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Siemens SMART METERING Ii a SERVICE delivers SMART METERING as a 5 ERVICE helps yon, focus on 
immediate resul/ without the complexity of your core busin/53 by removing the burden of building 
purchacing and in5talling the technology necessary and maintaining a complex 5mart metering solution. 
to set·up and operate a 5mart metering solution. Siemens delivers peace of mind co thar you can be 

assured that your deployment will always be available. 
Siemens offers / reliable, 5/cure and /0/-effective reliable. highly responsive. and fully secure for your 
alternative to a traditional smart metering solution mibion entical ineter to -cash proce. Our service 

whirh requires the utility to procure and imall smart drives irninedidle business case Rol with decreased 
meters, set-up a robust commlinication€ network, deployment time, no resource ramp up require{•f and 
build-/p a fault-tolerant computing environment and without tlie large capit£ expense of an on·premise 
install / configare all the necessary xmart meterin g 
applications necemry support traditional metering I• • Coni n,Jr,u' el. ·to·eld 50.011 Mon or,r • operation, MN,of all,providing,Securityof I - Coilltedata backup services 
Revenue system based on a Smart Metering • Ful, Minage' ..rc' 
Prepaid service. 

......'it'ndi M 
5/emen' Service options include: 'r,rgpat·oir, 

• .1//sup to ...1.-re,hard/a l 

1. Smart meter procurementand installation • Lliversial 'le/rl/tegratio' 

2. Comm,inications ne,work set-Lip 
3. Smart meterdata collection, validation and • late of the art rietri, dal• {Iriter I 

5torage -i,i..,„ti.„,i.- communicatinntsec.ity 
4. 5mart meter alarm and Ill'll. - 

event ...@le r Ir *wii,y ./rare management 
5. Billing usage calculation and delivery 
6. Smart meter consumer data web-portal •Pieray.ientIP©5tPayinlillmld 
7. Pre-payment 1 Post payment Revenue 5ecurity 
8 Automated residential electric connection j 

disconnertion 
9 Demand response management 5ervice 
10 Analy,Irs, incluang: Non-terhn,calloss analysis 

and reporting servke 5iemen' Digital Grid 

11 SCADA integration: Grid Control Predictive Mogisen Iyer Marti,1 Kuhlman,1 
Arlaly,15 -27(11)6522309 +27(11)6522231 

in. l'·1•'yer*iemen5 [om •lailin kill,liT,drin@ge,"15 corn 
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info@alectrix.co za 
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Our new COMPANO 100 is a unique, battery operated 
testing tool for all typcs of b„ic testing tasks in electrical 
energy sy,tems. It's lighter and easier to Lse than all of 
the comparabletest sets on the markettoday 

NumneroLs applications such as quick wiring, polarity and 

b CT/VT ratio checks. as wei as 5ingle pha5e protection 
relay testing, are possible with th,5 cost-effective device. 

. 1 == i. E ready to 
a.G# vvork • m . 

/1 
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www omicronenergy.Com/ne.COMPANO10 

11 



1 FrontCoverStory I 

1 

Energy storage management made easy 
jrformobi' from DV fayer 

Improperfunclianing / battery sy•tems in,talled in utilities, power plants, telecommunicati 6n systems, indust/al 

app|i•alion•. and w on, wn «luse severelai|um / ihe supponed equipment and loss of ernieal inform/M. Al 

substotions, for exu mple, a battery which I unable 10 provide a suH,kient supply 01 power te circults could lead 

10 €atuslrophk consequences. 

Balleries oredes,gredana sizede previde o DV Power Jics u urriqu, philosoph. k, • CopMfy 
ce.,larnountoFcur•bogiveiliant rroke ins·rurnenu .t are mean ' 1// - Intern' resist./ce rn."rements 

of time The In y nie,hod i. dele,i, Irie - al a recloriuble price. 01 en, inle, or 
• Ce 1/ambient t"perolure rreosuren·" 

whe/eflhebatte,1/Isuppod theloodlor Droducts a'ep•rckwed, ino•r·thro. ,#(,1 

tbe i€e/-1 durclluri iso coposil 's . Tbal L.nb. Ine, :licn:,lityof tocav, whichdoesnnil • Sho. c,•uilcurre'les'inct,01 

r #hy<,moig ol meN„5.,hedischorgelest ncert,vise longevil. DY Power provides g Dens,Ip of elect/1/ con /60 be meosured 
(c|50 known 050 oadles orocapoc,•lest) hree year wn,rerily on /,producfs. Thul 

i Ur d logged us ng o Ihird·porf, device. 
istheon!?iest+ho/:09 occurctel·,meosure oguaranteeti' ils 'u"unierstholtne) *,11 

The 8LJ *e ser es c• devices ore o ligh•weight 
·rue • ini,g cloo€,4 ot u bo» rere.ip ..Igh€9) quel,4 J i, r,J ,]an'ovion 

solution sisfem Ind conseque'll, 30,0 an ins,g.1 02'lloble ord li changes he focus -or¢est eng,neers, dmeloped to mee· 
fic. 1 

intheoperohoralcorditioqcf obclter, A cheaoer,lorufochmncoptions kiricity m onie. .vidle ti/ing test procedures 
d achorge te/needs to be perlot·ned witl· prod.,cs mot 1•/ Prrl of Ihis phi osoph¥ Using o BLU device, ne copocil, te/ is 

€,»moted /st equipment /o· con log dotc 15 11 0, sollwoic orr fi, rrwo.e .pdoles rve performed in on ocarale. u„r·Ff endly vicy 

of /I Ind,virl, / £ 91!5 Ju Ing ·he 8,5-rge included in ·he deol THeretore when ne.. ir, ui ,ordince / 11™ 10!low ng slondords 

procestondlocotelheweakce•|sond foalt; Fealureso'naddec yourins,rumon swon'I IEEE 450·2010/1188·2005/106·2015, 
Iniercell conred ons. be leif behind IC 60896.1/22. 

FC- 4 fs rec:on, bofler, sys'ens oug nt I oe Tpp,col Cu•'ome.s no ude eieclric J,Af les. Dishilng ccr, be perfor ne, 01 cons£/ 

tested in order to verily "er oct.Jol rate of 5®rvicirg ond mcnviactu,ng compcnies. cufferlif Lnst,In• power. constrnl imslonce or 

chorge 50©orstolec healt,(SOIi' and-0 os wei os ronspor,otion Fdl mi,Ing ncic.murcewilhapresplerh, 11...dprotle 
p.even,ur,loited sce,13,¢swhich co, d result indus·ries. A I 51 0- custore's ir "u·h The Lisch"ge les, can overi Lip condJaed 
insignificon, b,dgellosioswellose,donger A·n:c ir:ludes. Eskom Rotek Poviertech wher, o bater, 'emr„ns torrle/ed lo the 
h.·110,11,vrs TrorBfor. els, Wegezi, Actom Dislribullon lood - by measi•ing and ·ok ng irto accoun' 

DV #,wr, w, h heodquofters in Stockholm. & Large Tions{0·mers, Moxi Concepts, ihe |{Ed current n „ing Ille prcces, 

Swedel, /¤5 f. inded I' 2000 Tmislormers. Delbi Molofs. Tronslix 0, I I Re'i,ble 
gio•p -he BLJ %185 Of devices p mvides o disch•rge 

ergineers veh eKIensive expenerice i, i powe, 7rcrislo,·riers, Hy&)we• - / ricpne bui o •ew current©f 4 340*cndupto 650, 
eleclronicslechology. lhetompoo's™Ir Williar,5,ngpreseliceinthewc•drnaiketaic Wher o required discnorge cuffer,1 "power focus ,5 10> monulorture P gh qual,•,i tesl On' repitsentot,ves and ,]•51ributorg worldwirle• the 

exceeds Ihe copocily 01 c single BLU device, measureme,/qu,prrent •or 'e elec , I power conijany s prod#cts are in use ir me• lan 
industry up tc ten IU ce,ices con oe connecled Ir 

80 Crun rie5 
para |e. I|te'n. ive|y, exlern¢| |ooc unr' 

Key to,lie ' arnpl iy•6 50©Ce=,S e•|enS,ve DV Powetbolter, MIngequprmenlisato M slerles) an else be used ta Ir„ re- 

resear, 9, devele,)men ud uncle laking pe,form Ihe lolle#g bollery rre¤suierrer··s dischcrging capocty Combined -1 bo·tery 
speedy onolys s of new corrnerclo u#,r g BLU, EU(, BVS cr BVR dev:ces vo tage super,·,sor, BVS, ard balte,7 vo|k/ 
applico ici•• wli,t•iencoles ,+lookal p,udultS 

• recorders B\'R Voligesingond/Crce BLU seriesdev•ces ore pgerFul 
os 5001 05,hecu•m g edges© 4.06 becomes tools whcl enobie Ferior,·-g defulled 
con nercloll, •ioble • Inter·cell cornection voltage .olbolionoibctlene' 

Ir Soutn Africo, CV Power 9,0/515 're 

dist•ibuted and supp[),led by Aclion 

|rslr'men/. w Ih prodJel repolrs ond 

calibralion jrded/en locally by c SAIAS 

acciedned lobwe a., woh la. 07:r©,ned 
al person'.1 The :Impon,'5 /Kperience¢ 

cusionie, buppo iloarn quomil¢ep5 c anlinue . 

sely ce / & produc-5 Thi will aisi/ voL 

with oper//g your tes! device ond 50/are, 
supporl You d/Ii,g ·neosurernents o 'c ho. e 

02. anzwl tocll yourquestiors regording speclol 

ooplicofions 

1 Contoctjacques F. nken 
-lili 

&1ior Inviurrer.s. 

'/ 011 403·2247 iocqueg@oisa co.zo 



illll WelcomeAddress 

Welcome address by the AMEU president 
1 ./uld like to 1// ·he Exec/ / Mayor, m5+0•ces. which is liket, to leave o 
Cound!or Athol Pollip for ""ing our hip void wi•in tne ind/,7. i 'rust 0/ 
inii#olici lo host •,s yaor's convertion n A s # nol lead lo neflecl ve governonce 
Ne,sor 'andell Boy M•lic,Dolily'' beauli{ul Iit·,In the lidusify os rew cilleocues cre 
„ody c ly 'of Pod / i,obelh still finding ·heir feet . toe new roles /,th 

..hich Ple,f i»e bee"'trae© 1 Ou/anks orn 
are //e/enoed ro / the MMCE 

ed counc,ilors viho rrodo hme o anend posilvelbotthesecolleogues 4 beequol 
tolhe tog< cnd l welcome lhe• tolheir ne. ov• 66*h Convention We•e Du•+09ether 

4'gmme with excelle/papers and le/de'lip '0|/5 

presenfotiois - we therefc·e hooe •ha' yoJ 1 o. poniculat hoppy,/01 /1 v.or<sided 
will fi• d me n /lue.odding b, our imied,ole past pres,den·. 5/6 
On behal· oftie AMEU, „sh Xulu, /6 moud 1 to e/end o enough to he poinllho· 

warm-lcomelo•11*fyou. Moreover, uh a decision has Deen faker k> inc¢·para e tie 
to make speciol medion lo the Minister 01 Women i, Electicity (Wi"movement irtc the 
Coopef,tive Ocvemance and Trodaionol slrecm ©f ihe *MEU Ikus Ihol Alo frirra• A-'ll, *EL ,noir ensuring pre'ider' 

Affoirs, Dovid e Rooyenond his dep//menl t•ere is only one •EU con{erence I year 
for Ihe,iwcaring 5Uppo,14 4 have prowced 112nks lor ihe pos,-ive,npullrcm the oHil:oles 

in our eleaficil, ./py 5/lor, especiclly in 
to,he AMEU /oconlribuled ·o Ihis decision over mory yeors, melros ond municipolhes van respect fo 
Iwar'lornoke 5pea' nllonollhecouncllof grocuotepro•es-o® lhere,5 nowal' Jigrril Wi,E hosproven fo beoslrong Yorce withinthe 
Np./n Mof dek; /, M,Jrl, Ipollly for w ppoil,Ing need /0 up. k,110 Jr grac jcte p·ofession/ w iti AME U, ord ncs rrode s igr ficont progress to 
the AVEU in •osling lh,ao „/ r or a focusoM Mn¢ eprote.ionals, ter,surelhol Iheo:hievemen• 0{ Ihegoolslhey hod 'etfor 

me,rosondmunicipolitiesorecblelodeli.er Iherrselves IwillhecurreniMEIeodersh® Ir deciding on o fhe·ne for iii: year's 
or, Ille,r service delivery .... .pecially soccess ir enw•g lhcl worn. Ike their 

convention me delibero·ed and clmised 
from o techrliwi De·spedi,e. rightful ploce wilhir . eleuri'ily guppl, 

ver,ous wions 'rN.rnally ond gi,en Ihe irdus,8 wo/,g side by • de.,•4 •ne•f frole 
d•allengesh:,r,gllrrnembersl•,pofme#EU N Is evidenl Ihol the AVEL' should g ve ./Jrter.. . ecuols 
or}d ou. secto, w,3 -f/1 nily decided url e cons,cerallor to capacity building, ir melros 
'eme, Nechnicol solution5 forwchNing and *i:,Dalities through knowledge Mulc 'Ice'oexpressmy/ar fe'go"udet 
business Modle " \Ve wish io onswer ihe Menlo•ing wil, a locus on increosing the Min Mc Cooperanve Covernance and 
queslion IM· c'Tenl bus,nes5 model ond employobilty ond !06 cfooton forgroduam T·odit,i AHail ICOGTA) oic oil polilicol 
eiergyrrism'volldlcd,1, q,ver,Ila5Ign,ficor,1 orc*essiolols, especio|¥lema•s principols present Forgrocing ourcenvenlion 
choi|enge5 1¢cing most of o•rinwr cipo|i•le5? ••ilh 

We hove 'Iso theirpreserce, seen mary se·,or lecders 
Giventhehugelossolskillscic ompe¢encles "ving '90 i'dli'try under differer, Moterekre 'shooololo, AME' pesider• 

Welcome address by the host city 
Aller 66 annual convent•n•, A is cleor mr podculorl, : / ond solcr power The giPs 
the AMEU is I•ere lo sla, arid Ihal ,1 hos tlie of nolure, We are bles/d w th having sunn,J 
midl oowers of on@evity wd Ihe abllil, chorroogne lyps .e•lher for over 300 days of 
0 1/.4 renew and refresh Ilself os IS le and veor. / co• se Ihere o p ©,r lorrous 

6 evde/from I lopic chosen for /,1 local breezes, which Borred us tne lag, le 
corvenlion i inusl cDrnmend Molereiefe windy ci' some decodes g T. our vis tors 
-shobololo „e presider, of ihe AMEU. from C©/Town reseorchhosprovenlhatln¢· 
for c coreiuly ¢rolted onc vei rele'on· labells nghllullyyoirs, builetmenotcreole g 
progronme lama150•eryhopoythoicieof 5tlf. We|ove,6 tpezes TheykeeolhecM'sair 
ourown, Pou'Gerve•ollhe N,ISO,Mandela deo„ und the w•rd T Jr•)ires lurning 
B•y MMropoillon Municipolifi'G E•eclflcity and A highlight of toda,s proceeding, 5 Eneig¥ Direcloroi, hos being beer grontsd a spol oddremd bythe inin,gerol COOTA. Dovid 
onthe programme von Rooyei, ond ·c heor h s vis ci anc 
The Nelson Mc nde 6 80, Mur„ p¤lily s perspedive {Irs,hond T/stageisce'oinlyset 
ver, 'm ond p'Qudiol= inis'rn,po,•0•5 ioran iniormotive....scirof......Ince 
copenlion En-rgy w been o key Focus of over 'e ned " doys 
this *lic,Dolil in Fecen, ./5, Ind •ie 'ave 

MJ,lh,5 •ollvemion reiuvenare on' inspire in fac' been mu orn©ng lhe p,0,•eer,rig 50•11• £1< 1, 
Alrican municipol,lies to e*plofe ur• ene'gy Councillor Alhcl Co-r*.... DMecuj,emuy•.Blron Tfollip, execurlve move, 
ini* locusi•g on o•ions in olterrlolive enere„ Me9de;aBg,Mel.o,nJ,•n MIni•pojil NelsonMcia@¤80¥Melropol ·anMunicipul, , 
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Nature of Business 
• Power Proces• S,sterns isan[lectrical Enclosure and Distribution Equipmel Manut•[lurer Wehive a fully rquippedmanufacturing. 

a•embly and wiring facility arid aU components of our products are pieduced in house We have kient,cal facilitie5 in both Jhb 8nd.pe 
T©wn 

/ We cut. bend and nest the variou5 encloiures. racking assemblies and nlounting frames in our CNE plant. build and con•ruct theie 
componen•s in our fubrication . and fli Mreand assemble the finhmed. furntional Contr©, Di5,ribution or 
Metering -elso, Enclosures ready for FAT testing in ou--,bly ban 

•We predorninantlysupplytotheelectrical infrastructure m.irket w!ththe main locui on Reliculation•undergioundandoverhead)and 
Comme.claI Distribuiron @nO M•ering Panels We have al,•• supplird ••ny MCC and Contio! Panels to various Water Wo,ki and Mining 
Companiesbutihisisnotour•Dreb-ne55 Wisaserviceweofferveryeffectivelyto©u•existingchentsho•ever. 

• Options I mild iteel/ 3/Rl 2 / ..inless steel / pol/thelene i fibregla' 0, DIC ..ailat>le 

• We are OEM and p'©duct partner to C81, e khneldeT E|ectric, Hagar. Legrand, Philips'hunt ana many manymher 
commonswitchgearbrands 

• We havean ISO 9001/2008 SAG5 quali' accied,tatiol, and are a 5,5 acciedited prdua ¤n facility for Blecttical /'semblie, 
unde, 10KA 

MA••ACTU•™. .CC,1 FOR MORE DETAIL5 CONTACT U5: •=r,U-M•11-.•5•••0••-laF•M#nilp-,I,h,--K--leel,*--08/1 

E-11 4,1-P•w/=d 
Web •v••ppp•eic»+2' Sf,as 91; 9 •Uh *Esk,-n PHIUPS 

T,lephone 086177776gIPPSPOW, 
*/14942•Q A-Mwi• min.I„I d I SABS 1 •6$ ., .* gl d!:irlbul»n .il 

L_-__• /*.....•IC:•.Toill./. 



