating oil
s extremaly imporiant,

Dissolved gas analysis (DGA)

DGA has baan the methad of choice for
fransfarmer monitering and diognostics
(MAD), the gool of which is 1o delect the
levels of dissolved gases and assaciate them

with fault severity. DGA can also help the
wiility make an informed decision an the
lewel of loadabilty of iransiarmers affer faulf
clearance by the protection system, i can also
offer early detection of moisture and parfiol
dischorge, thus helping the Uty ovaid fas!
degradation of dielaciic strangth of the oil
that could leod 1o imminent foulss. In. this
paper we will briefly folk obout two methods
for DGA.

Gas chromotography method

The trodifional method for ransformer MAD

contains organic compounds of inferest is
infected infa the somple por where it vill
be voporised. The vaporised samples that
ore injected are then carried by an iner gas,
typicolly helium or nitcogen. This inert gas
goes through a glass column packed with
silica that is cooted with o lig

This technique, although very popular ond
ocaurote, has bieen in existence for o long
time, ond has some drawbacks. Firs, it is
loboratory-based, due fa the foct that it
requires controlled tomparature, pressure
regulators, gouges, and flow meters; it olso

is based on chemistry of g
(GC), {sen Fig. 1) whereby an oil sample is
fied into the analyser, and the consttuent gos
cancenirations ore given ot the end of the
process. Fig. 2 shows fhe bosic companents,
whils Fig, 3 shows the |ub setup of the GC

¥ d chemically
inert gas that is used fo cany the oil sample
through the analyser. Inert gases vsed include
helium, argon, and ritrogen. GC is o very
sophisticated onalytical technique, as gas
separfien is performed in o very precisely

systam. Atypicel

of on injection pon, @ column, carrier gos
flow contral equipment, ovens and heaters for
maintaining temperatures of the injection port
and the column, an infegrotor chart recorder
and a detector [1].

To separate the compounds In gas-liquid
chromatography, @ selution sample that

Fig. 1: Gas chromarography systom.

vere any fluctuation
i temperature is disostrous, Detectors used
i the enlysis process must ba mointained
at an extremely stable temperature, and the
tochniqus is sensifive fo vibration, movement,
slight changes in flow rates, efc. For these
reasons, GC is a bench-fop fechnique
and is less suited to opplications requiring
poriability or autonomeus operation in o
rmmote locafion.

Pholo acoustic spectscapy (PAS), method [2]
I contrast, the photo acaustic speciroscopy
[PAS) technique has proven very suitable for
portable DGA In the field. Fig. 4 shows the
basic companents of the PAS systam, The
oil sample o be analysed is iodioted by
modulgted infrared (IR) light of a pre-selected
wavelengih. As the: gas absorbs enorgy, it s
heoted and therefcre axpands ond cayses
o prassure rise. As the light is chopped,
the pressure will aliemataly increase and
decrecse, and an acoustic signal is thus
generated. The produced acoustic signol is
detected by two microphonas. The electricol
output signals from the two microphones
are odded in an omplifier, before they ans
processed.

The: merits of PAS for DGA are numerous.
This fechnique has been used fo develap
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portable M&D equipm con be used

th

12 quickly conduct he analysis in the field,

without having 1o wait for the sample fo be

sent ta the lab for anclysis. Furthermore,
severol M&D products have been developed
based an the PAS technique o do unaffended
MED for transtormers. These devices are

meunted on wansformars,

and gutomatically
dhawan oil sample thot is analysed The some
technique is naw heing explored io be used for
partial discharge any

switchgaar meniloring. Since the technology
u

i for coble and

advanced techniques i
processing w
it becomes on wasy tosk fo report results

doing signel

coniinuously 16 the cantrol roam via wired or
wiraless communicotis i

s infrasinuciure.

This arialysis can be corried out several time:
ltes the obilty 1o
s

an hour, thus giving fhe

ing ond diogno

do continuous mar
on their fransformers. Using PAS, no regular
recolibration Is needed. This tachnique is
TR g timeframes
operates in ambient oir, and regquires 1o
cylinders. of carrier or referance gosses. It is
inherently easy fo us

e, robust over |

tequired o completa results colk
uses minimal serviceable ports, PAS i capable

af messuring af very low detection levels

0.5 pprm for acetylene] and very high defection
lewvels (50 000 pprm). PAS is also capable of
measuring individual gases in @ mixture, and
has tha ability fo move from high gos levels to
lower gas levels without cross contomination.
1 con also give direct measurements of both
€O and CO,, vitol gases for understonding
ealivlase condition of insulating poper, giving
increased accurocy and repeatabiity. Finally
PAS can be used ta do measurements en
mubiple fanks, such os fhe moin tank plus
the tap changer tank. Recent advencemes
in technology has allowed fhe infegration of
PAS for DGA with offier importont fronsformer
monitaring signals such as pressure, Buchalz
and temperature fo list o few, for on nver:”

Monoring, diagnasiic and profection o
very impartant assef of fhe powet system.

Smart grid integration

Smort grid (SG) vision ifs to modernise
the power grid and optimiss its operafion.
A holistic vision should oddress the entife.
value. chain of the power grid in order 10
78ap the real benefits of such medemisation
ensission

effort. This incldes solutions for
grid, distribution grid, demand side, work
force, and asset protection. The ultimate

o

goal of o smort grid deployment is
make the grid more efficient and more
lagration;

reliabls, focilitate renewoble
incrense productivity, mpower corsumer
ond eutand the life of critical essets. The
¥ndedying plasfom for oll of thesa selufions
% an advanced metering infrastructure (AMI)

‘Sosp-bubile meter. |
. ‘B |
Datoctor,
Twar-stage T
prossurs  posometar [ e 17 O
Fiaw
controlier |
Carmior |
gas Column |
wupply |
Column oven
2: GC system ~ bosic compa

Fig. 3: Lab setup of GC sysiem.

which comprises smart meters equipped with
jwoway high speed communications. This
s @ major fronsformatian of the orfiquated
grid thot is based on are-way pawer dnd

eommunications flows. The aveilabily of o
igh speed commurications channel for dato
\ransission paves the way for infegration of
ranshormer M&D.solutions info the holistic
<G homevark, Thus, MBD devices deployed
ormers in the field can

af critical trans
equent collections of DGA dafa

perdorm
and send it via he communications charnel
(iypicolly wireess) o he conra!carire, where
oelvanced software solutions can be used fo
arialyse ondl interpret this dota fo assess the
health of transiormer i and come up with
oppropriate decisions and recommendations
{or on acticn plan. This dosed-loop spproach
for M&D of rifical fransformer assas is one
of the mojor aftrioutes of SG solutions, end
odds greot voue 1o fhe vty and fdusiil
jgh life exension of such
o the SG asset

operotions throu
assets. The main feat

optimisation solufion is tho if moves the ut

ity
fime-based mainienance approach o
condition-based opprooch, resulting In huge
sovings on Wransformer purchases. As such,
using odvanced MBD devices and sol
wilhin'G holistic G framework and vision wil
result i better utiisation and Ife extersio! of
critical tansiormers

tions

Hosted asset opfimisation salition

Smart grid deployment requires huge
investment, which many utilities find difficult
1o allocale money for, A vioble roule thot
could be beneficial to ufilities seeking
5G daployment is o consider o “hosted"
fransformer moniforing system (TMS) solution
In @ hosted TMS solution framewerk, the
solution provider ossumes all the upfront cost
of system and equipment deglayment, and the
end user will be charged a monthly payment
over an ogreed — upon period of fime, a.g,
20 years.

e ———




Parabolic
Mirror

f the system ond 1

s fo suppont different

Germanium Window

lutian fromework, the end

tofm

goted daployment

extended asset Ii

and invastmant
I, while the solution provider

0 o types. of transtormer menilaring telligent monitoring

ms available in the

h of the

orketplace.  distibuted intelligence
ed normally by
at is instelled close to

Coniralisad sys alirark
e (IED) thot is capable of
ing the online diognosiics pes

1o its functionalty, generd

2pnlicarionsolulic
phat

municating with other equi

functionality. The
.m.hmn,
hout the

reporting o operaiio wstic-specoacopy biml

Contact Dr. Wojdi Ahmod

GE Digtol Energy, wojdi.ohmadi@ge.com

WE PROTECT LIGHT EVERYWHERE.
PROTECTION RELA}

Suppliers of protaction relays
SCADA equipment.

We have

Long term experience in
protection systems, instalation
and commissioning

' We do

Testing and Cummnssmnmg of Pratection Relays
n and Automatian Projcts

- Protaction Refurbishment Projects

- Protection and automation schemes

Protection Systams Training

- Protaction Grading

Protection Design and Specification

15 Goedshoop Crs
Hunlingham Manor
Sandton

dipro.co
v.dif




e 63 rdAMEUConvention2012
—

Domestic time of use tariff determination

by Hendrik Barmord, Flexpert

The Government Gazette 31250 requires that smart meters b

nstalled for all customers consuming more than

1000 kWh/month by 1 Jonuary 2012. Many municipalities have installed such meters and implemented TOU tariffs.
Many of w(:':.".mf:, s b %o ber desired for. This popar will iustrate i requirsmvsin and farkires of o
quality domestic/small commercial TOU tariff.

The tarifls that are being opplied by scme.
municipaliies do nd quality in terms of the
stipulations in the South Africon electriciy
pricing palicy (EPP). Various requesis hove
ulso been made for a poper o provide
guidonca an tha defermination of TOU farifis
for domestic customers. This poper provides
insight into some of the dynomics of opphing
@ TOU fariff for domestic custormers and give.
guidance on how such tariffs should be st

Objectives

1t is impartont fo undersiand the objectives

of implementing smort meters with lood

mancgement feotures on TOU farifs:

To ensurn clociriciy forifis which reflect the
i h oy ible in

6r with renTOU  malering, _the

relevant portion of the various TOU

costs,

plus the losses on the relevent

transmission and distribution netwarks.

Nework damond charges in RAVA/puricd

covering:

. the contributicn fo fhe  fransmission
network costs by the relevont loads.

~ plus the voriable. (shored componer)
of the DUCS cosls

Network capacity charges in RIKVA/

month or R/Amp/menth bosed an

annual capocity: the fued or dedicaled

companent of tha DUOS costs

« Customer service charges in Ricust/
month: covering the costs: ing the
serices 10 serv the customer ncluding,

respect of the all various typa of costs.
To encoutoge and support load shifing
by customers in an ecanomicolly efficient
way.

This paper wil show that it is imporfont that
Joad shifting must not be ensured ot ol
<ast but be in respanse fo the. all

biling,
customer cloims
Point of supply costs R/POS/manth:
covering the costs associaled providing
aach connection customer from the point
of common coupling and metering

Cost of poor power facior: may
* e lovied o efiectthe oveided cosis for

ficiant price signals. A lot of money will be
‘spant on installing meters and manogement
Systems, It is therelore essentiol o ensure that
Price signals will provide crilical drivers te
ensure optimal lood shifing.

stipulations

Before any tarifs con be set it i essential that
the stipulafions in the EPP ba studied and
applied. The ones crifical for determining
domestic TOU tariffs stote that efficient
slactricity prices wotid leod fo:

¢ Opfimum allocotion of scarce resources
including financiol, human and natural
resources.

Oplimum usage of electici.

Optimum usage of the difforent enerdy
forms {e.. eleciricity, gos, oil and coall
A financiolly viable indusiry.

Pollcy position: 27

NERSA must see within five yeors thet cost

efleciive tarifis shall reflect all the following

€08t companenfs os for os possible:

*  Energy costs in c/kWh: The energy cos!
from the bulk supplier or cther sources
differentiated by

the bulk supplier TOU periods

thed pe»
foctor o the opfimur level

Policy pasttion: 29

Toriff siructure and levels shall be aligned
with e results fram the COS studies in which
fhe resuliont income will equal the revens
requirement.

Policy position: 30

Coat reflective torifis ore considerad the
mast effective pricing signal fo be provided
1o customers. Any oddifianol pricing signals
over and obove the costs must be mofivated
specilically ond ba approved by NERSA.

Policy position: 32

TOU faritf snergy charges must be

differentioted by:

o Al the companents os reflected by the
WEPS

[ ndd\nnr‘umpﬂrpaﬂlmhh\m‘l.ﬂlﬁq
shor o casts coul be applied during
emergencios in which case customers
need fo be informed in advance

Policy pasition: 36
Domestic forills to become: mora cost
roflective, offaring o suite of supply apticns

with progressive capacity-difissentioted toriffs

and connachion lees:

o Atthe one end a single energy rate farif

with no basic charge, limited 10,20 A end

nominal connection charge (defoils under

saction on cross-subsidies)

At the noxt lavel o rorif with o basic

cherge, cusiomer service charge, capacity

charge and energy charge with cost-

reflective connection charges.

o At the final level TOU foriffs must be
insttuted on fhe some basis s above,
but with TOU energy rofes.

Tariff siructure

In view of the EPP stipulations and the
praciicalities in the Southarn African EDI the
following forif siructura s propossd:

Basic charge (Rand/customer/month):

This fo be set a3 close s possible fa the:

finecd/customer services costs ossociated

with @ domestic TOU customer. This

should be differentioted for 1 and 3 phase:

customers and bulk domestic.

Copocity chorge {Rand/Afmonth): This

is 10 be based on the instolled capacity

per cusiomer fsct per 10 A ond be set

as close o3 possible 1o fhe network costs

which must include capital provision and

maintanance

Energy chorges (c/kWh); This fo be os

close os possible o the WEPS (Eskom

Megaflex)

- Peak, standard and of-peck

- High demand/Low demand seasons

- All periods 1o ba the same as the
Eskom TOU periods

- Recctive energy charge

Thers are some controwsrsies in this respect
which will be discussed lofer in the paper:
Tariff level s
The selting of the fariff lsvels presents o
bigger chollenge than the tarlf structure,
The following shauld be considered in
this respect:
@ Each uiilly cumently hos o cericin levsl
of cross subsidation between various

cotegories and between different
customers within @ particular farifi
categary.

The introduction of domestic TOU
toriff not just chonge fhe cross-



sotion dup.nsm.un betwaen
ey categories

This maans that the revenue received
from the et domesc TOU cydomers
should ramain the same when canver
10 the TOU tariff from the existing i
Cross ubsidisation betwoen fariffs can
change but then it must be o clear,
delibernte phased opproach
This does however mean that within the
domestic TOU customers. the intro-tarfl
cross subsidisation will be removed: In
respect of load foctor and relatve usage
il

The following pracess is thus proposed in

raspect of sefting the torif evel

« Deformine the revenua from these

customers an ths curment foris

Datormine fha vorious per unit costs: basic

cass, netwark costs and anargy costs for

domestic TOU customers, this fo include

tha municipal surplus.

® Defermine the various usoge gquontifies

for these customers: Numbar of | phase

ond 3 phose, bulk, copacities of these,

‘and energy per usoge perod.

Simulate the revenue using par Uit costs

and the usage quantiias.

Adjust the per unit costs ta achievo

rovanus nuwuau. with. the existing

ravenue o

It tha TOU energy rotes by the
same c/kWh surcharge for ll periods

- Retain ol other charges as per cost
colculations.
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Obviously not all domestic cusiomers
using mare than 1000 Kih/m hove smart
meters installed and therefore nof all con
be convered to TOU o once.

It is suggesied thot oll customers for
whom smart maters have heen instolled
be converted as from the siort of the new
financial year. if cusiomers are converted
during the year, the municipality wil
olmost shuors lose ravenve,

What is important to consider is thot
once customers are converted, their load
foctor and TOU consumption rafios will
change. The ahter conversion consumption
rafios connot be used for future revenue
neutrality calculotions.

Cost analysis

The EPP is clear thot the basis for oll tariffs
should be cost. That requires that o COS
study be underaken but this is problematic in
that most municipalifies have not dons these
yet. A simplified COS study should hawever
be done focussing on fhe domestic TOU
customers. This process is explained below
in a very simplified way:

Bosic costs

Analyse the detoiled budget and extroct oll
fixod/customer services type costs such os:

®  Metering reading

® This will mply bsid
1o other customers (big reason for any
incrocssos) wil be covered in the energy

Conversion strategy

One of the key aspects which influence:

the satting of the toriff level relates to how

customers will be converted 1o the TOU tariff

The fallowing aptions exis:

* Give customers the choice 1o canvart.
This is not in line with the EPP and other
govemmeni siipulations and olso causes

. only those customers who: will save to

..o

Customer services

Now obtain desails of all customers per
cotegory | or 3 phase. Allacate o cost weight
factor to sach and calculate the equivalent
domestic | phase and 3 phase cusiomer par
unit cost.

Determine the smart meter capitol cost,
expacted life and cost of coptial and caleulote:
the cost par manth por smart meter for | and
3 phase.

Add the customer services costs o the meter

chorge

Capocily costs

Analyse the detciled budget and exiroct all
network related costs such as:

* Network siaff costs

o Network maintenancs costs

.

Network aperations costs
Vehicles ond controcts relating fo networks
+ Faul centre and control room costs

@ Interest and depreciation on networks

Determine the tofal installed capocity os the
sum of indiidual custamer capacities.

Now divide the total natwork cosfs by
the insialled capacity ond 12 16 obldin
Rand/kVA/month ond then convert to
RiAfmonth

The issue of Eskom basic charge, maximum
demand and access chorges can be
inferpreted os follows:
It can be considered o capacity/demand
cost and thus be treated 03 @ RAVA/m
charge. If 5o colculote fhe basic chorge,
accoss charge, maximum demand
rges previaus year escolated
to the new period and divide by fhe tofol
installed capacity fo oblain o Rf4mp/
month and add 16 the capacity charges.
. \tmnbﬂimﬂldmmmm:nunr\d

o
pmd and divide by the 1olal energy
« that period ond edd 1o the
bl
Adding it to the capacity charge is the
preferred opfian because:

o iz a more fixed/KVA cost. In other words
if customors increase their moximym
damand/capacity, most of these costs
would increase.

1 the energy consumption increases but
the maximum demand remains the same,
thase casts would remain the some.

.

Energy costs

Obain the Eskom fariff dww applicable

(Magaflex], determine fhe enargy charges

opplicable ot your location (inchude Eskom

losses} ond then add 1o the all six energy

charges per period fhe follawing:

®  Elochificotion and rural subsidy

» Environmentol lavy

Now estimate/calculate the local network

energy loss factors for each of the si TOU

periods. This could be done as follows:

& Detarmine/estimate the toal technical
losses for the utility

®  Delermine/estimate the total losses ot [V
lovel




Eskom network charges [ Total access | Total Convent 1o
accessand | installed
- ! RELAYS TO
Tonsmision Radl #1426 #3086 | Mewmum | 157000
sccen | FROTECT YOUR
Distribusion 9,85 instolled | 944 000
- | ooy | ENTIRE SYSTEM.
Disribution R16.40 ffmonth. R5.86
demand insioled
Ercalond 10 2012113 | RAWAmonth | B35.26 | BAmowh | R1.30 2
. ure eriica aqipment substaton
Bt ucsyae —
Budget (2012/13)
#390 112000
: and malntenance Budget (2012/13) = |
Solaries, ind allewone |
fow m,mwm O S R14.004 000
Fagcirs ond moirtenanc ferciding |
salories and ollowoncos) R25 778 000 a
R3I9782000 | ]
| Budget (2012/13) | S 7 i cf
= — ST T apacitor protection and chntro
dorest — edermol loons [T o bl Advanced svent nalsieto
| Bod debt reserves Generator pro
(o Mt grecton ~
— e ine protéction i
Other expenses. Budget (2012/13) Enshypmmm
| Chorges allocored rom other > 4
| muticipol deparmans % it y
Charges alloc ther
e, T
‘G-mn ol expersas #60 049 000
Toial w83 453 000 =

| Purchases.
Total axc purchases

T
18026
EL
| Nt rtwork eost — wow | F
Network can R = | v /morth
RAVA/morth
“‘mhmmmnmm, s = | gl
| Rl I |
Capaciy cost
Toblo 3: UNiy 0w Retwerk cosls
> ses by f -p..w Example

ineering principles. |
jonal o the square

in each period

rgy rotes by the

of the overaga cur

Now muliiply the six
o finally o

g8 to: o
et cusiomers.

The example below gives some insight info
how these colculations shauld be done.

Table 1 below shows an analysis of cusiomer
normbers and colevlation of equivalent costs

per custome
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201112 Pack Standord | Off Peak.
High demand season (Jun — Aug) 186,05 4838 2587
Low demand season (Sept - May) 51,95 3183 22,28
Lavion 411 200
Escolation to 2012/13 Increcse. 15%

demond season [fun - Aug) 21394 55,54 2975

R TR A s s e e
——————————————————————

In my exparience loss thon 5% customers will
be subject to an impact of more than 15%
due fo structure change.

Issues

There are o few controversial issues ot will
now be discussed:

Towo period v, threa TOU doay periods.

Adew utities hove boen advocating o 2 doy
periods (peak and slandard combined inta
a new peok]. The only mativafion provided
s that no more significant load shilting has
been detected going from 2 to 3 periods. It
is believed fhis s not corract bacause of the
following:

 Tha EPP claarly stipulofes hot the tor

High demand saasan (jun 248,05

Low demar o) |30 | 4026 | a2
Tobla 4: Eskom eneigy chorges

Demand/capocily casts Dotermine the relevant detois of the torget

The calculations of the copacity cests siarts
‘with the analysis of the Eskom fixed charges.
This is shown in Table 2.

The next step is fo calculate the utiity own
natwark costs [see Toble 3.

This is then convarted 1o a charge based on
installed copacity by dividing that by a rafio
of maximum demand divided by cusiomer
inshalled copacily.

Energy cost

The objactive is fa have ona single energy
rate for ol ime periods. This starts off with
the analysis of Eskom charges 10 the uiiity
b shown in Table 4.

Revenue neutrolity

The final siep in tarf design i to esiablish
ravenve neutrality. The proposed methed is
as follows:

customers of these with TOU mefers which
66 10 be converted and for which dofa has
been obiained. The Table 5 is an erample of
dota required for eoch custiomer

Once this data has been determined the
ravenue from the existing domestic tariff
after application of the average price
incraasa i compored with the revenue from
rates colculated above. The TOU aneray
rates are then all odjusied with o fixed ¢/
kWh fo. yield the same. revenua from the
TOU tarifi.

In the example fhe break-even is ochisved
ai @ mark-up of 18,79 /kWh on the Eskom
effective TOU anergy rates. The resultont
charges are as shown in Table 6.

The impact an cusiomens is very importont
10 oddress when fhe conversion process is
compulsory. Fig. 1 indicates tha impoct on
customers at various load factors.

1o the WEPS, Therefore three periods
should be used
When @ two rate period is opplied the
very high price ngnnl associated with the
Eskom peck periods is bacau
the rate for the new peok (peck and
standord) the averoge of the two will be
significantly less. This is in controdiction
with the EPP in ferms of ensuring efficient
allocation
« The biggest issue relates o fhe ability
for customers fo move load effectively
and avoid the Eskom peak times. This is
lustrated by some examples:
- Customers with solar woter heaters

hacting in the lote atemason i the
water cid not heat up odequotel.
With the two rete period the optimal
fime would be from 18h00 (exactly on
Eskom peak] when the sun is close fo
setfing, With the three rote the boosi
can be done from 17h00 to 1800
which is in the Eskom standard period.
- Customer with solar panels for their
swimming pools can run from 10h00
1o 18100 folally ovoiding the Eskom
peak paricd. With the two role fhere

W KWh
W | 7

149 | 12280
Ty | s2a0
w9 | s
g

g

1y
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O DOMESTIC CUSTOMER IMPACT

- AUTOMATION,
WETERING
AND SCADA

Bomestic TOU furiffs o1-dul-12
Basic Enorgy
charge chorge
Tarifl name  Code R/menth kWh
Exitiog 2 part | 1t 200,00 9,00
3ph 900,00 89,00
Domestic 1ph Baskc Capacity
Tou
Rmenth | R/A/month
5741 2,82 i 89,00
peak  Standard  Off-peck
«/kWh </kWh o/kWh
Enetgy: high damand 264,84 799 50,63
Energy: low demand 87,50 59,06 1621
Domastic 3 5h Bosikc | Capocify
Tou
50,63
Oft-peak
o/kWh
| Enargy: high damand 5063
Emaray: low damand @2
AWh

Markup

oped with timers they
morming

ovoid the Esl
with @ thres rate w

. @ sefing of the
ing tha Eskom peok hen cusiomers shilt load, fhe
o e impactta the ity will not match

o Eskom (WEPS

with @ similar need

——




for Eskom Distribution). This means that o
detoiled and complex revenue nevirolity
<alculation will have fo be done every
year.

Treatment of public holidoys

The issu of the treatment of public holidays
alse brings o dacision ta ba made. The
following can b said in this raspect

»  The different treatment of public holidays
o3 per the Eskom Megofle is the mors
cost reflective opfion

Wis uniikely that domesic customers would
toke specilic effcrt to moke maximum use
of the cheaper power during some public
holidays.