I KeynoteAddress 

Keynote address at AMEU Convention 2017 
lim glod lorole 'ct he coilereice·s//ne Much re,eorch hos been undertaven n 
is 'chric' outio. lor our chong,rg the provls,cn of o ler.be erergy soJrces, 
business model. Ncouse il goes ro:ke keel leading fo the development 01 rel able 
at the challenges currerlly lociog 1/indus#y techrolog, 
A special w©/ 01 *elcome 10 ·he Pres,denl In some cases. the .... ·echnolog, /9 
Elee of the AMEU Relilwe MoKgosi. When 0'e im oroied so much 'hot il has becorre y,oble 
me•heroyeoro.lhepercenta€eolwornen to •·or,•sing theseoiter"'ve recoursesnore 
in the indus' was it Q rrere 596 iegulo.Iv 
I 'rnsure¢hot V..5, s electioi willgo 5/me Municipolifies should n¢· only •ccus on solaf 
miaddreming oneol*e chollenges £ocing plorts 06 50·colied o|Ternal,ve energ, 6•1 
$ 1 indus/ /0· 01 worren ex power/en siould staft lookirg 01 other resoL,ces, such 
and represen/Non os Boild id 1 quid • oste ir, thelr to•ins, f.orr 
1 loot ior,kid 'o neaTing mci oboui Your .chtogeneroteenerg¥ 
progress in inili't ves suck os eslob ishi" More on¢ more orbiole 1/ uls ond 
inle noliona whonge programmes, 

covponies areseeing le benefit of in,/ing cont nuous prolessional development 
solor Fe plor,·s end generatirg energ, 

p·ogramme• rd promol ng career del De,van RI'l•'/•*/COOT/, 
which I <e, wun• 10 5/11, by usii,g wheeli,ig and compe·ilions 
•g eerne,its, th,4* lhe mLIg.| u,•d 

Fu $ ecm/e. I'd like to heor what role we c : 
14 "r' rrooels •.1 ore 01·eod, cholG.ng, wnere tTa -•0% C•./1•OAK 

govern/en, and /Ln,c,Fol,ties co,Id plcY Eskon· s focusing on roilonall'Ing the tarit[ M• que,tion is should aripolilie5 no Je in ensuring Ihe advancemenT of women ir ,•ode'scu,r"rt,i*e 
le leading intnisregord ord betie fron·rvpoer. .ctor 

11 *dl be e/00'4 impoitoM For the In tb /•„iness model? 
Thersare I lu.be of'holle,//sconf.,1ii,/ M cip $ ties lo be proache in ·his regard Tle The Luslne5s model for *e ir,dwl. dpnomics of po•er dis/,buion generollon, 

grld odiust le p·icing rrojels ·odis / buvion 
in Soot Af co is w g f" charging phase Ifellh.'ll&5 on ond disfi,NIC O IS u!•der pres•, re 

of erergy to Ihe r corsu·ners .i Ihin i-e 
wd cs a •es/; le •ter*rne/•Ilbove rro/ :horges •c ge wo, d•/,6/ion lice·sed area. 
4 beer Hone ir The post -1 love ·o be The lolul nationol ele•tricity distribui,in 
Implel,ented to keep up d #e dern¢nd lor A Ille cop·al Investme• I. power 'mitles bus,ress incdel 15 due lor review and i,ev. 
tecnnology ¢iven syslems ind procedures by municipalit es raed. 1/ be looked oher end ,*,ctive deo, need 10 De exp,ored, Aughpropecrroinkenogce ond caretoking 
A few yeors ago ihe live •05 to implenrert regeorched and delin€d to (]ccom no(Joie 

of •hese instollo•ions 
smort melering' I.em' I improvetge w.' the luture of this industry Ira suslcinable 

Ihol rneler,og cnd distribwt;on imelligence It i' ""©•ledged 5. gcie'nmer,· was mon,ier 

M cipolities are hompered ov 'e •acent Innr,0 ged 
Eleclricol dis/ butior Se€KS I 5Upp|yO boii. poions fe. / /•itied und skil ec eng neers 

Todoy the c ri, e is chang ng to c revenue· neectc·h€ oeopleoiSoulh Af.ko.inte·m•of 
enh,]nced 6, phere smell 5Cale embedded Tne copocily developmer• progromne Ikeconsttuton wbere#•e Lieoflk,=Ce 

under the Mulic:pol intrist·,cl:re ge. ion (SSEG] •111 ployo moio' tle Suppo, will be ovoiloble to oil 5ou'h Airicars ir 
Agency (MISA) ocdre.es this throvgh Mirobl¢, afford©ble cod reliat e I Qmglad •haltie ner,ner 

co/'ertic' makes prcvisior placing emphcs,5 on the lm,9ing of e•isong, 
62 d,Bcuss,ons ond r,forrnation or Mis very *chnicion• ard rhe cogineem long·term outlook lor 'he h,ture connt 
Impononl aipecl of the UJre 01 e|ect·ic,ty be negle,-/,1 Ihe endeavour of ach,oving 

Yourg eng neers will he ossisled by o uti iNes i. our coun. •he:egools prolessionolleorro{regi,eredeig ieers.*/ 
Ilisalrecdy noted Ihot pnv©te r,dividwals o• , will m"""nd coach *,5 "pwienerotion u[ -he inlegit¥ and durabil,4 01 the letwo„ 
Jnstolling 5Oicr ohotovolloic M panels 00 , eng,Hers ·0 enoble "1 5•1·ion wlj9 14 sforls I,r doy Iho eligincc' of the ",re 
tkeir ho•ses anc geneat ng powec not * Eng•nee, ng Counc I 01 S©Jill Alricn I..) will 61{lft h,Vher design, keeping i. .ind 
as o stonolopt on, bul as o wayof pwid,ig the m H owner'hip ir-, Thmu@h ilu' proces, Ibey will te e.osed c rodle 16 1,ove 
the• own gr d connected neel, - froir risiall'll/n /*Ih /1.I. unl to ihe vast nurber of dilleren' m 0,1/enonce 
Belofe 10© long Theie roofco ins•cll©lior• policies, procedufesond plo,s the .oment rs loken oul of commls.0, 
ore goi,g 10 & an impact on Ihe Ikervilltienbousletcpick/uni,heseplon5 Anvelcallolhefut reondnote'lieinpit •unic,pol (e•enue Ilc• end tome lorm Ihe he,1-sured me·hod I . i.tii,sed in 1/ r I• decreoG,lig revenue n elec-ricily on rhe of ....3 will have 10 De inlroduced 

work cnilrormen fulure Il,oncinl v,obility 01 Inuilic,p•liles, 
to profect 1. nolioral 09& mui clpo| |01 65 , ar n.e lhe ..le of i.ori. I r 
ccp ' investmen-s in power generation, This con only hove .1 posiliveirroacto, lhe 

future. 
fron,wi,6,©n aid disl·ib/ion ie, abilily c' Ilip. anergy :upply k> Ihe zon'uner 

Le, exomine us how begt •e •n 'lilise he 
We l ope tio, by working with insm.lions 0,er ilme ihe e w 11 0 so be dec.eased 

r•por#unit cs thot lhe fur Jre presents such 05 the So/h African Local Goiernmen demind tor fu/ing lor ihe replocemen, 01 
Associolinn (SAIGA voll villl he onie lo iletoririroted ,•stallutioi,5 05 hene»,ork. will Des iar Nooyan, Mil,ler of Coopermive 
advise uson howlo go about/' be well looked Ilte, Gcie•,cnceond rioilitional 44ors 
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african •-L•electric cables 

Market leader in the 

.1. design, development and 
manufacture of electric 

power cables 
1 1 

Included in this manufactured range are: 

• Low Voltage PVC, XLPE insulated cable 

• Medium Voltage XLPE 

• Medium Voltage Paper Insulated cable 

• Aerial Bundled Conductor IABC) 

.. 

- Overhead Split Concentric 
. 1 1 

...1 . .11 
• ACSR 

.. 

o High Voltage XLPE insulated cable 

al Wittla•kt A 



I AddressByNERSA 

Address by NERSA 
C©wrotulohoiscnihisstinulatirgconvenlion the introduclior of d¤10 se,•ites •u,1 • 

h€dvndertheleme T hn•Isolu·,cnsfor ir,ler•el b'o«5!ng. Whols,App GP5, ele , Ilie 
ourchanging bus,i•es, mocal• 1 would ols© ••oin ·;ource 01 rever.•e is no |oige. <,co 
like to cong,al/" Ihe IVEU for le work bus, the eled ricily dislribul on Ir'/"4 I]l•|[1 
il dies i' pforne'ing u'iform oppreocies Icok o• woys totron5form i,self ·0 the pei 
and tecnnical excel ence in the industo where the sole of I , will ra longer be its 
Con·ererces such osihis ore o oe golued for moir scurceolrevenue 
*e,fcont:buton *·re,rd,Ery 

Ho,v con ·his be ach,eve,I? The odvei,1 01 
NERS. •c 5 a vital rc e lo pl•v in the,leclncit, smol g·ids, snort meters, smorl holes 
5upp|y icull and poit I /01 role s the ond smart oppliar,•e• should preserl or 
669'irg of ir,leres'& ormorigs' .oriou5 1 oppoffunilyforlhist,onsform#n lenvisage 
siokeholders We ore ·eq,ired to //cute cv. a •liuotior where le wire• ousiness mil 
mordole .ithoul •eor or /vour be seporQ•ed from le ..i busines' .e 
L kew,se•le.unicipo ilies.le Inexlremel' netwo·L semice5 busine5; Cal Of•r nelwork 

critic' rcle to ploy Tney 're at ille,go I face services tc the retai!efs olc lh® refo lers con 

when il •ornes #ernment sseN cedelive• ofter c sults o· Inrovolive I,I,rviu•• 1,i 'll•I 1J4r·i• 

K 4 peop e c Sc 'lh Afric' Amoig 29€Se As le'oreof RE ircren•• i I llie,•ene,ilion 
se. ices B le supply * ele..... ni it9ere•·.ili ,e 'lime when sornege,ierol,or 

plcnts hove •o be cuMoiled / (woid corgeslion In reguloling le .unicipol eleclricily suppl, in ·he sygen 
indu514, NFRSA endeovour; / creote (]/ Durirg ille sun·c period, ./ hove seen 
en¥,ron'rrilwher'irJrciF'ilieBC./.O(hieve ...05 average ·or,1, mcreas,ng From 0•e of tne se-ices .wh could be o«ered 
theirgoal'f 'upply,riggocdquul,Iyelecricit' '022/'Whi,2008,0,0,89/k" in?017 b r" ilersisloiwi•c•orsmolcaplic9ceE 
tocuslornefs al ¤ficrdable prices in snal ho•es •0 create o s,$·he exce55 

Cleoo •his is encourogirf, consumers ·c 
Tc och,eve pok' Tne sn·/I me'ers would ihis ·he' chonge 

g©a , murlcipolities need . to self pic,vislon ligh roollor !•0 • 'he appicoole -0/to one *1/ WQUId De 
to e•sure Iho• 1he e ectric/,40"dure IS PV installorions, whici we refer I OS sm' muck loweril line witi Illee•cesscopocir,. 
olway**on, 0**Ot• scole en,bedded gerierotir)n •55EG) Thul, Electric cors cen also preser, on cppor•inily 
depoftn·ems 're odeguct" afed 6 the consurers m con,e,ted 10 'rosumer' e to,leos.he ood 
c,stomers v.il be ·reoled Foirly ond iustli. Ihere is o pcssibil 4 10·tieN, To e:,port power 

Sr,cltec•no•ogleg willobvioL5I, •equ resla{I You moy :iF surpr sed ihcl loril 5 ilre no· Ir Ic /e rnLM 0/,ty 5 grid. who •ave the prereouisile •<Is. We know iho• 
me/,owed here Th/,5 becow58 Kr:fls gre o As o ·esult Ihe municipo ilY Is loced by ct mon, nu•,clpclilies ore cur,entl, boiling ·¤ 
mwn,tocneridandnoton 8rdinthemse/s /0/lwochollenges. Tnotlhelegn networks aacl opdretch skiledsk:fl To developthe 
4 ·his I a Tech,ical conference, I v./ low cre nol designed tr this bidirect ong! Ao,¥ requiFed skilis in lhe r ght quanlit es ine e 
s" Hy covmenks lotechnicolissues tho'ore ©F energy, Ed to' municipalit as wil lose should be collaborot M b-een Ine suppliers 
I <ely / oflecnhe alectricityc stribuli©,induslri rever Je wnich is undes,rable as t,e :urr,nt oils INET collegeb •irid u,il.rr5,·les) r9' 

busivis mode ,% such 5/ there is or 
In 2008, NERSA iniodu•d renewoble the m•nic,Dalitie• 

energy over·rellence on e ecticrl, fe*nues Tne feed , u ·/8 (REF FTS' The proposeo for,# /i int•duclior of ellect,ve TI,e governmeni'i fole woul fhen be t und rel,oble storcge 
solar N wos abog· RE,00/1:Wh. Ho•e•er the 

fechnclogy / er....1 po icies ¤•e in exoce·bale oloce (e.g. t,e ihis s luct,". 
Depolmenl I E•e'g, IDGE) odvised NERSA creol on <Ji '1,1 enoblinc mei<e· noiel' 

W Iheie I, no pro•isinn i, t,e Eledrici·, To deol with ihi, oossibil,th n. unici/1,1 e' NERSA ,v{,•Id 0150 be wqo,red *o e,isum ·hol 
Regblotion Act for NEu ·c Dredelerrnine 'iould recesig·•Iheir•oriffsin such a waylha· ¤rler,[IDIJ[L[] reguk]to• trome•or< i3 in ploce 
to·LF' That put poid o Ille del of REFITs Ihe adve·se #ecl of 5SEC' 5 -inimised The 

1 cm looking ...rd 10 11. del,6..•lions 'live ollhe e*poled./ •nrot be the sc.e 
Subsegienl ·c Ihot ihe Doe In,1 0·ed the which wi l lake ploce sver le ne.1 11,ree ps 'hot o{ the impeded *Ah Municipolilies 
Rerewoble Energy Ilndeperd- Pc-er doys as I De eve thot *.5 - 1 •,igh e 6 should chonge Iheir business model ord the Producers locurernen, Progronme eREIPPP') Ilien· Who we call disruplive technologie5 question is•ow? Inthe firs'round,/helowed prce' 24#5 ore disruptive lo the Mlen· Ihot we are not 
la,00/kWI, I'(mever by he roor,r• round, trle An exonple C¢n De seel -rorn d.elopolen' peplred For hem 
lawei'pri[M¥.{15¤bo'IRD,99/kwh Tholgoes n *e te|ecom,luricotion' industry. 6, No one hos ever Bucceaded In ellher Q•old,r•g 5 /ow fl E. once ,sopprooching grid pamy he (ellulor phole wos in/foouced •he 

orre'"gne-'echnologies Thecnlywa; 10 -he mairl reasor' ·or Ihe ded.ne ir •he i„i I moin service m m ce Todcy voice h 
S.J,¥i'e 5100'Opr 

priceisiliede, Irle'•,hepricent5010,ponels lus bul ore of Me senices offered bylhe 
11 has declined b"t leo.160% { orn 2008. telecomrr'rication seces pro:iders // Albulelo Nceteze, NERSA 

Invitation 2018 

The 67#, AMEU Convenjur wi#be hejd from 7 to 1 0 October 

20 I 8 af the CSR Conference Centre In Ly,inw•1211___| 
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I WomenlnElectricily 

Women in Electricity 
The•E J's Womer i• Eleclrici• I'N,E) looic , Jopor,.14 weekileove,67960{salory. 
, Fromoling ordochiming 'enderequolit, • USA. 12 weeksleove,beneh#iedot 
wilhin the elect kil supply aid dislrib,lior $10 - eve 

nduslries -tne pur* • Ausr...0 18 weeks leave, 100% of 
Sa|Of, 

Thelop,¢ hos •oospects promoli.gond 
* achieving gende- equoIII, 50:' Alic' 16 wee<s ... bene. 

gronled ci unemploymer•,ns' ·c 'ce fu,id 
Promollrg gende- equalily within the (UIF•level 
electricity supply wd dis'r butior induslnes I Nigero,12 weeks. 50% of ...rage 
(quol,101,•e esp"), which 5 4/ers,ond sah]ry. Civil ger/ant gel 6 morill,5 64 
relefs ·0 inilialiyes aimed al ers tisir@ Ihe ...i• *ternity eove. 
40/ tne need or d #eadvoiloges / i /0.,00.0 12 weeks Inly/0.eeks're 
genderecuolit, poid 

This woulo be • qual'le occount 01 •9/ It s importin' gr this poi/1 +c note thol 
t,pe o• initiotives that are geared at promoting gerder equa Ii'i Ind pirlicipclion In ihe 
gencer equality 1, would Include crrorg others, energ> sector is obo,1 crgain:'tionol 
policy definitioll execulio:, and confliance. s,ccess ond susloinlability. Inn<)9¤tion its 
covering tie entire yolue chain Ircm univers,7 advoncener,t cod etedive evec'Non, and 
enrollmer,I• position,i•g 01 Ihe industr, in the buildiog sociolly rel€,0,31 ond impoilul 
minds' femo;esluder,15, •ecruilmenl Proce•ges, Im·]nis/+ions 
accen or.·he·,ob Ir'In ng, ceo:h Ing' 

Whc• gender equo'lly is r,lentors•pand er·vironrner,•readiness not• ever suppoe though 

fox occommodoling •omen ond working In 3 5 otemert node in 2015. Xuiu scic ¢1•01 v.idely perceived os such, i, onl' o socie· 
molhea. re,enl40n ir,liatives, p,©gre5sk>r, plons, Ir WOM Jrxcapable ·hof 21 years into the politic' m.per Ne/er isito zoftissie. 
'he pa mci/hon ct men in the/ or"/sos weil n€w derroc·©tic dispens alion r 'hot woven It 5 05 hord 3 top line and bottorr line 
a' org•n,90.9/eld,ness values, sy54./5 32,8 played o minwlrole In such a crihcal m.1 Ir n. |s master,rig •our i,ignn sation 
cultureondsoon sedor whi/15 ·he dnvin• •crce cr economic balonce sheel inc rrui oe seen, believed, 

growl' D v ng trorsfor.01;01 ard fos'· 
Achieving gender eq.olity -thin he and e:,eculed cs such oy beh nen ond trock ng •©*dvon¢e•entin ·he Bedor eleck cily suoply anc di.inbulion ind65trie; women 