If public holidays are not treated
differenly the P/5/0-F quantities shoul
ba colculated treoting public holidays as
normal days 1o ensure foimess.

1f 0 smari mefer system without remate
abilty o load the public halidays as
different days is used, it is not odvised
because of the need 1o visit the meter
and mprogromme it oanually. (This is
the case with some large custoriers
on TOU)

Reaciive energy charges
Megaflex cantains a reactive energy charge
ond many utities have to implement power
foctor correction due fa customers' reachive
oads. The following in this respect:

quanitcs in excess of 30% of the active
‘energy during every half hourly pericd.

.

The wility awn pawer factor needs should
ok damd. b s cvaricod
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leval which would bring the average
price to the some level as the IBT fariff
within the: complax. This s o difficult

which is worsened by bad power foctors
during the low demond period, such
charga shauld be set for the whole yeor
The charge should only be levied during
peok and standord periods for such
reacive energy exceeding 30% of active
power,

Setfing the level is a complex issue
which needs complex assessment of
power foctor cormechion equipment cost
convestad fo per kvarh. It is suggested to
stort with o level close o that ofthe Eskom
Megoflex charge.

Domestic bulk supplies
Al

1o sach comples.
Demand vs. bccess chorge
There is the feaiure ovailable in the smort
metecs o charga & masimum demand charge
o aven an access chorge based on the highest
maximum demand in a yeor, The lellowing
an be said in torms of charging & maximom
demand charge va chorging © charge based
on installed capaiy

o i is better for fhe ui manage
its demand and subseguent network

5o
lood is limited rother than o charge by
wor of domard charges.

- e dinoth

vio o reseller o body corporate within either
a complex or flat.

Historicolly these cusfomers were given o
bulk supply torfl very close 1o the domesic
torf, Wih the NERSA introduction of Heavily
subsidised inclining block rafe tariffs (18T)
for domasiic customers, a big problem has
boen craated

If bulk domesiic TOU farffis developed
which broaks aven with the customers
using mare that 1000 KWh/m o in the

.

¢ restof ipality, o big problem will
roisiiva. The loads are however becoming e
mota raoctive becauss of th following: & Municipol ond national lsgislation

- Liss resistive loods with solar water
heaters being instolled, lass elechricity
for cooling and space heating.

= Heatpumps used for waler heofing,
mare CFls and LED lights and various
slacironics ganerally with poor powar
factors.

Custamers besi way of managing the
powar factors is:

- By the equipment they purchase. The
problem is that power factor labelling
B Ackgardeoh o S wiaie
- By using molor driven applorices

.

In recent studies dane for domestic
cusformiers using mare. .

1t was found that on average the powsr

factor is worse than the sxcepled 0,85%.
Reactive energy exceeding 30% of

acti ring the peak and
standard pariod only is o much as 7%
of the active energy.

Based on fhis information the case can be

mads o charge  reactive energy charge. The

following in raspect of such eharge:

& Itshould cover the Eskom recctive energy
charge which is applicable in peck
and standard periods during the high
demand period only and charged for such

requires that all cusiomers within a
municipal boundary be treoted foiry.
in this respact the EPP also stipulates
thot customers of ressllers should not
be charged unfovourably relotive fo
customers supplied directly by the
municipality.

With the IBT foriff available fo customens
using less thars 1000 kWh/m, customers
with lower consumplion received massive
cross-subsidies.

Studies hos clearly shown that if o
domestic TOU torif colculated for revenie
neutrality for domestic customers wsing
more than 1000 KWh/m is opplied 1o
reseller, tha revenue from the IBT would
be significanty less than the price of the
domestic TOU fariff.

This is o complex issus which seems to be
flowed with many challenges. The following
options hold a possible solution:

* Do not apply o domestic TOU toriff
fo these resellers but charge an (BT
where the blocks sizes ore multiplied
by the number of units supplied in
thot complex. This is the most simple
but fair eppraach but the TOU
message is ol geMing fo customers of
the reseller

Offer a bulk domestic TOU tarilf
where the c/kWh markup is set ot o

the mﬂh\w(nlm ortime 1o manage their
loods o an houdly b

Experiences in many mummpclng ithot

customers are owore of their capacity
limits anel do take meosures !9 remain
wilhin the contracted capacity.

Based o the abova i is proposed to charge.
‘o R/A/manth chorge raiher than @ mosimum
‘demand or accass charge bosed on measured
demand per morth. 1 is oo proposed that
stops of 10 A be provided for in the selection
for customers.

Load control by utilty

The smart meters must make provision for the

‘management of variows loads of the customer

remotely by the uiity. The controvensial issues

in this respect ore os follows:

» The copacity chorge and the TOU snergy
rotes should provide o very sirang signal
for custcmers o ovoid the Eskom peak
times and the local peaks which would
mostly coincide with customers own
peoks.

‘When uilties now manage some of these

loads remotely the following guestions

arise:

.

- Will it not compromise fhe cusiomers’
TOU energy cosit For examplo if tha
iy inlarupls th solr wote geyser

lood” from 16h0C 1o 18hOC, fhe
i iV o g
during the peak fims fo be able not 1o
cold woter

- lfon air:conditioning unit s interruptod
fram O6H00 10 G7h00, the cusiomer
moy usuolly have pre-hacted the
house before ihe peok which he would
new nead 16 do during peok fime.

- ¥ any such reductions are port of
Eskon's demand markat porficipation
(DMP} plan, should the customer not
be credited with any such payment to
ihe municipality?

The key message here s that great cors would

need 1o be token in doing the sysiem setup

closely with customers,
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Time periods/seasons differen from Eskom

Some utlsies hove opted to apply TOU doy

periods ond ssasonal months different from

that of Eskom. The following in this respect

o The objective is fo set forifs equal fo cost.

¢ The energy charges must thus cover
energy cost

@ copacty charges must covar network

costs

Applying pericds different o thot of Eskom
WEPS is not supporied

Method of mark-up for revenue nevlrolity

Various methods con be followed in marking
up the basic costs a3 colculated to obioin
revenue neutrality. The following options con
o v

+ On oll charges or only some.

* The same or different surcharges on
differant charges

*  The some % or same c/kWh on energy
charges

It is propased that the mark-up be dene as
follows:

* On energy costs only.
® Asafixed cAWh on ol enargy chorges
This is mofivated as follows:

* I the surcharge is opplied fo energy only,
the customer can at least sove o litle bt
more when reducing cansumptios

* In 'this time of anargy shorlages in fhe
Country, the need fo save energy is
imporiart

® | the surcharge is the same c/kWh on
all energy chorges, the utity will remain
net revenue neutral when customers shift
)

® The Eskom TQU price signal is nof
distorted. I it is distorted by soy opplying
@ much higher surcharge on peak energy:
“the efficient allceation of resources”
objective will not be obtained.

One of the most commen mistakes mode by

uhilties in thie dasign of their TOU torfls is 1o

mark-up the Eskom energy rates by the same

r similar percentages. When customers shift

Ioad fram an expensive 1o a cheap period

1he uiilty will losa more revenue han what i

S0ves in Eskom purchase costs, This hos led

many utilfies, including Eskom, of one stage

1o discourage any load shiling.

Cross-subsidy, ronewoble anergy levy

Some utilifies are showing many dilferent

Charges for example: renewable energy levy

1055 subsidy levy, etc. The lollowing should

noted in this respact

Considering the increased complexiies

af domestic TOU customers da we really

want this furher compleity?

Hthe customers are on pre-payment, thet

will not even see these separate charges.

= / levies are.

f the various cross.subsidies

warked info the relevont rates, the prici
# be distorted.

When the rates applied by Eskom are
applied at the LV level, if needs fo be
adjusted becouse of losses. In ather
words the chorge must be higher th
the Eskom charge becouse of fosses fo be
reective, If o higher charge than that
of Eskom i chorged, nagative customer
reaction coukd be expected.

Becouse the renewals energy levy is o
chorge on generolors ond thus a cost te
customars, even Eskom s considering nof
showing it separately in fulure.

it is expected fhat the domesiic TOU
customers wil make a contributicn fo the
Cross-subsidies in the utiy,

To be able 10 show his levy would require fhat
a detailed cost of supply study be undertoken

regularly
i view of the abovs it is propased fo include
these charges/levies to the appropriote foriff
charges

Pre-payment vs. convenfional poymant

One of the drivers in South Africa has ben 1o
comert domestic cuisfomens fa pre=poyment.
Applying pre-payment 1o domestic TOU tariffs
with smort maters presents new chollenges
in this respect. One of the big challenges
associaled with pre-payment meters currantly
being used in South Alrico s thatthe cusiomer
pays ia Rond but recaives a tokan for kWh
is causes o problam when cusiomers

purchase vary lorge quoniies af fhe law price
just bofore any price increase thereby cousing
the municipality to lose money. This prablem
woukl be vary prominent with the TOU toriffs
associated with much higher rates during the
high demand ssason.

f domestic TOU foriffs with smort meters
ore applied i i therelore proposed tho the
customer purchose Rond amounts and fhat
the Rond omounts ore transferred 1a the
mater. The meter will comain all the foriff
charges and will thus deduct the associated
amount from the availoble credit an the
mater. This i further complicated because
of the following

When the end of the month cornes and

he: bosic charges plus copacity charge is
deducted thot the customer coukd go info

& negative credit available.
ol the customer does not purchase any
eose

electricity, the amount dus will i

Cansiderofion should thus be given fo
deducting the fixed chorge by way of o
debit order ond only vending tha energy.
o Various payment options are being
considered 1o ensure tha these, typically
rrore sophisticated custamers, con
determine the ovailoble credit remotoly
nd make poyments remately.

AUXILIARY RELAYS
FOR EVERY.
APPLICATION.

WoodBzam's range
of industrial ausiary

The range includes

Instantaneus tefrys
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Lood shifing support
Loud shifting by customers does not loke place
by itself. Even if the fariff contains o capacity
charge and TOU energy charges, and the
systam hos lood management contacts,
customens need supporl in his respect

*  Aconsumption/requirement audit should

be underaken per household.

customers that it is better fo use on
electrical heater because the few hours.
of winter peaks ore sl much fess than
the increased capacity costs for fhe
whole year.

There is no signal for custamers fo
improve their load factor ond thus
installed capocity which have o impact
on uiility supply costs.

This will couse customers to increase

*  The customer need fc be
what opfimal lood manogement regime
would ba aptimal

o Ajoint decision be mode and the system

then b configured 1o operate in ferms.of

this regime.

Customers naed to be informad about

the effectivaness of fhe system on fofol

actricity costs and their bills

Capocity costs / fixed costs in

energy charges

Various uiilties have implemented TOU

tariffs with energy charges only, The following

problems are experianced when fxod and/

or capacity cests ane included in the energy

charges:

» This distorts the price signals. Customers
will now make inefficient decisions.
This could for example signal to

network capocily/system peak for o
few incidents during the year, 1l is well
known that there are o few days in year,
usuolly associated wilh very cold or very
hat weather which causes big system
constraints

Customers with imegular consumpfion
wll not pay their foir cost of supply.
This means that customers, who
have a secand praperty and only
use the supply for o few months in
the yaar, will be subsidised by those
customers with one properfy only ond
more consistent usaga throughout the
year.

When all costs are loaded onfa fhe
energy charges, the utifity is more
exposed to consumption changes by
customers. When customars reduce
consumption but net required copacity,
the wiilty costs remain tha same but
experience big revenue losses are
expenenced

implementation

The roll out if any new system is associated
with teething problems. The fellowing is
therefore proposed in this respect

» That the smort meters be_installed and
be run 03 o smple nonTOU tariff an
convantonal payment mode:

Bacause of the big difference in rates
batwaen th seasons it is proposed that
customers only be converted to the TOU
tarifi at the start of o new finonciol yeor.
Mew cusiomers can be charged of TOU
from the beginning.

When o customer thot is cumently an pre-
payment, converts fo fhe new smort mater
in canventional mode, a daposil needs fa
b levied for that customer.

Conclusions.

The development of a TOU fariff for domesfic
eustamers is o complex subject. This paper
highlights some of the key considerations
Municipalities ore advised nof fo fust jumg in
ancldo theirown thing, Thoreugh orolysis ond
various practical ond idsological issuss need
coreful analysis and considering. I is hoped
that this poper hos provided useful guidance
that con be used by all electicity uflfes.
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Building a real smart solution

by Tom Phillps, Conlog

Many countries are still coming to terms with the sudden and debilitating financial crisis of 2008. Some
governments have been able to stave off the world recession by pouring reserve funds into public works
Programmes, but these caffers are now empty.

Itis within this context thot we have seen
the rapid adoption and deployment of
tevenue profaction and management sysems
globally. In particulor, we have withessed the
exgonential increase in standard transfer
spacilication (STS) IEC62055-41 projects in
many emarging morkets

The increased popularity of STS can be
sen by the number of componies (many
international) who are becoming active
members of fhe STS Asscciation, the bady
responsible for the governance of the
specification

n addifion 1o the financial crisis, there i
Growing concem over our environmental
health, including the sustainability wores
over our glabal energy resources. There isa
palpable change in the consumption hel
of our world's populotion. This, howaves
has been predaminantly in the afffuent (dore
U say) first world economies. In many of our

noed far a system that is both financiolly
sustainable and functionally oppropriote.

The customer
Puting the prapcsed syslem into conted, it s
iecessary fo expound on our forget market
The moiority of our customers will cansume
fiss than 7 kKWh/day. Comparing fhis with a
European doily average of 18 WWh/day o
fhe USA averoge of 39 kWh/day cne can
soe that the infroduction of expansive smart
meiering fechnology info this business casa
is financially ot viable.

There are seme rurol communities that
use, on average, less than 2,4 kWhiday
(sew Fig. 1). I is patently clear that any
solution for these customers needs 1o be
substonticlly different to that deployed in
Europe and the USA.

The real smart solution

The propasad solufion is @ radical daporture

emerging genernl
lower down on Masiow’s hisrarchy of needs
The supply of basic rescurces and services
o these customers is less than guoranteed.
These fwo globol crises hove caused o
substantiol shift in project funding, leading
100 massive switch to servica supply projects
that are cimed of sHiciency ond oppropriate
Use of resources

Tha momentum 1o “smart solutins”, whether

dote. Viruolly every magatine end conlerenca
lecti or the

Advocates of the first world smart metering
and smart grid systems would argue that
including the element of prepayment in these
systems is an unnecessory overhead and odds
complexity. However, os will be detailed,
the inclusion of prepayment info the system
builds in o redundoncy ond a flexibilty that
‘ore both appropriate and convenient for tha
uilty and customenrs alike.

The propesed smarf solution does not
compete directly with the *first world” (high
consumption consumers) smort grid/smart
matering systems, bt rather is o *bottom-
up* appraach that is oppropriote for both
low consumption ond high consumption
end-users using field proven prepayment
‘metering building blacks. The solution is both
modular ond extensible.

In the comentional smart grid/smart meteri

systems the cast per point of supply is typically
several fhovsand rand, The business cass for
such a zystem 10 be rolled out o low end
eleciricily consumers just doas not give he

targefing

electrcity utflity market has of [scst one orticle.
on smart grid/smart metering applications.
The globol market is saturated with the
ype ossociafed with smort metering and the
benelits and concerns over this technalogy.
One of our most prominant system drivers
when defining fhe orchitecturs of a
sman metering system was the odoption

Meter or grid, hos raised as
83t has answered.

It 5 within this saemingly confusing context
that we hove determined the pressing

of a ble. ps ravenue
maonagement model that will see the
capital investmant redesmed within o

few years.

e
Fig. 1: Out iypical cusiomer 9

0l). In South
Africa it was fo be legisloted hat end-usars in
excass of 1000 kiWh per month should have
o smart meter installed on their prermises.

Fig. 2: Bosic system architecture.



Qur question Is, why limit the technology
ta high-and customers? Why nat deploy o
solutin that benefits all users {while being
financially viable}?

Fig: 2 shows a system view of the alternative
smart metering/AMI copeble system that
meets the basic requirements of the ufility
while s/l being affordable and expandable
fo the enfire market. It is o compromise
betwesn functionaliy and affordobility whils
being inherertly expandable

Keaping everyone folking

Fundamental to the solution is the cloment
of inferconnactivity between different
systems. If is imperaliva thof standard
protocals ond norms be used between
communications nodes. One such protocel
is the DLMS/COSEM (device language
mesanigs language] which has been odopted
infernatianally in many smart metering
applications.

System elements

Using the diagram in Fig. 2, each system
olement will be discussed in defail. The
system can ba deployed in o phased mannar
to accomplish a funciienal smort metering/
AMI system. The proposed system uses the
humble prepayment mefer and in some
circumstances even the previously instolled
meters con be enhanced to offer remole
mtering functionaliy.

Many smart matering systems use GSh
‘modems in sach and evary meter, Our proctical
experienca has shown this 1o be logistical
rightmare wilh increased operalional costs
atiributed fo the of the assets

Fig. 3: Customer usar inferface.
Fig. 4: Measurement and cantrol unit

prapoyment systems thers is on element of
redundancy afforded by the combination
systemn

When fhe communicotions network is down
for any langth of fime, customers can sill top
up there credh using stondard prepoyment
electricity tokens.

The financial model of prepoyment fociltotes
funding of ohten negiscted disciplines of
meintanance and sesd funding for netwark
axporsion. |t uses tha comman banking
principles of gearing that ensure confinual
system enhancament and upgrading.

The premises

Fundameniol to the system architecture is the
cancopt of seporoting the usar's Interiace
ond the metering unit {commonly knawn as
“split metering”).

This configuration has become o nom, at
least in he interriational markets, showing
increased
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voltage. To exosperote on already harsh
enviranment the cabling is regularly under-
soted for the confinual lood, most commonly
‘hecouse the cables are cluminium ond the
rule o thumb 1,6 fimes copper ule hes nol
been applied. (A 10 mm? copper coble can
‘operate corfinuously ot 60 A. An aluminium
cable wilh similor capacily should be 16 mm?
11,6 10 mer])

International cerfification requirements do not
specify these volloge: extremes and therefore
many smort melering products have dificulty
operating in these envircnmeans.
Associoted wilh fhe increased fechnicol diversily
reauired are. new instollaion fechniques and
requirements, A bosic understonding of the
associated technologies deployed is offen
advantogeas 1o ensure optimal ond reliable
system operation. Stories abound of the
mast horrendous inslallations that edverise
the installation cantracior’s ignerence of the
technical requirements:

While this may seem rather alarmist, it is
wisdom that hos been leamed in the school
of hord knocks,

Requirements bome cut of these extrame
envirenments include;

e The sensing of ferminal temperoture
(1o avoid irreparably domaging the
‘product due to under rated cabling, poor
terminafion and incomec wiring).

& Extreme voltoge copobility. The normal
certfication standards.require products
1o uperate over a dynamic range of -20%

nud+i5%nlwmm4vokagu Real world

against fomparing, (Customers have o
propensity o become vary possessive abaut

and the opsrational charges associated with
the netwark connectivity and mainfenance.

There hos been some confroversy and bad
press ragarding fhe opslication of radio

their interface
unil when they hove afiempled fo bypass
the unit). Under these th

in many of the developing

countries would indicale +40% to ba o

lbasic minimum requirement

Deloying reconnecting the customers

load affer o power oulage (using o
i on clgrn

o
‘customer is seldom found of home when the
uiilify comes fo visit.

fraquancy for lost mile fo
the meter. It hos to be noled that the mefers
in question used either GSM communications
or Zighse communications technology, Our
own ressarch and development hove shown
that thesa technologies, while inherently
robust, open (fram o standards perspective)
and offering adaquate range, have dond 5
af the expense of higher transmission pasers.
The propased system wses fhe soma power
framsmitted by an ardinary gate/garoge
‘opaner or car remole control device,

Thera are some detractors that advocate
the adeption of a purely on-line type AMI
system. Many of these ployers aperote
in a first wor eloped

keen 1o assist with financing these projects
because they con idenify completely with
the financiol modal. Whers things get tanse
is where funds hove to be switched from
country fo couniry, where both financial and
polifical stabifity of countries may be less
han guaranieed.

The paint of supply

The smart mefering unit is mounted of the
point of supply ond is ehlen pole mounted), or
mounted in q sireet kiosk.

In rany of the lorgeied markets there ore

to reduce the network inrush currents,
poriculorly it the faedar fransformers.
Manitoring both the end-user's powsr
and curren! usage (STS ol sfpulates
disconnection on an over power

). As previously highlighted,
with poor reficulation vollage conirol,
over cirmant condiions con persist with
exiroma under voliage.

The last mile network

This is-the Bridge between a standalone
metaring system and fhe ability o be
connected romotely, It is alse o critically
impatant alement where ol the accumulated
dota s concentrated and communicated
upstrea to the head end system using

. Reticulation
Mummnmmam-mm

where communicatians network coverage
and spaed are token for gronted. These
systems often foil in the daveloping nation
environmnt where nework stabilly is not
guarantead, With the merging of AMI and

The dota 50 GSM
S volioge fuctuations and network  fechnology, bul this is not mundnlvm there
R mony: d with the choice

instobily.In many firs

‘quality of supply i 1aken for granted, whereas.
in our environment the voltoge fluciuations.
‘can be as exireme as 50% om the nominol

wmmmmwnlcauummmmmw
haul system. Piggybacking on an existing
SCADA syster is just one of many altemte
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nmunications bockbones that are used I

he sperational costs 10 o mi

Suff

ansure fhat 1

o say that if is olso imperative fo

ore system redundancies fo
ensure thot dat

egrity and avai

not compromised

tions can be sithar

driven, the majority being

reading. Event driven communications will
en predefined Irigger points
reqistered, such os fomper defection or

occur only w

low cradit enunciation

e systorm’
the ability fo odd funciionality that ossists the:

utilty in the manogement of their reficulation

wo-way connectivily comes

system. Such functionality includes.

g fof rogisters and

o Remola cu management with

ion and discannection

remote connect

+ En

gy bolncing
*  Custamer consumption pr s
with network capacity planning and
management

» Demond side lood manogemar
e A . ezt
k foader goes down).

i the solution moons the
n bo rolled out o litle ot
o fime, wireless prapayment meters
e dota
mote défo

handheld rem

captura/intarogotion unit far n
fier expanding the system
insollation of data concantrator nits
[DCUs) with o head and system that manages
the network and the data.

The system can be further expanded with the

use of smart swic

es. These are lood switches

switches

e. The smor
old gaysers, pool pumps, under
ating elemens, air conditioners et

1 the customer’s residen
control

The head end

The head and comprises o suife of enferprise

5: Fypicol pole mounted

applications that afford the utliy functiono

on severol levels, Ceniraf

his architaciure

ore the daloboses that confain all the

collated mefer information as well as nefwork

{both reficulofion and AMI co

nunicall

opertic

al parometers

There ore typically three primery players that
imteract with the meter dota management

n (MDMS|

have @ vesfed intarast
ua management aspects,
business

ainability of the system, the
rtelligence (B1) and report funclions
v information and

terested in the

.

ations a

operatian suchas load balancing, m\, o9
ond Iroquancy
aualiy of supply ink
side load managemant.

mation and demand

.

Network odministration, the divisior
responsible for
comm

including assat management

The phased approach

This archifecture oliows project funding 1o

located in o phased manner. With the

be
deployment of sach phase the

Investment is secure, it does ot need fo be
remaved or made sbsolete, and is simply
axtended 1o the next phase of functinality
as and when required

ental o our approach that every
stoge of the systam development adds fo
and enhanc t. Only

1y fo remove or upg

5 the current investmes

rarely is it nece:

instolled equipm

Imporiant notes

An operational challange that is often
averlooked or underestimated is that of
the technical competenc

of the parsonnel
servicing AMI systems, The insfaller’s
hnician’s copabil

s ore more suitably

coupled with thoss of convantional meter
d network mainienance. They an

extended skills in

called upon 1o hav

wireless, power fine cor

comput

more, chten (critically) without the necassary

o7s, communications.

s o recipe for unnecessary

roblems and cusiomer inconvenience

No discussion on AMI/smart materi

raised regan

privacy and the manogem
of dota gathered regarding the cusiomer’s
umption habits. With the
system propesed, the granularity of the
information gathered will be much lower
that the squivolant Evropea
This gra
utility the abilty to men
netwark capacity. It is net within the scope

alectricity cor

or America

devices nulerity still ffords the

or frends

of this paper fo discuss the lag

fimacy or
ofherwise of fhe argumens. Suffica 1o soy
that the debates will confinue.

A positive sida eflect of the implementatian
of such an AMI/smart metering system is the
active asset management and traceabilify
that is & natural eutcome of the conneciiviy

Conclusion

ich b

The appra bled in this paper affords
the ullity/supply authority a way of future
proofing their sys

tom with the sound financial

madel that makes so many of the worki’s
prepayment eleclricity metering projects the
success thay are. The model is both offordable

and sustainable.

The solution, sing fhe humble prapayment
eter associated with the required network
infrastruc

e ond head end soltware, offers
on appropriate and financiolly sustainable
AN system for low consumation customers:
Though the system may net +
high end functios

e the

olity of @ Europeon or
American smant grid system, it affords the
utlty o system that s exiensible, affordable
and approprite
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in terms of 1 nal Health and Safety Act (OHSA), General Machineries
egulations (GMR), can sometimes get quite nerve wracking when not enly the requirements of the OHSA has
to be adhered fo but also the req of other le such as the of Admini Justice
Act (PAJA). The first deals with safety of people and second deals with the rights of people and sometime fhese

Occupat

requirements come into conilict.

T+ 83¢d AMEU Conveniion 2012
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Petwork was thersfore considered &

ould

N

1

s of

ery

emely
osily couse
ot

echrciy ciriy witin the corov

park

the ighlighted port of Regulafion 7 comes

without deloy".

ut off

A further indication of the
con be found
under Section 39(2).

e OHSA itsalf

who does or omil

with the use of plant or machinery, th

g oy person 1o be

quilty of an offence if

exceeding hwo yeors or fa bath such fine ond

Should o member of the caravan park

electrocuted after this dongerous

uation
was found, the responsible person would be

Promotion of Administrative

Justice Act (PAJA)

Upon deciding to switch offthe electricity, the
municipality was wamed by
newer Adt, the Promation of Adminisirative
Justice Act (PAIA
electricity must fir

lawyers that o

requires ihal 1

user of
a chonce 1o remedy

switched

il of Rights

Some extrocts from PAJA are repeoied below.

“Adminisfratar’ means an srgan of siate
or any notural or furisfic person taking

st

o action,

*Procedurally foir administotive ocion
alfecting any persan

3(1) Administrative: o "
ond adversely offec ights or legitimote
expactations of any person must be
proceduraly foi

32)(a} A foir adminisirati
depends on the circumsta
(b) In order fo give effe
olly fair od

visratos, subject o subsection
give o person referred 1o in subsection|
(o) adequate notice of the nature and purpose
of the prapased od

we action
(b) @ reasonable oppartunity ta moke
represeniations;




(<) @ clear stafement of the administralive
achion;

(d) adequate notice of any right of review
or infernal oppeal, where opplicoble; and
{e) adequate notice of the rght to request
reosons in tenms of section 5.

3 (3) In order to give effsct 1o the right to
procedurally foir adminisirative acfion, an
administratar may, in his or her or s discretion,
alsa give o person raferred 1o in subsection
(1) an opportuniy fo

(0] obtain assistance and, In sericus or
complex cases, legol representation;

b} present and dispute information and
arguments; and

(c) appear in person
From the above it s clear that in terms of PAJA
Sechion 3, o persan has o right o react prior
to performing administrative functions,

Dilemma

The responsible person now finds himself in
o dilemme. He is required fo switch off the
eleciricity due fo the savere unsafe conditions
thot exisi, but he may nat switch the network
off immediataly since PAIA prevents him from
doing 0. He finds himsell in o “Caich 22"
sihuaiion.

It was thersfore dacided fo approoch fh High
Courtand request an inferim interdict o switch
off the network. In the preparation of shis
interdict, it wos sl feft hof, should someons
b injured during the court procasdings, fhot
the OHSA would stll be used to act ogainst

the responsible person for omitting 1o act.
In order fo minimise the risk of prosecufion,
the situation wos formally reported fo the
Department of Labour.

Section 30(3) of the OHSA states:

“{3) Whenever an inspeciar is of the opinion
that tha: haobh o salety of ony person of o
workplace or in the course of his employment
or in connectian with the use of plant o
machinery is threatened on occount of the
nefusal or failure of on employer or o uses o5
the cose may be, to fake reasonable seps in
the interest of such person's heolth ar sofety the.
inspector may in writing direct that employer or
use io take such steps s are speciied in fhe
direction within o specified period.”

It was heped fhat an instruction from the
chief inspecior would override PAIA, The
Deporiment of Labour was however safistied
with the route taken and mentioned thot if the.
court deloys were 100 lang that they would
fssue on order fo switch off.

It is however not clear whether o precedent
enists wharaby the instruction of on inspector
was considered more powerful than o
restriciion from PAA.

Actions taken

The municipolity fook this matier o the High
Court and was awarded an inferdict to shut off

N 63 rdAMEUConvention20 12 |
—_— e e e

Possible relief in such a situation

Upon studying PAIA further clauses were
discovered;

“Procedurolly foir odministrative action
alfecting any person

3 (4){a) It iris reasonable and fustfioble in the:
circumstances, an cdminisirator may depart
from any of the requirements referred fo in
subsection (2).

(b} In determining whether o departure as
contemploted in poragroph (o) is reasonable
ond justifioble, on administrator must fake
into account oll relevant factors, including:
(i the objects of the empowering provision;
(i} the noture and purpose of; ond the
need fo foke, the administrative gchion;
(i) the-likely effect of the odministrafive ocion;
(i) the urgency of taking the odministrative
action ar the urgency of the mafter; and
{v) the need fo promate an efficient
administeation and good govemance,

(5) Where an administrofor is empowered
by any empawering provision ta follow o
procedure which i fair buf diflersnt from the
provisiaas of subsection (2}, the adminisirotor
moy act in occardance with that different
procedura.”
In lacking ol especially Sections 3(4)(b)(i)
and () a5 well as 3{5) 1 is found thot the
i may have the power fo act

the el d h it back on when
the necessary Cerfficate of Compliance wos
submitted o3 proat of o sofa natwork

LEADING THE ELECTRICITY DISTRIBUTION INDUSTRY

24th AMEU Technical Convention 2013

Hosted by Buffalo City,
29 September — 2 October 2013

ly should certain
arise, which situaton could be urgent encugh
10 toke immediate action. Saction 3(5) may
also indicate that the OHSA would be able
o override PAIA when situstion of severs
danger exist.

Conclusion

With the creation of the canstitufion many
pieces of legislation hod fo be redrofied 1o
fit into the requirements of the constitution
The Occupationol Healths and Safety Al
[OHSA] was considersd to be one kind of
oct that would nof need 1o be redratiad.
The Pramotion of Administrafive Justics Ad,
hewever, may threaten certain actions of the
(OHSA uniil persons against whom an acfion
needs fo be instituted, had time 1o reoct. It
may however be ellowed fo act immediately
in cerfain instances of severs danger fo ihe
peaple, A person not only hos the right o
be heord, but he also has. o right fo be kept
safe and thers would be instances when
these rights are in conflict. In cny event the
tisk of being found foul of the Promoian of
Administrative Justice Act would probably
be less than the risk of falling foul of the
Occupational Health and Scfety Act when the
livas of people are ot siake due to o severe
dangerous alactricity circul,

Contact Deon Louw,

Ovensirand Municipality,

Tel 028 316-3724,

il
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Dangers and hazards of entry into
live substations and enclosures

by Barry Gass, ACTOM Profection & Control

This poper looks at the dangers and hozards of entering and working in live substations and enclosures. It looks
ot some spacific examples and incidents and the reasons why persons entering these areas must be trained
and deemed to work in @ ised. It looks at the pre-entry requirements, as well as
identifying potential or actual dengers and hozards and legal requirements.

There are many dangers and hozords which
have 1o be token into account when entering
live substations ond enclosures ond many

area as definad and that is enclosed for the

Sign substation log book ond look for
any abnormal conditions that could

purpose of power system security ond the
datyob 1.1 bolh i

hibied i

accidents con by
it faken.
Definitions
Substation: Any building, room or fenced
enclosure containing electrical apparctus
used for control, distribution and supply of
slectrical power

Enclosure: An indoor or outdaar site whers
elecirical opparatus is enclosed and the

ore presen, byt in o live chamber, these five
conductors can betouched from ground floor
ovel, whils in 0 prohibited area they cannot
be touched from ground floor level.
Barrier: Any device that is designed fo
restrict approach tolive eleciical apporatus,
excavations or other dangerous conditions.
Breaker/circult breaker: A mechanical

swiching dovics, capable of making, corrying
3 der normal circut

access locked to pravent horised eniry.
Uive enclosure: Any. room, chamber, yord
of enclosed oreo, in which it is pessible for
9 parson, rom ground floor leval, o moke
inadvertent contact with, of infringe on safety
Slearance 1o five conduciors or apparatus o
any room, chamber, or enclosed area fitted
with an qutomatic fire suppression sysfem.
Sofety clearance: The minimum distance
that any part of @ person’s body or work
150! may came close o any bare, unearthed
fow volfage (4] conductor or unscreaned,
Unearthed medium or high voltage (MV/HV)
conductor.

Section clearonce: In the case of any bore
live LV conductor and an unscreened five
MY/HY conductor, he minimum clearonca of
the conducior, from ony point on or bout the:
Pémanant squipment, where a man may be
"Bquired to stond, measured from the position
of his fet

Ure chamber: Any chamber, enclosure of
ny situation in which inodvertent contact
with eonduciors or live parts of electricol
OBparotus, warking af high voltoge, is possible
eom ground floor level

Probibited area: An enclosed orea, in which
Yive. conductors or live poris of electical
SPpartus, working at high voltoge ore
Sccessible, but situated in such o positan
*hat inacvartent contct s not possible Fom
Bround fioor level

Restricted area: An enclosed orea, thot i
Naither o live chamber nor o profibited

condiions and alse making, eamying for a
specihed time ond breaking cureats under
<pecifed abnormol condiions, such as foul
condftions.

Earthed: Connected 1o the genercl mass
of sarth in such o manner o5 1o _ensure on
{mmedicta safe discharge of eectrical energy.
isolote: To physically disconnect from ol
possble sources of elechicol potesticl. This
con be ochieved by opening of inks, remaving
o fuses, rocking out switchgear, locking off

sofey during your ask.
Coll control i there s  control centre)
and inform them that you are af the
substation and the reason that you are
there.

Conduct o risk assessment (Toke 5) ond
assess any dangerous condition, discuss
with stoff and obtain fheir signatures.

s Use your senses, look for hazards, listen

and smellfor any arcing

Mitigate any hezard identified, e.g.
barricads ony live parts

Ensure hat o urouthorised person con
gainoccess fo the area while work s being
corried out

Check condiion ofall fhe circuit breakers
ageins! the drowings.

.

Chock for any alarms and discraponcies.
Check first aid kit availoble,

Check ofl aquipment and apsrafing fools
ore vailobla before starting tosk.
Check battery Iripping unit (BTU) and
pedonm load test

.

Risk assessment (Toke 5)

Awritten risk assessment must be conducted
bek \ e THi i

and placing o danger fog.
Substation pre-entry

subsiotion there ore corioin
pre-requisites fhot should bs caried ou:

Check and disable any fire supprassion
This is imperotive, as a person’s
;.;:“:un be andengered, it ihe fire
supprossion system is tiggersd. There
ore several systems, but the mast comman
are CO, and orgonie gos.
& there s ot least one fire extinguisher
‘.3.'7.;'2.... s condition and when it wos st
Tested

Check substation signage and that
you have correct persanal profective
equipment (PPE).

Before allowing sioif1o enter the subsiafion,
chieck for any hazardous conditions, give
Sotety tolk, exploining dangers, hazards
and smergency assembly point.

Enfry
After enry, cerfain things must be done/
hacked before any work is camed out

referred 10 0s o Toke 5, which means thet
you should take five minutes to sfand back
and assess the risks before sioring the work.
This shauld not be on ever complicated ar
over designed document, os o general risk
assessment (code of praciice] should already
exist and different hazards occur at different
work sifes, even thaugh the task remains the
same.

‘When any risk is noted, control measures must
be put in place ~ remember the hierarchy of
control:

Elimination

« Raplace (mefhod or process)

Redesign (engineering)

Separation (isolation or guard)
Adminis
PPE

ion {iraining process)

..



Example of a Take 5
risk

Determine the task spacific hazords (the
hazard prompt of Tabie | can be used os
& relecsnce)

.m.nqmm.s(m rik). nmmmwu

i

a final risk rating {resicual
risk) must be calculated. | fingl risk
roting is. not below 10, fhe hazard must
be signed off by the responsible person.

o All members: of the worklorce must be

sk ossessmnt o orknowledge the
et b implemantod

Legal requirements
Notices
Without derogafing from ony spacific duty

imposed en usors of machinary by the adl, the
wser shall cause nofices to be exhibited within

ot the case moy be, on which generefing
plont ond transtorming, switching or linking
opparatus are situcted. The nofices must:
Prohibit unauthorised persons from
entering such premises.

Prohibit unauthorised parsons fram
handling ot interfering with electrical

* Contain directions of procadure in case
ok fire.

bow fo resusciiote

z 18 2 0 | 3 | machinery
| 10 15 2 25 30
Lt 3% 16 20 24
[ ) 2 5| 1 + Cortoin dirac
- [« " [ |
v =7 3 4 5 s .

2T

persons suffering from the effects af
lectric shock.

Provided that this regulotion shall nof apply o
miniature substations (MSS) and distribution
boes, on condition and their access doors
can be locked or bolted and thet only
authorised persans aro pamined 1o opan
them and work theron.

muqumm
The user shall couse anclosed pramises
housing swiichgear and translormers:

® To be of ample size to provids cleor
working spoce for operating and

Toblo - Hazord prompt st

the frstine of defence, o5 many peape think

Examples of dangers and hazards

®  Working in a capacitor bank anclosure
close prosimity 1o unscreaned, unearfhed
conduciors. A contral point sarth must
be placed at the circull breaker and o
working earth betwsen the hermonic
filters and the capacitor bank. The fence
surrounding the copacitor bank, as well
as any metol structure within the high

yard, must be effectively ear

to prevent them from
becoming alive v induclion from the
‘averhead lines.

Working in on orea protacied by o fire
suppression system - CO), gos could be
releosed, and the worker's e would b
at risk. lsolate the fire suppression system
before warking in the arsa.

Circut broaker racked ou of the panel
and the shutter unlocked, his would afiow
access to lve conneciions. Lock off ol ive
(potentially live shuters, busbar and cable.

* Taba suffciently veniilated to moinfain the
equipment af o safe working femperature.

Tobe, us for as s procticable, amcmd
40 be proof against rodents, leakoge:

seepoge and flocding

o Where necessary, to be provided with
lighting that will enable all equipments

thoroughfores ond working areas o be:
clearly distinguished and all instruments,
Tabels and notices 1o be easily reod.

* o have doors or gotes which can b
readily opened from the inside, opening
ouhwards.

To be provided with fire extinguishind

oppliances, which are suitable for us®

I 63rdAMEUConvention201 2 | —
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on elactrical machinery and which are
in good werking order: provided that, in
the cose of unaftandad premisas, surtoble
fire extioguishing appliances need only be
mode availoble ot such premises when
work is in progress thereon or therein.
To ba of such constuction that persons
cannol raach in and fouch bare
conducors or exposed live ports of the
alectrical machinery.

No person, ciher fhan @ persen authorised
by the user, sholl enter, or be required or
pormitted by the user to enter premises
housing switchgear or translormers unless.
all live canductors are insuloted against
inadvertent contact of ora screened off,
provided that tha person so authorised may
be accompanied by any ofher person acfing
under his conrol.

General

All live. substotions and snclosures should
be kept closed and locked 1o prevent
unautharised entry. Without limiting the
wsponsibilty of all employess fo comply with
‘applicabla laws a1 ofl imes, i must bo ersured
that the rosponsibls person sholl ensure
thot oll persons working in a substafion or
enclosure are adequotaly frsined fo perform
work in a subsation.

confirmation that the instructions are
undersicod
= Ensura that anly necessory persens enfer
a live substation, yard or enclosure.
Ensure that all parsans under his control
are wamad of the danger of inadvarient
contoct with live conductors and
opparatus
Be responsible after entering that no
unauthorised person can get access.
Ba rasponsible for the barricading
‘and/er demarcoting of any doors o gates
lefi open during the wark.
Erect femporary barriers to pravent
persons coming into inodvertent contact
with or encroaching solefy clearance fo
ive mains/apparatus
. O b

.
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® Moking arrangements for ensuring, as
for os s reasonably praclicable, the
safety and absence of risks to health
in connection with the production,
processing, use, handling, storoge or
fra of arficles or substances.

Establishing, as far os is reasonably
praclicable, what hazards fo the healh
or safety of persans are atached o any
work which is performed, any article or
substance which is produced, procassed,
used, handled, stored or transporied and
any plant or machinery which is used in
his business, and he shall, s for os is
reasonably procticable, further esfablish
what pracaufionary measures should be
takan with respect to such work, artice,
substonca, plant or machinary in order to
protect the health and safely of persons,

be

responsible for ensuring thot fhe door or

gote s locked and that the key is removed.

o Whera adjocent equipments live, delimi

the section which is set oside for work

o be carried ou! by the use of boriers

manged 1o that sofey/soction cleerances
ore mointained

Delimit thes area ot graund floor level and
the sinzchure or opparotus on which the
werk is 1o be carried out,

When if is 1o provide

il iy
Providing sueh information, instructions,
troining and supervision os may be
‘necessary fo ensure, as far os is reasonably
practicable, the heaith and safety of work
of his employees

As for 03 is recsonably procticable; not
pemmitting any employe fo do any work
erto produce, process, use, handle, siore
ortransport an artcle or substance or o
‘operate any plant or machinery, unless the

.

odequate barriers and scraens,
i

of p o
enter live substations and enclosures.
Competent person: A person who complies
with Section Al [vil) of the OHS Act and is in

compelent persan fo waich confinbously
the men at werk 1 ensure that they incur
o risk.

Use of porable ladders ond long objocts

sures
in parogrohs (b and (d), or any other
precaufionary megsures which moy be
prescribed, have been token,

Toking all necessary measures to ensure
that the requirements of his Aci are
complied with by evary parson in his

the
classes of work he is deemed to be compelent
fo work without consiont supervision.

Portoble Iodders and fhr lang cbjecis
shall pot be used without the permission of
an agpointed person who shall d.lmu the.

mean @ person racommended, in wiiting,
by the electrical anginser or his nomines,
and appainied by the designated person
fa carry out swilching, isolating, testing
ond arthing procedures on MV/HV maigs
and/or opparatusin licison with and undeg he
instructions. of o control afficer os apgicable
and 1o Issue wark permits in respact of such
mains and opparafus.

Specifically trained person: Shall mean @
persan wha has been sulficiantly frained
o undariake cartain Jasks on or near live
electrical apparatus without being under the
conslont supenvision of @ compelent person.
Non-campefent/pre-competent person:
Under the direct and personal supervision of
competant person.

+ Accant responsibly for ol persons

aeieiog b oo o k- comeshand
persons personally supervised by him.

o/l mad e o comiva)

over thase porsens and issus explicit

and proper instructions and oblain

of the work. The mavement and erection
of such ladders shall then be carried out
only under fhe direct supervision of the.
persan in charge:of the work and when
moved 6t ground lavel they sholl be
carried only in o horizontal pasition and
a3 noor the. ground os practicable

OHS Act (1993) Section 8: General
duties of employers

Every employer shall provide and maintain,
asfor as is reasonably procticoble, a working

o on premises under his
control whare plant or machinery s used.
Enlorcing such meosurss s may bs
necessary in the inferast of health and
sofey.

Ensuring thot wark is perfomed and thot
plant or mackinery is used under the
genaral supanvision of q person frained
1o understand the hezords assaciated with
it ond who hove the authoriy 1o ensure
that precaufionary measures token by the
employer are implemented.

Cousifg all amphyﬂbs 15 ba informed
regarding the scope of fheir outhoriy o5
contemplated in section 37 (1) (b).

Section 14: General duties
of

heolth of his employees.

Without deregating from the ganerality of an
smployer's duties under subssclion (1), the
matters 1o which those duties refer include
in porficulor:
®  The provision and maintenance of systems
of work, plont and machinery fhat, as for
as is reasonably procticoble, are sofe and
without risks to health,
Taking such steps as may be reasanably
prachicable to eliminate ar mifigate any
hazard or potentiol hazard o the safety
or health of employses, betore ru:qﬂmg
to personal protective equipmer

Every mployee shall at work:
& Toke reasonable core for the heolth and
sql.p, ol himsell ond of other persans who
b offected by his octs or omissions:

n. regards any duty or raquirement
imposed by his employer or any other
person by this Act, co-operate with such
on employer ar person to enoble thot duy
or requirement fo be complied with.

Carry out eny lowhul order given 1o him,
and obey the health and safety rules ond
procedures laid down by his employe!
or by onyone outhorised thereto by his
emplayer, in the interest of health or safely:
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o If any situation which is unsafe o
wahealthy comes to his attention; o saon
s prociicable, report such situation fo
his employer o fa the heallh ond sofety
repeasentative for his workplace or seciion
thareof, s the case may be, who shall
report if 1o the employer; ond if be is
involved in any incident which moy affect

his hoalth or which hos caused an infury

o himself, report such incident to his

‘employer or o onyone autharis thereto

by the emplayer, or fo his healthond safety

representative, o8 saon os procticoble, but
ot loter than the end of fhe porficulor shift

d ! d, unless

wall, The inveskigation revealed thot the VT
developed en infemal fault and exploded.
Forunaiely, thers was no one presant in the
yord of the fime of the incident, however, it
can be seen that anyona in the yord of the
fime of the explosion would have been in
great danger.

Incident 3

This incident lsa involved an OCB which
axploded; fortunately there wos no one in
fhe substafion af the fime. The force of the

Y i

"
the circumsionces ware such that the
4 bl

he substation brick woll, hurling bricks some

reporiing passible,
in which case ha shall repor the incident
08 5000 83, thereafter.

NRS 040-3:1995

4.7.9 No switching while work is in progress
in @ five chomber or enclosure:

Should nny switching, ofher than emergancy
swichi b T

The investigation revealod an
mtamal foult inside theci

a substation and a temporary 11 kV supply
was taken ffom o spare circult braaker, on
the existing foeder board, 1o the incoming
panel of the new switchboard, Once fhe
permanant supply was installed ond ready
for connection, it was decided 1o leave the
temporary cable in 6 o back-up supply. In
ordec 10 do this, the spare breakar on the
sieting feador board was isoloted and locked
out and the cable an the new switchboard
was disconnected and left open of the back
of the ponel.

A contractor; completing his punch list, wos
numbering cables. He opennd the subsiation
door and lef his non-compefent worker inside

Incident 4
Afaul occureed on o ciruit breoker panel in
33K substation. The force of the explosion
iew the broaker aut of the panel over 10.m
away, Anyone working in fhe substafion at the

a5 v

the back of the switchgear, where he trod
on the exposad coble, cousing ionisation o
sarth, which cavsed @ phase-to-phase faull,
The flash caused by this foult generated third
degree bums o 80% of his body ond he disd
in hospital four doys loter. The investigation

chamber or live enclosure in which inspection
or mointenance work is in progress, al
persans sholl be wibdrawn from the chambe
or enclosure uniil such switching has beon
completod.

48.2 Emergency switching:

Any persan is authorised fo corry out
emergency switching. When smergency
twitching has been corried out fhe contrdl
sfficer should be informed os soon o
Possible

Plaasa note thot emergency switching refers
10 fhe opaning only of swiichgear for the two
following conditions: in order fo prevent injury
16 6 person or damage fo equipment.

Incidents
Incident |

o competent eleciricians wers working in
0 live 11 kY substation contoining oil circuil
bieckers (OCB) when o foult occurred. Boh
the circuit breaker feeding the foult and the
Incoming circuit braaker failed o frip. The
Upstream profection wos slow in cperafing
ond the circuit breaker fesding the foult
#xploded, killing both of the slectricians
in the substation. In the ensuing occident
Ivestigation if was found thot fha DC supply
9t the substation hod folled.

1 is, thersfore, recommended fhot when
Working in o substofian the batieries ond
“harger ore checked ond o lood e caried
Out if focilifies exist.

Incijent 2

Afoult developed in an autdoor volioge
‘ransiormer (¥T) in a live yord. The
®plodud, cousing o fire and extensive
Mg to equipment. Shropnel wos hurled
O¥8r 20 m away, embedding itself in &

near the breaker at fhe fime.