5 0 col e ....ing /07 requires 0 (quo/ittive ospecl, which I . nde•/ wd 
.'lle plovers I plo' ·he r pon to ensu·e Rcnia Anderson is the author / ·he 0,0/. reiers to evidence 01 gender / ual,/ in the 
Ihot women'# poricipo-ion in the secier is *irg book Wmed. The S# Success 

indust,y Ths is meosured by the percentoge 
meaningfulandis enhanced, heodded Nobix: 01 Wgien in E•ergeg Emium es, 

of women .IM,cipoling ct difteren· levels o 
She is also o glcbol speaker, c• e,:eculive mon,geme/In/,indis,/ondthereolons Accordinglooficiols//licswomarconst,·,te 
business ceoch and on for engell,veslor,n /ttr Nor c· challenge I re,enion of a negligible 9-ber of profess/nols in,he 

womr' sec·04 'ccoun·ing for o .al·r, 596 01 the wown·led businesses 
lotol =©.ple•enl of prolessionals. A.]con Ancerson ,·ed SoL¢4 African 2015. andhac nockg,ourd 
lemolesore h iprese'*dond noce u' 0 Ihis to so, in gn a# cle publisned E¥ FIN24. 

in Oclobs.2014, the •hen ores,dert. Sice Ic morgi•alpean•¤geoFIkeogg,ego+ele•ale 
The *w•rch f,/ings ore,aefulable. Xulu, in hs address at Ihe 64,h onnual populolinn i. me secfer 

co -panies..itic AMEU r.·erseteorr :and leade.sh IN 
Mar'M Ne' Ihot o programme VI,• le Germany - e/eciolly "2 'har are g„def bolonced wi re'Lifed der the ouspices of Ihe 

AMEL to *le women. p©Miculor y African / 2016, R¢-,Iwe Mokgo,si and i were - produce bene· results tholi homoge ieous 
worner. 10 become o critical mo55 1, the sponsored by Power Afrim. a USAID busine•ses. 
eleck. ty generolion an. dislr o.lion .ector ir,lictive, to ottend o workshoo in Cologne TH da 0 4on oround the world 15 clear. 
and to 4 eve meoningful Iroisiormolion Cerm .9, hos'ed 07 ne 'Jnited 90 Ms Ene T women rr•ke tie lost m•,orily of consunier 
by idenlilying the righ· coic,doles w th I,e Associction The workshop was altended pJrchase cecisiois ihey'(e gradu¤·ing 
right skilis set, and providing coaching 0 by delegoles from Jorden, N,gerig, Ken„0. from univers,h/§ mom hon ever be·cre and 
fren·onng opport.m ties to e'©ble Il•em k) M vaonia,/ none o lew. and looked ot they'red¢ ng l.rsol roles hgherlhol men 
•ad va•ue AMELI gendermoi.Ellng ....r,heener. 

onc po•ergedor. The current challenges :0 Sovfh A{ -,co a e 
Thw. WiE * es,obligned wilh four key comfle, -hey are economic, socla old pillaw, nomely men,orship Ind leoae„hip Concerning motemit, le.ve, the follow ng 

cullurol To solve comple, p·oblems we developmen•. pcrlnership and r/Nor/g, co irtries offer *m tie / ow,ig benefits. 
need ourbest ed * innovohie 

*inotion' exckonge, ond lolent l,inking 
• Annen,0.35 weeks, 100% of salary fr••m +he people who best under5tald NI,ese developmen • "so 35 weeh, · 00% of sal.7 

!55U€5 

Toda, 1 ain F.ud to ch/r this sess,©. wi' • Frorice: 16 weeks, 100% poid, ond up to 
gial .oven, women on whose thou[ders L 34 weeks . Ihesvent ot mull,ole b Mhs. 
•:a,id. ir,Juslf• •¤plains .hc gre 'Iso worki,I • Ge.mony 1 4 weeks leove, 1 CO% 0010 
di'igeril, milh W E to 'dwonce ils :,i,bl'On' lecve. Con•liued cn poge ' 2 
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I WomenlnElectricity 

Round table: Promoting and achieving 
gender equality 
The AMEU's Wormen MIEN in Electric ty round 
loble discussion highlig•ted polic es ord 
41/ ons whick would suppoM ¤nc cream 
c conducive emirogmenrforgender equ/, 

Pon. and regulanons 

Tbesepolicies ond reg JI©lions exisf to ... gender equolit, Ind l,oirrn,ming n % F 
•e lor Thp chollrnge 16 Ihe e*eLJ|IUil 01 ·hese 
po•,[les •]i' regi •Oi,OnS /1 'll ligU 'JSOt On.| 
level t is citi'/ for corroonles lo creote O 

t 
co..ive working ervi•nment fo' wel,el AL 
The Worlo Econwic Forum oradicts Ihal 

bing ·96 gender"p will ©74 'poe, ir 
2186, ord wowei do,0 want to wc · +hct lor,g 

The paiel said that orgonisolians w„ 
hove on explic,1 and deliberate gerder- 

#AFU Won balancing e focus , in £,ec#rciv f·oi, leb io ric•; : E•s . 'Je. Sr Go Jrroh, Mok•o£© tr: ],n•e, or al con... proills Ne;f /4/glbone. 8,&. O•um,ri, Le. Moshooo•d Yolondo...,Jil 
and occomrroda i Q I Ic·rns d diversily / 
otne, words. compor es '70 orgor soliorg 
which oppoir,1 womer should nol do dieli Go monage.en·, mQrke·Ing. recrui•ment Creating solu,ions for gender 

coinedenlolly Droccideitally bito. pole' o,id "fic,rg bes! proctce, is vieli c uk. equality 
a dehoercte plon. Also, i.omen should lifebolonce, nc· -he par/ md hal emp eye.5 mus' involve 
d 'e 'PFulrlied in sLoport role5 0 06 Tte energl.* .*f s e•couroge' I women in cre¤I,rg :olulions. ond lil whi|e 
linonce, human •souriescic ac.in,5trahol, pro-cond support entworereurs becouse Ategic direcfor is requ red o 'he ·co. 
bul in operaliciol Ind monager' roles. SM'll'e expected I become the biggest comnitl,ent to execute is c·ilical thwohout 
Funhermci•,Ihe Donel soid, e•ploymeil players in le nduslry the a·gcn satior. Chiel exec*. were 
rn Jsl be ex,rdedlooll cemcgrc,phic gm / choi eng ec to noke *e odva Deeme i.t of 
andseeionsolthepcm;alien Orgonisatiors FuT. re skills requirec in=lude ICL, worren o persoral m m This *ill require 
c-e en:Quiog..1. n .mo•, emplofee' f,nonce• rumeroc,i commul,co·ions -d con•inuous moi®rng Gnd mprovement©5 
0, 00' ble, o ine'ease Ihe 1...... di dion, adaplet lily. criticcl thinking, nezessal Althoug' molili•, is I conston¢. 

social or..bu'JI Jwgre9ess, Entrep-ene"c en.Iyers should make o mean /6 Ind 
Entrepreneurship In Ihe energy dwoisc lecessal¥[c p,iblicofficolsfor err *. ccae fe· 6101 b stay Retennon, sector Iherr lo undersiond ·,ow easil, their odin Ihe ponel 6oic. meois giving meoning•ul work 
803 c oisin mskills,/udetirre monogeme/, I non·oction cor comoromise le longe·. to •omen, 17, oro ding ·eal opportunitie, 
correci cele...• cash flow m,nagement, ISMMEs. 10' od·,cremeot ir a d velie enviI·•merd 

cor'rnued nom pop 10 

Our porelisls loday .ill #gre entexlual The repor ·ound 11'glir I,r o f c lo] perormonce For WiE / succeed in S Ipport ng 1, !tic tives 
ex=)emcm ond views or the opic for wri,/Dies with 'igher re /05enlotion of georedot ocnieving gender e q, all·p .v,/In 
Promoling on' ach eving gelcer eqi/ity r- boorc directors in #kree important Ike eleclric 1, suaply end d s„,bal,/1 

wi,hin the eleclic' su.1, ©.c dis·rib••ion measur,9 Irdusfries, il ieeds lie 5Jppor' 0/ 
lic•slries - ihe ,ourne, • 'Im o. eq /4 0/ 0•·ero.*nponieg porlic,polio, of lecders wh mrage 

wilb ·he hignesl percentages 01 wo•en tenccity ©nd Conclusion tort fide * dismarle the 
boarD difedO,Soulpe,tormed #aw wilh arch. 2 podfa,5 of whol women 'oud 

ColoIYE·. a :eoding nwirof I orgonisaNon the leas,b,5396. be. 9/ I replace that with relashed 
will, u,n,66,or to occe erole progress • .....SC'On ovelge, cornpor,1. porrods o .hatwome, con be ..ders 
for Emen Ihro'gh workplace ''clus,09. willi the highesi peic,· sp 01 werner with Il e i, £a,ro ic 'lolronslorm. trar•,lion 
rejorls I. -Irturle 500 clinpalies .0,·h boorc d,·eclo·soutoer•or·ned those wth ,]ad 1rovece ,he change tro,eck>,9 10 
Ille h,gler"'res€nktionof *00 boord thaieastb,42%. becon an inclusivo ,-2," where 

directors attained s gnihcon -1, bigier . Reh.-r Di inve,le,1 i·•·pit,1 On o•,er, ge, enployees repregertir' ever' dimension 
finorciul oer,ofl,once, on ¤vergge. tn¢q componie• •ilh the highesl percentage I· diversily con Ihivr •ose wili th. 10•ies' repres€n101.01 of of.©rren boo d c,reclors outperfornieD 
women boo·<d direclors 'Mose wilhthele•slby 66% Berthollomili, Women in Elect·ic' 
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Cx» Aron,i Cho,rper.i .........' 5 0,8 /P,5 rigl ece vf. / i hororol .el/dli T. ' f.0, ,•)r/•.Jn6 his hono,all.nch 
AME. ofhees 5*de.;c *50f „•mbe•rip,wo*. I..mr./.0.........'/Ind 

Mol·We. T•4060;0/ Johan .-9/ 

&cej,·Xu;winghi.•ce<. D,w..01.04®/(r••er,Ec•engh,5 .,irl'.'/Are./.:h. Geeve#noi,i'mie)won.le 
ho•••]orinmber•4,sc.c•rro.n h#/Imembeabp••Ird A•.•Fa aes•8,0£r0word ,•MFU 8es• e,per Aword 

'larefelli... I. &-re..... 
.••G™An»mn' 

L 4. r. 
I 

Srl,neider El.,r,i' I jr, •ht ... . °fril'd wop • A" 41€dium 5,•. / 
Exhrhr•UijA* E•hbilion.•Iri•A•o• F..•d.Ird 
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Change of business models in municipalities: 
Models for mixed energy distribution utilities 
2 y Mokgad Mui ombo (Dry Powei, I j m,? .' inrwA P Jirell g £,eigy Si• bois, ond R Eve,1. Pepo'c Ene,7.,' Solutions 

Most utilities have based their operational business on the monopolisation business model which only allows 
streamlining Iheir bu/ ness lo the distribution 01 ele/ricity rather than energy. This model assumes /hat Ihere are 

no compeliters or alternatives /nd one remain& Ihe distributor wilhin their orea of supply forever. Utilities nev b 
Rn,kipated ihol energy•aneven be contained withoutalfeaing the utitilies nelwork, fore;.mple liquid petroleu and nalur,ll gas, and made rules,Ic.t only safeguarded iheirele,tricity distribution. Eskom highlighled its€//acl ED 
diallenges bul u#ilities laiked the will to assist in overcoming them and were caught off guard when consumers 
outsma ned /hem regarding alternative energy sources. 

Current bus ness mocels used by „ppl, model wlici onh oll- 5/90/ ning ·heir i he op,-cH pro3entcd ir th . p,]pe, 
wtho.ines wi hir Soulh A-rico ore lot h Megs lolhe di/,bul,u,i olelecricity ro/er focuses on ihr intn[]rrtion 01 0 Ir,Ke, 1.rierrr, 
addressing comple e solutiols for the thor Friprgy This mode ossum,s thai ilier. solullo• Wil• nos for rook ng end 11 efrn.1 
inigra•ion f.melect./componiestoene. 're.,compelitor'ofoliernotives'r,J Iril r,pplicot,¤I'solar . Ir wute, beoling 
con·monies To become energy 'tilites. 0/ re,r'hs the dispributof wifrin mc F oreo of p Jr,05: s ord elet 2/ und h. general 
cpproach %: be/ormulotec odc·essing·he suppl -orever. Jtimes never onic,polec housohol•....11,]n 
tiarillio, needs *01 energy coi even be con oi,ed .vilhout Sou,4 *rcon midd 'ec'•ss 
5e ¥e' / rmixed energy '01.tions c.r [1/cring 'he IMes re.orK, 'Ir ex'.ple 
beconsidered..rrigratonloacomple,e liquid pelolsurl and nuu,ol gos. Grd Household Incorle closs,fl:mon is cn 
Inargy ullity -he n 'ed e,erg, &01/il.5 mode .|/5 ./ Inl¥ 60|egul.d lie r 1-non. rrels,ire I..car be applied to ¤ 
will be lorge groop / hcusehclds ocrc55 1 coun' uiuque I. Mnch reg on of Soulh ele:tricit, cistr mulion 

9 /5/,co·,or is commonly w/ ·o Al. due to en'i,ronme910|, fi•an=icl lid 
E. kunr highi /h•ed ils copacil, clio•leng 85 bul descrice o hcusehcld s economic $/fus or Ing,shcolelemenis 
uillhes locked the inno•olive wil lo ossist in track ecororni• •re•ds v.·hin o co•lirv Ill 

The current copobil,1, and hills level o{ 1,8 .•.picon,ing Iliew wpat ly ch:,|ergeE ond 
Skfistics Soulh Afrio Report vorious supply ou·horries m.5- be oddiesse¢ ihey .ftin cought OH g Jard v,hei, i on"rT,en 
No 03 03·0 ior ...Sou' Airicar in order to ens're •4101 Ihe prooosed Mixed oulsm.,ted Ihern rego·ring oltern'·Ivee jergy Middle Closs House,olds 1998 - erergy'clutionsore,mplemeiledsuccessfu 2006, 

Ip SOLJrCeS 
defines /ida e class hcusekold os ald households mainloiled, er.u„19 0 suslalloble 

Tie 
Brergy ·uture for le supply oulhorilies :urrent energy sto·. quo ¥mh r living in formol Nousing. running water i. 

South A{Nco encourc#pA aulhorihe• delling Ill,511 Ic lei In flwell,rg, "chi[§1 
THep·oposed solution pres/·e:e inthis•oper tomi(ge frcm lectrkily uNI,tles loe.. u.,Tilig't s'wrce. elecricily.r.sls 
5 0 'lored solui,on for he midd e income ul, ilies by implenenling u fle,ent sources 01 r,ium i „fiking soirce and |1: 1/ICId, w th a 
doa inlegmting eleckic/g,id. g¢soods©or ene,/tomeellhedenoic / consurners Icndlinephweorohouseholomemberwith 
IN/therna! os c miwed energy pockage lor -holoccli,lartal i'!looded whreoawaole ocel'phone{21. 
0//su·nors 

energy solut:ons for res,cen iol applications The classifical on & householdls ,5 oher 
00/ground M il municipolit:es dci't odool ·Mixed compile J b¢sed on Ihe irc© me ot le spe lic 
k 

erer* 

requiremenls, -he, mil be leftbehind house,old De Bureau of Vinrket Research 
xedenerg,·pock,ges with ind,viduo catering for Iheir own needs 

:/ 
(DIR)pulsle 

01'JO| ncomeclogfic'hon 

cst ut lities how bod their operalional by implemelling alterno·ive ene'9, ioluhions c: So..,h Afric. os shown in Tobl• 1 

siness or le monopol 50·ion business The proposec mixed energy Dockages The Soufh African middle cass comprines 
pre'led,1/,spopef .imto.ovele'ly Ipproximne'y I'% of the working 
for/un,=1//11/5 io nlerge 10 *ergy ,/ites /:9, /,cl. TT-, / ul.• Ir,Solith Air,co 
b ntegraing cher,/hie energy 306„es. alsogeneroles ·he .0/ ircome com®ied 
includng,In•end,DIr·FV/,heri,ul'beer,gl) Iclhenher,ncolr•e•lu-s 1{cnind,vidLI 

('Grid | how-hold j Ippll*on 

I R 1 5. RD .. L... 