Incident 5

Tw protection fechnicions had fo conduct
currant transformer tests on an B8 kY
fronsformer situafed ot a power slation.
Permission was obtained from centrol fo do
he tests. The gotes 1orthe BB KV yard were
open fihe lock ws damaged ond unoble
1o ba locked). The technicians made their
way 1o the correct transiarmer and checkod
thot the links feading fhe the. transtormar
were open [however, there was a double
busbor ond the ather set of links were closed
ond the fransiormer was alivel. Assuming
tha transformat wos deod they decided to
discharge the conduiciors before climbing
on top of the transformer using o poriable
earthing lead. As sean as the lead come
ose fo the line fhere wos o flash aver and on
‘explosion. The hwo fechnicions both received
orc flosh bums to the foce and honds ond
injury 10 thir legs jumping down from the
sronsiormer. An investigation revecled the
following

o Control incameclly gove permission for

yeork fo be carried o

o The gate to the 88 kY yord wos open and
could not be lock

Both of the fechnicians wora ot froined

id

feeder board feeding this cabla ha tripped on
oarth and phase. o-phase foult. Who racked
the circuit brecker in and closed it is not
known. Why the ands of fhe lemporaty cable
had ot ben removed from the switchgaar on
the existing feeder board and storred out and.
carthod on either sida-is not known

Looking af all six of fhe obove incidents
is clear thot o risk assessment needs o be
conducted when sntering thess arsas, o
identily the hozords, put in ploce famedi
measures and inform workers o dangers and
hasords prosent.

Conclusion

Fram the cbove, cne can sae that it i not
anly o legal requirement for all stoff antering
substation fo be trained (or under the direct
and personal supanvision of @ comperent
person], it is necessary fo prevent injury or
even deci, therefore, froining is sssontial.
S often, o the workplace, we hear prédiction
belors safety, not safely belore produciion.
No operation or urgencr of service con ever
justily eadongaing the lfe of anyone, Belore
doing any job, ask yourself this question:
Would | et my 16 yeor old son or daughter
do this [ob? If nct why, should | be doing it?
Or axpect anyone ek fo do if?

an higl e identify the.
hozards and follow fhe correct procedures
and were, therefors, nof competent to
anter the yord by themselves.

o No fesiing or sorthing had been camied
out.

No werk permit had been issved.
Norisk ossessment hod been conducted.

Incident &

A new switchboard was being installed ot

1Nl Occupational Heolth and
Safeh Act (1993] {OHSAGH
121 NRS 040
18] Operoting Reguiotins for
High Voliage Syems (ORHYS)
4] Abogulsi Wunicipalny Safety Rules
Contact Barry Gass,
ACTOM Protection & Control,
Tel 011 8205111,
barrygass@actom.co.za
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The importance of markings/labels in the
electrical industry

by Dennis Moksala, Polokwane Municipality

Wrong labeling/markings were identified as one of the causes of industrial accidents where property is damaged
and/or people are injured or hava lost their lives.

Lobeling/marking is  legisialiva requirement

Dangers of wrong or inadequate

o installation
made. I is siipuloted in SANS 0142 and
farms part of the visval inspeciions fo be
performed upon campletion of an elecirical
project, or ofter completian of changes
performed from an exisiing insiollation
During nance this is normally not
done, especially where the custodian hos
full time stoff who perform maintenance. This
will thus end up sacrificing the safely of the
same maintenance team: The feeling is that
the: supervisor will make sure that whatever
is done in The network is done in the proper
and compliant manasr, which in practice is
ttrue

To kbl means fo affach fo an abject @ mark
o indicate ifs contents o ownership. To mork

Unplanned power outages

Damoge fo egulpment and/or propedy
el injury or loss of ite

Loss of income

Disturbed servics dalivery
Unpleasart situetions for cl
Funds for reding the work

Parsor

Loss of information
Work stoppages

Waste of moterials ¢.g. wosted dough
during baking

s s s s s

o Lo of business

Labeling/markings during
maintenance o repairs

means to spot or scrotch a surfoce. Thisbrings o During maintenance and repair work, less
us o the A '] i In most
ik o mork vl b cases the moin fssve becomes the fime 1o
be faken fo restore the power
» Permaneni.g. scrached or engroved j
i o Inmany cases, lobeling/marking is dane
on o temparary bosis, f at all
o Lagible A
« Any ovailoble labsling materiol is used
+. Able o tusioin rormol weathe 810, marking pens.
condtions
« No complionce cerfficote is normally
« If the label is on a separate piece of provided especiolly where the client doos
aieal, i e i parmoner Fio vk parsnitall
materiol where one will need to use & too!
y o Lack of knowladge or o 'd

ar lubricafing material 1o remove i
Markings/labels in the electrical nenwork are
used 1o give information about apporals or
equipmen used. Morkings en cables can be’
0 type of cable, the size! fie

used o show
typas of equipment it supplies as well 68 the
point from which it is connected. On mink
substations, morking and labeling is used fo

dicata the primary and secondary supply
pointin easeof ring feed, and the load as well
For the sake of this paper, | will concentrate
‘on thess o aspacts

Fig. 1: Sigma substation.

onitude during repair work

Consequences of improper
or inadequate labeling

A Sigma sul

Wo were busy wilh replacing old switchgeor
The label an the old switchgear was left on
the old domaged switchgear. The incident
happenad immediately after the change of
shilt, There wos a ring main switch which hod
fripped. The foremon ordered swifching fo be

made after the foult on the line was identified
and repoired. The old damaged switchgear
was then mod live, switching onlo o faul
The switchgear exploded, Luckily thers wers
no injuries.

At Bok Straef mini-substation

The mini-substation cavght fire but the ring
main switch Iripped of the substation. The
foull was identified as being the termination
ubstation that coused tha fire.
During power restoration, fhe sams coble wos
switched on due to wrong labeling. The mini
substation exploded. It wos during the night
and only electricians who were on dufy ware
around, and they hod & geed clearance from
the. min-substation. Fortunately the peopla

an the mi

who were close by had been given enough
spoca frem the mini-substafion

Conclusion

Lessons leamed
« W neorly lost o substation due 1o
roper lobeling

«  Lobaling/markings must be updeted and
verified timeously

o Nobody should work while switching is in
progress

o Unused switchgeor should be removed
from the: substation once no longer in use.

« Signs shating ‘Do not switch on” must be
ploced on olf unused breokers

o Proper labsling must ahwoys be vsed.

o We nearly lost an employes who was

posed to remove the cover of the
termination bex

Cantact Dennis Mokoala,

Polokwane Municipaldy,

Tel 015 290-2772

dennism@polakwane.gov.zo
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Optimising health and safety management
by job task to risk behaviour profile matching

by Dr. Wl du Toit, SAFTEK

in the electrical

specific

employees' predisposition for hl]h riak taking h-huvlour that could have o negative impact on their unlvhln
Rather,

and activities to comply with

health and safety (H&S) legislation T the belief hat s compliance could afford o guarantee against incidents.

The unfortunate reality isthat the individuol hos
the capocity intentionally or uninterionall,te
couse the greatest impact on H&S stafisics
The approach in manoging probabllities in
sauipmant and reliculaion folures ore fo
factorof

Undesirabla human bohaviour i o major
‘coniributing facior in o<cident cousation. Such
undesirable risk toking behaviour should be
managed end foken into acount by H&S
manogement systems, but the unfortunate
reolity is that in most inskances provision is

inorderto

made orly ond conrol of

rondor such oquipmentsof. The mainienonce
and instollation of elecirical engineering
activities huve chways had o close relofienship
with HAS, mare so than for ofher engineering
activities, due to the high impact foilures that
such systems have on plant and equipment
and the greater possibility for human fafalifies.
Howeve, the input from monagement has
always been 10 provide policy and procedures
that must be followed exoclly. Unfortunately,
in the slectrical engineering environment,
due 10 a mostly continuous altering work
ironmant, fi he

i focary, and not the irmpoct of
‘human behaviout.

Aithough human enror connat ba complately
aliminated, tshould be identied ond comectly
managed according lo eoch indréduof’s risk
soking profle. The reason poople decida fo toke
ceriain rsks under certoin condiions and the
effect these have on H&S manogement systems

Human risk behaviouris dependent on vorious
parameters. such o3 the differences in the
behaviour of gendars and the view of risk
1o onesell and 1o ofhers. Women have been
found to show a greater difference betwean
personcl and general risk than men, reducing
the often quite large gander difference in
ofings of generol risk (Sigberg, 2002). People
are usuolly more concemed obout the risks
10 athers than 16 themseives (Sjaberg, 2002).
o defarmina whot motvotes an individual o
either infenticnally ar unintentionally behave
in 0 cartain risk taking manner, there is o need
1o understond human mefivational analysis,
mmdmg to Dwm\l'w and Sanfiags (2008),

tisk axposure.
A model that ineludes methods 1o idantify
specikic risk toking behaviour profiles of

foo much reliance is placed on the individual's
‘compatence and insight for correct evaluation
ond dacisien making
According 1o Navare (2003), fecus on
human behaviour rather than on procedures
is not o new feature of risk manogement. In
1959, Heinrich infraduced hwo views of risk
management and control: the engineering
view andthe human relatiors view: The farmer
reloted fo the physical couses of aceidents
while the latter required human action o
be token info consideration os most of the
Secidants recorded wers reloted fo humon
failure,
Tha need for o differsnt approach 1o manoging
HAS in on electricol engineering environment
nd the acknowledgement of the impoct thot
e

1o limit the negotive impoct, with improvemant
in incider statitics, & equired. A model of
tisk behaviaur profile motching o high risk fosk
is presented.

Literature overview

Human risk toking behaviour

Hurmon behaviour relates o foctos offecting
peveholony, sociology, ond the anthropology
of humons. Individual human factors
thot affect decision-making in foking or
rejecting risks ralotes fo both the extemal
sacio-anviconment as well o5 the individual’s
beliefs. Mohodsvan (2009) indicated fhol
human behaviour patterns ore the: choins
thot sill bind us from achieving our gooks
Mahadevan (2009 stotes that “mors than
hundred yeors oo if was said thot wa have

difarances in individuols' perception of isks, i
indicaiive of the impact of electricol incidents.
The need is further emphasised by the unique
enviranment of slectrical snginearing 0nd
the differances in compelency requirements
for risk ideniification in relation to human
sensary and heuristic knowledge gained by
xperience. The influence of a diverse cubural
cialy of South Alrice, ond the impec that
such culturol parodigms have on influencing
indivicual decision-meking further require @
diferent opprooch o monaging HES

chains. Nw.umedmm
h

mmﬂawdswmlywvmmbmm
‘on the persan'’s risk prefer

unpleasant situations. Psychological denial is
very common during the first momants of o
fire when people find reassuring and benign
explanations for the cues thay see, smell, and
heot. meb{mwfnnmdm
recognising the threat and spends fong minutes
ignoring the siuation (Mikchel, 1999),

The role of uninfentional actions in incidents,
or as Sigmund Freud names it, “unconscious
ntent”,is a factor contributing to incidants that
are nol chways foken into account. Aceerding
to McClelland (1985) Freud's sarly work
showed the! peoples’ mofives for whot they do
in everydoy lile are often unconscicus. Human
risk behaviour thus involves more than mere
action or impulses

The application of human behavioural
foctors requires on understanding of human

are, of course, notof o
of our broins”.
According fo Siranks (1994), human
behaviour patiers aflecting HAS are defined
s & wide tonge of isues which Include, but
are okl 0

The perceptual, physical and mental

Soncbities of indiduoks

influence of equi ot ond system
The {lm nce o o2 m s
The nrgamiu”omﬂ e
iuance such indiduol bahovior

the relationship between work dtmun;:nnd
human capacities when considering human
and sysiem performance. The aim is to
eliminate or reduce the chance of odverse
behovioural eulcomes which can lsod 1o
herm thraugh accidants or cheonic exposure to
condlions adverse fo health (Bellamy, Geyer
ond Wilkinson, 2008).

No person intenfionally behaves in o mannor
thetwonld couse him injury butrother fokes  isk
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bosed on @ personal esiimation or colculalion
that o horm will befall im. Individuol risk-
taking behaviour is influenced by @ peon's
peychologicol and physiological make up, o
well s armirormenal influences. The behaviour
of @ group of prople taking risks s inflvenced
by the way individuals in the group transfer their
beliels 1o the group es o whole.

Indirvidual risk toking behavieur & ofiected to

cenain actions. Navare (2003) indicated that
behavioural ospecs transcend ail boundaries,
in that we seek fo manage the initiative and
abilly of hose invelved or afiacted by incidents,
imespective of boundaries.

Humon HES behaviour stondards, incoporoted
in vorious lagiskation, hove the aim of craating
procedures that will limit or prevent any
unhealthy or unsafe octs. Smollwood (2000)
stitas that underwoler diving occidents
occurred becouss divers were so wall trained
in procadures that obvious, simple, and

ignored.
Professionalism, when supersaded by o systar,
clouds on individual's inietive and judgment
The effect of standards in contibuting 1o
incidents by creating conlusion ond limting
“commaon sense” is not olways token into
accourt in legisiation. The initial approach fo
H&S management was that sound controls and
manogement of the physical environment could
‘avertide human incompetence.
1 risk management is one of behavioural
manogament hen i the behaviour which s the
tisk that needs 1o ba managed {Novare, 2003)
Percegtion of risk
Sidberg (2002 indicates thar risk perception is
nota question of emation. The judgerment of
size of a risk s on intellechuol ana, hoving orly
‘aweok miafionship fo an ematienol dimension
such s worry. With non-professionals the
noture of risk parcaption is groatly ofiacted
by the level of their self-sstaem, (L.-haw
compafent hey cansider themsalves and how
hey estimate their own skis] Those wh are
uncertain and do no feel competent generally
cverestimats risk (Verez, 2009
Behoviour Is linked lo parcaption o risk.
Gtrauntholer ond Day [2008) found that the
greoter the individual's perception of risk fha
higher the ikebhood of action to rduce that
isk. Thay proposed that the stats of mind and
emotional condiion offacted the individual's
tisk taking behaviour.
This is supporied by evidence that happier
docision makars tend 10 b less risk sesking
in siuaticns whers & meaninglul loss may
diminish their positive emofional state
(Gatraunthales; 2005).
How we evaluate, clossify and value risk
affects our decisions 1o ignare, foke acfion

Fig. 1 Barisfor 0 model that will addres isk behaviour

or avoid the circumstance o risk environment
poses (Aucote and Dahlhous 2010). Sisberg
{2002) found thot high-risk 1okers were
mestly found among thase whe had the
lowest level of educotion. In the context of
construction workers with bosic educotion
only, it is assumed thot risk faking behaviour
will predorminotét This correlation between
competence ond risk taking behaviour
indicates lack of knowledge rofher than intent
an risk foking

The cause of accidents due to
‘human error

Foctors contubuting 1o incidents

The impact of individuolrisk taking behaviour,
intantionally or dus to negligence, i one of
the main contributing factors of incidens, If
wa anclyse: the impoct and couse of human
errors, socio-technical foilures are inherent
13 the core of human perormance failures
and indirectly the couse of accidents. Bjerkon
(2010 indicotes that the fraditional view of
hot oceid

humon failures. Accidents are coused by o
dynomic intexaction o foctorsin the saciol and
physicol anvironments, thatis, characrerisics:
of the indwiduol ond the organisation os well
as technical forces that have an influence in
such environments,

Manogeriolapprooch fa incermect behoviour

Troining i perhaps the most effective aspect that
cantinfluence and aer risk toking bahaviour
and would be the most valuoble teol that
organisations can use to influsnce incident
stotistics. Challenges in Wawning occur because
even when large omounts of meney ore olocoied
fowards HAS reining, managers often do ot
cansider whether or not training pracedures
and progrommes ore appropriate for the
people being trained. The ideal oppartunity for
manegementintervention, as indicated in Fig. 1,
would be o be pro-acive before he individuol
acts on incomect high-risk decisions made.

An altemative approoch fo managing high
risk behaviour

ane
caused by technok

il 0 individual

itk behaviour st
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the capacily for matching such prokiles
according to the propased madsl in Fig. 1
High Optimum Job task-to-individual profile
Low Avwruge Opwmum | meaiching
Low Ot The rating index aims 1o quantify the values
related ta job tasks and individual profiles
High Acceplable A s 0 Ay
= matching of the i el
2 il inFig. 2.
| =5 The job tosk dividual profile matching
| bt Lgaptils s shown in Fig. 2 shows that opfimum job-
Low Acceplable to-individucl profile matching occurs with on

Fig. 2 Accuptabilty levels o ob fask o incvidual pofie matching,

index of low indwiduol risk-taking behaviour
0. high isk job tosk proble moiching. The
unoccaptoble maching would poss high risk
inprofl marching of igh indinduol skaking

E7= ‘\‘ behaviour 1o a high or average risk job task.
Stages In the individuai 1o ob task matching
Job task matching

[ oid ] [ o ] The model proposed in Fig. 3 of job sk
k-to-behavicur profila metching, If
! provides an iducl opportunily

A B for 1o lower incident statistics.

r = Pacarnater of o job ek Rating index for job fask

The roting index for job tasks, indicated in
Fig. 4, concantrotes on four ospacts according
1o porameters and troining required: stoff

and physical capobility, the
history of job task performance and the
experience required for decision-moking.

The higher the risk involved in the fask, the

Fig. 3 The modal: fob sk o indbvidual profil moiching.

indivicals to comeet tosks by using efiective
HR expertise assistancs and technical fob risk
requirment knawledge. The probability for
sisk faking behaviour would be limied in that
high risk behaviour individuol decisions ta act

the right person for o speciic task. Such
motching should have the competence of
the person and the quaniiiative volue of the
fask in mind.

risk behaviour

i Ol
when the individual is exposed o unknown
seanorios or whare immediate decisions should
ba made by fhe carmedt selection of indiiduals
with copacity, Dus fo their compatance fo make
of dacisions when exposed 1o high risk
tasks, incidants would b limited

The optimum scenario is ta have tha right
1ools for the right fask or in othar words,

Stoges of HAS management required due o
sisk behoviour ore cuflined in Fig. 1

The aim of a risk rafing for o fab tosk
match to an individual profile i 1o obloin
maothematicol index that will reflect the risk
foctor associoted with each fob fask and
the individual's risk profile that will afford

be. The
process of recrulimant begins when new jobs
are creoted in the organisafion or when an
axisting designotion becomes vocant due fo
tronslor o¢ ratiement. The raing index can be
biained by the following formula:

B= o) + 80w+ E ol 4 How) (1)
where:

&1; Rating index for job tusk

P, Porometers and training raquired for job
task.

S;:Staff requirements and physical capabilly
for job task

E; Experience required for decition-making
for job fask

H;: History of job task pedormance.

w: Weight allacation

Eqn. | provides o rafing index for job tasks
‘according fa spacific risk atrbutes of the job
tusk where the value of he indeses wil indicate
the risk invalved in performing o specific job tosk
Rating index for indviduel risk behoviour
profiling (1]

The rating of the individual risk behaviout
profile s the sum of compefency of the
individual plus the history of risk-taking



I 531 dAMEUConvention2012 I
—

behaviour including task perfarmance plus
the outcome of specific prychomefric fesfs.
The ating index for individual risk behaviour
profiling (Rl is determinded by:
Ri=(How) 4+ (Pow)+(Cow @

where:
R Rating index for individuol risk behaviour
profile.

H; History of individusl incidents related 1o
job task

P: Psychometric festing of indwidual.

€; Competency of indnidual

w: Weight allacation

The weight cllocoted to each varioble, as
indicated in Fig. 5, depends on ihe imporfonce
offorded due o the specific work snvironment.
Conclusion

The variability in risk that human behaviour
poses o orgonisations should b faken inte
account ond managed in ways tht con
quantity the risk probles of individuals. HES

manogamant can no longer be seen as

Fig. 4: Weight olfocatians for variabies reloted fo spacifc ob tosks.

the of il foctors
only, but must also take into account the
erifical component of individual behaviour.
Such components ralate 1o the copacily of
influencing incident siofistcs, due 1o personal
decisions made according 1o beliefs and
paychologicol profiles. Organisations need
to employ angoing ossessmant processes. in
working fowards and achieving set goaks and
forgets. Such targes con only be achieved
from lessons leamed by previous incident
experionces (Al-Qudoh and Al-Momoni,
2011},

The modsl proposed in Fig. 3, that of job
risk task to behaviour profile matching, if
implemented, provides an ideol opportunty
for organisdiions fo lower incident statistics.
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Low loss distribution transformers in a
South African context

by G Stanford, G Jones and S Whiting, Powerlach Transtormers

This paper provides an overview of the

Current

of losses in a

1o four utilities.

South Alrica's pawer stafions are under exrerme
pressurs. In the lost two decodes thare hos
been o continuous increase in load demond
without o significant increase in generation
capacity. Relief of this pressure can be done.
theaugh bulding new power stations, which is
a langthy and vary costly exercise. This in effect

d on

(South African Buraau of Standords, 2009,
Ediion 4) maximum component losses.
Losses ore broken down info
. Na-lnod loss (NLL: "The octive power
sorbed when o rofed volioge (1opping
vohoge) ot roted beguency is opplied
fothe ixmmnis of ane of the windings,

9y

shortto medium farm in on afemp! to recover
these costs. Avaiding the cost of this upgrade:
s not passible but the costs con be confrolled
by using elaciricity affectively and efficiently
Although the cost of new power siations Moy
be inevitoble, using anergy more efficiently
in tha interim will allow for the lead fime o
build fhe generation capacity requined. In an
atempt 1o curb the maximum demand on fhe
netwark, enargy users have been requesied fo
use electricty with due caution and fhe nework
efficiancy s baing reviewed.

Thera are unavaidable losses on the counry's
elactricity network. Up until recenty lasses
wara of insignificant volua dus 1o low snergy
costs ond sufficient generation capacity.
Statistics reveal thot losses occurring on

mmnd and
Lood losses (LL): “The obsorbed active
pewer ot o ruted frequency and reference
temperature (see 11.1), associoted
with o pair of windings when rated
current {topping current] is flowing
shrough the line ferminals of ane of the
windings, and the ferminals of the ather
winding are shor circued” os defined in
EC 60076-1.
“The biggest users of distribution transtormers
in the: South Africon markst ore Eskom, laege:
municipalities, mines and lorge. industry.
These users usually hove theic own disfributian
fransformer specifications which use the
780 specified losses a3 an ollowable
maximum loss.

i addifion 1o hese maximum component

warsmission
‘and distribution networks account for one third
of the fofal eleciricity netwerk losses. Therefore,
more efficient tronslormens could produce:
ool cost savings for consumers, an effective
increase in the capacity available and relef of
some of the pressure on generation capacity.
The reduction of lood on curant ceol fed
generotors will olso effectively reduce the
greenhouse gasss produced by thesé pes of
gensration untl renewabla types of generalion
con b installed

the toriffs and viability of renewable
generotion, the devalopment of law loss

In order to establish where fhe SA industry
is with respect to losses in transformars it is.
nacessary to laok of the current transformar
loss specifications. Most users specify o
base their specification an the SABS. 780

logses, a

specified a3 an incentive fo the fronsformer
supplier to offer tronsformers tha are opfimised
inline with the cost of electicity applicable. A
cast s given for eoch component loss in rand
per kilowatt (R/KW) foctor.

formula is given with regards

she tronsformer is energised where fhe lood
less is proportional 1o the loading on the
wwansformer

The foss costs, from the factors muliplied by
the companent losses, ore added to the soles
price of the offered transiormer fo calculate
the ossocioted Heeycle cost of the loss.

The typical farmula is o follows:

Total cost = A + F x P,y + FxP,

where:

A = Cost of purchasing the fransformer, R

Py = No-lood losses, kW

P, = Lood loss, kKW

F, = No-lood loss factor, RAAW

F, = Load loss factor, RAW

Boch uiilfy hos different circumstances that
‘affect their cost of electricity. For esample how
close the ulilty i 1o geneation determines the
amount of the cost that can be atributed 1o
tronsmission, distribution ond markup costs.

A utlity may decide 10 include the cost of
generation replacement based on the lood
farecost plan. This will shaw the utiity H the
eost of reducing losses s less than thot of
building more genaration, This baing the
casa the investment should be in reducing
lossos of ronshormers rober than i inmestng
generoiion.

the transfor of energy fram ane valiage level
10 the nextin fhe ransiomer. The difierence
betwoan the twa componen cos's, load and
1o foed foss.yis the loading facior. This is
bacause no load losses are there os long 3

I RES

ot actorsere o bo considered il verying
cantfactors, Where not spacified, utiies have.
based cast foctors on o life span of 25 years.

Usility 1 ubes the following costfoctors in their
copitalisation calulotions:

Fig. 1: Cost comparisons of various efficiency ransiommers.
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F, = 31 200 RAW

F, = 6700 RIW

Uilty 2 uses the following cost factors in their
copitalisation calculations:

F = 56 430 RAW

F = 11789 RAW

Utility 3 usns the following cost factors in their
capitalisation calculotions:
F, = 58 062 RAW

£, = 12 529 W

Finally, Uity 4 spcifios loss factors with the
following breakdown:

F,, = 0,52 RAKWH x 24 hours x 365 days
x M years RIW.

F, = 0,52 RAWh x 24 hours x 365 days x
N years x Lood foctor R/AW.

whare for transformers:

Up fo 200 kYA the load factor = 0,3,

315 kVA fo 500 kA the load factor = 0,4,
Above 500 kA the lood factor = 0.6,
Up 1o 315 KA the life N = 20 years.
Above 315 KVA the lif N = 25 years.

awing

Upto 200 KVA  Fy = 91 104 RAW
F,= 27 331 20 RAW

315 kYA 91104 RAW
F, = 36 441,60 RAN.

500 YA Fo = 113880 RAW
F, = 45 552 RAW

800 WA up Flo = 113 880 RAW

F, = 68 328 /W
The comparison abeve confirms. the. cost of
anergy is difsrsnt for diferent consumers
The specifications alsa vary in comy
from thase that just specify maximum

R s R

SANS7ED SEAZ%  0R26%  9BITK 9843
96.04%

9853%

Fig. 2 Per unit cost va. efiicency.

Fig. 3: SA benchmark (Geldenhuys, 2009

converted to efficiency so os to normalise the

effects of both componen.

A number of designs are compored with

varying efficiency, sales price and fotol cost

of ownership [colculoted with the different
Jisation formulos] in Fig. 1 ond Fig. 2.

SANS
nto account life cycle time and lood facies

S0 does the ganersl opproach of evoliting
the e cycle cost with fhe use of o capitSiscion
formula wark or should one just work with
masimum losses 0% hos bean the case in post?

Evaluation of the use of the
capitolisation formula

To simplify the anolysis and evaluation of
the copdalisatien formuls method, we shol
consider 100 k¥A 11 KV iransformers of
different loss level. SANS 780 specifies no
lood lasses of 300 W cnd lood losses of
1700 W. The SANS losses will serve os o
maximum losses or lowest efficiency design
for this evalugtion. Costs have been converted
info per unit (PU) voluss using the SANS costs
as o bose volue. The component lasses are

t can be observed that the soles price
incraasas a the fficiancy of the transformer
improves.

This s attribioted o the use of more conductor
aren, more core crea, befier mterials and
improved manufocturing fechniques noeded
10 ensure the tronslormer loss i reduced

The spike in sales price ond the copitolised
costs ot 98,26% can be ofiributed 1o o
technology change fo amorphaus type
ironsformers. A possible reason why this
omorphous exomple shows such a spike
in costs s that it s imporled technology o3
oppated 10 the locolly manulactured groin
oriented designs that dominate this analysis
Since amorphous fronsformers are genarolly
designed to Chiness or Indian specifications
there is an addifionol cost ossocioted in

introducing new designs in amerphous
fechnology.

A'second amarphous quote was cbiained
fo try ond investigate the reasons for the
spike mentioned above, The quote was for o
Chinese specification transformer (the 98,37%
design), similar in size and specification 1o
that in the comparison. The quote proved fo
e iR on cost aeciiv. This' prves
thot the cost in changing designs fo meet the
Seuth African spacification doss not affect
he cast of importing amorphous technalogy
greatly. Costs for this tachnalogy will have to
be raduced by cutiing out imporfation costs

It con also be noticed that for Utilfies 1, 2
‘and 3, the fofal cost of awnership colculations
indicate the 98,12% efficiency design is the
cheapes! fotol cost of ownership.

1f the moin focus of design evoluation is o
reduce lowses without concem for the sale
price but nat increasing the total cost of
ownership from the SABS 780 volus, then the
98,53% efficiency design could be motivated
for in Utiities 2, 3 and 4. This course of




action would assume that the finances are

improved. Given the information pressned
thus or it i

ovoilable for he sof a
SABS 780 tronsformer cost. As rechueing losses
may be fhe uitimete gool of he ity what can
be done fo drive down losses of disiibuiion
translormers?

Further loss improvement

iomulas
look atter the specific need of the uflity
involved.

However thera stil needs fo be a drive to
reduce the maximum allowoble losses in the
South Africon industy without increasing fhe
costs teo much. From the values given in

To further reduce losses, m be
Ptinto the design thus increosing costs and the
size of the tronsiormer. Idaolly the iy would
ot like the translammar 1o grow in size, weight
o cost. The growh in size and weight could
mean the poles or plinths need o be Upgraded
#o hold the new tronsiormer. This would incur
even more costs. The driver for his action would
then ba an eleciricity cost that s higher than the
cost of the changes raquired to reduce losses in
therransiormer.

Ideally, in this situation, o new technology,
Improving fhe material characteristics or
improving the method materiols, should be
uaed sothat cost, size and weight are contained.

A lochnelogy improvement in he form of
omorphous cors type fransfermers is not
manufactured locally or fo local specifications
currently. Locolsing the omorphous technology
.

Fg. 1 ek

this s to recuce the losses incrementally. This
approach has the benefit that i will push the
focol supsliers and ublies towards reducing
losses ond mise awareness that ther are fofol
cost of ownership improvemens that con be
mode without great changes in upfron coss,
This vl not bring South Alrco in fine with
eficiency levels o set by other international
spodification bodies, bul will lso ot see the
purchase price of tronsiormess increass by
50% or more of the cumen prices in ane step,
depending o0 the level of spociicatian chosen
Given the fact thot the capitolsation formula
allows for customers with greoter need to
educe losses, this incremental approach o
reducing mezimurn losses seams o be the
best compromise o this time for the South
Alricon indusiy

thin ribbans of core, which are only supplied in
two standard widths, fo give exremely low no
load losses, The fhickness of the core makes i
diffcult 1o handle duning manufoduring and
the ageing properies of amorphous matenol
s siill quesiionable. An added difficulty in
manulochuring is thet in orderfo get the supariar
chomcterisics kound an this type of care it needs
#a be processed by anncaling the core in o
magnefic field. The winilings for fhe iranslommar
fre rectangular insieod of round. Rectongular
windings are not as sirong, os cireular windings,
from o short circuit point of view.

Currently the sauress of omorphous cors
Materials aredimited fo two compos

o capocily thet is o great deol smalier thon
treditonal sources of core sieel

Given fhese challenges surounding omorpheus
core and the fac! tha! current technologies gvo
similar results on the sreme copitolisofion
colculation, this technology does nof curertly
mike financial sense. This may change should
the cost of enargy corinue to increase

A working group has been reviewing the
SANS 780 spacihcation to reflect the needs of
the indusiry as a whole.

The graph of the efficiencies of different
infemational specificafions (ses Fig. 3) shaws
that the SANS 780 efficiency is lower han the
specifications published in Canada, US, Jopon
and European specificotions (Geldenhus,

Considering the shortfall of our generafion
€apocily, the ever increasing cost of eleciicity
nd the need fo reduce fhe carbon produced
by power pianis, this situotien needs o be

The South Alrican eleciricity industry is under

63rdAMEUConvention2012
—

increase output, Years of cheop eloctricity,
an abundance of ‘cool and an excass of
generaling copocity have led o an industry
that is complacent and in dire need of
Me0sures fo curiol these lls. The risk hovwaver
is 0 knee ferk reaction 1o lack of action for
a prolonged time, with respect fo control
of losses in distribution transformers. The
case has been presentad for on incramental
decreasa in maximum losses in the SANS 780
specification and the use of the coptalisation
formula fo ensure that ufiliies get optimised
transformers that do not cost the indl
dearly
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Case study: protection settings

n2012

management at City Power

by H Boortrmon, DigSilant Buyisa, and H Nkuno, City Power
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A case study on the

This PSMS manages and stores all profective
relays settings and parameters and ollows for
workflow management within fhe profection
environment. The new system implementad
at City Powsr allows for communication with
manufacturer-specific satings sofiware. i olso
keieps an historical frace and oudil irail of all
protection seffings.

Maodem numerical refoys incracsingly hove:
more functions and thus, more protection
settings. This, combined with ever axpanding
electricol networks, necessitotes utilfies fo
reconsider their approach to protection
saftings management |1, 2]. Historically,
utiiies have typically stored their profection
setlings in o combination of diflerant systems
with ltle o no secuity (1, 2]. This paper loaks
ot howo utility, City Power, identified the need
fora PSS the provides a sacurs enviranment
o store seftings of complex numerical reloys
which ean manage the workflow of protection
sattings [3].

Existing settings management
Bockground

Correct protection satings of relays ore pivolol
o the integety of any pawer system. Fower
system engineers ore fasked wih ensuring the
cormectsefings ore opplied 1o relays. These fasks
include: colculofing sefiings, ensuring sefings
e apphiad comecily an the relay and ensuring
‘an necurate racord is kept of exiing and past

pivalal to ensure quick mplocement of a relay

with correct seffings in event of o relay failure

(1), Futhermaore, presant satings ore required

fortesting of relays and fo-aid reloy coordination

studhes in power system anclysis fools {1, 2]

This raquires uilfies to siore the powar, system
Jisodl

consalidated ol thair setings on one ceniral
Excel sproadsheer. This spreodshest kept 0
record of all the substations in the network
and the settings for each bay relay. Bosic
parameters were captured, e.g. overcurrent
plug sefting and overcurrent time mulipher
This sprecdshest was stored on @ central
network drive which could be accessed by all
protection users.

This system sufficed for s long as the mojoriy
of profction reloys wsed in the system were
electro-mechanical. The sioroge of seffings
in o spreadsheet become troublesome
with advanced numerical reloys and [EDs
replacing the older eleciro-mechoricol relays
Furthermore, security of seffings wos o concem
since anyone could oceess the spreadsheet
and change the seffings o3 they saw fit. This
undermined the integrity and valichy of the
ssitings in the spraodshaet.

If a sening wos changed, there wos o woy
1o know wha changed if, when they changed
it and why they changed it, Users of the
spreadshoel would typically downlood it fo
their computers, moke changes but hen
il fo reconcile the dafo into the centralised
spreodsheet. This eventually led to a situation
whete there: wera several versions of this
spreodsheet, all with different seffings.

The spraadsheet system also coused

(PSMS) at City Power.

communication breakdown in terms of work
flow sequence. Typically. the system engineers
vl issue seftings 1o be appied 1o relays 1o the
el teams who willdo the opplication of safings.
The spreadsheet system could not handle this
workllow process of handing over setings and
conkrming thet they were applied internalty This
vocss was handied by engineers and feld feams
directy cormmunicaing with each othes by means
ot amai, phone or in person. This process was
flawed os it required frust from both parties,
New system scope.

City Pawer resolved o replaca their existing
haphozard sefiings management system
with 0 new PSMS that is holistic and has the
Hollowing features:

o Siorme ol prokection selfings of oll fault

cleoring reloted devices (CTs, ¥Ts, reloys
efc) an ane cantral sysiem.

Settings lifecycle management to
ensure fhe satfings warkflow sequence
is maintainad. The Ifecycle should alsa
indicate whe did what, when and why, The
PSMS must keep on oudit trail of seffings
record changes ond stere historical data.
Communicofion infegrafian through on
infermal email system when changing
the Hiecycle sate of satings. The PS
should enforce compulsory smals 1o the
next responsible person,

The PSMS should be easy o navigate, I

which con be access conrolled.
The sarlies forms of worage of protection
setfings wos through a hard eopy poper
file system. This later evolved ta storoge
on computer systems through means of
spreadsheets or datobases: Most of these
systems hod poor secuy ord had @ disincs
lack of managing workdiow sequence (1].

City Power cose
City Power,

— Ot s
== = = Wewred Acces

stored prateciions settings in o simplified
format on different plafforms. Hawever, they

ardhr-Lirks

Fig. 1 Pofecton setings smuironment [4]
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should be flexible in nahus 1o allow for
customisation o suit City Power's neads
ond woy of warking

« Impont and expart of setiings from the
PSMS fa ond from me powar systom
analysis fosl, Di
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a3 well a3 imporf and o el
configuration soltware files o and
e PSMS

o Flncble user rights manogement fo ensure
securiy of the dafa siored on the PSMS.

o Full document manogement to ensure oll
dota related fo o seflings record is stored
contrally o3 well s sasy reper prinfing
and dofo seorch

This PSMS will form part of the protection

selfings nvironment as shew in Fig. |

The new PSMS af City Power
User interfoce

The: new PSMS has an easy fo use web-bosed
nferbace. Minieral training i required for users
ot City Power 10 use the new PSMS, Novigation
s made easier by defining o system hisrarchy
siructure.

System structure

‘The PSMS stores settings of prolection devices
such as relays, CTs, Vs etc. These protection
devices are physically located in boys in the
network. In turn, these bays form part of
substations which in turn could be podt of
& broader supply or geographic orea [4].
The PSMS used ot City Power is Digsilent
Stationware. The system uses o location
higrarchy sirueture. This hisrarchy siructure is
wted ta find dote quickly and easly.

Alour loyer structure was implemented at City
Power. These layers are:

»  Arsa (geogmphical)

« Subswation

o Bay

+ Device

The network was: divided info geogrophical

Fig 3: Ciy Powar Hocycle manogamment [3].

areas. Substations were stored per
geographical area. All bays with ifs
protection davices ware siored according
o substation. Bays were created per
the equipment type they protect, for
example: Feadarbay (feeder), shuntbay
(shunt capacitors), iransformer bay
(ffinsformens] wic. Addifionally, vohoge
levels were odded fo bays fo ensure
dentification of he corred bay s easy. An
example of tis siruclure i shown i Fig, 2.

Sedtings lifecycle
The saings worow sequerce i monaged

e ‘Ns:vcle' ﬂ- main imol s \m\., i

Fig, 2: Cy Power location siucture [3]

oro Inifatnd; plonned, calculated, fsued,
applied and verified (1, 2, 3]. The lfecycle
of the PSMS was customised o maich City

Power's intarnal processes and workilow
siiquance. City Power’s intemal work flow
process for protection setings s shown in
Fig. 3. Fig. 4 illustrotes how this is implemenied
in the new PSMS.

The fifecycle shaws that responsibilty rests
with the sefiings angineer (SE) from inception
wntl the seltings racord ix plocad in the
“outstonding* sicte, The head of setings
{HoS) then ossumes responsibility 10 raview
the seftings. After review, the HoS con change
the settings racord stote 1o “authorised”
or “returnad”. i tha stote was chonged fo
“retumied®, then the sattings will retum to ihe
responsible SE for revision or odjusiment o8
required. Once “outhorised”, the sefting will
be issued to the field team (FT) which then
assumes responsibility. The FT can retum
settings back 1o tha SE for raview or corraction
by changing the lifecycle state o “rejected
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The FT can change the lifecycle stote fo
“applied and accepted” ahter setings ware
opplied successfully and verified.

Audit troil

The PSMS keeps an oudil treil of ol actions
on the PSMS, in particular when o seftings
rocord is moved from one fecycle phase fo
another phose. The name of the user who

lifscycle state from “plonning” 1o *power
factory”, *delete” ond “oufstanding®.
Head of settings: supar vser like
administrator. Cusiodian of the system.
Respansible for changing litecycle state
from *austanding” fo “returned” and
“authorised”.

Field technicions: viewing rights for
locetions, devices and seffings. Cannot
change sefings though. Users can

of when it was chonged ore sfored every fime
the liecycle phase of o satfing is changed.
This snsures o fll audi con be conducted
on protection sefings

Email communication

The new PSMS has on email nefilication
sysiem built in to ensure when a lifecycle
state is changed, the next responsible
person s nofified immediately through
email. These email notifications were made
compulsory where the status change of
the settings record leads fo responsibility
haindover, For example, an SE-will not be
abls 16 change the siate from *plonning”
1o “outstanding” without sending on
email fo the HoS. This ensures there is
no communication breckdown and the
Process remains streamlinad. Furthermore,
the system is. hard coded to send o carbon
copy emoil to City Power’s protection
deportment heod. This was implemented
1o ensure transparency and fa ansure thot
users aceept responsibility when receiving
nofifications.
User management
Access fo the PSMS is confrolled through
Gssigning users 1o user groups. User groups
©re assigned dafo occess and functional
tights according fo their duties. The groups
are divided into areas of responsibility.
Through fhis it bacomes easy fo manage
which users are allowed io offect chonges
1o the PSMS ar paris thereof ond which
users can only view the PSMS but ot make
any changes o the system, Eoch user has
8 unique ysemame and possword. The
users' email address is also ossocioted wilh
Thisir usar cccount fo assist with the email
notification [3].
Five groups were crected:
® Administrafors: super users with
super rights. Responsible for systam
administrafion
®  Settings engineers: con create locations,
and setiings. They can change the.

ge “authorised”
to “rejected” or *opplied ond accephed”.

o Viewers only: viewing rights for locations,
devices. and setiings. Cannot change
sattings or lifscyela siote.

Senings migration

City Power stored most of thair existing
netwark proteciion sefiings in a spreadsheot.
These seitings wera migrated from the
spraadsheet fo the new PSMS system using
an import converter [4]

The migration of the existing seffings info fhe
new PSMS had 1o be automated due fo the
large numbsr of seMtings. The outomation
was conducted with o scripting program.

Migration converter

Automation through seripting in o
programming language becomes sasier
when somple data is uniform. The existing
sprecdsheet with these sefings wos analysed
and i was found that whilst the dofa wos
mostly uniform, it bod some oromalies,
To focilitate outamation of migretion the
exisling spreadshaet had to be revisad
ilo new uniform spreadshests. (3], A small
scripting “converter” application, written
in the C# language, was written wih the
following outcomes
« To create all the geographic arsas, with
the substations that
Additionally, create all the boys thot
belong to substations.
 Toassign names according fothe original
sprecdsheet 1o areas, substations and
bays.
To craate davices in bays and migrate
seftings from spreodshaet 10 the devices.
The process for migratian of seltings is
lusirated in Fig. 5

Generic devices

"Genaric” devices were craated in the PSMS
system due 10 fhe lorge amount of dato that
had to be migrated. The flexible PSMS allows
the user to create devices with any porameters
08 needed on an XML format. The main
setfings spreadsheet captursd porameters for
elays and current iransformers (CTs). Thus,
the migration converter created two davices
Per boy, o reloy ond o CT. The porameters
caphursd in these generic devices are shown
n Toble 1.

Al of these setings wers captured through
enstomation with the migrofion converier.

Detaifed numericol relays

The new PSMS installed a1 City Power can
import and expor detailed reloy configuration
files. The file. formats supporied for import
and export are:

. [F;Ie: h;nmnd occording fo IEC 61850
Monufacturer specific configuration
seftings files in ASCIl or XML formats. 141
City Power obioined relay manulactyrer
specific configuration seffings files of
Schweitzer Enginaering Laboratories (SEL)
reloys and Reyrolle reloys in their network,
These files were imported diractly inio the
new PSMS using the built-in import function
00 the PSMS. This ensured o the sattings
from these relays were coptured occurately
03 it was downloaded directly from the
reloys through the manufacturer raloy
configuration software,

The “generic® refoys were delsted and
reploced with the defailed relay impori where
possible. Infuture, over ime, allthe fo
“generic” relays: should be replaced by the
delolled reloy models.

The colculofion-relevant protection sefings for
the datailed relos (SEL and Reyrolle] can be.
imparled ond exported o fhe power system
analysis o0, Digsilent Powerfactory [1, 4],
This allows for accurate simulotion of power
sysiem profection sysiem co-ordination and
ssists greatly with opfimising relay seflings
1.4).

ofcm Ovarcurrent e muliplr
o Efps Eorfh fault plug seMing
Erim Eorh foul e motpler
Clroto CT ot
| CT closs CT closs
EE | Roto vied Roll uad
 [tendseniog o omen Lood sefiog in

Tobla 1 Porometers copueed in gensdic reloy devica,
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Document management

Additional documents

The PSMS has o docun

system whic

# managemant
allows users 1o upload any files

, prolection seftings for o profection

sation of

all the

wecassary documentation pes

fo o particular

ting record. Exa

files thot rs stored ore i

raports, test

fition sheets, technical

seti

Thes files con
ond ore aftoched o

be in any format

e seting, reloy or by

o5 an “ad which can be

ional decument”
downloaded by u

Reports

Reports con be generated from he new PSMS
in POF or HTML frmats. These reports ca
e viewed with fhird party progroms such os
POF readaers.

Conclusion

City Powar previously stored their protection
seftings on a cenlralised spreadsheet

1 being able fo manogs the 5

environment, The spraadshest sy

ced with @ modem integrofed protection
seftings management system

Is Chernobyl Dead?

renewable and nuclear

Essays on energy

“Is Chernoby

says on energy

renewable and mic
fascinating new e T EF Publiahcrs. breathiaking i it scope S gripping in its c

This new PSMS hos o
t
use. The systen

ucture which al

intarfoce th

quires minimal training 1o

s an easy fo

quick dafo occess.

now resolved

orkilow sequence issues or

al s

through a cer ings dotobasa with o

fecycle. This lfacycle

ures

there is no communication breakdown anc
provides an audit trail for all profection
settings.

Data access for the PSMS is now controlled

thrawgh user groups with spacific occess rights

as per work duties set up by City Power

isting settings ware moved from
e new PSMS

spreadsheet platform info
impor
devices with settings

through ar

Temporary
i occarding
to the original spreadsheet were used 1o

copture ol the sefings in ths spreadsheet
The creation of protection devices with setlings
and locations

and bays was
automatad.

Detailed num

al
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the femporary “ge
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A network reliability informed approach to
prioritising investment for sustainability

by Martin Comeron, Eon Consulting, and Dr. Clinton Carler-8rown, Eskom

Developing an understanding of the financial and economic implications of network infrastructure service levels
requirements and the petential trade-offs between service levels, cost and the impact on the economy.

Electrical network infrastructure provision in
South Alrica hos in general been based on
@ “least initial cost” opproach for the lost
15-plus years. The implications of this
opproach are nat well understood in ferms
of the impact on customer service levels
and the reliability of the electrical nework
supplying these customers. Tha ‘least-initol-
cost* approach potentially hes conflicting
implications with current elecricity regulatory
requirements in terms of cuslomer service
levels and reliability, However, the trode-off
batween cusiomer service levels ond reliability
relative 10 the cast of ochieving especied
performance levels is not well known in the
Sowth African context

The cim of this paper is therefore 1o hela
davelop on undarstanding of the financial
and scanomic implicatians of network
nh

Context: minimising socletal cost
versus performance expectations
Publically owned uilies fypically attempt 1o
design and operate electricol (generation,

The reliability of supply to- end-users i
depandent o the performance of the overall
generotion, transmission and distribution
sysfems. Elfots o improve the perfomance of

transmission ond distribution) infr

1o minimise the fatal cost to saciety [2]; This
opproach is generclly referred fo os value
based plonning. The concept is ilustroted in
Fig. 1 in @ stylised foshion. This illustration
deliberately places performance on the
verticol axis and cost on the horizontol axis

in ensuring
reliable slecticity supply fo.all customer end
user segments (2]
The potential pedomance of & network, while
influenced by opsrations, is mainly determined
via the inherent design characlerisfics of the
metwork 8.9, lengths of feeders, number of
o lied per feeder (which in fum

o

cost on fhe verico! exis and performance o
the horizotol ouis)

The tofal cost curve consists of the sum of
the.uilt's costs fio build, mointain, operole
and improve the network] and the cost ta
the customer of not having periectly relioble

fevels nd
the patentiol trode-offs between expectotions:
in terms of required service levels, the cost
of achieving these and the pefential cost o
the ecanomy (in ferms of Cost of Un-served
Energy!) of daing 5o - or not.
The paper s structured os follows: first context
regarding societol cost and performance
is provided, followed by the opproach
opplied 1o develop o quantiative decision
information fromework o inform 1his fopic
A proctical demonstrotion cf the approoch
# provided followsd by fhe final section
€oncluding with o summary of cbservations
ond recommendations.

11 Cost of Un-sarved Energy [CoUE) is defined o5 the electricity $upol

elactricity - cost of
un-served energy concep). The better flower
unavoilabiliy] perormance o utility oparates
o implies that customers will be without
electrical supply less frequenily and for shorter
poriods, The result will be fhot the customer
cast ossociated with the unavailability of
slectrical supply will reduce (indicoted by
the brown curve sloping towords zero os the
performance measurs on the vertical axis
improvesfraduces). Howaver, fo improve
the expacied natwork “design” perdormance,
odditienal investment is. typically raquirad
{os indiceted by the downwards sloping
green fins}.

==

Fig. 2: Impact of topology on arpecied network pedormance:

land-use
of an areo e.g. urban, rural or agriculiural
atc.), inter-connectivity batween feadars and
redundancy of instolled equipment, Thess
structural issues ore. influenced by copital
investmen? decisions made via nefwork
planning ond design, and in turm heve
on impact on the inhsrent performance
copability of a netwark (this wil be discussad
in more deiail in this paper, For any givan
network with a set of possible maintenance
inferventions, thers is o point beyond which
odditional expenditure via capital solutions
will rasult in improved parformance as
compared fo operotional expenditure [1].

In this contexi, benchmark studies are
often applied in decision making 15 inform
expected levels of perfarmance for utiliies
fand thersfore performanc forgers. Eskom
Distribution, for example, has conducied
benchmork studies on o regular basis using
references from the USA, Lofin America os

s worh 1o spaic cusomer,  tyoe or s of cuscesr o i vider econormy, uolly
o due st . 3

macsured in o monetary amount casociated wih the un




well as the Europeon Union. Benchmarking
outcomes should, howaver, be opplied
with cireumspect, as fhere are soms more
detailed foctars that must be considered
when applying benchmork information for
decision moking, and this wil be discussed
further in this poper.