/Mixed \ /-1 
1 •C-king Rl• 60! R496D0 R968-R4083 Se,ord I,we,1 -I 

• energy ¤ Gos • • Th..mol R49 C(M REW Ma 151084 '9082 - arne,•ng m•dor / 
8,09 001 m, 000 R9084 '10 500 -ling .,Ic . 
R234 901 - •37B 000 R 950 -.1530 le,•rrn,iddle / 
1137000.00 101 50 - .5 250 

Pv i · w..r hmal,n,g ...rmind' 4 
RES 021 R .3 000 R•525' R!41083 Upperincome/eme,gingolluel : 
/693 0/' R'4 084+ *fllue,CZEZE 

Fo 1 80.0•en liwp•pr€9•Fa.. •.ble• ••uusehofd,ncoi,e••0•£FcofionSE,lidA•r,(cp; 
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lives IN Me urbonised Orcyince 50 0 Air:co be*een 2016 cid 2026. This con oe eleclric,ty gos Ind s,lor PV/thermal The 
Guuieng, ·he pohabil,11 11,/ Ihey nic In Ihe cxplo,tedforpote,il al„,Lieuw irlic,er,eond Ideo 16 10( munic,pal,ties to implement 
middle closs ,$ 21% This g bener tornpored improv,41 ir®vo ,¤n ielul,r,•i lr, lh,3 energy 5,1,Illor controci Currently oval|able n the 
to less urbonised prov nces such 03 Ille 9™,P. for 9, FIP|vok,|40[114" te ecorr•unic,+ en tector where c coesume• 

Nonhern Cope¥.here he p·ob obillis 1696 he prolecled incre© se in /0 micdle ./3 poys a Fredetermined •m•un• ond receives 
I'•. Them,xed energy pockagesdiscu•sel ip 4 be 0 1,me, SMS, and/·obosedontlepockoge 5,en 'S 09 0'.*0 for svpoly this,oper ore fccusprd ow, Ihe middle rl,]5& outh'"ies ·c ",power le cor'vmers w,111, on liar. 

olleriotive energw echnologles 19/ /re The •iccessk nplenenlollon of,heprogo:ed 
Census SAer,moledille.Qulengpop/Non ovcdoble The inplementoti" of complete energy por/ges Is dependcnt cri ¤ number 01 
I be 13 399 725 in 2/ 6 9 1 he r 'mber Nergy ro«og' ./' hove be,i'h + both kevelerrenls " c' ·red, "ring fox]I[ gles 
of hnuseholds Ilse .cre.< over Ihe ./ sully ' lhorty Ind corwmer u5ed by munic polilies nust be investigaled few years to nie,• I. 500 000. This 

tben occounls fo appini,mole!• 283 943 Mixed energy pack¤ges n ofde· lo delernire i{ ·he tooologies 're 

individuols oble or 105 000 house'c ds wthin 1© cddress the mming required For•he 
T•e p-oposed a,procch e••oils Ike lion 

Ihe ridd e cluss current, 1-g in Gouteng of energy oockoges eiergv jockage$ LI,Il:·Ing the vcr,9 1. 
Fig 2 ce/,cts the different Income classes uvul'cble ollernal,•e enera' 50.Lleh •UAl¢ Gol HeE should atio re# ew o.•re,• 
within Cculeng Consurlers wl Ihen be oble 1¤ ourchose .ilergf •riffs crld lilplemen, toriff st,ck·es 
Il·egmphgrophinfig 'indico·cs,proi[•led energ' pock.9/ -rr,rising unit,015rergy •i·h•oecificlocuson,•ddressinglhe unique 
seeprise ithemiddleclasscaleguiYUMOLIN from ·he vor,005 5ourees, IPE|ucing grid ene,gy 11,x solutiom complisng Iliullple 

sources of energy 

The implemerto·ion con erergy Fackoge 
Hing o n 0 9/ electric,17, g.5 ond 

rupp.71 5olof N/therng . will Dromofetie move frorr 
ele=/=i,y U..1/complele ene'.ties, 

__•.-1 income The packies shou d be nueured oy tie 
income 1 Closs riluillt,polll,05 to hwe maxiu benels lor 

1%-1 b,ill, up,J, a.,th,cni m,ithe consumer. 

21%-d SEE& Business model 

ZEZZE---' -4-44 i r. As per /,e AMEU repor on the videline 
" the insl•Ilation of enbacded generatiow 
ond the inpoct i· may ic¥' 01 'e rever·J€ 

!1 7 ul inunic,Aclitesdated5O<tobe,2013, It 
olreod, s•cws t'ct rruch -©rk has been dcae 
or, orio,sing tne impoct of renewobles and 

== embedded genem·ion [6 , 

Finm the eport the follo,ving s fe be 

\J-iiwincil noied Ircm fh- Cil, Po*e' case study as 
highligh,ed th* unde- bus•ress as usu./ class 
(BAU) condilions' i e, no mcior :hinges 

L_ 78£ to,criff structures over ·he ne*• len,ea. 
emoedded ord renewoble ene·g¥ will 

..2 Gou•ene 'QUEeh.,•come.Ic=,5 dec eme City t,ver's 'evenge base by 
2,28%, The res,certic 1 sec»i is responsible 

•M forapprc*illotel• 50% of •e lotai Ci·v Power 
mverue Isee Tables 2 cod 31 

80 

--------------- 

./*b••-8.........eel.......le·a·/7•I The w·ne report proposed ·he follo,ing 
-Alrican stral*ncill cases for irle·ventions 

S[A ric: undertoken ¤ roige ©f EE onc RE 
60 1- --•Coloured inter,errion coit.benef,f orayses These 

d•erm,ne Mhe i nonciol poyboc• & euch 
inter,enton, taking the following &+or5,/10 

--·Asian <•nsider,ton 
• Ful ir E .Iled cost of i.lerienl 'i 

20 =555>/ - -White • CL·rent:or,H spe,_,{ii Ic seclo, •res,ce,il al, 
co.me.ial, indu.100 

-8-All South • Toriff n'reose ot 8/ per 'elr 0- 
African HIt • AnorcialalivenE/softheine//91ion 

* 0 to the end Jser bosed on cash up front 
repoyme/, bond repom,ent •8,596 
interes' owe· ten yeors and relo'I oonk 

.3&©eedgmw60'mddledo•'• lor: 18% over{ve,eors 
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- - 07h0) 10iD0 C.b, •0 - 09hclo 

lai,Or. -9%0 17100 Igh:0 
1,•dential #21. 44 9$1 160 539 ••0369 

1 06hC0 - 07•on 091100 - 1 71 00 • 
.n.ler{•01/ 71·•5 4148 0 500 

-1 0 -•• 2332 H • 10.00 - 18hC0 19!•00 

lot/ltel/'I 4005 674 22hC0• 
22h00 06h• 22h•61,00 •D|8• *Jec•edupgkeof.o,dES 

7nore 4 .or,1 70/s•9„mire -We•ac•s,7/ 

.."I .1 
- 07¥00- .. 1 ...-Il. 

0 5,•96 .281 823 .7 •.id . 
18hOD 20h0O i Ah.-90•00 

In•Uskili 061% R306886623 1?lino -8.0 12hD0 ,8hC,1 

1.1011. 528/ _F-_. •1131 ir'9'll 2Dh00-07h00 .h00 0/hoo 

•'e l Impo,r ofABond EE 04(*Powei,•enue k'jibiL's:n,£*u,e-•r,i•••••7; 

The //eg, // ,•ill he propo•ed in Mis Diferen• municipal ties v,i I eoch new Iheir mc,or y / So Jin .4·rica ho, good solar 
popers .sed In'/lull i./'ec cost of c.n ./5.Ic·ure, making tie p.entio ir•dionce encer// /6/ sacole colior 
interientonoily/*ing/emiddleclcs. cnergys{J•'ing.foreochoptionuniquelolhot [orlioNIsupply[.J||11.i|ES¥.rm,A+Africa 

municipa|iii. 11 is lerefore eBsent,o| that the Timeofuse(TOU)larlfli#u€+url Tablehhows#.elypicel enefgyconsumplior 
ndivicual mun'cip/ties inves/,gole iheir 'wr pm,ented otove, wilhou· #he iood of the 

h propised Mixea erergy pcckages will /1/ struc:jurest'determile Jolenlioluuv 'im ele'Ir= geyser 
veld na•mum benefils Grboh cor,vmer crcm·ulatenew,arifit·Lctures,©moxi•e 
unC.uppl,Mt,Oily-h.12!riolernen/,c,1 theoenefifsto•heconsurrers Tie Fr©posed Frorr Ihe table il coi oe seen tho, 0 11orthly 

of 237,3 #Wh per hoUS* /|d 04 0 1,·ne 01 vse larilt sk.,cture Tables 4 10 6 * ementalicn 01 hme LU or ue slructures saving con , De 

mievac when solo· re,her,nol IS ./Ihetl 101 Ilust* 1. limc of use slnJcture clirren® bihef assistin crecling benef tec conwners 
Jsed by Eskom. Suppl> uahorties car ii·.e choosing tc Ir/lermet Ihe * ©sed m xed Ihe wate heoting purpoils. 
/ 5 5'rocture ererg,sol•tiois asa guide,ne in fo·mu|01,1. Co•p/e•emixedereigyop401 
Iheir cwi or odopt le cvreer,I.truclure cs is -clble 7 5100·5 |. |?piCa| Icul 'cr u iri,•dle The mis I i.plen·en• complete m xed 

class Husehold, .ith 
Th, mc·,va·,co lof the implem€'to•ion 01 0 subseq•ent rerg• erergy pac<ages for the House"Ids *hin 

co,unphor and energy e.pend,ture of o hme 01 use struc•re is based on the orinc 'le the r ddle income ¢I¢ss of 5/4 A{ pic¤ 
monthl, bosis 

c; rewording con'mers vko moke use of These pockoces wil include a gas podion 
the in,xed 're•gy ouckoges TE' peok loril Cas opNor, for cookirg /5 •| gs Ihe s'IJr Ii'/thermol 1 
for bol. seosons foll or, vieekdoys, n the pockage tb:•t will be u lilised {or ua·er healing -he gos porhon ofle energy p•Kage i' 
fo, owingt l,e slols. 07h00- IOIC, 06h00- purpcies Tobie 10 sho•s he ootentiol 

meant to replace ·he cooking wi•• eectncit, 
0*00,18h00-20400ord 17-CC-19hC0 monthly energy savings -hen o collplele from ·he residentol lcad5 Tobie 8 shows the 

•ockoge is im•lemente¢ 
4 overoge houd/Ids tolling wihin 'he typicaleners¥:msumpli{}ripriertedol,ovs, 
middleclass /: ly,•cal y prepare food w:hin without ·he load o{ Ihe elect·"t". The res.I•s i,d cote thol a polerlial 

313,3 kWn o{ grid energy cii, be soved Ihese 'ines. A norr©01 consurrer, •.iti ©0• grid Frofr le toole w n be seen that o mon/' 
on o morfbly bosis per household when supply, wil; Ihere'cre pa, more per emi, in, soi ng / 76,1 kWh per household con be 
the complete mixed energ, pockage 5 (kwh) oricK>kir.g Thiswillooos noi,vation achieved when cooking w h electrici•¥ ,5 1•01/menid 

f©f lhe impiernon•ction / Ille m *ed energy re,>oced -th ihe cooking will, gos solulion 
he po•kages where cooking will ,e by meol conbined eff€j of energ, :avings wil 

Solor'v/le·moJ op.n 
c gos, reducing ·he ele/rical locd of +he yield an imp.oved load foator for ·he supply 
consul,er during The so/ Rec< periods. I'lherm/po/ion olle enevy o,ihomy which, In turl. relctestc saings,n 

package will be utlised lor .cle heoling Jlergy,·*F•Frid ir: Th,5,/4//ontribied 
Case 5tudy pirposes wil hin n·,ddle closs ho65eholds to the fact tho· rra,or energy loads within 
/rirtdechor, The proposedoption includes Ihe Ir:·oll.,lor houseiolds 0/ speci-,cclly/res oflen used 

o eilher solar Pv or 'be·nol geysers for d,r ng oeok lood 1,1,e5 are substituted ,•,ih 
Althovgi Ine mixed energ, pockages car te domeslic *r heoting purposes tbe 01•errolive The energy .wrces ·wo 

/ lored for oll Incorreclosses,n Se,ih Africa, tachoologiacan/obere,olittedi curren. The res,A preser/ed in the tooles and 
the 'ormoton presenled in /,5 ®per v.il inst'llo ion'of converticni eic/·ric'Ireysers, ubsequenl /'enliol saying: are bosed on 
6. m ·he middle class rmicingthecosio{In#-entoliorlorthese ..reduchon c energy consumed orthe 
he lar H structure 1.sad forth.purpose of this °P"nn, eledncol grid, The N /< tie alternal,ve 

proposal hbosedonthe Cily Power,ppro:ea So or irrcd,orce is the power per unit urgy sources must be compared •o tile 
Icr,/ tor 2016/2017 lor o domi,c prepoid ore, received from the sun n the torrn / ap,Icl sowngs of ·he vurlousopt,of,6 in order 
230 V. .D Ar .¤nsumpl,(iii frum 501 c elle¢romognek rediolion in ·he •oveleng,h . determire the flionclol benefils ta the 
!000.- c, 129.09 r/le.vi al •rge o{ the •easuring ,*erl. -he ndly,eual consjrle' 
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Increasing transform ers capacity GreenTransformer more compact 
up to 20% and more efficient 

• Additional overoadrig capabmly while •15% 0,"roP volume 

maintaining life expectation and footprint . Up to 18% less copper 
for large population growth areas • About 5% less general materials 

• Ivlore compact transformers 
• Exter,ded 1140 expectancy ..• • Kraft paper 

•FR3 
+ Envirotemp FR3 - 

envir 6temp 1113 260 

AVILE€ -Trai,swire 
Advision 01 ACTOM 1944 Ltd 

08611WILEC 
Johannesburg (HeadOffice)+27 10)11 629 9300 Durban +27(0)31 569 4883 
Cape Town +27 (0)21 556 5720 Middelburg +27 40)13 246 2330/1 
pietermaritzburg +27 (0)33 345 0264 sales@wilec.co.za www.w,lec.ec.za 

an/Enilitemp 2GO are tridemarksof Carul In/- 
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4*4 15;CO ID 1,5 

Stove le••nl 7000 0.5 10 

• 00'00 - 24h. ioOhoo - 24h0¤1 30(>D 2,6 7.8 

•b'e 6 E5•om TOUs•e<h,re -S•. 17 Frill 385 9,0 0,8 

Frn•znr 150 40 ..A 

C sh•/, 3 2500 /9 2,3 7 
Fig 4 mow ihe pore/,cl non*hi. reductio• 
. .. energ, for e••g of . .ac..R Tumbled- 3330 (12 0,7 

d scussed obove V•os•in, r•ochina 3090 

90' 
Proposed 1mplementation of thefull 

Addi,iorol Inslalled 1945 cosl ol inlervention frE 1 
Housahcl• liohting 1250 5,0 6,3 

Ul,lilles .ve ike oopong»to gel re.er Je o. 
Ihesovng,mode from the proposeo 5 •vings 
opproach Esse-oble 1' . 

Should le consurrer e,ceed 150 unit, 9 

morth tolop ap, c JDIT / be (ho<gedat 
159.00 =en"per k'Wh (see -Ible 12 
Should tne consumer eiceed · 00 0 0 .n morthlolop Jp, c Jrll / be chcled al !11!• 
190,00 =enls per 1:Wh (,ae 'able 13'. Sove '0« I. 0 0 4 
5bould Iha COn5w;7?ar SACeaG 60 6•.'S 0 0•yK er mooc 26 U 
morth lo top w o unil w Il be chorgeo at 

Fridne 385 2.0 .8 

200,05 cer·sperk*h 
Fraazar 150 4.0 06 

A monihly .....Ince fee of o perce'lge 
o·lheassetsfingrced m"O|50 becalculcted Djh•.0%her Ploc 09 2,3 

andoddedtolhe monihlyrepoyn" Th"" Tin*lei. 33X 02 0.7 

musl coerall rep¤irs k Ihe equipfre•·during ¥•h. ng m-rhir• 300C 0,2 
Ibe f noncelerm Te e•i.icn 201 3,5 0,7 

This cal¢.Im on w, 1 bo dore on) 1- L*·0110! 1945 2.6 4,9 
5UpFI 6 guorontee per,cd,s stablis•ec | Hellhold ighting 1250 6.1 

Success fooo. r 

The,UCCeSS*L nplementation/thspmpo,ed ...hlv e.-.I--mption (I,Wh): 745,1 
mi*ed energ, pockoges e5ts on • number o{ III.F. lll/11-1-M", 
i,sues o be oddressec.includ,19. 

MAJc q Go• co'. IiI' 

Tor ff ./J'Js 

Th, cr•ly:i, 01 energy fult•g will deirmine 
Slove'lob. 1500 1.0 

the energ' rn,x comb,notlors 18 highligh. 1.5 

the preferred */ No·ie [oven) 2000 0,6 Iro •se. 

3000 0 
If Is in·poe-1 for ind,.,dual municipalities tc 
revie• ·heir currenl tanff stru"re F.dce 385 2.0 08 

in oroer 

to determina o lew slrucl„e hol w Il benefit T•ezm 150 4.0 7 
* consurrer old sugply ournof,1• 1·illll Ile Dis•wcshcr 2500 0.9 1 2,1 

implemeitohonolthe propobed m;'ed enei, Lmlyn d'Fr 3•00 0.2 07 

soliliors 
W./Ing ..rhine 3000 ... n,A 

Load h r 781Av • 900 3,5 0.7 

The implemen,¤lion and correcl use of Addili'.01 1,45 2.5 4.9 

Ihe mixed *re,uY Pockoges n• 5t yic Id on FUse·wid I,whiing 1950 5.0 6,1 
ino,ed loo¢ Aclor orihe supply'utner,-, 1 -his, 

. 

in tin, vill result in oveoll lower cost 
of energY / =h cor oe ·ronsloled to lower •11,4••,rgy,oniumplion(I,Wh) 237.I 
energy ..Hz fo, con'uniers. ly -'!011]•1•0/1 

Tate 9 P? Common,4 e•L,COI,On 094op'on 

-he success of le proposed pactoges lorgely 
coisumers will have lo unde•slond bolh ·he resls on¢hecorreouse©Flheindividic energ, 3howld be u 500 1© oblu,i, Ihe required rewils 

¢ec•nologies Therefore new lee co•11,nil te:hnolegie,implamented, os well 05 
how onc educ# becomeso /- le difierert crticol elemeit uhere lechnologies Sysum, suppor' 
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A:/sul her'.w lormos'supply'utholies • 
• tk i ir SoJ•h A-rico,ater,suppor ,5 CrLCIa| 

Dove'how 15. 0 0 
in Her *or both5uRply'ut•r/ciccorsulner 

. 0 
le worktogethe· SIO• '¤ven,1 i 2000 -hi 5 suppol irclude.·.ys·e·,11 
I ze 'cs deoots c .c /5 r"Irier,[]ri[' Inorn5 3*795 ./ 0 T 0 

f,idge 385 2,0 0.8 
Ope,01&...cinrenui,r» 