The connecfion of customers fo the South
Alrican electricity grid is governed by
the National Energy Regulator of South
Alrico (NERSA) via the South African Grid
Code developed from June 2005 to
August 2007 [4]. This code not enly
contains connection condifions but afso

Approach to develop a quantitative
decision

The value of this opproach is thersfore that
id and allows for o

This paper builds on ressarch work conducted
by Eskom Disiribution over the period 2008
1o 2012 and elements described in 3, 5,
6,71

The basic approoch that the authors
are advocating is thot by moking vse of
modelled parformance levels 1o inform
decision moking regarding network
expecied designed perfarmance levels,
ane can provide o basis for better informed
decision making (o3 opposed to historical

1 Barichmork:

it

better undersianding and appreciation of the

respective trade-offs.

Our oppraach therefor contoins the following

elements:

o The ability to modal expected design
porfarmance levels of the elaciricily
distibution nebwork in farms of custorer
focused meosures:

Incarporation of the utility casts
(infrasiructurm) and custore costs [CoUE)
associated with achieving such design

investment criteria for and
is applicable not only 1o Eskom but ko
1o other South African di ulors such as
municipalifies.

According to the grid code @ balance must
be mat beween infrasiructure cost options
{both in terms of minimum cost of tha
energy supplied as well as the customer
interruption cost) and the network's fechnical
performance levals (RSA Grid Code, 2007,
poge 9).

or
for instonce).

Combining fisancial costs and potential
CoUE implications and contrasting these
costs with performance levels -anables. us
fo' befter inform the investment decision in
@ mere holistic way. The brooder socio-
econsmic and palifical implicafions also
need 1o be considsred but are beyond the
scope of this poper”

levels.

.

The ehility to inform on expected specific
performance levels — system overage as
appased to specific notworks (feeders)
design perlormance.

» The dimension of econcmic sensibilty and
wsponsibily

The obility 1o illustrate the potential
implications on @ system (technical]
lovel.

Foader A
Foader |
Sk r
Borvle | I et | et | suDlpa) | saRpe)
Fouder A 5 813 149,1 15 08
| Foeder 8 5 30,1 13004 130 39
Toble 1: Neneork tapology - quantiofive ilustriva esomple.
Faamote

2) Rafer 1o 13} for mora dete] an this dimension of this wopic.

IS
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Fig. 3 Geogrophic repmsectation of Eskom MY feeders for South Aica.

Determination of performance levels for an

elecrricity distribution netvork

Thera are several network performonce

measurements applied by NERSA o3 well as.

by other regulators ond uflites infermationally.

Our focus for fhis paper i mainly on SAIDI
Iso coleulates SAIFI,

and cusiomens ore assumed idenfical. The
‘equipment on these feeders is installed and
maintained in exactly the sama manner,
resulling in exaclly the same foilure rafes.
Oparational responses to faulis/ouiages ore
sxocly the some. In ferms-of reliobiiy, the
only difierence s e fofol susoined falrs

CAIDI and RSLI.
fn providing context we peeviously mentioned
hat banchmarking is typically used to infarm
utilities’ axecutiva managemant and he
regulator of what the performance fevels of
a utility could be, and what it should srive
for. Typicelly, statements ore made that
the uility aims to be in the top quartile of
nfernafional pedormance as measured by
SAIDI, for instonce, inaespective of whethar
the fundementol network con octually achieve.
such o level of pedormance. The natural
question that then comes to mind is "haw
can the utilty achieve such levels of network
perdarmance - what would fhe uilty need to
do and what would it cost®

The fundamental flaw with the banchmarking-
based approach s s ignorance of current
network tpology (which in iself is o function
of past policies and design philosophies),
and ity influsnce on the inherent performance
level copability of the distibution system. We
use a very simplisiic example to ilustrate the
impoct of netwrk fopology on the ipherant
performance level of @ network llustrated
inFig. 2.

The only difisrance between fesder A and
feeder B is the length of overhead conductar
connecting the customers, We choose 1o
use line length for this exomple o3 it ypically
‘adds the most significant expasure 10 failures
on o sysiem and is typicolly & funclion of
saiflement density. Feeder A has 10 km of
overheod conductor, while fesder B hos
501k The rastof the equipment, configuration

p with the line

Fig. 4: HY and MV modals contex and coverage.

sometimes unintended implicotions on
nework perlormance.

Take, for axample, te implicotions of o policy
change in moximum travel speed (column K,
Toble 1 C) as moy be required to oddress
safaty requirements. In this example, we
‘assume that the responsa foom for lesder Bis
oy allowed 1o trovel o 60 k/h os opposed

of the hweo feeders and disploy the relevant
characteristics (line length, recloser caunt,
franstormer count and custamer counts) in
Toble 1. We assume all equipment failure
ates 1o be identicol between tha two feedars.
We assume 40% of customers will be
inferrupted in both coses. From on eperational
perspectiva we assume the some travelling
speed, while olsa assuming the responsa team
will travel the whole lengih of the feedarfa fix
n outage foilure.
Evident is thot the expected fraquency of
outages (column J, Table 1 B} will be higher for
foader B than A - solely 0 0 rasult of the line:
of the fesder. The reliahilty of feeder
A fshorter) will hersfore be betier than fhet of
foeder B (longer). The probobilty of failure on
feeder B wil ba higher, while he travel fime
to fix o faul will also b higher. The resulting
SAIDH for feeder B is thersfore 554% higher
than thet of feeder A, but the operational
response teams performad axactly the same
{same dispatch times, ravel speeds and repair
times). All else remains constont (in ferms
of maintenonce and operational response
proctice). The only way to improve feedar B
network perarmance is 1o change the network
topology - whether by odding additional fault
finding and Isolating devices, splifting the
fneder to be shorter etc., ol of which requires
capital investment and changing the inherent
designed performance capability of the feeder.
In a similar way, regulatory or policy

differences con aiso have significont and

10120 km/h

(whether os o result of company policy, actual
speed limits or candiins on the: rood) will
catise the SAIDI fer fesder B to increase from
9,840 13, resuling in @ 33% deferioration in
performance os measured by SAIDI.

It is thereforn evidant thot cusiomer densitiss
(as they influence fesder length), network
topalogy and the operating environment
hove o major impoct on the expacted level
of network podermance. Thess factors con
vory signiticantly bemwsen utiities, and wil
be fundamentally different in urban ond
rurol supply areos, Extropolote this example
10 a full utiity context and one con see why
benchmarking purely based on the network
performance outcome measure (e.g. SADI
does mot nacessarily reflect the octual
performance level of the ullity dsell

Furhermore, when comporing the network
perdormance levels of different interational
utilities, we olso need 1o considar ospects
such os:

s None of the markets (typically
benchmarked against) represanted
similor social responsibilfies such s the
Universal Access Plan (8] and its impac!
on Sauth African electricity distributors.
In additian, it is not clear which proportion
of the international uiilities making vp
the benchmark somplas contain enities
with similar typical mix of urban/rurol
environments. In this context, Eskom
predominantly covers rural creas while
municipalities cover the urban areas.

Foutnote

3) For bravity purposes we do not deline fhe indicas in this papar: Reler 1o [2] p41-105 for more detal



Fig. 5 Operofiono! paromelers incloded ir

We thersiora propose that if banchmarking
batwaen utilties is 1o be used 1o inform
decision making and targe! sefing,  befier
way of benchmarking (between ufiidies) would
be to benchmark the diferent operational
elements impacting on the oulcome messure
(SAIDI in this instance) as opposed fo fhe
oulcome measure iself. i would thersfore
make more sende to benchmark an observed
failure rates of major network equipment
components and on operational ospects
such as foult finding fime and repair time,
for insiance

The implication s tht by simply comporing
benchmark results (of tachnical performance
‘and other parameters such as SAIDI and SAIF)
without more defailed conlex!, mislecding
ouicames can be obfained and should
therefore be applied with coution in decision
moking,

However, we know that in praciice fhis will
be a challenge to implement (due fo ooerous
information requirsments). Fig. 3 prevides
some idea of the cantest ond magnitude
of the challange when using the Eskom
network as an example. There:are more than
7000 MV feeders for which infermation
must be collected and processed. For he full

b

i rodels

both the ralevant HV! and MV® network
elemants using summory network information
For the MV model the following basic
and generally readily available network
component information is required for sach
MV fesder in the syssem:

o Ty, = No. MV/LV fransiomers on

foeder

o U, = Tolol MV line length fkm|
o Fuses,, = No: MV fuses on feader

o Discs, = No. MV isalotors on fseder
o B, = No MV recosens &

substafion brecker
o Custl,,, = No. cusiomers interrupted
o Cust,, = No cusiomers supplied on
feeder

Failure rotes or the follawing network
‘components were applied:

FR, = MVAY framsformer foilure: rate

R, = MV line falure rote

FR, = MV fusa filure rate

FR, = MV breaker foilure rate

FR, = MY isolator failure rote

For mare details on the MV opproach, rafer
107 , 6 ond 5]

in excess of double Eskom's MY infrestructure.
Our ahemative proposol is fo raiher evoluate
a ufli’s ince ralafive fo i inherent
xpecled designed performance lavels
subject fo reosoncble assumptions regording
operationol performance and foilure rate
Porometers.

The: next section providss more defol in this
regard.

Modling design performance levels for an
leckicity distribution nework

Inorder fo inform expected desigred modelled
Retwork performance levels we cansirucied
an onalylicol simplified network reliobility
modelling fromewark copable of modelling

Footnates

4) High volioge, nomind voltoga levels >
) Maim voltoge, nominal vaage levels-> 1 k¥ 5 33 K.
A more detaled esplancion on the HY mathodology il be

For HY [subs "
approach wos followed to derive the impoct
of the HY network perfarmance on the
MY faeders’ netwark performance, and
incorporated info the averall modelling
process. Mors thon 3000 Eskam subsiations
{5300 indwidual busbars) ore represenied
in the madel occounting for 96% of both
SAIDI hours and customer numbers as el
as 78% of annual energy sold by Eskom
Distribution (2011}

Diferent substation loyouts hate diff
reliability, e.g. doubls tronsformer substations
are mors relioble than single ransformer
substations. A subsiotion supplied by two (or
more) lines is more reliable than o substation
swpplied by one line

33 1 = 132 /- olso referred ko as sob-tronsmission.

publshed in the future.

Table 2: ColE rates asuemed.
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Similar to the simplified MV approach

desceibed in [7], an HV opproach? was

developed thot con be summarised in the

following five steps;

o [dentify and select mast common
substation configurations

* Determine cost and réliability of all
possible combinotions and reduce fo
optimal refiobility configurations.

* Determine cost rate (Acost va,
reliability improvement) of the reduced

configurations and select optimal

reliability options.

+ On a subsiation level — identiy single
prefarred option based on opfimising cost
of anergy not served (ColE).

*  Apply outcomes on system level model.

For the HV madel the following sub-

fransmission netwerk companent information

is required:

& HV busbor type classification (busbars,
disconnectars, bus sections and bus
couplers

» 1Y ironsformers (sourca franslormers
anly, e mers supplying the HY
busbar). i=

o HVtonsler busbars,

& HVline bays (source feeders)

MV line bays (load foeders]

o HVline length {source fesdars anly).

s MV NEC/RT (neutral earthing
compensalor/resistor with an auliary

er)

* MV busbar type classiication (busbars,
disconnectors, bus sections and bus
couplers),

* MV tronsier busbors,

* MV busbars indoor/outdoor

» MV transformers (source ransformers
only)

®  MVline bays (source foaders)
& MVline bays flood feeders)
® MV line length (source feeders only),

i T e e T AR




Number of HV customers + energy
served

» Number of MV customers + enargy
serve

Both the HV and MV models considar

operationol paramelers such as dispatch

time, trovel time, time to sectionelise, fault

finding, repair time and final restoraion fimes

o llusiraied in Fig. 5.

The models con alsa accommodate variaus

interventions and their associafed capitol

costs. Typical Infrostruciure options ihot o

predictive reliobility model can simulate

include (model copabilities indicoted in

brackets) (9]

Line reclosers (yes)

Sectionalising switches [yes)

New leeder fie points [no)

Feeder automation (yes)

Undergrounding circuits {yes]

Replocement of ogeing equipment (yes)

Load transiers batwaan fesders (yes|

s s e s s

willingrass 10 poy approach (in addition
customer gaming behavicur can lead to
infentionally overstoted responses} [2).

For llustrotive purposes we make use of the
ColE rates as listed in Table 2. It is not fhe
focus of this paper 1o discuss thase in detail
We now have an approach bosed on
an anolylical modalling lramework that
allows for HV and MV system level analysis
(using basic data) of different infrastruciure
(Cup..q ‘and operational strotegies’ for which
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parformance) for the present network ore
compared with the actual performanca resuls
as llustrated in Fig. 6, The rend comparison
demensirates that our assumptions applied
in the model may be on tha conservafive
side, as the actual SAIDI for the poriod
Januory 2008 to August 2012 appear to ba
generally lawer thon the modelled esimate
o 62,1. The averaga over the period is 55,8
hours. per year and trending down fowards:
50 hours per year:

cost ani
imdlﬂ:hms can be analysed in the coniext
of utilily. cost, enargy not sarved, ColE
and relevant nefwork indices

This ison with actual reparted
information provides us with confidance
thot the methodology and input parameters

&.9. SAIDI

Practical application of the
framework ~ some examples

In order fo illustrate the opplication of this

framework we provide an overview of an
‘analysis perlormed for o section of the Eskom
network,

[yes)
New feedars and feeder expansioni/splits
fres)

The customer cost component is incorporated
through the concapt of CoUE. There ore
various methodologios for estimating and
inferpratations of the CoUE concep! - ol
of which have various adwantoges and
drawbacks. Surveys used to inform ColE
almost always overstale cusiomer cost of
poor reliability compared to the customer

lios
more than 840 000 customers (19% of tofal
Eskam), has more than 377 MV feeders
associated with ihis cusicmer base amounfing
1o around 36 GO0 km of MY line foverage
MV feader langth of 96 km) and mors than
46 000 MVAY transiormess.

Our modelling ouicomes are based on
nationol parometer volue cssumptions (6.g.
equipment falure rates, iravel speeds efc ], but
adjusted fo account for the specilic essets and
erwiranment (s.g. distonces, ightning dersiy,
vageiation eic.) in the specific

for this network.

To further illustrate the application of the
model we construct three scenarios and
investigate the impact on the sample nefwork
SAID!I os follows:

o First we investigote the reliability
implications of operational improvements.
We Investigate Infrastructure (cmxp
interventions: appliad wil
objective of reducing SAIDI (i
lastty

Infrastructure intervantions canforming
to RSA Network Code requirements
(B2 - opfimising the net sum of the ulility
and custamer cosfs).

]. und

Scenario A ~ SAIDI reduction via operatianal
improvemnents

In terms of the operational impravement
scenoriof, we conshuct @ “whalil* analysis
whers:

network area, We ik e 4ok o
o Wa reduce the follure rates for major
i Before the models and opproach components such as MV lines and MV/LY
Ne. I of i fions, the modelled i
o 36120 | rosults [oxpected/designed of maintenonce) ond
Mo
T
=5
e
No &3
167
o Edl
A S
No %
No 8
Km 2391 : o
: = FESEESES TS
[ aoman wpoled NEFS) || No | 841444
Table 3: Sample areo base equipment volimes Fig. 6: Eskom somple area SAID! ochual vs, modelfed expected baseline
Footnotes
71 For the O ar 1o copial cotered for at the fime of wriing this paper
o For o s HY s choabd
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‘SAID! [Avg. Hrs per year]

a1 ot

rafioral impvament sconarios.

artmmarcs heierse  Comned
=

Fig. 7: Eskom sample arwo SAID! aciual vi. modelied and

SAIDI [Avg. Hrs per year]
‘SAIDK e, e por yese)
-sE¥RERRAEANS

B T L e
il Con Rarnd B oves bl 7y v ]

¢ o

Fig. 8 Sample orma SAID infsiruciu improvemant scanarios

v 5 yours].

rezzzsesei

* We reduce the despeich time ond

repair times (for lines and o )
by 10%,

The oufcames® of thesa octions are also

luseated in Fig. 7. I is evident thot the

results

fusing, reclosing, line splits and new
subsiations) in arder fo ochieve a kower SAIDI
auicome, and observe the cost implicafions.
In the first instance, wa opply a pure SAIDI
duciion focused approach (scenario B-1)

in g 5,7% raduciion in SAIDI firom 62,] o
58,6] whil the improvement in despaich and
rpair fimes results in o 2,3% reduction in
SAIDI {from 62, to 60,6). When combinad,
the overall impact is o 7,8% raduciion in SAIDI
162,11057.3). -

The: reader must keap in mind that “normal®
network upgradas (required o address
tharmal, volioge and fou

where the i are opplied on
foeders with the sole aim of reducing SAIDI
~ imespeciive of the cost implications. The
outcames of fhis opproach are represanted
by the solid green (HV) and blue (MV] lines in
Figs. 7, 8 ond 9 for SAIDI, energy un-served
and ColJE respactively.

The dashed green (HY) and blue (MV) lines.
represent a scanano where we apply o fest o

il ks hove o SAIDI impact and forms port
of the impact obsarved in thosa results.
Scenaric B - SAIDI reduction via cagital
interventiors

For these scenarios we assume that the
operational imprevements described in he
provious scenario A are realised before we
implement infrastructure inferventions fo
reduce SAIDI further

We apply capilal interventions foddiions

each sat of from the RSA Grid
Coda roquiramant perspective (scenorio 8.2,
In this confext we test whether the benefit
{onnual CoUE reduction to cast (annualised
capital cost) is greater thon 1. If this i the
case, we agply the and incur

Fig. 10: Sompla orea cosfof un-served enersy inbosmucrure

improvemant scenarios.

opproach and average assumpiians that
may couse our model fo be less occurate,
we take o conservative stance ond reduce this.
threshold volue fram 1 10 0,8 o coter for these
tachnical issues

Lostly, we apply the SAIDI focused approach
after ol he grid cod raquirements (balance
between cost and benefits, seanario B-3) have
been applied fo the same sef of feeders, unfl
e minimurm SAIDI is achievad (represented
by the doed curves). The outcames for SAIDI,
energy un-served and CollE are discussed
next.

SAIDI results
The solid green (HV) and blue (MV) lines in
Fig, 8 represent the impoct each individuol

feader has on SAID! (vertical axis) ond the
reloted copitol rond billion cost requirements
e i Eideri s SAIDI

the cost ond obtoin the SAIDI improvement,
otherwise not.

The feeder with the highest bensfit 1o cost
ratia is then selected for implementation
first, followed by the next highest atc
Due 1o the data quality, the simplified

‘opprooch (B-1) reduces the SAIDI from 57,3
(SAIDI affer operational improvements) down
o 23,5 (33,8 houns or 59,0% reduction) af
o copitol cost of Ra9-billion {or R1,45-billien
par SAID! hour improved).

The RSA Grid Code requirement

fhose icenrios.
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Whan we apoly he SAID! focus drive alfer the
RSA Grid Code requirements are met (8.3},
the: outcome is that SAIDI reduces by 44,6%
i R1,86.billion per hour

BEGEREEEAAERRRIRRRNNE

Therefore, for 30 - 40% of the rslotive
gain obioined (20,9% [8-2) versus 59,0%
[B-1] ond 44,6% [83)), the RSA Grid Code
requirement scenario provides the bast
yield (between sight and ten fimes better) in
terms of cand/SAID! hour improvement af
RO,17-billion fes-opposed ta R1 45-billion
and R1,85-bilion).

Energy un-served results

Evident rom Fig. @ is that for scenario B the
energy un-served reduces from 24,2 GWh

e down to. 7,9 GWh (67,4% reduction) ot o
O s s w6 W R Be e cost of R49-billion for R3,01 -billion per GWh
i ‘SAID! [Awg. Hrs per year] energy un-served avoided)

- - 3 et voed (B0 The RSA Grid Code requirement (scenaric
it b it B:2) yilds R0,28-billon per GWh avoided
energy un.served) with & 30,2% improvament
in GWh energy un-served avoided, while
scenario B-3 results in R3,1 1 -billian per Gwh
for 0 63,4% improvement.

CoUE results

The cost of un-served energy impact iy
illusirated in Fig. 10, For scenario B-1,
the 25 yeor expecied CoUE totol reduces
from R15,8billion 10 84,7-billion (70,1%
raduction),

In the cose of scenario B-2 the ColE
reduces by 28,4% (down to R11,3-billan)
while in the case of scenario B:3 the ColE
reduction s 81,3% (dawn 1o R2,9-billior)
Since the energy un-served anly reduced by
63,4% for this scanaric, It can be inferred
that the relatively larger reduction in ColJE
is related fo higher CoUE rate customers
[e.g. commereial, traction, mining and

‘agriculiure]
No. | 565 Abhough the benefit/cost rotio is evaluated

s o y 1% per dnedar, the outcome for this measure on

%o bose e a system level reflocts thotthe RSA Grid Code
Reciosens (oddaional) rt requirement (scanario B-2) fios o positive

o1 % of Boss & e (aroaler than 0,8 os exploined previously}
P Ho. benefil/cost ratia of 2,17, versus scenaric B.1

A & | 10w 10,23 and scanoria B-3 010,27

25

Number of feeders t spit 1 o SAD spreod

o1 % o base. : e Fig. 10 shows the resultont spread in SAIDI
Ny of ardriorol feeders o buld T rosults associated with the RSA Gid Coda

ey ¥ = compliant investment level for scenario B2,
MV ovarhead e required ':" = _i_ﬂ_‘ Although the infrasiructure interventicny

o1 % ol bone

iusiroted by scenario B-2 results in an overall
reduction of expected SAID! from 57,3 down
f045,3, the spread of feeders in terms of their
y axpected SAIDIs remains auiks wide (from
ducion in  copill eost of R2,1-bilion el e S ST G pia). The 5%
scanario (B-2) achieves o reduction 0,17-billion ner T o sved eostomers con sill sopaet ol
% w to 45,3 (twelve < pct
e o v for o o

Toble 4- Equipment vokme implcationt.
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o foeder with o SAIDIin excess of 50 hours
p.o., while 56,8% of customers will be on a
foeder with an expected SAIDI of less thon
35 hours pa.

Analysis of resubs
The following observations con b made:

® Scenorio B-1 results in the largest SAIDI
reduction, but the associated investimant
connot be justified from on economic
perspncive (e reduction s CoUE is est

anergy and raliobilly measurement indices
such as SAIDI. The opproach is pragmatic
using reodily cvalabls network information,
and o range of inputs reloting te equipment
failure rates, ond operational respanse ond
repoir fimes.

The approach hos been demonstraled on o
section of the Eskom network for o number
of investment scenarios with the intention
10 inform strategies 1o ensure appropriate

than the cssociated ). Other
drivers. will need 1o motivate such an
investment strotegy.

Scanario B-2 rasuls in a relatively large
reduct CoUE for comporatively
il copifal coul:: Thesa ‘investmaots
ore in accordance with the RSA Grid
Coda requirements, and are jusiified
from an acanomic perspactive (minimisa
utilhy and customer. cost), This scanario.
results in invesiment on networks
supplying customers with high sales
volumes and high economic impact
o municipal supplies and industrial
and commercial customers. As o resull,
while the CoUE reduction of 28,4% is
nwﬂ(lﬂ&a‘hwmuudlmdlﬂ %
is comporativaly small as the number of
customers wmpoandhylhmmvmmﬂh
is comparatively small,

Once ot the sconomic optimum grid
<ode compliont point (B-2) o further
SAID! focused investment is not justified
from an aconomic perspeciive {ecanomic
Ibanefit is lower than tha cost). However

Hical d

af impraving network perfarmance.

Three scenarios were investigated, and the

salient points are os follows In summory:

* Although the RSA Grid Cede
aligned scenario {B-2) only obtoined
approximately a third of the SAIDI
reduction relative 10 the SAIDI focused
scenarios (B-1 and 8.3, the RSA Grid
Code aligned scencrio exhibited the best

1the polifical and social implications of SAIDI,
especially for worst sorved customers
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Power quality monitoring system (PQMS) for
the City of Ekurhuleni

by Stephan Delpori, City of Ekurhuleni

Quality of supply (QeS) I electrical energy is impertant for the sustainability of a local utiliiy. The annual budget
has to be based on a realistic assumption that retalling electrical energy will realise a projected profit. Sewerage,
water and ofhers are services rendered by local utilities operating within budgets subsidised from the profit made

by selling electrical energy. But selling electrical

the user to generate profit.

Ekurhuleni has implemenied o web-based
pawer quolity management system (PQMS).
Power quality management has proven fo
be an imporiant ospect of manoging risk
in the elecirical supply indusiry [ES1) within
Ekurhuleni, An undersianding of the quality
of the power from Eskom to the point of
delivery fo the end-user s needed fo formuloe
maintenance, repair and other infervention
measures snsuring minimum stendards in

Instrumentation has been placed ot poins in

if the quality do

gy s in itself not

not empower

O O O
o

on voltage parameters. If QoS is above
minimum standards, seme validity exists in
the ossumption hat the quality by which the
energy used fs nof of concer.

Asingle voltage woveform incident can result

et e Wres B o Leeted

Wmian RMS Vallage Readiags

the network. Each voltoge wavelorm event,
if the duration ond depth are sufficient, can
couse o local imerruption in production o
the end-user. Although an interruption in the
voltage supply wos nof racorded, the effect
10 the end-usar is similar, Voltoge wavelom
incidents aro thus o “global”

BEc o EZPRCFERRARARRRARRRR
D o ot

which can require mare comprehensive
intervention measures than, for exompls,
solving reliabilify issues at only o local feedear
o a single cliant.

The widespread integration of QoS
instrumentation in the Ekurhuleni network
and on-lina access 1o informotion Bhabled
voliage waveform incidens fe.. dips) fo be
analysed in the context of the ra8f cause and
source of the incident. | i therefore possible
to assign awnership (inemal/external) 1o
wach volioge incident and fo extroct the
root couse from operational information
such as copper theh, vegetation, lightning
efc. Minimum specialist knowladge to use
the system is needed os the web-based SGL
infarrogation of the PQ! dolabase, provides
the user with procticol information, in proper
context, rather thon o tsunami of PQ dot.
recorded of many instruments due 1o single
incident. Dota analysis is mestly outomated
and operational personnel can focus on
wsing the informatian on o doy-to-day basis.

e gt 1y oyt e

Fig. 1: Asagument fronds.

Analysis of PQ: data collected in this dotobase
for 0 number of years hos resulied in Ekurhulent
being able to benchmark network performance.
Choraciesistc levels in steady siaie paramalers
could be estoblished ond trends. identified
by understanding how, for exomple, valtage
total harmenic distortion (VTHD) changes
with fime within @ spacific natwork. Indicative
numbers in volioge sogs could be colculoted
s funclions of netwark type (coble/overheod)
ond volloge level.

;m"ﬁ%'

The intention is 1o use characteristic numbers
in valioge sags to banchmark any singular
site against whot the rest of the network
experiences

The benchmarking results ore useful in
supporting potential investors by means of
information on the network distorfion levels
which they con use to specily equipment
immunity levels to oblain o realistic
ity leval behwoan supply and use
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0 it ot dats, 1 well s svadablty

The Ekurhuleni distribution networks are
supplied with electricity from 45 Eskom
intoke points, at voltage levels ranging
betwean 132/88/66/44/33/22/1116,6 WV.
Fram here o mixed base of approximately
350 000 customers are supplied with
eleciricity connections. The sum of ol fha
maximum demands af the various Eskom
-ml:keﬂdm‘sdunngﬂxuwwr\iafmnm‘mmta.d
2400 MVA. Appreximately 9%,5% of the
City of Eurholenis elactricity is purchosed
from Eskom and 0,5% kom o neighbouring
meire municipality, namely City Powar,
Johannesburg.

The Cily of Ekurhuleni has made strong
progress fa implement a proper power qualily
manogerment system that complies with the
NERSA directive and reporfing roquirsments
The city has developed a power quality charier
which: defines its commilment to ensuring
the delivery of alecricity of appropriate
quality and of dealing with problems that
cuslomers may experience with rogard fo
qualiy from fime ta fime. This charter hos
been approvad by the South African Notional
Enargy Regulator a5 meefing the requiremnts
ofis power qualiy directive,

The Ekurbuleni Metropolitan Municipality
tries fo.minimise potentiol quality of supply
problems arising in ifs networks, but it
should be noted that he type of nstwerk &.
overhead lines or underground cables, that
supply customess will hove o sgnificant impac:
‘on the quality of the supply,
The stecdy stote voltage is the voltage o
customer can expect to receive under normal
operating condiions. Since the loads on o
i 0, itis impossibla

events s e

Inteeruptions arepeporied .

With the incresed globalisation of industry,
including frea troding of electrical equipment
it will be increasingly necessary for power
quality fo be mar and regulated. From
the best praciices, if will provide a common
framework for quality of supply and o step in
the right direction fowards globally acceptable
stondords ond limits

In  visionary step, the heod of Departmant:

Fig. 4: PG repors avarloble o log on.

Erorgy, Mok Wilon, recommandad 0 he
moyorol commites of the City of Ekurbulent
o commit 10 power quoliy monitoring
rogrom, o3 far back g Seplember 2003
A rosolution was faken that a power qualiy
onogement system and programme must
e implermented for s antie netwark, os well
o those ideniified by axperienca as reauiing
special afiention &.g. key customers above
1 MVA

g
o mainlain o complete constant volioge,
South Afica’s NRS-048 addrosses compliance
limits sel ot 95% of measurement intervals
and allows ufilities and customers to source
oppropriate equipment for the quolify of
power they will be exposed 1o,

Note: From obave the standard stafistical
model allow 8,4 hours per week (or 52 x 8,4
per yeor] of unregulaed power quality, and
utiltes compliance (or non-camplionce) is
assessed regardiess of the severity of the evenl
Voltoge regulation magnitude indicates  slow.
but definita upword frend when analysing
‘annual dota. If one would hove only looked
at the monthly dato, the added value moy
hove been missed.

Generall, the Ekurhulani netwarks meet the
siandardised imts of maximum and minimunm
voliage limits. Many customers acrually
experionca voltoge variations beter than
the,plus and minus 5% compartibily levels
ond saldomiy report on exceedance of the
plus or minus 10% maximum end minimom
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instruments o both Bkushulent personnal ond
1o key customers via the Intemet, The netviork
of remately instolled instruments is permanently
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Fig. 5: Voltage mogninidl complionce with NRS084-2.

Fig. ¢; NRS-048 scofier ot

ik to-

o a GPRS

the infernet-bosed PQ detabase.

Mare than 400 mofering points ore currently
aperational.

Daily system operation

Intormation is captured doily, audited for
completsness, and then e-mailed daily by
meons of a PGl assessment report of the
previous day fo the control room operafors.
Ekurhuleni persoanel (contrel room operators)
Classify soch incident direction, esamol or
inteenal [feansmission or distributicn), while
the rea engineers hove to classify the 1o
cause of each incidan. Ekurhuleni persennel
generce all morthly and ad-hoc reports.

The successful contractor has to see that
the entirs system is en-line and up-to-date
for 95% of the time. In the ovent of on
unforassen systemn feilur, i is expecied from
the contractor to have fhe systom restored
within frve working doys

Annual report

The EMM PGMS is capable ef compiling
snnuol PG reports. This hype of roporting s o
science in ifs infani stage. The report is mainly
usad os o management reper, but parts of

i 1Jw-m.15|33;5:8 0575 53,38% 123 Dip closs § vl bn published fo EWW's cusiorers and
[ She2009 101322 | 0844 8336% 23 Dy com ], will comply with NERSA powes qualiy direciive
‘ 12 Jue 2009 10:14:11 | 0,085 85,435 13 Dip closs Y requirements and with NRS048.
13 June 2009 12:13:20 | 0545 81.21% 23 Dip loss ¥ oo
? uet training, power quality
23 June 2009 1205:58. | 006 85,63% 1 Dip dows ¥ training, and power quality
23 June 2009 12:28:05 | 007% 85,21% 13 Dip closs ¥
[ERSE AE Lt 3 DNcow Ekurhuleni receives product fraining on
25 ke 2009 1422:02 | 0075 85,63% 14 Do ¥ an annval basis fo accommadte new
25June 2000 142205 | 0,043 89,334 3 Dip class Y persennel and to remain updaed on the latest

Tablo 1: Valkoge dipyswell ossessment,

limit volues required ta be maintained on the
network.

The question of what leval ofservices is
acceptable certoinly complicates the costs of
providing o certoin level of service with many
factors including climate, geography, system
design and load densiy, These differences
ven axist within Ekurhuleni's service area
~ it has aven been noticed that there are
significont difrences in the service level of
quality from one customer fo another within
Ekurhuleni

The cancopt of minimum service quality
levels is o very confroversial topic among
elaciricity service providars. The economic
law of dimiishing retums cartainly opplies
o increasing the quolity of electricity as it
applies to mest quolty assuronce progroms.
Electricol engineers in utlities note that ony

level of service qualily con be ochisved, but

ha coshs of ochisving cerain levels connot bé

‘sconamicall usted. Thi fact mus, however,
increasing quolity

funclionality and features.

Th aining includos the following (as @
minimum}:

Discussion of power qualty instruments
ond fhe obilfies of each insirument fype.

required by consumers.

The speciiication of the PGS and selection
of siies 1o be monitored in the Ekurhuleni
disribution network were plonned o address
oll o the abovementioned issues.

The following s o brief summary of the fender
document specifications:

Scope of the City of Ekurhuleni
power quality confract

An Oradle bosed nline power qualiy (PQ)
monioriog system was developed according o
Elurhulonts equiremens. This systom s capoble
of serving dotn collected from o network of
remotaly instaled VectoGraph and ProvoGroph

o -Insiollli od
management of power queliy ingruments
‘and communicatien aquipment

Introduction to oll measured parameters
o Product usage.
s Sotwore instoliotion.

The PQ troining includas the following (es 0
mirimurm):

Fundomental principles of power guality.
Up-to-date overview on the NRS 048 and
NERSA's power quality directive.
Overview cn pawer quality management
principlos

Ekurhulani olso providod for o power qualiy
menforing programme as part of its bid
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Fig. 8: The valoge tip profile.
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Fig. 9: Avoltoge dip i o

sockdon reduciion in RMS vollage supply os defined in

NRSOUB-2:2007 section 3.1.20 and IECA1000.4.30:2003 soction 5

requirements fo appaint o contractar. This is
ta fost-track the laarning curve and fo ensure
sustainable growh and knowledgs transer
Investigation assistance

The contractor s required to provide for

power quality investigafion process and
procedyre in-line with Ekurhuleni's PQ
manogement system. The pawer quality
investigation process makes provision fo
address customer complaints raceived from
Exurhuleni’s connecled custamer base.

Ador power quality instrument insillafion @
commissioning srapshot of valtage phasors
is stored for fufura reference and proves
acceptance of instalafion (sea Fig. 3).

Voltage magnitude assessment
(voltage regulation)

Fig. 5 depicts voltage magnitude compliarice
with NRS 048:2, and 1t is expressed os @
parceniage of the declared RMS valiage.
Doy, seven-day sliding assessment values are
compared 1o specific compatibility.and limit
criteria. Upon evaluating this vliage-RMS
level it is immediately clear that the voliege
level has risen cbove he upper compatibility
level of 105% and requires afterion.
Voltage dip/swell assessment
Cotegorised volioge dips (0 sudden reduction
in RMS voliage supply os defined in NRS048-
1:1996 saction 3.1.20 ond IEC41000-4-
30:2003 section 5.4.) Customised raport
periods can be sclecied (see Toble 1] e,
daily, monthly, quartedy, yearly elc. (see Fig. 6).

By selecting (clicking on) any dip event @
detailed diill-down of the event is cbicined
(see Fig. 7).

Supply reliability assessment in
terms of interruptions

Supply reliobility is ansssed cecording
fo NRSO48-2:2003 section 4.3 in tarms
of interruplions. These inferruptions are
clossified ox either momentary (shor or
sustained (long) (sae Tables 2 and 3).
Incidents are formed by grouping clossified
events (dips, surges eic,| that occurred
within o specific time window from sach
other. They share the some cause in all
probabiliy.

Reports include:

®  Show most recent incident: this will bring
upithe most recent inciden that occurred
on the mietwork

Incident browsai: used 1o investigate
incidents over o sslactud period of fime.
Alist of incidanis i given for the period
selected. Each incident con then be
vinwed and the related clossified ovenis
can be drilled down fo each incidert
(sme Fig. 10},

With the implementation of o PQMS,
Ekurhulen: is elreody in w better position
fo estoblish network-wide parformance
criteria os @ means of informing end-users
regarding the lovel of service thof they
can expect, or as @ means of proacively
identifying ond investigaing petential
prablem eircuts.

Valtage regulation systems and
power quality analysis

The lotest saries of voltoge ragulotors
found on the market todoy for contral
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Using low voltage smart system (LVSS) data for
intelligent operations and customer support

by Hortmut Bohmer and Honeela Molon, Uil Labs

The LVSS is an end fo end system that enables more efficient management and control of electricity consumption

and L fow
(LVSS) was piloted in a residential area in the Gauteng province over the last 4 years. Tha intent of this paper
Is 1o explore benefit cases beyond the initial intant of LVSS and traditional utility use of smart metering systems.

The focus is on consumer facing benefits and 1o use the system as a ool 1o gain more insight info user behaviour.

Some of the system volue odded applications
include; revenus managsment, networ
planning, energy balancing, metering ond
billing and outage management. Only o
smoll port of consumers have the benefi of
falling within the cafchment area of (VS
The paper explores ways and means 10
provide benelits fo the consumer storfing i
offline or partly locally networked devices
Such an approoch would have the option of
re-using existing communication chonnels
‘ond thus relax the raliance on the networking
part of IVSS while siill benafiting from the.
‘aggregation and customar portals provided
The consumer preferences with fegards fo
their perceived benaits of online and offline
systems fo beftor manage their consumption
ond appliances is obivined. Tha paper closes
off with recommendations for further research
n the orea of increasing synergy between
differant rorket segments for o greoter overoll
eonsumer experience and overall banefits
realzation.

Energy officiency by behavioural
thange

The LYSS system is o hierarchical
communication nemwork thof links electricty
measurement paints o an in-house disploy
and olso 1o a conral monitoring and contal
sarver. Tha VS5 gathers high resolution dota.
The measurement points are located ot fhe
sarvice point whete mains pewer is connecied
o the pramises, The LVSS also reloys real fime
usage data to in-havse display colled the
electricity demand disploy instruments {edd).
Initiative |

As partof o residentiol demand monogement
pilet, focusing mainly in the Midrand ond
Lonefillrea in Gauteng, and cuslomers were
jssued with the eddi. The eddi is a plug 00d
play device, that shows users their eleciricly
usage for the premises in near real time,
Analysing the consumption belora and after
the issuing of the in-house displors showed
a revealing picture. The eddi issuing wes
done in wask 8 1l week 11, Enargy savings.
pecked al 10% shorty affe the issing of the
disploys was cancluded ond than siobilsed

at appecsimately 3 1o 4% o months loter
This shows that the residents oo responding
and acling on information that i provided 1o
them. Once paopla get used tothe eddi, tha
savings percaniog reduces.

Iniative 2

On 15 Dacember 201 1, SMSs wera seni fo
oll customans that were tssusd with the eddi
requesing them to switch off their geysers
during the December haliday. A comparison
was then done on the omount of geyser
reheots betwsen Decembar 2010.and 201 1.

Porameters of the study

The analysié wos dane per mains phase

supphed Yo the premises

« Amount of sarvice points: 820

o Amount of sevice poinis without geyser
‘switching oction: 301 (mostly due fo
port of the senice poinis baing pori of o
3 phose supply where one of the phases
does nof hove o geysar)

Measurament data: 23h00 il 03h00
Assumption: Geysers consume >2 kW

Assumplion: Many customers go an
holidoy on 15 Decamber

Assumption: In summer power exceeding
2 kW from 2300 1o 03h00 ore geysers
Twa approachas of identifying the level of
geyser activity were oppled. Ono using o
differentiating algorithm to count the omount
of geyser reieots and on infegration algorehm,
which aggregates the energy contained in
geyser rehoats aver the salected penod
Differentiating equation: Geyser reheats arn
danitifecl whan with o running window P1-P4/
(P2.P3) > B0OW where P1, P2, P3, Pd is tha
averoge powe in suecassive § minute inferval,
Oncn o geyser raheot hos been dantied fhe
detection is disabled for 15 minutes. Troiling
odges aiter 15 minutes count os a second
reheat.

The geyser reheat energy is determined by
sumiming of energy for the time durction whers

Saving % due to issued Eddies
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Fig. 1: Savings dus o reol ime consumption feedback
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the power levels exceed 2 kW. The above will
alto detect high powsred air conditionsrs
and under floar heafing, Tha intent of the
equations is for end comparisen and. not
intended for absolute geyser choracterisation.
In terms of weather it was confirmed that
December 2010 and 2011 had similar
climatic temparaturs profilss so hat
Jompenaure compensalion is Rot raquied.

Resuls from different olgarithms

Agorithm 1: Counting fhe geyser rahel,
reduction yeor on year = 1,5%.

Algor#hm 2- Aqarogeting anargy used by
geysers, enargy reduction year on year
-13%

Reheat counts
Loty

is that SMS communication fo consumers fo
switch off their geysers on o spacific date
prior fo the December holidays hos had an
insignificant efiect. When cggregating the
energy used, an inferesling observation is
that consumers reduced their consumption by
approximately 5% i year on yeor comparison
There is a mullitude of driving forces for such
reduction. Amangst these initiotives s the
issuing of the eddi and the accessibility of web
bosed electricity usage profiles 1o consumers
through the LVSS system.

Fram the analysis it became clear the tha
emount of geyser rehects do not equal to
the amount of energy that is being ied for
rhaaiing (Fig. Z). Whet is inferesting ta nofe
is that the energy used during 23h00 Hll
0300 is largely oftributcble fo non-geyser
apahonces.

From Fig. 2 one sees o spreod of reheot
energy of 1 1o 8. Por of this can ba ascribed
1o geysars that ars forced fo reheat af night
by timers. It moy olso be that there is oir
conditoning equipment on at night which

Reheat energy (1/10 kWh)

" Fig. 2 Averoge reheat courts ond reheat enagy {110 k¥Wh) per mains phase from: 23h00 1l 0300
2011 fexcloding pher s dabechec)

fill 03K00 and haw many geysers are
off the grid

The analysis of the raw dofa in graph farm
confirmed the results from the olgorithms
that the amaunt of pecple acting on 1éth on
ihe SMS compaign was neglible. However i
wos noted ihat people had alreody switched
off their geysers before the SMS was sent in

Questionnaire findings

+ 1f you hod access o o tol that bradks
down fhe costs of your oppliances o that
You con moke mere informed decisions.
on whether to insioll items such as o
geyser blanket, solar goyser, LED lighs
eic. would you use i12 (Yes: 98%)

wmu you be mare willing fo invest in

11 In December
ess usars hod swiched off their geysers. This
could be oftrbuted to the varicus pawer
aoreness campoigns that hod occurred

ome hat save power i
you con se  definite reduction in your
eleciricity bill? {Yes: 100%)

o Would you be interested in enjoying the
Fhert

hos a simila 1o geysers. From  thraugf 9 ay

analysing ﬂmphaohhe m-dm manually, it .nmm nnd pd:n increases are hoving o analysis dene en your household fo
efiiciancy behoviour: determine if your oppiiances ore working
i ficiently? (Yes:

‘gains can be achisved hmw insulation. Ty efficiontly? (Yes: 81%)

The infermation of geyser efficiency spread
could be used 1o plan o mone targeted rollout
program yielding higher beneit.

Scenarias from consumption groph analyss 4

Analysis of the consumption grophs was dane
10 ensure that the doto from the algorithms
was cortect. At the some fime it provided somes
insight on the corractness of th cssumpfions
made. The analysis of graphs was dane an
mains phases where thera were 1 or more
reheots during the 4 period. The assumpfion
that many higher LSM residentiol users go
on holiday during December holidoys was
proven 1o be incorrsct. Ancther interesting
observation from anolysing the raw dota is
1o determine how many fimers are installed
that push aut rehaats into the period 23h00

In order fo get a better understonding of
consumar behaviour and needs, o st of
quesiions was distributed. Tha aim of the
quastichnaire was o get on understanding
of the consumers view on offine and online
enorgy effciency intiatives.

o Would you instoll o “smart® fimer that
can detact when you're a home: (via
the Blustooth on yaur cell phone) fo
ensure that your geyser is switched on?
*Note this could reduce your insuronce
promium as there is ne risk of
qeyser failure while you're away 5o your

17,58 2,56
172,87 237
1666 248
17,07 215

Table 1 Average nongeysar lood, geyser laod an
[

d geysec reheot counts from 23h00 - 03O0
tected.

fincluding phases whee no geysars wore d



response fime fo the domege is much
quicker. Timer/occupancy owars smart
timer/rio times (36%, 47%, 1 6%
« Do you react to fhe Eskom power alert
messoges [Yes: B5:
Whot is clear from the questiannaire is
that the more intermol the locus of control
that s provided fo the customer the higher
the occeptance. Opfions that reduce the
customer’s lavel of conirol have lowse
preference levels, One ifem whera cusiomers
liflered on whether it provides them o higher
internal locus of control was fhe comparison
of the smart fimer compared with o normel
timer. The benefit of oviomation howsver
convincad the larger number of participants
10 rate the occupancy awore smort fimer as
being their preferance.

Point by point anolysis

o Would consumers use fooling if ovailable
10 them, to assist them in improving on
applionce level efficiency (98%), Different
taols exist on the marke that measures
the consumption of appliances. Both plug
bosed and distibuted boord (DB based
products are ovailable: Port of the analysis
work for the paper was done in an orea
that has no LVSS coverage. A smart phone
opplication that uses the magnometer to
sense current flowing in its vicinity wos
used. The accuracy provided is sufficient
for energy efficiency bose lining and
improvements. Offline measusemant
copabilities like these when packged
and marketed appropriately may oddress
o ceroin need in the morket.

Will invest in home improvements when
I can see direct savings in the electriciy
bill (100%: In the generol comments
field of the questionnaire, a few of the
consymers elaboroled an their energy
effciency measures they hod implemented
(switching fo heat pumps and solar
geysers). On response highlighted the
nead for o butinass model ond switching
support o elternative sources for ensrgy
other thon for geysers only, Smart phanes.
have significant processing powsr (0 plug
the coptured dafa into diferent modsls
which can reside on the smari phone or
pulled on demand info the smart phone.

Duo o operaior detection, fhe convession
of electricity cansumpfion 1o cest can be
automated, simplifying he inferpretation
o infarmation

Applionce level efficiency anolysis results:
availoble fram o eentral server (81%)

With accurole per premises dote one
can forget specific non-efficient geyser
owners. One may be able o convince
more people by being cble fo show
them the before and offer rasults. One
concem fhat shimmers. through with the
result s thot some peaple moy b hesitant
1o use this service due fo privacy and/or
technologicol complesity concefms

iy
benefts
campaign | Low” EMW\' Madium® | Maowremsnt | Compoign shouid
potentally be Gene
[y by Insrorca
campany and
uilty for higher
uptole
High Low Foreritclly | MBY for MR | (ncreased potential |
negativaly reflout ﬂV”[:m
dfecied” when persan it
at home due 1o
rohaat shifing out
e of pock ima.
um Fotonially Gl gois
owgalively more banelia
Measursmani;| Gleciad measurament hoin
smort timer.
‘Shoukd be
considered
Mhadium - Madum® by
Morwlood | May o have i onlire dun 1o
shesbe | snaihime o oo
consmer | heat up
St vome ooz
n
step poior o full
Mudium® | Medium® Low" Gruolity of Coukd b
‘Guoliy | Canview | Con obloin “‘m""“' St o=
‘ol sarvics - | information on | mecaurerment =
e wab consoles. | inormation | Consurrer | Se0Pr o bl
tooudi | ponl ond
Fost Negative: 2 sl
rollout, low qateway.
g
comms | Audit infa for
on connel | Con oo, | e
ﬂ“-' consmpton | g qud n‘u_g« '"';"_‘:f""
and vty | Negotm s | S7E- ool | online corivl
T | ooty monagement [ poi Conkel may
concems
Madum*
Table 3: Optimising bevelis o

nciworked appiionen contol connactiy, The fems that are siamed’) need father sy ol quantiy.

« Timer/occuponcy oware smart fimer/na
fimer (36%, 47% 16%): Although only
availoble 1o dote in concep, consumers
instinciively opprove of @ “smort imer"thaf
con sense premisa oceuponcy ond only
switch on heavy users when someons is of
home using proximity sensing. Consumers
ore Interested in this oplion espacially
if there is @ manefary benefit due 10 o
reduced financial cost/risk in the case of
geyser follure, Besides better management

in electricity savings. How substantial
the reduction of geyser failures is when
eleciricily is being switched off when no
one is of home would be o subject for o
further study. The high level : Inferest
in aytomation of geyser switch-off and
switch-on is also an indication that
consumers prefer mundane tasks 1o be
cutomated.

Power clert information: A surprisingly

o geyser oilure, swichi
when 1o ane i ai home wil olso result

1o the: questionnaire indicate fhat they
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New book from EE Publishers!