Ff-a, 150 40 0.6 
In Drier to ensure 'hellhe "goal u 

Di#v.r+F 2/00 0,9 23 
** energr £0 2,ces *1•4 The 01,74vi• 

Tumhed,Fr 3300 (12 IT 
ele=•ricQi grid 16 susloi,/1,1, nu,/pu,lies 

villhavek)implerre,i opFroprin 0•}perol,0,1 *hirgmor.ine 3OM D,2 06 

ond win·eronce procedures speci•,c to egch •le•ision ODD 3.5 0.7 

technolog,•ype Addilinril 1945 2,5 1 49 

The olterr Jt!¥B eierg, lecl•,iolog as will oe Househo d Ight no 1250 5,0 6,3 
ne' tec'iology for rr,sl municipoli·ies. The 

municipolilies wi I tierefors nesc to odoess 

training Drogramn·es i, ofder lo ensu.e 'hol 

the„ empower Ihe r employees to hondle 

14 IN infenanc€ ord operclion 01 the ne•, 

technolog es 

Fund,ig frods# 0/ Kno,ic / leg is/T op -9 Fwd,ig fo 'e oroposed nixec ener/,7 350 
solu'lon Is v,/ os the I riolog, Droposed 
m be e'pensive and 'erelore consurrers 2 300 
might rot o. able ...the "I'cost 2 
for he ilistallolion of the rqi,i•rrcrl C]rte € 250 - 

polent,Il solilion is to p<ovide I leose -0 

cw• opt:on lor consuners. Tie con6urn€r WIll 2 200 
•hen poy o predeterm ned omeart 01 regulaf 52. 
Inlerv'"i suc'·irnewhenthepockogs,5 
re•,d lo•be •unic,polil, * 150 

0 

Firorcil legislctio' is he./ 0,/ vita in oide, E loo 
to Jrde//nd who, funding nicd/Is cop & 0 

purs'ec ...plyouth"tie' n.nolle..1. 2 50 
niake the optionE ·ino,ic:all• Ul nore anrOCIVe 

anc 0*rdoble go coriumers 0 
0........ Gas only PV only Complete 
Cross subsidisolion is the practise of:horgirg Solution solution energy 1 
higher rclei k} mit, group 01 58'VIces to package 
subs,dise love, mie, or anolher gro/. 
The cu-felll lari•s•r,JctJresof rnb'illp(·Ill,es j 
musl be revised in oider /0 nlb ful c,w F,3 4 t. *ed e,wi'irt,9 C•Ving' 

subs,l.*n le benel t tr:ose con•umefs 

w•c Imple, len ed ale 01 •he pfor}o•led 
p...ges This .]I lilli Is u lurlier 

InCent|ve •ot,votingicisumerS t¢ col For 003 eve 1(370600 R75,00 
Ille rn,•ed ··r e·,£,y ™'.05, I. /L Jrn OSS,!.1,!lg G- b.le 6. Alled) R680.0(1 
the n•un,•i.,lies wilh their rur,•10, nation to 

Ge, In,10, i,11'r Ine|Lair• COC R6900C 
corroletee•ergyulilit,BS+ 

•nonceodr,•9rns• 

»eof •e *chts Addilioill'.[160=/.4/ 6 kg...119/kg Rluoo 

One of Ihe milor benefits fo consurners .id ,nor,1hlyunit5 of 150 @ 129.03 R]93,54 R]93.54 
snouldteoi•overol:lowerictenergy This 

99 be occo„ plished with the implemento•ion 
of time ?Mn'All·Gridonde•s 

L, 1.trucuri where-he consumer 

WIN u lise 'fer. live liurces / energy wflil 

peak per al·u cvoid I,igh e actric,I lorills. convenlionol gno clecTric ty as Ihis v.il hold benels motivoling he in,Flarner,•,]floi u 

-his 16 ke, to mokii'g a mixed enerly •J,10/ rrinirn/1 10 ./ benehts for le. Wi'h tri 'he prop.ed ...rs 
0.CCISS· correcl Inceollves, Including Ille p,opo•ec. 

8Cck .Ace cross Udsatior. funding mod * oid requirefrer•s 
Ince'l.,es 

t,•e of use loriff struclures. cer,sumen -he back oHice ot Ihe supp', owlhorites will 
Wilhoul lirm ./Iriolion cons-ers -11 not *ill feoll. lot the 'Allons hold ... geile,/1¥ hance . /0 1111... 05.1. 
•ubst,tute +hr r currenl si,prl• of energy '10/ 
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Thepoposed solvikon presen+ecnihis paper 
M be ing emerted success 'I, or 4 'Perall 

Arygrit'rh:oh ,•• s, 1,1„, R.DOOC R344.,10 155Jez dis¢6 :sed in Ihe s•ccess lodors se:lion 
F[no•€e adrl,r, r* R68roo 1 0.............. 
£*s©•100@129.03, 1 1.- 8!29.03 7,agi Relerences 

7bble 12 G.id or,d P¢ Ir Wn... 'Newrci,n..lifi:.•9 

h¥ incom• Ival , ' Il? 9016 10/I,in] 
'ile,• e ./!Qgi*gflibg.:QmZ 

Q=.dr·o/new·mi!,iltri r!.I '.*•.·2016 
tAcamed AuAuit 201 71 

12] Stoti,tics...irn *filino.u,h A·leon Go; bonle 16 19 fille' Rac M Rilon 
miedle <10!s house•olcr, I998 2006 

Coi in510 01,00 'Adirg COC ,1 1•690'CO Rluo .... . 01,!5er.978 C Ao .078 8 
•rcra•minco•t R68.CO 1?Jan=v®16 

[3| .'ires:Tech wh•t¥Oklneed/gow'baul 
. / r nieh oressure 150 Illiei Rl/CO)00C 1344.00 

Scit• Al,ica • n,iddle c•5•, I 2 Me,20'6 
.diticago« /=12. 6..-'19/ Rlll,00 •Onli•/ A.oiloble 0/•£#ile<• 
Grid mon" niti o ..0,122116*10··Bal: 

R 77 1 60010197 P'rn •Mw•hnit villh nfrFrn,·m# 
c.ce•ed: 

/4 /%•Te:. How.....ge./.e 
ble 1.9 G'M, Pve••905 or K.me" !4 M. 20,6 0/ iIi 

Aio loble b!!/•LZLJ=5//clig//Zo./51 
'»•Al,rl/•21492/hnria,il-olr... 

cf fhe Du5,ness. Il ,$ i,tol /0- I. correct beverol m./ energ, solutions con b. -'/1-==5&"Acce-1 64,0171 

processes und pro/ed,res for bock offfice considerec +cr Ike rrier,ion I c complec [9/ C·' .pull,ion Goiler,9 Soi. / A{ ico, 
29 .4 70T 6 IOnlical A¥•: ,be wi. support is Inolenle,•ec cs ¢he proposec energ, u·dit, The in,•ed energ, sol- *,1,0011,|01.0 d.nhr' in' th.Ir...drn r rechnolog"s 92 9/egro•ion Iher"f will be will - unic Je / each reg on of 'ovi' Al' C. eb '.,1.1,1:Z IA,reled August 20 71 

new •mosior ollmunic.poitle,wthin Soul du etoenvircimenta,{inoic/|ondlogisticol [6] Embedded Gemya, AMEU repon 
Arica Ine ad.1,1/'ati,e COmponeil of the eleren·5 GL d.inn on . in9 'lloli•i of ....ed 
proposed b,sinegsnodel,s essentio|toen•re gen-ratien on/ ·9/ impnel i•rno• ho el' the 
Ihulthe umitesen•uieosu5taioble rrxe' TheproFc,sedsobhoil.resented,nrnMpaper rrvrn•e •{ mur cip,lili•s , the A•sociation o 

erergy fJIure w•hir South Africo. Mon®riog is bosedona k•talene.gy pockoge inlegfO• 4 Mulicipal Elecincit, Ul lies (Se'l• Af•,coi 
90(looe.2013 Ihes,stenrithir.©Iheboe<cicetceslobli# mJ|lip|eenefg, sou·ces Inc|Jding elec/cal 

ho- succegs{•I Ihe mixed energy sok#ons i grid, gos and solor PV/therliol. 171 /om •017/ 8 loriff5 and chorges, 
4 lOni nel Avoilob • *•*,a•.c,1,=12 be cruc 01 

he •ccess 01 le mixed ene·gy oackages !*:I•er-'' Trlriff•Al./.r-.•pn./. 

Conclusion will depend orgely 01 Ihe bene{,ts Ic bolk Tor'H'/# r'rocs /90% IA¢ce••ed Aug. 
2017 

the suoply cuthorities and corsumers. The Curren· bus ness mocels used by .poly IN C./we-Johonrest./ FY,016/l'.1/ 
¤Jtho·,Nes Frlin Soull A-ric, proposed $0!u·,an/yiedrno,imun, oenef ts gre not Bi- A.©ilable WW,writ,naWP••07•,' 
adre•ing coliplete Go whon: for Ihe for bolh with Ihe revi: 01 01 currerd twiff eLillo,!19ri, *'i•Tnrilf ·Info •,rx 

c / migiotion ..electM<HYcomp/nies. s·ructure: enerq' migrotion 10 +I,re of use tinH ALom190171 
.,ompanie' To beccme energ, .1, 1,16, M 91'•JCIureS. CrOSS • 03!disat on d inccrlive' Contact Metgoo Mogembo, 
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Change of business models in municipalities: 
Operation and maintenance 

hy Lon.ile Modiseree, Crly [) 0 7,hwo,le 

The condilion / municipal elect/cal infraslructure in 50ulh Atrico is a crucialelementin ourablligioensure selvice 
provilont/all communities. This paper will look imothe state and performanceof municipal infros,ructure. Ihe ste,e 
/ ils maintenance. and Ihe underlying couses of this stale of moinlenonce and chgtlenges fating munlcipolllies 
The aim is lo also identily priorities that could be laken to irnprove the maintenance of municip' infrastruclure 
by identifying maintenance priorilies to le /Hended 10, and ther, to imillate or facilitole a process whereby Ihe 
ne<essaly "ions could be taken by appropriate role-players. 

Mo,"11-lence¤ndle'u,6,sllrran c rrJ'I:ipo| e•periencedernployee51.lockolmkaltrust. 
infrumucture is oinong Ine co,1•03es' lock 01 com,•uni¢Otion ond comrrJr,co+IC. 
ciruic.r.oic:c,viliesto,mprovethem,em /sys/ms lechniccl solunons etc. ircluding 
rel ibihly <.1 d :i nporM It ov:,Il'6,1,1 [1.2. Integral on 01 d Pe·er' Istams, 91'g 

pro/ems for brger mo,ile®nce breaks on d -hepurpose/mIntencoceonc relurbighrren 
g primil,ve /,Ind 52· in Jndefslarding orio 5 to ensu, Ihol on osset maintains ils abilik 
orgarEiginc],1•/]nil 6. 71 

to opero·e reliobly and 60'ely Itne son·e ¢9 
maint.ring your molor vehicle) In lerms Comrnon 'halle/ges 
of kne OccuM,mict tteollh and S•et¥ Act, li• 1his section variou5 issues ond ckollenges 
e|ectr;ci• uhlilie• o.e obliged le creote a sci esser,0-1 -th developirent and 
er,iroirrert for their enpliyees ord their implemenlo b 01 no nrenc rce ore,dentilied 
corrmonilies [3]. Urn.loined e|eenca| ond d Ecu•ed 
¤Ssel5 become time bombs waiNng / explooe 

• in·i fod no ·,ler?Dr•e budQe•s end funding Municipol ties are expe led ·0 del,yer qualit, 
power/olbe„.lurnesth,/spend ·he,r hord Thedetern,I,/on of thecc/for/0irterorce 
comed mone, 09 ocqL,r ng tie services 0 in municip' i'frailructure has ol•cis 
Wi•h we•f.fr•,nk,ned ',ghring *ro,+ruciure been o,oblepwi be¥,ieer le mente,cnce Hmm 
+9 conmunilies 0,0 roods ore kip• safe. con ractr and le clien. Wo sen,ig Ihe . 1 ./ •ooppmle • *ilrni•or •ge 
Munic,po'!Iles need ·o ensure /0· c,Eels scenario. 0 , 4·,s a problem anc A i 
ore ope.cred #. lhar 'Imils Jnc thu 5 usualy e ve™ ho·d tchk to determ,re tie 
e•lerid'./loblelif85pon Poorqualill exocl co• 01 rn•inteionce w•rks 'Lich ,s 

repo ..epl.cemen*.orinlernulmainlenance 5 Jpp|'7 dorrages the appl onces i·, ind,,slries, WO' ks 01 
homes, etc. Electric ty culaga due M poor 

%•Ost ress¢rch findings snow Ilial moinier,ar,[r 
el</,0/ n our bome. te trotic discoptions. 5 nc· corried oulaccordingtc aclu/.leed, but 
·esull,ri J W, loss 01 *'clion Inlaslrucu•e bosedon,heello•oled budgel wilbournoking 
mo•c,•ement !5 Ii<enac to le con•ig•rotion o care'l evoluation c; Ihe ortuol reeds o 
of ialue cre•l,In or vollchrl. plement 14 the l,ointenorce worl· [9I Ccl•eqlir,•ly 
Ona ·ellob e in;r•·ruclure is'hc build,ing 'lock ins•fficen! maintenoAce budgets ore Ihe 
of succe./ ii u, i uoice r which restricts the mulntenorwr 

,rs 

prccedure, being performed well. 
Aloinlenoice ardreturbishne,•Ineed to be 
01/Inedprooe·I?lobell"elfeli·.eond./i Lockoires'urce5 

ic'ue fo, rroney # The no ,• probler·,2 10:,rg rn6,1,•laolitie5 ,5 
(Eg Monloi,nglheb/eres,nosubslo,ion lock 01 •anpower. mo·eriols, equi,:nenl. 40 
can cost /5 1,#le os '10 000 ic R50 000 per froi,spo•ation, etc. 

.'Comp#oncewilh NRSO.) yecr per substalior Nol mcintoining i¢ con b /kpow edge/sk,04 
couse "Mge 'n excess of o RICO·million 

One It he mol p·r occosior I No .ise 10 1.glect! .us, M importoil concer,s in .5 0,Ud g rrew cs:'16 0,1' prole" 
important to priori·ise Mir'Inaice o be muric pnlilie ls the e;:perls knouge 

aHo·<dc,ble ¤r,d.vilhin budg/ec wd cost expe/,se which con d Most recl offe/the 'no,1 c,palines emphcs,se or promise 
ma•r.bvice qu"/Cid periormeate ork the budgets Krk] Coe/ udic,[i '0 ne.,·i €1•i·•4 

Henter 'na nlenol.8 16 still considered of skills und ·achnicol know·90. personne, However. I complerentory oic mo e 
95 uri abligoki·Y ce'l insteoc 01 oart 0{ •,5.d - Ihe oss of inlelleduc i "5015 arid ef' e, ive approor' is 10 Imp'ove ukil,galion 

h 0:"s 'i,1,i-,1,0, 01 how"er. ine ke/edn,col stof-on/neirnon -rep'ocernent c.nd lorgevil¥ chhc e „ing hims·.uch,Fo 
oin ciollenges thot respict mo /enonce or .cplocemenl 67 /hers .ho ofe le59 0/ to moke pie mos• Of 

E-4 
exising O5sets by 

velopmento•insufficen·meosuring, lack quoi fied..eNpeliell: ed,ramoinsoceenge lieun•olopt,moloperutunurdrnul,lenonce 
8 develoomeni Ce g improve,ne,„ 01 our w Th developmenl ond irple. ·10 101 on ti{ COKM; Anni.0 rr•,Merance is neglecle¢ 

Hoiring processes, deveopmert/f old and noin'/anceccroMmunic®linfcs.·,cures. sncethepolit,colbiosistomards/undirgthe 
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wrr/)ing refrobilie ona qu+, 'ele: ric,9 

6,elli •ub' ,/ p.'S 291 134/0. 391.4.4, 
• Erhorce'Implonce wikE "h IRS 047 pei MWS .10-, | 291 1347,06 391994.46 & IRS 04 8 Isee 43.21 

per ·Al 3 wl, 28 1347,0• 37 717,68 
Reducemointero•/com .. P.ra,0•r 3.1. 18 1347,0& 94 247,08 
• By uing ne•, technologies (e g 74 ....r•, 3 ./ 10 1347,06 1347060 remote ¢,sets inspection); outonc./. 

per t9m 1 ./ 1 33 1347,06 44 452,98 OperatiODE ed irtegroted sched' ing and 
per 'Ir,1 F 3 'rli F 3 1347,06 10,1.18 e,•ten,sco.' 

• 11 le mie .•here reculs,•e -Ilii. su» Ja• 'wm *10,4 1147,06 0429.49 lectiology 
$ discourog ly exier51,8 or where .- E 1,4 3918 1147,06 5 27770108 speciolised skil s .0.,Id be needed, 

LVOHM per . T ., 898.. 449,02 5 0402,9 U municipelities ma, 00 +0 <ufsoirce = ranee .ve·ks or IT services so Al' 
MWOHM p•,Kin 387 km 442,02 2172114.25 

theyconre¤I,senoor•05tsavings 
134075,1,4 

M#/*mcilies *1 Ex•,n•'pof•pre•enfohveri,in0•r•neep'G• 
• E.vircine'll Ind OHS impce - an 

Inefficient mainfenance *oncecon 
lead to incicerts. occ den, anc cthe• 

0 0 1 5 1U h"It. hoards. 

o to i 5 7 14 Ew/c'se' fe 
0 ' •_ 2 3 _.1 " 24 

• Intoduci ne' technology thol can bring 
5 10 20 : obcut,ensor:ardembeddedle choclogb, 

inferroliw and communice-icn 
techno!0/ (IC-' wd condition.boaec 
Insoectio• techrclogy like libmhon. 
speclroscop'. ·.rmog·o.' a- 
c+hers 4:h ore ·e,locinc greiertive 
moir·enonce,itk ored,c·Ivemain•en=, •WC 0 2 23 2. 