“Licwring Desion anp AppLicaTION —
A Pracricat Guine For Lichming PRaeTiTIONERS

by Brian Rowell

A comprehensive guide to all aspects of lighting,
this book s essential reading for anyone wha s
serious about this important subject.

It covers topics from the physialogical mechanism
of vision to all the latest technologies coming into
play. After mare than a century since the invention
of the Incandescent lamp, research into new light

sources Is accelerating exponentially,

Any aspiring lighting practitioner should ensure
that this reference work is always close at hand.
With a total of 272 pages in full colour,

39 chapters, 459 ﬁﬂuf!! and 33 tables, this book
contains a wealth of down-to-earth, practical
information for all involved in lighting equipment
and systems,

R 250 exct VAT ano POSTAGE

To order visit www.eepublishers.co.za/view.phplsid=043
or cantact Gall Joubert, EE Publishers, Tel 011 543-7000, admin@ee.co.za
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Cellphone technology for asset management
and its impact on operational efficiency

by Ignafius van Zyl, Touchwork

This paper outlines solution requirements and mabile technology best pmnllu for the municipal sector,
focusing on managing a diverse physical asset portiolio and reloted services i

Assats can toke g variety of forms: finoacial,
physicol or intangible. Whatever form assets
toke, thare are generally hrve guiding leotures
which datermin whet constiutes an. asset
it wil have @ value, 1 will provide benefits
from i use over the pariod of is uselul I

The resulling business processes are
unmanageably complex and inaccurate,
moking i impossible for management
1o entrench best proctices. Further ta
ihis, technicol toams and other key ossat
monagement resaurces am prevenied from

‘and is central fo the orgar
processes

A business process is o colleciion of related,
siructured activities o fosks that produce
specific service or product (serve o particulor
goal) for o pariculor customer or customers.

Public sector - in the news

*Govemment is focused on occalerated
public secior reform, They need to improve
the lives of ciizens, boostinvestor confidence
and become the cofalyst for sustainable
success stories in Arica. We ore ol
assisting govemment fo be at the forefront of
this reform,* — Yunus. Moidoo, Public Sector
Leader - Advisory

Around the world, goverments ore foced
with on incroosingly complex array of asse!
manogemant chollanges. At the same
time there is an increasing demand for
trosparency ond eccountobilty an public
policies

Asset-infensive orgonisotions within the
municipal sector struggle with collacting
occurate real-fime information about osset
performance, workfarce status, and field
conditions.

The divarsity of physical ssels and service
providers that the municipal sector s focsd
with is moking the tosk of creafing surioinable
success even more difficult. Physicol ossets
‘spon over o wide ooy of osset classes, i
vehiclo fleets; focilifies such o3 parks, or
water/wastewater freatment plarits; and linear
‘ssels like eloctricol, rood ond sewer systems.
Aligned with the arroy of physicol asset classes
are the dissimilor service providers 1o be
ma

Desgio the accolercted need for o holisic
ifscycle physicol osset monagemen program
within the municipal sector, the prevailing
approach continues fo rely on paper-based

Jionce, safaty iy all sufl

in the mobila areno, and describe how the
‘convergence of mobility and o well structured
physical asset management program can
deliver competent goveenance of critical assets
ord ulimately world-class service delivery 1o
customers.

PAS 55 - “A way of performing asset

as o result

Asset productivity and reliability -
the critical element
The overriding objective for most asset
intensive industries, such as the municipol
sector, is comfortably concluded 1o be
customer satisfaction in most cases, This
premise however can b academic in its
pursuit, o the customer may be foo far
from the aciual objeciive fo drive
daily held operational aspects.
With physical ossets o the core of asset
Inenisive businesses, fhe priority pursut is ond
will remain fo be the delivery of high asset
productiviy directly binked 1o uninterrupted
service ond production.

It bacome cleor fo the Institute of Asset
Management (United Kingdom) thot thare
was o cruciol need 10 provide o cansistent
framework for physical asset management, In
& quest fo develop risk mifigation siraiegies
ond best practices focusing on mll;ql:::m
the Instite of Assal Management and ihe
Briish Standards Insftute (B8] worked fogether
;;..;l;.: a\; publicly available specification
008: Asset Manoge
published in 2004 ot
PAS 55 is becoming intemationally accepted
o3 the indushy standard for quality assat
management. In @ nutshell, the PAS 55
stondard octs as  valuabla guideline for
asset lifecycle manogement, compliancs, and
‘quality control, and i Wypically relevant 10, ol

This i fum; ir

end customer, ensures profifabilily, osset life
prolongation, and so farth. For the municipol
seclor, it means ensuring the community
has the foundation upen which to conduct
commerce freely and without interruption,
and assurance of public sofefy.

I the next section of the paper we provide an
infroduction fo the PAS 55 standard, advonces.

asset ini

PAS 55 defines asset manogement a3
“systemofic and coordinated octivifies and
practices through which an orgenisation
optimally. and sustainably manoges
ossets and asset systems, their ossociled
performance, risks and expenditures over
their liecyclos for the purpase of achisving
s organisational sategic plon”,

dofa collection and field
mubiple standalone systerns and spreadsheats.
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Assefs con be identiied and subsequently
managed of cifferent levels — ranging from
discrete assets fo complex assot systams
or diverse asset portiolios. Fig. 1 shows
examples of priorities and concerns that
might b evident ot the differsnt lavels o assa!
integrafion and managemant.
Tha PAS 55 stondard focuses on ol ossel
typas, varying from crificol physicol assets 1o
dnidsd

sectar fo align their asset monogement

strategy and opproach with the overall

business sirategy.

The PAS 55 approoch - PDCA cycle

In onder fo ensure opfimol physical asset

manogement o3 par PAS 55 outline — @

lilecycle approach needs o be taken. This

approach wil be driven by key decisions

related fo ot ccquisiioning, applicable ond
b ond

intos the folicwing four closses:
« Plant and production foil, 603, chemicols,
o5 eleckonich pomes

ultimately the dispoiol thersot
The m 55 approach to Hacycle physicol

generation),
Infrastructure [railwoys, highways,
telecommunicatians, water and

Is bosed on o plon-da-
MW {PDCA} cycle 1o ensure continuaus
improvement.

The of the PDCA cycle ore

o Mobile assets (military, airines, trucking,
shipping, rail), and

® Regl estote and facilites (offices, schools,
hospitols).

In review of Fig. 1, i is clso clear that the
PAS 55 standard extends further fhan just the
maintancnce of physical assets.
PAS 55 i and active utilisation
succass is determined by the level of
wide integration. The fist step
‘would be o establish the foundaion of exising
dafa on assets - ranging from condifion ond
performance fo costs and opporfunities.
Further ta his, the implementofion shouid olso
be focused on infangible csses (e.g. sociol
impac) and the financial aspects fe.g. asse!

fsubscribed 1o the PAS 55 standard]:

» Plan: Physical asset manogement

strotegy, policy, objective and plans to

be esioblished.

Do ideniify key physical osset managemant

anablers (e.g. M and EAM software} and

ultimately implement the physicol assel

management sirategy defined during the.

plon stoge.

o Check: Manilor, measure and report
again the KRAs estoblished during the
plon stage.

o Ack: Adt ugon the chack sioge results o
ochiewe, and improve on cbieciives und
plans set out

Within tha PDICA cycle PAS 55 dakines a few

Loy alements, they include:

Table 1 for more deiais), we see thot history

is rapsating itself on the fechnologicol front.

Mobile devices fransitioned from being o
use devica 10.0 primary-use devico.

This fransifion has prasented companies

with new passibilities — new platform, new

purpose, whether devices ore supplied by

the orgaisation o employees make w2 of

their awn. Alihough the mobilty era brings

an ostonihing number of copobilites, it will

ot ba without s challanges and tharsfore

comparies need o corelully plon and excute

mobile sirotegies.

The device and business process

avolution

The mobile indusiry is ot the daarsiep of the

next big change — this change will comprise

a three-force convergence, namely:

« True mobile broadband.

® Mobile devices with similar funclionolity

a5 computers.
Software applications o improve on
warkorce productvity

Maobile panetrotion siafistics reveol that there
‘are nearly &-billion mobile phone subscribers
‘and nearly all new phones cannect o the web.
Also on the “mabile toble” is the worldwide
‘adoption of tablets - with sirong evidence to
indicate that tablet soles will exceed loplop
sales by 2015/16. Sales revenus on mobile

s projected fo reach R427-billion
by 2016.

Mobile adogtion rates are driven extensively by

and mare userfrisndly mobile opersting
systems, o raceivers and processing units
achieving wider network covaroge and faster
connectivity.

The

Hecycle costs] of the organisation. & Assat monogement policy: Sirategic
direction for physical
wﬂrfdmﬁmhmw ~ alignad with corporate gools and
objectives.
Far the municipal sector similor 1o other & ment sirategy objectives
,.w..p:ldm, optimal asset ond plans: Act 08 enabler for pro-active
udum-n produciity form the bosis fisa within the physical
‘of thirlong ferm businass objacive. The asset
ocycl for 3 o Asser enablers: Key
by high initiol investment, bility o ensure
m-:'-mnd.wml buyin.
and anding off ot dispasal phase. Addtienal
10 the osset lecycle, another strong mmuﬂddh
s regulatory accountability for asset und
management, Embracing the  In review of recent mobility surveys done by
PAS 55 stondard will empower the municipal  Accenture, 10C, Foresier and Gariner (ses

19 the concept of “ahways-on” — delivering
pervasive occess with secure cloud based
transactional pracessing,

Another key technalogical advancement
within the mobiltty areno is versatifity. Sensar
technology hm'kq surpassed GPS and
Bluetooth

Key vendor sohware development is olse
Iscused on davicn indepandency - enoblind
4mort phone o wide screen projection withou!

loss in data connecivity (see Figs. 3 and 4.

Advnces in mobille fechnology - the asset

monogement imperative

I raview of the section above ~ focused o7

them from channels of convenience 1
the primary means of communication’
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eraction. Mobility will not just connect

ta the web, but also

mone of the morketploc

oftars advanioges previously impossiblo. in

ace. By

the physical osse! managemen
putting mobility af fhe heart of fheir physical
asset manogement processes, componies
will b

or ngoge with both customers and
race mobility

employses. In order 1o e

rsive physicol

o8 o key enabler for cisetink
asset management, mobile solufion providers
need o address connectiviy, securiy, location
and identification, and dofa orchestrafion
requirements

Adagrable connectiviy

Advanced mobile salutions offer access to
business crticol doto through all modes of
ronging from connecied,
ectivity

communication

disconnected to intermittent con
modes
A municipal warker ar contractor in the

field cannot always rely on uninterrupted

wirelass communications. In many instonces
imply not
), not sofe

uninterrupted communication is

o locatio

possible (e.g. rem
or against sirict regulaion. These ramote
workers should ba able (o sfiectvely exacute
their assigned work orders, operating in
discannected mode, ond later receive updctes
and/or provide feedback when wirsless
coverage is re-established.

furred to 03

In connectad or otherwise
real-time mode, tha field worker should be
able 1o anter emergency work orders, request
spares, gain access fo crificol technical objects
le.g. standord operafing procedure), record
assessment results, and dynomicolly poss

alerts or alorm o
force ond the physicol osset management
system

yy requirement

The adaptable connact
also extends to the disconnecied mode of
‘operation, whers field workers will syncheonise:
work orders and other crificol osset informafion
(while connecsed) 1o their mobile devices. All
work-performed dato (s.g. lobour perormed
details, failure doto, etc | wil then be entered
focally info the mobile device. The recor
data will then loter be synchronised ance
‘connectvity s re-established.

Another key requirement within the physicol
otset monogement area lor the municipal
sector is the requirement 1o snaure worket
productivity sven with inconsistent network
occess

Advanced mobile solutions with dynomic
recovery functionality, make provision for
remote workers to continue esecufing their
ousigned work orders even when the network
service is interrupted.

Security

For long, business-specific mol oadoption
has been hindered, becouse of ransactionol
security rquiremants that could not be mef a1
the time. Advanced asset management mabile
solutions ore charocterised by

Suppor for SSL, HTTPS, and PKI security
stondordi for BOZ.11 wirsless networks.

.

o Mobile security meosuras integrate
smomiesslyinto the enterprise opplication’s
securify archiachue.

« Transacfional secur rements ara
met with bi-diroctional guthentic
vio digital security ceriificales and/or
passwords

o Dota transmitted bi-directionally, and
stored locally is fully encrypted an
locked

« Dota and modulor access is controlled
with user logins ond profles

Ancther key driver for sacurity within the

physical asset managamant space and

even more so the municipal secfor, is the

for ocross-oll-stakeholdars
1 the fiald,

roquireme:

collaborati

Location and identification

Thousands of indusiries worldwide have
successtully smployed geaspatial information
manogement (GIS) and fild force automation
[FFA) technologies as value business drivers.
During the pastfive to six yeors, we hove saen
aconvergance of these fechnologies primarily
focused on improved resource and physical
asser management

Location and identilication functionclify bath

automates the collection of information and

provides an audi troi

o Bar codes and RFID tags: Werkforce
contest on approaching physicol ossets,
and workdlow focititation.

»  Scanning a bar code or sensing an RFID
tag: Raferencing the tachnicol object
darabase

o GPS: Assei and worklorce context and
roue optimisation

p Fig. 2: The dvice ond business process evolution

Fige 3: One size s ol
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Doig orchestration and
calloboration

workload balancing becomes an impossible
fask.

A successtul mobile asset
solufion can dramaticolly improve the silad
dala end cperations approoch within the
municipal sectar. The mobile platiorm
should enable across depariment/orea
communicoticn end visibiliy — ranging from
+he back office, fo the mobile worker, and
among mobile warkers and cantraciors.

Dlata archastration requiramens are mef with
the mabile platform supporting standardised
ntegration options, businass process workllow
and data mapping.

Key drivers for asset service
organisations

The business challanges ond sirategic
objectives of hield service and assel infensive
srganisations are not mutually exclusive — in
foet decision-moking factors are often the
same with difference only af the degree and
amphasis level
in order 16 identify the key business
drivers for the municipal sectar, the first
step would be to define the key divisiens
of work and their related requirements
Whila this cerainly aversimpliiies the
demands, dynamics end complexity of
each division, there are three overarching
dwvisians of work that the municipal ssctor
must monoge:
o Customer services work division: Includes
everyday fild work ypically unplanned
and completed within a shorter duration

osset management field activity, overall
‘productivity can suffer by as much os 40%
Patenticl benefits to be realised with mobile
‘outomation:

Field workers fo gain cces to techricol
iobjects related o specific work to be
perlormed

Work instructions and assef history can be:
viewed on site.

Dicentralise decision moking fo fisld
workers on-sile.

Emergency service con be requested
immediotely for an unexpected outage

On site access fo aperating ond foult
finding guidalines/procedures.

+ Dot coptured power back ofce decis
making (e.g. worklod balancing).

Quicker response fimes.

Productive “wranch fime” is significanly
increas

While on organisational change tawards
mobillty 05 key enobler for physical asset
management is not without ifs challenges,
recent surveys hove reported worklorce
produciivity imaraverents. of up fo 30%
High costs — 25% sovings pofential

When companies employ mability o5 @ key
fisld enablamentfoo, significant costsovings
con be realised. These cost sovings are the
sum effect of

Shortaned planning eycles

Includes field work around managing and
maintaining ossats during the ‘operate’
phase of the oaet Ifecycle.

®  Project work division: Includes long-cycle
work that must be planned, designed,
scheduled and executed over longer
periods of fime.

. Qui ponse fimes
Reduction in maintenance rework
Overtime reduction

SLA complinnce — avoid fines
Excessive reliance on confractors

Visibiliy not optimal - 50% improvement
potential o fild work visibiliy

A recent survey conducted by ARC revealed

that asset intensive organisetions have

incomplete data on o3 much o3 75% of oll

feld work. The primary reasans for the lack

of the visbility includs

* Unknown field personnel locatien
inlormation

o Field workers only fo submit work order
poparwork of the end of their shifts —
resulling in inoccurale and oul dofed
Informatian.

Field workers often detect and repoir
problems outside of a work order’s scope
~ resulting in inaccurote asset and work
performed data.

Posential benefils 1o be relsed with mobile
automation:

»  Bi-directional communication and full-
circlo visibility ecress the enterprisa.
Date ond communication occur in real-
Jime.

o Geographic posifioning system (GPS]
and geographic information system
(GIS) copobilities can optimiss field work
rasponse fime and. improve on sofety
compliancy.

Accurate osset and foilure onolysis data,

Operaticnal dofa af the monager's
fingertips - actionable infelligenc
{prediciive analyics), improved decision-
making

Improved osset uptime — translates 10
reduced mainfenance costs.

Governance ond complionce o priorily -
25% improvement potentiol

Well-structured physical ssel manogemant
is central to regulatery compliance and
accountability for asset intensive industries. A
well-managed technical dacument repasitary

Fig. 4 by business
drvers o asse va. hokd sarvics orgonisations
The following challenges/business drivers are
forcing the municipal sactor fo ke o fresh
look ond seck mabile solufions fhat address
thair unique pressures and priorites:

Low produdlivity ~ 30% improvement
potential
3

y have v
asset fifacycle back office processes. The
associoted field work is however sfill largely
dependent on paper-based processes,
ineffoctive communication channals, and
limited clocumentation of industry and asse
spacific know-hew (due 1o an oging and
refiring workiorce)

Without the right tools, work orders take
longer 1o close o, productivity suffars and.

Fig. 4 Key busineas drivers comparisan chrt — assel servics vi. field senvice.

—_—



oppropriate skills and

risk assessment, warkflow
and sofety chackist

PAS 55 compliance

Potentiol benefits to ba realised with mobile

k assessment build info the mobile
ion as standord function o

it o b realised with mobile o

efficiancy %
g ond scheduling
caximity, kil sef and
- s updates, foc + The application con also display the lost
sudited results, reloted to the spacit
-~ 3 ond opfimisation — safest i
o Record failure onalysis data
acuol s Actionable intelliger

True RMS
Digital Power Meter

ious wiring systems
meter can be used for var

Th: KEna"D‘BEE:‘iE‘I::I: ::, Sa';y-tgm' on single-phase 2-wire circuit.
and cal

Everything required for power

| eensumption and energy saving
anal measurement and
calculations

| This Power Meter can be used for measurements of
instantaneous, integration and also demand values.
Measured data can be saved in 5D card or the

| and the d et

| P via USB. Measured data can be checked on

| android devices in real-time by using Bluetooth
function.

xeano email: sales@major-fech.com
i it b,
i sl o maijortech.com

srotom WWW. com
bk e Coi e S ;



Asset condtion ossessment

PAS 55 requires responsible osset owners.
1o know the current condition of sach asset

Potential benefits 1o ba realised with mobile

- Compliancy — appropriate skills and
centficotions

- Automated risk assessment, workflow
‘appravals and safety checklish

ingeriy Conclusions and outlook
lycolculoled  An inte f tha topic “mobility
and updoted bosed on m,au respanses. as key physicol asset mnmggmm enabler

Support for complex
assel |mpncﬁcr\lfnudu!
Follow-up 5 ore
pirscs il b
respanies

Stondortise the assel regisier administation
business process

The PAS 55 standard provides guidelines
for esiablishing and maintaining on efective
elecironic asset register. An effective alectronic
osset register consists of thre key elements,
namely:

Coumplers bty on ol ot el ok
orders - ve analysis, work
p«omd and

Hierarchical structure — parent assets,
romponents, associated equipment,
tasks, sparos.

Flesibility in accommedsting changes/
updates.

Potential benefits o be realised with mobile
outomation

Focie an efocive cuss regilr

hows that mobie-
technology based solutions umdmﬂdymdah
odopted oll over the world. With ongoing
mahile development and expanential market
increase, we expect fhe frend of mobile
adoplion to further intensify. The imporiance
of mobility is substantioted by the varicus
achvities inthe field of municipal physicol osset
management. Sa far, this paper has provi

« defoiled overview of current trends, industry
specilic drvers idantified and on auflook fo
potential solutions. In this section, the core:
findings o this paper are summarisad.

Core findings

I the musicipol sector financial success is
dirsctly linked o physical asse! reliability
and productivity. Well-structured asset
management progams can dramafically
impoet the overall performance and useful
Iie o these physical asses.

Accordingly, municipal sector responsible
osset owners are cantinuallyying to improve:
their practices

Based on axiensive reseorch done, we know
that osse! intensive industries have besn
underserved for decades with solutions ond
mobile fechnologies. Due 1o the following
e i 5 Vo kol

i PAS 55
quidelines.

o Rogulor updates of unvegisiared osset
bl b
in

Health and Safety

potential
Paper-based work orders, safsly procedures
nd chachlsts are sl ofthe crer of he doy
Inthe feld,

a fresh look of physical asset management
mobile salufions that addsess their unique
pressures and priorities:

+ The globol economic ciss - reduclion in

B 53rdAMEUConvention20 172 | —
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o Increase regulatory compliance levels.
o Increcse ossel life — physical asset
longeniy.

«  Ensure operational confinufly.

*Email markating raporis’ research has
shawn that mobile device use has increased
from just 750 000 mobile subscribers in
2001 1o roughly 5-billion subscribers in
2011, By 2015, mobile devices will become
ubiquilous, s reseorch anolysts predict their
use will increose fifty fold.

Directly aligned with this growth spun, the
physical asset management enterprise mobility
market hos evolved dromatically since 2008/9

storfing off from simplistic doto collection
16 integrated enterprise solufions. focused
on outomefing complex ssel management
processos.

In elosing

This paper validoted that given vorious merket
drivers in play, mabilsing the asset oriented’
long-cycle work remaing on untapped
opportunity for the municipal sactor,

The opportunily is now.

Mobile solutions purpose-bullt for osset
intansive indusirias con provids @ huge
opporunity fo;

nsure work safoy through adharence
to best pracices.
Decrease maintenance mm through
optimi

ofe a preventol udmrmn ement
buainess mentality thegoghaut the
organisation.
Kmprovssenice delivery and producivy
through recl-fime access lo assel
information.

.

Remave information silos to further drive
ocross-all-sickeholders collaboration
i oneil efici

work is carried out with poper-bosed work.
orders ond hord cogy manuals - utilising
#wo-woy rodias f ossistance and or spare ports
ara needed. In instances where field workers.
do not have aceess fo mdio communication,
they ore 1o rely on their own knowledge and
‘exparience.

Potentiol banats to be reolised with mobile.
autormaton
Management perspeciive
» Hoalth ond sclty process affciancy
improvement
Enhancad planning and s¢heduli

m.\uul.n, proximity, skill set o
ceri

- lulq}m- dota — siatus vpdates,
sechnician location

®. Technicion's perspective

g workforces —

Achiers bt Bod oo msporabionas:
Redhice coss.

Uil sl o groate ratum on
assets (RoA)

s

Mobility and program-driven esse!

management has become core fo every

industry. It is anslocming business-to-
Hiced i

# Agsing and refi
knowledge retenti

e Ageing Infrummur- and increased
demand.

e Carbon footprint advocacy -
enviranmentol impoct,

» Incraasing public scrufiny forcing
increasing regulation.

. Roﬂu\ulu-l I

o S

The municipal sector must thes increasingly

to-empleye relationships. This
phenamenon i fost becoming toble stokas for
the muricipol sactor te achieve sustoinable

suek mobile physical assat
solutions thot enableheir field wordarce 1o:
Proactively perform physical asset
monagement - based on early detection.

+ Respond more quicky o

success,
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Transforming
our Cities’ Power
. and keeping Yyour lights on... ;

Southern Power Maintenance provides the technical
expertise fo keep the economic hub of Gauteng running,
&+ It is our business to make sure that Mzansi's power
Is always available. Power Utilities turn to us far the
most reliable services and éxpertise fo ensure that
their customers have power always available and in the
process electrify their bottom line, Invest in maximum *
operational efficiency..... Discover SPM.
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- Distnbulors in
"Southem Afnca

Poor Power Quality is Costing Industry
Billions of Rand’s Annually!

You don’t have to be another victim! Switch to Elspec -the world's most
Advanced Power Quality Analyzer’s and Ultra Fast Power Quality Solutions

Real -time Power Quality Enhancement
Systems for a variety of Dynamic Loads:
® Compiete Compensation in < 20 Milliseconds
® Power Factor Correction
® Fnergy SaWn:gs
® Significantly Reduce Voltage Drops & Flickering
® Harmonic Filtration
® Gurrent Spike Reduction
® Transient Free Switching
® Long Life & Low Maintenance Costs
® Low Loss MKP-Type Capacitors (0. 25W/kVAr)
® Improve Service Utilization
® Enhance Local Power Generation
® Uniimited kVAr delivery rating, Modular Design
® Motor Start Solution
® Dip Ride Through Solution

W Don't be left in the dark!

Impact Energy |

. www.impactenergy.co.za