#TO,al I Asset 14 '519.32 rn/nogerner' accor'ing 10 1, 117 177 
SAciticotio•'0 con•rol excessive Jsage 

• ble: .corc*..*elecrn»depe-Int:./Irmuril."In' cen·,4 ord do ·,sk issessmenr, develop 
plarE Ind incorporcte lore reg| ence 
rdo M."ng osses in 'he cose of Aotoro 

newp·o,ec15AsarBs,I•oft,ismoin·enonce asse+5pOITorneetup,vi'lhesecemonds disosfers. 

backlog. ond *e lock / resilience meosures, mos! goverrmen-: emphos,se conslruc•ing • Agoin, els're /. lip'ys// asse·: 
'e performisperdesgr 12 exisling asse 5 deler,ornte in•ch 65,8, Rew, asset'. but'his irrooses I greo· challenge 
thon necesEary which leads to 0, sbcrte· life se to public budg,1 corst·oints A p<>•enholly Fig. 4 is c, bu blub CJ,ve, which 5 10,v5 thol 
soon inore cost effective oppioo' s -0 improve i. Ihe eady lit, 01 the equipmeil odhering 10 

* ollon, eilkien¢0, ond iongeaY of •e Nei,geri WIM •he Do•htub C JA'e, •ke Miluic ra e is high bu• pro Nce5 
exishng inlros/Jdvre stc«. Fig. i shows steps ropldl, decreos,ng os de'ect •e prcdwt are 

Inrron>ins...5, m.ic. c·m'licl.|iti. loper.le'lcm.Int©in/nosset de iliried o,id discarded. ond eorl, sou-ces 
neglec•lheirexist, ig asse·5 ond do•01 •ci aw o po-enhol rolu e suc' as holdhng "c leif c•,rer· 0&M procke5 Maintenonce 5-40 

insiollolieon em,· oie 5,1rmounia¢ In •he mid· 

Operating and maintenance plan I. comrron strg·eule; used by rrony lifeof'prod•clger.•cil,the-'llurer.101,10. 
min•cipo|it as 01 preventoNve ond cofreclive 

• To andcon5•anl In•helotelileol lier•r•dut] 1}il irnplen·ent In,gloti.e Ic di,¥e moinle once; however, t -Il be dilf cul· lo 
s·ondordisonon in Oll. lollurerol K./ses ..al,Id wror lil. followibe mointronce a' pe'Toble 1 below theirloll. • To Some .hwe op glondordised mo //nance due 10 (lundirg, lock of resources or,d Hig'• equlpme / de pr„r,0,05 h]NI•r 
pro• e•es, ilier roll cut and Imple'en· due lo them being ovelooW to more Il']n vaconcy fole elc) 8 bele' mointeme 

o Building hlocks lor ponning, schedul ng plon w Il be Iheir copob exper,ve when only / 5 lilies [13]. ng 
and execution established persons lut nc· moi,loring ./lerns, Re 9ve'+ w......6•e. 

o Quicker ·o introduce ·noirenonce 
hon·ple of we•*4ve mo•Fe•¤nce 01. • Mcs' of .. ....·ure'.ets lire mori•©ring Ind drive impr©.·ener' cor,slructed a ong ·irre ogo ond need 

• Cul,urol thonge Of variou build,ng blocks Fig. 3 onoly,m lhe time » ril " preventolive to be replocj or ·el,rbished©s •eyore 
-lit·leeffirtrequwedfal do,nglho"Lopec· inoldrlon<aol Table ' equipmenk approoching the end 01 heir ble Icle. 
•hires 

Chigingbusines'model • Reploceme.1/ efurishne.1 shculd 
• Es,08!5'es "et monageme'Ihi'king consider :or berefilt oiolys,5 and 
5,eas I pler,1 .·.'ion 0, Des: pac"ces idecycle co5• 0,01,31' (e.@ .=1Jde Ic cpe,·0+0 ord moinroi• Or) osset *ose le hnologies mertioned abo¢e on 
Around Ihe wefld mon, counl•ies a•e Mor,r,·seosse•uh'Eoh= incepticn 01 new proiecisi. 
experiencing severe infrostructure needs . Reduce bes by hcmess ng leokage ' This will see the 1rue cost of i,itiol 
beco•se of grow. po#ons, economic delect,09 le:hoolc/ond in.851 i corslruc on higier Ihon lie :cs cl 
growlk. orbonisation, 1,4 0/ing legacy equipmenr cpeitionord moirlenonce 



Medium Voltage Power cables you can trust 
Aberdare Cables, a lead ng cable manufacturer since 1 946, hangs you medum voltage electric cable 01 the 
highest standard in quality, safety and reliability 

Paper Insulated lead covered (PILC} cables and cross-linked polyethylene (XLPEj cables are used in many 
electrical distr bution anc ret,culation appl cations including 

- Municipal distribution • Mining (special construction with water blocking as well as flame retardency tor shaft 
installations available) • Petrochemical industry • Wind farms • Power utilities 

181ABarba•Road. Elandslontein. Gauteng I PO Box 1679 Edenvale, Gauteng 1610 Scu:h A*rica 
TEL +27 (0)1 1 396 0000 | FAX +27 [0)1 1 396 8010 I www,aberdare cc za 

A MEMBEP OF 

Ek SAFE- ABERDIRE 
Suppl ors you cantrusl VII•OUSE 4*0 CABLES 
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The role of South African municipalities in 
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Fir'tly, il Linicipailics could budd lheir own increasolhoeffice'Cols'cl•Installolionsond following :ppirrole procii,ennert pricesieS 
renewoble e.riergy qpnerotic}n copooky. provide addedco benefi¢stol¢,emunicipsli", before eve,ing inle Powe· Purchase 
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,•dal re•ev.Ille•eryw. rN,5/• *Il' M..ne,,h#rhe .d 
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*ale *. 0-*slom 

explore oot ons to self·generole elecincit, Fg 5 7hehand lonpe,men' le i,ciore ,/le, c..•7 
To date much prOgfeSS has beer mode unc my,re,Mpar •, 0/poo.•ouse'o•ds 
munic,polilles are mcd,hing ·her processes 
10 %., 01•ow 1// c/3;ome,% 1© genermle 
elecfric,/ ano <d back he rexces, elecric,·1 
irtc re municpolgrd 

'5341: ovo ree S1¤/ . As ler loble in.rmolion .bout 
uteng 4 3 2 7 30 munic,pnl,+irs Jrc :]||[).virg cusiome,5 

r 10 Lu I oZJIu N•al 1 ect gener/!10,1 Inslallu lons r Iha 
disiriblior grid . le 18 mur c./litashove 
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*e pro•ince. Bc sec c i ihe No -k do,le Percer,loDe,of cene,5 by 

1996 1 1496 ,»'..165) 1]26 4 /rearecoe, AVEU •e• vp c mor'tirig grD.,p 
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Agie-* howrver, ir ell I,•p'ihcol Despilathe currer• Irqi//ive uriwil,il, os lor mui.icipol,lie5 •© e//lish sound /EG 
such o power plont would ole eq•re •eli o. Ile absence 01 published regulaticns per·nilmg procedures 
o genercl,or licence cr,3 05 pre.,cus y .1/ rule:en Ine ropl.. bulir occordo.cewith Fig 7 0/ 8 show iow muric,politiss hove 
men oned these Drocess. a'e 5ome.v. conimunicolion bet-n Nem ed 5ALGA adooled SSECprocesses g nce 2016. 084re 
complex This xper does ®1 aim ·o d,cJSS rn,] in rcionse to ar tr e. I LIe pi.„ by 2-5.011¥ lEe City of CO. Town ang 
.cu·rent regLIator, s. on in mere 4.% •heir customers and Ike increaGed numbcr Nelson Mondelo 00, were IM I'j have 
as info,malion is ovai 0/e in doiL mens 01 •nollirial and „ regislered inswo'lations. SS[G proceses ond pilog toriff: in plice 
referred lo wn oir/ures ond Jr the rreci, manie pul nes ore developing the r d l' Is in·eres•irg lo rote tal tne numbefs of 
li could howeve. be ntere/irg lo me,Ilop scale embedded generoton progiornmes n,unicipaltieswASSEGpioressesr,310, fis 
11 ol during o strategic rree'ng b"veen The o m is to cllow Iheircuslomers po nstoll steodil, increases over time, low reaching 
SALGA and 'he DE.Forlnen' 0, Energy, the h,qi quel,1, ,·,slollatio i•; un he,· prprn geS. well be,ond "e mal,4!lin mur 113*es 
depaftmertindicotedtie oosE bil,T)'20 iniate 0+,ch uphi•Id s•·ely and power 11* 11 's expected hot il should keep licrefJ-0 
discsionsoboolt,erolelo,municoolitiesin sendor,24 1,ideed,SSEGirstallotionsprovMe OS Sevefol ,•ni<Pollilcs iepoRd being In 
Iheimplement/ion/the ./gra/d Re.ourec /port„, lies and „ks for munic,pom es he process of prepor, 1.1 1/ir 4/,colion 
Plcn on. published) ano -ed o bemonogen properly. 5AL/As cocumenls. pel,cies.by/mcienasIBg 7 
On Reolher hond 1 is c.,r•entl, cnootion oblectiveisto'*Ii:cte·headoptonol.moll 
for mu cipalitie5 lo buy // ty Pon acl€ ermbedded gene,ohon 2'60 Ir I ·14 '/ 95 0 fuohide"o 
*el' d 'echnical own ¢us·omers ihfo.,gh srro I si r,le prewives Ike linonciol or nleintv -his Ihird cotegory of bus ness models, 
enbedded verQrollor PEG) progimme °'municip' distribuhon "rems m ed •pla,ing c locili·st,c9 fo e• ,5 biood 
SS[Giale,s•op©*@ensro•ion•*.Illii©•s Thell•,o•Copelowro,UNels©9Morde0 ora iaegrates severol dibeni oprors As 
wh.hoieincgledonres,dentiol, ccrnrnercio| Bo•Metropoli•• Muncipalityinilio•ed wofk pre,c•sli indica·ed, rrunicpalities could 
c' i..'.'I 5lle5 wkere @eclcicity is 01. rin SSFG £1• corly c; 2008, when o c¢uple explore us•ng rene•aole energy to provide 
consined of iery linovctive cuslurers decided 10 I ... of iew sences to their Custolle- 
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or p ov o kcililotion rolen le sector Jsirg their moin 
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Smart grid security perspectives 
by £71:, Oure•,•5, Ne#orked Ene,1, Se.,ces 

This paper provides smirl grid se,urlly perspeclives from a secumy experi involved in holh atia,king and defending 
these types of systems in practice. It is formotted as an inte,vie w..1,4 I ueslions ed answers. The topics *lude 
smart grid thrects, defensive approaches, and security cenificution perspeclives 

Socurity,sge.Hing'lotof'Henbonin' • Tnrec,5 origir,ling fron. crirrilul requrrerrao·Band secumycertifcolionsoreir 
/ sort' of induslria. For ut,litie',what 1 0·gonsollon5 1/01 molatise ./11 I progre. U.....li. 11//r in,Ul.... 
•re the n••in type• g( Ilireol• they fc.ca 1 /1 lity's lock of secur ty Over the post be '3/n'e i so:ne cuses ond mc¥ even k>5ter 
reloled i© smarl meter syste ms {AMI) A years,.e hle 5/en o ropid i•c•I. I a ini,plioncy'll. Ippir.ch to securl' molwore somples ond *cks specificall, 
and the smart grid i' generol? We line livied fca other iodunes fnct Mrgehng uh•ines moiaging AM19 and 
-here c·e riree se.5 'llirea·s hol need to Ir.r grids Smor, C|rneb| I|w,•5 I 5 ls' hor//I ¤pp.och on exped dr,•en 

™eons -vulierible" win,c, in furr risk·/sed oppmcch,0 60{e Ind resilien f smo• 
be oddre:sed Thefeis the sel c-"old school 

nleons oppolur,/ to- c,ber¢rl. nols gn,j· iuil•e.*a, k™,rd 1hreats / iro 48, 4/ard solen, which hove A common, Ind unfortunctely ellective, 
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is g newei ond growing set 01 regilotory foi /01 donloging c util,·•'9 I.JIT//d .>.IF|e.' cnd ariocks w l tinie to 
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Generol Dca Prctection Regulo*ion in E•fope . Thre'10 A•Ive ond 17102 comprehensive opp·00< h mna, ccrrpronniss Our 
Finollv. Ihere are the ·hreoi asscciated wi·h prwac,....S©mers Jhlihes al to =uf,4 is needed lo keep ip wil I. 
/0 odopTion, ue Ind increasirg rellance on Tospons,hle . nd'll g ¤10 sloring ¤3,=ement ord I• skms wi•h expertise, 
Informaliormchr:olog, suchosleraftocks pr,vale,nforic,lon. Th,smokes'ob eok: 001,1,Cf, on' linoncal inr rges 
Ihotcon preven, 0 31,4 from delive·irg its M unaulhorisec 'ccesses io /,3 dom 

Iwool•hemainthrects '0 privac• How should outiliN opprogch ensu•el 5er„„s Some / Th/8 thregi " 'In " 5,0•rily olits systerns@ to ./se I a -rodi'ill' IT ........e, Oilourie, tnese 're ..ly paft Of he threa' 
but Ihe„ prormes end ®eol iodel ws /ly andscooe that nee,5 1/ be mecincall, Ul,lilles,ieeatsgoteyondcomphonce Ireke 
d'ffe• sigi»5 cor,4. Foi em,ppe. ",3,e: •.se mapped 0/ 07 e/ees when condue,ng 'sk „AD·m/lor, 5.0 Ay ©A ,/egrol R" e mir 
AMIsondsn!aftgrid51'htuie,flislf,6,44 05@weals;ortnespecilicgridothand. co f€ business ard ir:est in il accordingly fcc Js 
morageenergyising i.formcticitechrology. j nopolly an prolectiverneasures b J¢ n deeclion 

?AMI ond Ihismarlgnd is on MI/on Th.elors,the¥,ner/%...K:e•& und n.,der• Yesoon,e m weW. condics 
th• continues to change .iIi. ond correspondirg t,reats „ 01+ er, iii,es indeperiden fisk as•essnents on o regular 
*le industry, how h,ls se,urity and *Ing on infarrr'ion le:hno 'gy splern• boss 4 Ihei, technology#endcrs, and m 
protection evolved over lima, and whit *Mly, abkiw' muctia,ped knowledge 7 iere •reth.ee, aintipesul /,ro•slspond ore lhe expecled changes,hatwew,11 os pos: ole in 0/er / dee·mlne e,odly now 

olotofiniethirik 9"mut.whi iworkingor seeinthefulure? and pracisel, where I 'ny/•t in Seellf,1'0 F]rc· di ic: n sa•e oqd res,lienl Olotiorrr for 
3efore AMIL Ord smorgrids =ne' grd, le ..# A miscon• eption thai I of·en hea, ig the 
relied .3 phlical se'ull ./.sures .d 

• Threait•tdisrupler'revey//iestrom ossuinplio,i Ihol tne internet and ·he illor 
abscL rrD, le prote•• *he power grid Fenc:rsf 

deliveri,8 enely, Most 01 „ rely on +he grid shore ident:ol /.54 choroc·er,/ir; 
door locLs• g•ards, •ide© wk-e, 0/ 

wibil / o! electricily / power he/ing Il, reolifi smor· g.ds d Hai grecll, fron 
/e obzurity / ph/ically doloid 

s*ms, hospila'5, commurications/te.s proprlotai „e inter, er i, terms cf com,nunic/on 
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"Dude, where's my power grid?" - The 
vulnerability of power grids to cyber attacks 
by Jon Longs,oft O·nier, c G·oup. end eod/, 5wo. S;en,ens 

Since the cyberallack w h Ukroinh power grid in December 2015. the theorefical possibilit·y that our power 
grids are •ulnerable to cyberaitacks has now become c harsh realit, 

Wrh the ropid deplo,inert of smon grid ond Drovide opporlunries 10 Ir®,ove ncti,ork Irom 11™11.,-14 mn,1 v.110 usuol|7 0+ pos, 
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opereling wilh lorge o•r©• nis .re ¢:c occity ur, piuviding the 7,/Hes' eveis 01 risk enefgy 'asessment opprooches serve wei in 
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wl"nlit nerding To oh,5,coll, re nlorce power wei! profected bul mciy undon ircreosing 
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The ukrainia n power grl,1 attack ¢¢lbe,lic/ordoldwth'irrmodkfiwl™* r,floiloloddrew/Seciril,Fundo,rert¤|I, 
avoiloble 'noporoo hloodd=th©•ide'li' fhe finq'neer s :m"t," ls lo educe 'he Tll. h.ke . who Quck whilles In Ihe 
pocess s lounderl/ke o. 0...esse E wil,le risk exposure 01 i. cperc.r f s importer,1 

Ilkroine were .491 4 sk!1180 0,2 plaged implemer,hrg on Iss/chinge mon'gerner,1 thol this Il iks nt' 1 e wider secur,4 and 
•he,i r:•soull ove- maiY moi. Firsl doing ••io•r5s bill Ihis con be problerni Wo king ·isk go.·emance but n manv orgor,15/10,1• 
reloririri sson.e tc study lne -twork' ./ ond o•em·ng in o hig, voltage subsfohon IN 111,5 corlection Is 'rely . p(,ce. There c'e 
•let]I c f•ro ur •wde,/iols, ond •},en launching hazQrdo,• 0• ind'pidUS fequire speciol• nany hur,10¥.orks ·ho•conhelp in this Icsk 
a s,nchron,sed attack I21 lair ng 1/ be present on A. Ph/,Cal Occes5 ,nclud„g the con,mon !5027001 stondord 
-he ojlock uok pcl q Iwo DIc,5es 1/ 1/# con'her also be •im,·ec whel deoling with live which provides o roadmap for the whole 
/0/c, Ille o:AFfs¤nes '.vegoonised' V.,cros/, equipmert .i,hic·• mo, be operating ou gh orgonis/ion to mprave their seority poslb·e 
Office de,Limenk 4 ernbed,ing rn/.cre otagesor pressures C•'enecum> „sk ·ianagerrer F 
re,lid 13,•irkFner{70 Trip IK/5 delivered Anolher :holleigeof work ng d equipmert 
/ 1, „Md e uil 'll o mollcou' Thrip clacilner nre mi w osse!• witkin he gr d n lis e iviror,niert is thlt whilsl niorrnotion 
t11,11 oppeule' ti, conle from o trusled #ict /1 leec o·tention 0/ we conic 

Rie re ba laid 06©u¢ the ph¥sL= osse+lit . 

pfotect tlien all nor do we reed to The 10 6• c,/ indilidulls...illheorgonisot,org a lell Ile soflwore eler•enls tnot afe of most 
con,ir.n opprou• 1, Is to corry Qui o risk Those,#divic.0 s were 05te¢ ·o eriab|e mocroi interes· lo the m·ily eng,re. 11 sone coses c8iessinerd which take% lr*Ut •0'1' •he r orde' 'I oper 11'e :)11©chrrents - 145 ang,weismoyroteven be Nrelho·lorgef buslne56 environven·r S tuctiono' a»•renes' 

Iraillilig the molivare G their *ms d reves M colloin wei·knoyin operal,ig £•r,d good 5ecu i y knowledge ond ther alowingleattcckenloccess,hecompany SYstemssuchas*nd•sorL,nuLTherefae qucilifies Ihe nsks loced by 'he orgonisotion s,sle« The•...rle'lhensiolecace./. le like ihooc 01 Ihem knowing I. pclli Sorron·„ *vr /1,[4 herl ni,ligaled bu of thoN cllowed them to 'p,vot• int<> super.IM /.14 of . 5peciti, sol.wrre u,ripoiel,1 iS H ose rerra Ining we need tc seleclil©set,c· 
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l.5......1/.•.me<now'i...1 »Uly /•en p......93 02,3 0/ le sccur,i, „i oiher in¢'stris but here we mist 
with Ihe u·ilities• di/ribu·lon ·nanagerne/ ,»rpot ·e nelwork Q conaltanv may /loic soecilically con5ider'isks i,lierent,n cur role 
.def,15, whlihm*....controllhe 'pc• scanusing/tool.chos'riapor' 'ops,o'ing "ticol 'ro"T:c 'Te 
distribulion . powe· The per,)el•om * CO-ercinl vr™,r,1 . Ch mcly Irdu•nol - Conrier' 0, r:sk This is "e n·os' 
developed moliccus Fi'rn•ore ¢0 otio,k u•rift. I SYsle,ns Ihe use of such sm,ners I common orea For ony business wnere seria o·Etherre' de.icase' sub.laint ThaY lh'Ji. mviluiui e. 5 OriskYunde"king Ta we consider the li lo the ongoing 
ri,Inlled modifiad KilIC,sk s<)Fl•re, whih issweis+allia,iylow·pcwcr, specials![levices business pe/·Me resulting from a 
Moses Ihe record 01 impocted 0,/anisollon bove " cin ne».ork Su/'01 Such 03 heir gbersecurilv Incideil 
syslerns ord //e logs, wd l- +0/ inlerrwt protocoi dp• stack Thi• Mons thol • Repul•o' Al Mol erergy opermors 
c<nlrol / oper<,Inr workstolic,is und locked whils' My cor, co=Ily interoct on meoed are sub,Bet to regul,lcrY 'upervision 
"e ope,clors out To comple-e #le oltock, the PCMS ord usirg expected piolocols. urlooerled wl' h/, sels og; c•'0LmJ,i• s or.dords 
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Al loost 27 5lib•oll. sofetyissues plon n me wider economy ond lh€ wle loker,tifflire Kerlous:, sruphon undevencouse •cioss 

d„.r 01 Il.ks asso:voled wl# crlt,ca| 
Ihree 1 Jkroll ' 1 Ine,gy corl,Donie• lor se.era| We are *hefebe lelt •,ilh Ihe,low ens crye: irilrost.uclure 'b I'· regulation nlay $10' 
ho'rs 'Hee·ingebout 225000'63,0.ef5 audil ri•· of osse16, •or<ing closely » th oower u minirrai'} 51"cord this wi,11 genero 1, 

eng,neerstoensure •.e Jnders/nd#hot needs /4 nind lie ,/ world ns, D, severa, 
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Il securil proless/nol s to,/corpora!/ Recover grid but brings wi'i ,· ircreased risk, Bye<ing 
cybe Mcur,·y into these exis•ina Plons. 4560!b leur,rd From olher i *luslrie„I , pes lb|e This is tlie lirial slep i, o•r opircach Ind 
De 6usic' 'incident respons' pl¢®Ing afe toinip,ovellie es,lience / iheenes,gndto Ic most commonly overlooked. Whilst the 
- i'rT-in uEras• many sifualiors licluding the dtacks Whilsr itis'e/dif/c,!·lop/ven'ar 

immed,ole I„,den• I, nox com pie·e, •ie 
li e,gygrid so le.n use common r,1.ods incursion 1,7 0 dete,rrillied altockei, it is Fs ib le 

1·nust . # Ii. ei,su,1 •g ou7 delei,•es oie 
o,c tochn,ques bal of course enscring *hot to Ii,11,6 dorroge caused * Drolect'he cm 

reviewed and ·hol on, shod·lerrn sc ullons 
we Ike into accs irt Ihe 'pecric rideds of se•iceo'deliveringe•erg• 

we inlrocuce. to resc;ve the siluotio, ore Ihe er™wolmen' H on incirell o,Iurs ·he 
reploced ornode permanent Acknowledgment oo,ech,e will be to e,6 restofe powei or 

el,5wi-cr,ver isnolirterrupted•hil»e Wemuslals©leorn fron,Ihi: s•clk n•,drit Th 5 paper rs or ext'll from t'€ cr,glial 
r€sponsetoil is urldertcken Thecmer:.ecuri'Y [lrid .se .· 1]!. lhe Lu·461 lor necessgrY poper€,h•Fs- Jrlly.,1 the energy Indusl/'. 
response learn rri noi even be in,Ad Ln improverneni Foicmmple. lionewbstolon nuthored by '01 Long,Iff. 19ot was first 
*e eor!¥ stages ©f a ·nolor incidenl unless ihis w(]s con.promiser iherl ...,ce ive understord pl.blished bf The Insmulio• of Engineering 
haa/recd' been ide'lified os a lodor. So how, wem"enforeth/ollolberlocolio,is und Techi•ology,Alheirrefeencelibroion 
beirwohletaquickl¥,nlegrole·willin[ /reody ore addressed lo ensure ·hot mei are 301 15 Mo, 20'5 Ill 11,•Mihhiskind permission 
running Incident is essertio vulneroble tha• il is wsed ord odopled 
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Cybersecurity for critical infrastructure: 

Legislation and regulation 
by Cob•s feol, ProcD,9,/ 

South Alrica has been experiencing an upsurge in rybercrime and 11'le ast lo the economy has grown by almosl 
700% from /5.8.biltion in 2014 10 /35.billion in 2015 Ill· Allhough the m# ///ber//me „5 9 periertageol GDP 
isrele/vely small when,ompored /0 other developed countries, weare 51ill reporled as being the third,no• aitive 
country In lhe world when ,onsidering the amount 01 cybercrime [2]. 

AB o general guidel ne Obout 0,5% - 2% 01 i 
ol A-Id ..Il cybercine oid cyber in-Wrils nre rplated *•6-1.10/ 

Ti,dilols T.Thi-10,4 T.ri.20/ 
te inc"¢ria| ir:·'lloik>ns C."· Rumbers 're 

difficul' fo quart,4 due to iritor bisle,icies iri ' 1.--/ 

1 
0 

repoiling 
2 W,bbised.•ak, 0 2 Webb•$,ditiah 0 

The Europion U,ion Ager'¥ for /*ork and 3 ..4*.-•/1.4 0 1.......'-E 0 
Inforrnclior 5ecuri• •ENISA• in 0 2015 Ih.ee$ 
lancicape e,or [31 'de/,fied smol grids •ectrwl• 0 4 DeN.101$.rke 0 
os one ¢·the instoljolion' Ihol IS p. Ill.|7 5 Den/l-. 0 0 
vulie,ble to nonnal 0 molwore h E Phv.igl 

, 1 .1/1. 
follow . ..r in 20. sopellw inolvin, d-,1...01, 

7...*....# 
Irendswefehiq'Iigh•edossbownir Fig 1 141 0 1 .,g'I,gl,klbe . tiC' imrx)Monce of'ec.ing S 
ind,Jstriol 1 sys•ems. 

9 $-n 0 fil S 
Thr Ii. 0• Ifus ooper Is o corB,de, the 
|Ils'olpieond egualofy·forrewofkstho.ore 10 E,luil kilt 0 -**/•I 0 
in place OS well as being cl•rled/con•.idefed 
For implerne/tion 1/ Idditioli gL idonce 110.,60,<In 0 
will be provided on considerations &„li 12 I.Ii./. S 12 0-bread,• 0 
and p©51 irrplementolior of a c,ber.eur,1 9 

11 
•onageniant•le,/(CSMS) 1,110.mati-1,•• 0 I. Ill,•Ilt,0!,It 

ly... 0 14 l...'00• /- 0 
Legislative 

15·C.-- 0 ..C'./'led@I'. 0 
Alilough i• is logging beHind, le Soul $ ™1•/C»an!.•0$,1•n- 
Afrun leg/11•qi- Drkbu•comeo logwo• 
To urlderiend how *e traniewoil: fi,15 ·ogellier, 
ilisimportonitholhere E :0•01*800#09of 
#le 4,sfo• olll Fig *4-/ing Polli 1 e acts Cybersecv/",0%Uorn?0[5•020/1 

documents 

Hisforic oerspecti:• Ircrirn, de//M Ho,·.ever, li hos Firs, diuh cy/kiries oild c,Episecurily bill 
however 110* kep' 'p wi'h the changing ?015 Fig 'stows¢ore#over'€wnflhetimelire'or 
er-ronmen cad . 11 

IheceveloFmealolthereleva,•!¤cts b€ replaced * ·he lishoold When published, li draft was mel •ith c ·•ost 
th' n©1' 01 the C,bercr:.6 and be unde·sbod o•ts/b'll' have Cybeisecurr·, (CIC unum, criticim and condemn/,on It 

b II Ihol IS 
locuson culently a specitc indus·rial cybersecur,·p. TI,e bel=re porimment proposed quite draconion meoivres ond severe 

The mos' rother 10 Imporloll contrioution ,s alm is -ocus o. crillcolir'M/1 ,/ penalhes Thelo•Socie7O1SouthhfuLS* 
Chople. 13 */w inluding go,errl,er,1, finoncial end sped,colly in sections wos port,culorly crilic/ ond sed. A dislurbing 
86 & 87 *ere cybers.imes ore dpfined elemen /the B and ./apporent obgence'le sea/.*ms. Nolional ke, points god 
Al,=1 ©·herindustriolsy,lerls ne som e d elindior , used in Ille CIC apprecialion, wh,ch isa feoture of 011 c•dible o·e included, b,t ori, 

$ bill e 4„/,red relersrce. T nis, ho*e: er. dae: -Lnou•hor'edocces:le, interceplionof cyber ecur,4 'anieworks, of es oblish,ig o 
01/ederence with dalo' bolorcebetweenciv libertiesord le oowersof 

no) relieve ore / the respon, bh oi od•ering does cover o w de 
notionol 0//werlorcement ogencies to the requie-ne/s. Scme of ·he rpolonl ronge c 10/livi'les, Ind corn/5 0 •a,1 secuily te'. 0, 
There ns no opporen' 0/rowledgerned of 'e 

act5 Qnd //s will be briefly discussed belaw Lip lo five years if convicled 
coist wiora| righl o privocy •hich hos been 

Drohooli€,2010 globll' recognised os .:tical!, imp.... in EJecfroi.,c5 CE,ir•n,unic•I,or• or?d 

.nsot'iuri. A•(Aa)2.'2002 legislativ, frampworks Ihot ofe being developeo 
The draft pc i y res, ted in 111,9 dobl 5hment / oddre55 R centurv issues • 

& ocl wos ...f©mulgoted in 2002 cfthe N¢Tional lybetecuri'*,50•Cov. I 
and knio.topdoled in 2013 It proilda INCAC ord the Cyberiecurily Ilciden, C,Dercille:044bersecur®bll 

0 Grly Lomp,ehensive legal basis fo. ResponI Tionl U RT) which rew//0 The Aiter p b „ 5ul,r,Iss,ols like Il,0, 1, Ibr 
e·con,„efre. 1,formation tren'le, c.c 510/5/cun/Agency 'A In 2013 I. le b Il wos .*sive'¥ rewritten * 
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incorporo·ea ·ie rn¢,orily cf ·ecomn·endar ons 
!61 The fe.J|1 */S the bill as submifted ·o 
por omen# In Febuory 2017 In ;ts current E.t,bllsh 15t Draft 

1 Clt m,Il term he t ]I shoold nof be conf,sed w,+h the CSIRT 1013 
dro# bill / 20 I 5 Wrile overoll :·rudures 
ond prosecu!,en res/©mibilities remoin 
*e some, requiremift to· obbiring 'he 
info'.0110 equires more ·ormol proce.. 

DranCS Nal,lin,1 5,rr,69 11•I,ed 10 Inose fok le colled,or of ev dence 
Policy Inte•rated C&¢ Bill 

for inves.igolior oid proseculion 20 1[Tpoll' submitted 
•rean to 

Chopier 2 prci de• a oetoiled desclption of P. . Pailiamenl 

whol constitute, o cyber ril,¢. buf /spe=/ 2D .. 

Interest is the lollowing 

Aggrovaid offer¢es Fig 2 19*e n,reliie 
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re.... 0."... compuieis....rs 
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0,2 0.0fganoism'eosse'ou'insechor 239 E€9 E*9 9%2 
c·,he Con.tifu·,on / he RepublicoFSQul 
Afrec, G 996. k¢WIng c coud. o )0 5..•.I 

* Irill i •Ur,DO+ron ri•res#oc•Lrp c5 
enjewp)0/d JA se//n 57(21. 

(21 Aiy persco who ccilm,Ps or /Ance 1**0 i 
rele·* I in sec•o• 51·'j. 6(11 Or 10, 
wh;c4 

Ce) erdong m Thehie or violofes •4epn/,cci 
i,ireg *4 ys,ca• 4eedum oi. or ccuses aull,09* 

604,4. •Iwiy '0, Iny· perSOn' or My 
nimbef I pecsons. 

(8) cou. es se r, ous / •,o b 1,eo /1 or • 44 
0•.....# segriJe....&/ic, 

k) couses le des•ruCIr, f,• Or hl']... 
dologe I an' lope*, neyd,w. ImprND •d 

...mance mainla-SMS 
(dj Couses 0 5errous ille,f, eme -4 2 

serioUS d Srup!;On cd, of, ebser,Ii/ •&/ •e,i,m• 

6,1#/ or s"g. ort' de ve,9 3, 0,1, 
essen}•ol Ae•'ce; 

8g 3·.e•ew/r (3413 oe#/'e% 
(e) couses a•y maior econor•ic 'og, 

(£ creoles a ser,©u. pub ic emergency 
©fan=*clmice . Thiswi si•{ili,in, oulomot,colly s€curilybennii,il.iriedocroill,iglo•rali „'<Il or 

in¢lude oll r,rmoic'key rio qi' The /|a l' sfindords· inlhis CO"SpeC//lytle SAhS 
(g) p.•ud ces / sec•rly, de'Ke, flu respon• bilit.restor' *er/'operotc•of ./.ards er,joicernen• 0, ir'emofic•,•01 -elm•ons of c./. Infor.ollon 'roslruct J. 

the Repub c, is guile of on oggrovaled • Aop|y to lcve*he,rlros#udure dec ored 015/WfAd,0 85 0 f 199J) 
04kice ... 

WhilelheC&,CW•lhosnoly'o®er,promulgoled, 
(31 A prosecd'ion in ·erms of 'seCIJO• • T) * Comoly wilh d rech.es (ot owr ¢062) It does '01 -e|ieve one 01 ·/ 36·, to //M< 

c· (2.I mud o. 0.4,06 ed '8 w,Uing by . Aucts le k p.,Tormed ever, 24 illan,h, EYberse•ur ly meosupes Tie Ocrup.ticlo' 
#Ae D,Ec'r' Puble &03€ ur:* bowng 'Seclion 58 

Heolth ore 50* AN Conl•iris tkreF snerific 
'lisd•c:ion AS Own'r or OFerotof 01 5'Ch „Ir"truCIL.re, regulolions Ihal lourn on cyborsecbmy for 

Section 57{21 'r) rhen specricolly menlim la,lure 'comly,spu•shoble b'lwoyea·s' I•oustric;Mtarns Thisco/e•coi,frol, sa•),ind 
cousing %] in•efferenCe -111 Fri[,Mor ordi•tplion mprlsorrreA "he Qc, also requures thol smarl grid s,bler,14 Ind,rd,ng IED,• 
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• Au Heiticction end autho,15ohon - 
incluces password mono .emen 

• PLI'rring/hli. kir,1 occess colitrol - does 
d ir,clude physic' occess contro|. ba 
in(!JdBSfrewollng 

• Encrypkion ond doto volidolior - includes 
VPNs 

, Mcn'.Inelt lucit, ./.guremen 
49' or nq #d oete•tior - inclides 

\1 
anti'. rus, 106 ur 1 06!•) nuled 301*aw 
moliageniell. 

• IAC; 50{Iw, re - covers le d,Herenl 
eoc./.s.ems 

0 M,·>irrl se'Linly - occess con·rol o" 
pe·sonnel secu'l 

Bec¤use Iliele•ir' 50 noi¥ oplion5, 1•d•5'ries 
generolly re „ In Ilid uslrY spe,I [Fc gulde|ires 
m os le N[RC CIP or NIST sionderds 

te OSSI't WI/1 SDIC,fIC g.delines, WI·en 
combiring 'e »,0 parl• of the 9/4 most 
of the .·oblems con be odcressed wi. le 
process •n Fig 4 

Conclusion FiD 4 .....im•'emenic*;on•inee.loconiei) 
Tke,e op exlensive chor,ges cor, ng ie the 

• General Machine regulolons (GVR o Addressing IHe nsks. 1./.• |rui'ilwork r So•/ A-ric¤ It is 
regula·ions'&4 irroorluril lul Il•e 0,·•nars/operalors o{ crilicc • V.onitring gid il,pvving ·De CSMS 
- Control./ems forms Nd port .- m..le re lo Er ..me of Ihese Itorges Ind 

¤55.mblles as 11 1, ntegrel n Ille Eoch/thes-hovespecificsub·*t eswil *here·otherecJ•rerner·3 IMSolsnimpn/n 
cperatic, 01 le nochines. 6 siondordpwid ng,he requrenents/or /neetholuhile ·he billiw/ /ir, pl,iref 
A moch De is defined os ony ©evice each T e .Fore55 Is reple'll·/ grophicolly I qere l e 'Iready I r.mber 01 re. loic. 
1 055'mbl, tho conveits ene gy ¢0 „i Fig 2 'equiremen fs in pia(e Ihclmust be od•ered I perlorm work. This "Cludes s.itcligeur 
and aiso: cted de¥,ces. #stondo' IM *o mpoloM pric'les H impossitle tomoko /Ur s*.rns jorrA 

- Because 14 :citrol s,slerns iom pait o· 25 guidance s&url. 6. I be'leflorfis requiredto ensure 
mochine ©sse•blies, ll,e ipqi,irer,innts • De,ence h L er·h l[)14 1,1. IncludeE :per¢tions| 5ecurily 0/ conmr Jit, 
oround 11/ securingund sofeopet M•ns 
c' 11 ese devireM ore applicobi /b olitioicl ond logIC' ulli 

Relerence, 
. M.'g ulction 6 , Conlinuous noil•oringind in·,rove·ne,1 

i I ht'wn...00 4,0/'lltle„(impe 
- Wh, 2 1he i'.1 il requl·ements cre no· SATR(,962443.31.20 4 Tt 'A·•ron'my.!:2,5.4,Ill·>n !' 20 1 f 

ne,oll, ag-9 c•plicobe lo electrica, [2• ww. 4...g ./mg .... 016/01/ 
Irib utici 9 does offec the 'de• Tn s port of 'he slondord 5 0, 11·ed c,hpicilm.·.:Thn·ir' 
anufaclurrrg •mn•• *r•d c•in hove cn lechnologn 'hur (owld be opplied [3] [NI/ Ell20 5 

or'indirecl eHecl on /1.rtil<al s•slerr's 
du'Ing mpic-c"tion to secure ·Ke 141 ENI' ETL 20 6 

..aers/oaerur•r• of M. r•/ doil' 
0 mitigot on on 01 new' 44 11 5 801 reg Jired ID l ip enent [5] Commem b, Ihe ESSA .-4 ori Ille Cyoer'lling 

mod,[ird *5ecufity bill- p•blished b, tha [pA plonts Frequeni oudi•5 ore '|I lechnologies Md in ·nost cases i· # is 

als'requ, 301·10..be,201. 
ed 0150 r. 1 *'Irahle /5 1+ car n·Ike the 

1 w.., i.i,. I. 'll/g,•Irionihill., 
51andards m.le,nemotion unmainkirahlr Nole thot 2'68'10!12117 0. 

EDs ore 90eci{L•Ily •erhoned clor@ with 
I h€ /1 M X 10 / S A N S ' I nda rds h Cor,loc•Cobusrool,Procci,cs. ave RTUs for elect·icol sys•ems 
beer' ocrntedoE Tel 017 no·lonal stondc·dg in 2016 620·9725, 

]Eare lie sl n.in learol...ups. is I f' I u.(I.·Ince 01 le IE' stondi•,•I cobus.poo @p oconics co,zo 
|1 s importar,1 10 vole hol ],ie :10 dards are 
r•01 prescr,p·,ve n ...cuni, should be 
linplerreo ed. ii * preMribe• wh•i ospec·5 
should be d•/ dur,rig implen enknon. 
W'.1 is Irriporart ic rie is Il lal Ilie "plicable EBM EBERHARDT MARTIN •le-Cosine*-TSDS*U 
devices does nol need 10 6. con,•ectedo ¤ 
mi•unlision ne,w,irk 1101,ly need k>hove AMEU Affiliate Member 4 r Ng-*200•A G'*t#W 
./unicul,cinccpabili9 

SANS PEC) 62443 2- i Aenal Bundle Conductor Systems ,: 
Distributdon &TransmIsslon 
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div ded inlo lirer mai,• oclivi ies .ale- 55 &.5ti•,1 ..., 

• Ana,sng .5 Joh-.....,2002 



1 66thAMEUConvention2017 

Modern asset management in utilities 
by km ·Ic sco Are„o: crld Kb, 3. 1,1, 6 12. Sch„eide, E'eclric 

Assel management ,5 0 key actnity tor disfrlbution companies Adding inlelligence and an/Fics. Ihe asset 
monagement approoch in t.,118* con be moved fism u tradlion/1 preventive maintenance appipich lo a 21/ 
ce//1 digitol approach which enables belterdecision5. resome oplimisalion and ¢uslomer s//sfillorn. 

-,1,0* U,e -nomnemona manogenen, wallo• 260, the •shng aea car & hAn Ty©,collY, ble,e ola ol feed¥ eishng 
Cloridn55*Jrstoirriersordsw lib ng loun' Ir, different gottwore so ulion5 •ike Ihe sensors in Ibe hig• 49!<]go ond puil,clly in 
de«esorecharocterisedby#hemninle,cq•p gen•viphic,I•tor,•ollorisyslen'•heen:erpr. „ecium volege substal,0,5, frorn where , 

strotegies run ·c failure or monle,rn'e,r inclioge,rient sys·em arc in odvarced informorior ao©Lt tie 099el heol·h Eioiu5 
delinedc,cles Re'ecrchsho#th:10'ly 18% did loutioy monagemelt systems. Them c¤n be cerved. Thise ore for exa.ple ·he 
01 05'el f•i'ures are aGe Fluled so Ihere 50 utions lorget he s,ctic do 20 ele me,1, 're elcctric,Il r, 0¤5ure nen 5 like iJrren s oid 
rron' lls wgich go Jrdohked wifh Ihe thege[)spata|05*melt,admi,„*o.nond u-live pcwe. whare le lood the csse·s 

ope.Noi of le as5els. ticd horial osse' Ii,•vr rf, Cio•e·norT •roleq es ••ean eaposed •o, con be neosured 
Now©doys more odionced soltions le o '0 -he prlm¤r, sources of asset he/In relcted Addlionclly, de,ices such os tempro·ure 
oM,misecsset hell.woreness inform/,or ore the sensors instal ed in ·he sensors li sy,Itchgeor which n·cnitor le 

conlods. or online dissolied gas ©noly.85 
for rror'loriers heoll' moniering suppon 
lf' icn iric : o 01 main fenonce needs. 

A---7-1 
The su•station o•tornat cr, 5yRMm is the 
rieN] levul whicb shOU|¢ be inve*/ 0 
respect le Ihe 05set rnonoge„ent process 
E*,s,irg ond new seisors ore coire<jed 'o • 
the sulta'lo, cutanction S·,9cm' ard oit 
a••i.le lof ..e· Ho•vie•er | processirg 

in the s...lon necessory infor.obor 
regur']Ing '5sel Inonagemenl ls |osi due to 

r, limiting 'e communl'¤tion +0 the co,illol 
ren}rels·he n.mmlo,ided,[¤'00 on-or< 

'pero·,09 To or,ri ,5e the Infille,•05 on th' . 

c•e # * not ,* 1 r 111•COte 
6 • bul 0/ Ihes 'logue sensor doto. For 
e• nple: tra•sformer oi| •ue| ©rlem•ro·ures 
g:ve rra de.o led Infornlatic. obovi the 

United St,te; 
transmission grd T..E osse:5 Even morevo|wab|e.1/=.ni'the 
Sou.••Fa• 1•1 unused potent al in 'esubs"-0 /lomot on 

1... ./.5 Micdem sys'rnscon be o.i,ated i. 
'7 ....Tc•,I. of odionzed s..• '. 
,-oerow counlers, operitie i :gogc,1, cr"d 

Fg. ; leog*.c i,A,6 rill sys,em tke swin & switching arren'. 

g %*0 24. }*- 120/' 
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0084•• 
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ki ....... 

A I ./ 4 u*L, f :3 - llc --„ n... 1 

. 2 Ink.• m,ni,07ng Fig 3 .wermelrr 
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Complete Assemblies 
•- Direct From Stock 

• • Fully modular assemblies 

• Fully verified with all important switchgear 
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The typiccl com,luilcation Da·b frorn 
the cecentrolised s.lostotiors 15 the 
communcatiol to he l.orlends ot he 

eleclricol superviso ·, control ond do·c Asset t Maximum• 
acau Sitioll or cislrib'tior rm<Jnogemen· P*. Operations 

systems 'MS!. "mel,mes krtne' borriers Management • ¢ t Management 
musl be ove.come lo communiccte non· 

cperalio·01 /·c. for licerce, .source Predict. timizati 
or =I....| re.. For 5ecuril 

Maintenance Production 8,19 ·hese sys•ems ord networks are 
usually ce<dicoted •c j imited KPIS A- group t Business KPIs 
n Iho coolrol 'erfrs, res'Ins,ble lor the 

ogerolion 01 le netvork To liale access I •ventive 1 Perfo rmance i Advancad 
J Measures L Controi : to the informalici lorolkerdeport•em in 

the corroon» o web occess vio a se.caled 
demilitorised zone D/Z) 15 often p jn o{ the t 
control centre solulion 

A "ore funciono| wi, to pridge Ihe Reactive • I Control 1 
ooeiational IOTj anc inforrnol,Inal (IE t 
techrclog, is Ihe use o regl.time data 
historions -hese h Etoriar 50 uticg• provide 
powerlul to/|s t. Ina|,5/ 'el|-Ii.e Inc 
h:solon doto. The h slo ion solullors 
con be connected in Fhe OT ielwork, 
e g. 10 .e DMS, lo gin 1/ re evell 
time series of d./ Eve,1 ,{ the D..5 is 
nol oble to collea •I inler,nolion trom Fo 4 Ati........r•genle' 

le subs'/•ions. this i/o·motion con be 
direclly colle:led fam ·he lield using *he 
lorge /0/01,0 of imp ernented protocols HISTORICAL DATA 
Via unidifection/1 replicQ ion mecFanisrns 
tie OT 91, In lomfull.•r mplemenlolions il o lhe dole 

histsm con be mirrored i.10 9 cen'ro 
lIT mple.entalion whic' con collect 

nformohon ·ron ver, diffe·®91 dom sources 
like ©•er OT sys·ems, for =mole in power 
plon' 

Afte'crogsing Ihis IT/O-·3'Idge, ikerecl ·Ime 
rn·•·nohon " finally a.woole for fu,ther 
I ..s ly ·he O55et ni•nogenie,• teorns 
and other erterprise users v•ho con leverage 
fro;//0 insight inlo // doto, *sad m /3 Profilal 6262 WaL 
iic iesslo info-mo·ici, I reel condihon based . Profid/2 600-UY FLY 
inoinlencnce opproocE cal be estaoli"ed Pro•103 6/6/6/ 
,In o •11,ly 

n god// 10 'e dole ///1, on ein 
.odvanced wnter,onceopproo..conbe 
rrolerne/ed. By usrg pred./ lie moid·enonce 

eorly fTurb,Ine lecllnologie' on .ele/·ion 01 6.Iming 

Call 'res Con prevent 16 4 -r dor,oge to '"els 1 pum...0 
deable»elloimedcountermeasures The ///J/1•9• 
4.dion :s bosed on eq,ipment model ing 

8- 
by using cdvonced palfer, .ecogr,1 on 
-4 mode, bult JSIng l,Sler,CO| Calc to 
describe how a piece 019quipment rormol 
coerntes. Once the moces creoled I' 
4/em conhnuously rronli.s behagicur and 
genamles NE when the opera-icl dillers 
from Ille Ma nor. This prov.ges 4 
wornIng detecton 01 equipment p•bems. 
Llpow detachon,/vanced /nolys,sco/b Fo 5 Prf»ve .ge+oner•,c 5 §06#lon 
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tdi·ify prcole•5 0® F wide ·oot ase 
onol,sls 

Strategic Financial The brie ts providled b, appl, ing o good (incieaseda•elutil#I. (reduced,rationaland 
assit noirtew# 3 /e seer in Ape'l improved pe. rm•ce and Wil.•ermaintenancepla•ning) manlename Cost5) 

oreas (tee Fig. M 

A good exompec• ·his con be sgen r 1, 
Di'ho //// Operational Safety power pknt (6 x 600 MWI where (reducedown•me,as'el /• Ireducedns,L m" w-/ d 
Eskcm firs· inslal ed th,E system wl' url utilizat,¤11. Improyedquality impanding catastophic 
Iriesnner• below LS$7·mmior ara ...•/Irrnal,te) ./.en• f•lurel 

s.•ing• 
©F LS$1 mill' within lourmon·. /. 
exfroordie paybock 4 'ree monl" Allt Engineering IT 
mode E.M, plemell Ille s,stem lo N. (decisonsmoft. le".• (dataquality, ulili•hon, 
ent,Te'lee'orgenera•or5 •43,0'ied m<1,1• reale,Ine 

acling, mo- s•ons) - a,•p•dict,•eimights) 

All Ihese rep: and level„ •st be considered 
to .ve c belter ingigh* into the heallh *S Fg 6 .• o.. r19,hien•nrn 
c 'he grid 'sets 

Bul not,us, the knowledge 01 tile osser 
heolth BUM,4 the optinisatior of ihe 

100 
... manogene' st·ategy Also ·/ 
longkirne commerciol opti•,saton i. ter/$ 
0. c.pilol (CAP[)9 ond coeohonal QCP[)9 
expend lures cor be vporled by new 

iryosimen· opt,m 501©r 50 ullcnE COn 

be51 moilill·norLe [i,d renewol cycles o¥ 
prividlig s'mulrtion r.pocr, brico on ihe 
•ssel inventor, renewcl •nd irininterance 
Comtoaptimiselhefinoncill •e3 Jll' 

With thi' no. ...*,Ch. the '. 510[15 0€ 30 

token .il l ... . com,]cn' focus. 
cp#4'M, fOTE'.46'Arv,CO 70 

-alloli•compingleve undprovidingocleor 10 
unoprslanding 01 med,u n on© lor,·le.I 
impacIE y oaci• Dns. Vod/15. simill.* 0 

and liteg•DI,id ,•rning hepp depir•rrer•5 0 20 40 6o 80 100 

achieve consens 5 by urder5fond,ig lic Health Ind,• 

in••:]c•s of decisions ord op•Inis ng fer 
wbole of·comolin• ]<>c!5, milgijllng Asks FIJ 7· He¢'rh L•dhmmr' 

reotedlge,OTer orde,·inv•sl-Aenl 

/5 {]r exanple of Ike ber,ofils p.ducrd bi 
I ' opp·00...F cculdochieve •CINA•!01 SIMUL,•11<»I . 

• 14,5/fer'clanin En... .a- OPEVCAPEX e== 
• 20/red/cl on,n oper/'iorol-c. 'licts N/*- r,0 
Anolher ei,urr ole w·ler. I : new o oprooch h05 
beenoopliedisaTEDFNucled.Generotion r -0 
An in•eslinen] pri•Jrom,re k) rr-rl.,i' 0.10 EEL. 
revompnocleorplonts'ic"eeded, os 'ecci 
01 unplollned downt,rrc con /11 Junl |/ up Fi,8 .se ./50....prinl,$•lor 
toELrol ,·1111,0•(rrnnv Thern,i,•obiedive• 
wefe he oll.,sation 01 power plont 
montenonce (shutdowrl PlonnIng, /0 mccelling and ,!mulat ng 411,101 decm.5, resourceophrr,Eation,Jildrutome, 
reduclion 01 conthi duing mointenonCC plonniri :cenorios sollsloc•,cn 
Cperatiorts, m.,rove,ne,1 of avollob,Illy Wi·h Ihe •d,]ptolion of e' 5'i•g .rns Reteren,es loctor IK_>1 01 14 8-1 level and Ihe adding lucther intelligence •nd solulion• 
irroro•erncntof •hir5lne5s •illn€ opeet,onJ| 01 which i./.i ./. Ore *reody ovoilobte -. w Ir... In//1 eda¥, lie 
plonfung n.ins· rardoir, eve, Is Seca.,se me*•11222 gssle r,1090gernerl opprooch r Lidities 
& implementing ims piogron, EDF could co, be mo•,ed frorn c troditiono /ever,hie Co, 1[]ct Frofic,sro Jose Arei,¤s Pr·"f 
berer Identily ilsk n mc,Inteno,•e plons maille•ance opprJoch to 0 219 :en,vr, Scire,der E,ecinc 

und ostimise PO•er plonl 'down b¥ dgital opprocch #ich eubles te·ter ler,cls-quieorenos@'5cire,derelec•Ic,co• 
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Predictive maintenance of transformers 

through stray gassing studies 
by Malshediso P,im,Tioko. Abwer+ech 7 onsbrmers 

Predidive mainterance of mineral oil-filled transla rmers through the use otoil condilion monitoring & essenlial 
'Spe'lly lor ./.01 lan. ormers localed in remote orels 

-his hype of cor,dihu,1 inon,·orillgi I.ul. been Iliese inre,prelolion stor•juruh ond took ir, repolled tor Iron5formers inlervice ¤s well 
Ir, Licage since ar,liquity In recen yeorR, o c.rl,Linclion end where concerning go'-g as those /01 11¤d rlot yel heen energised 

ung,uol gos•ng p,enomenon, stroy beho.ou, i' /bl, Ihe ossessmenlof / Thisdecompositionoitheoil isin ,nosicase5 
s,n g has been „Inessed in difiereni quait, r,dicotofs 11107 66 eniploved to /,ther n©1 occo npo'led by 'hr oeicf,orul,or, 01 
roJ tronsfoffne, ail blendB across the dist r,guish frelouit ochv,17· A /le,lorrlon in h oil qua Ily Diogneshr lests end Inle,nol 

world. This pope, looks at some 01 •he .Iquality,susgoll,accompalledbyons,te Impectiols perlormed on tionsformers 
lobo•et<)17 re,ula of diaolved gat or,04,15 eledricol k g Megger) ond detaction k g wah st./ go55ing oclivilY have yielded 
ano molefial com.* 5/Il' using oil ocoustic poe/discharge meosurementsl ir,consequBnt•a result 
-i•,ples ook,ired from v rgin Oilsr oils born losls Depe r,ding on Ihe oulcorres ofthee De In 2013, the ASTM C)7150?3 [5] was 

Iron/am /,Im•ed * hove 5'ray gossing lests. Irile„nol i nsped,ons moy be corduoed putished This,0 0 s'undordised W 
„divity and lons/ormers known jo hove onel/le h•ult, unll moy De se/ 6/ ro the m e'hode !¤gy 10, the determination ©1 goss,ng 
,_los,ic loults and how stroy gaMing ¤(tivi•y rr•nule,•rilig|inelorrepah. charorler,5hc5 ofinsuloting liquld, under 
hos allected pred,•tive ./Inlenance of In .s ecrly as the .,d io lote 1970%. •her€ Ihe,mol s,ress. I.e slro, goss,ng 1„t. The le,t 
tr•nifcrmer•. hoie •ee,1 reports o• ungwa• goss,•g aci. 9 samples (lie uged ¤• 120 C for 164 Ars. The 

de.s./ygls/ng.51/ce 1998131.ihi' go,;rng i.sults/f·he le. often .0 1,01.rrelol.,th introduction 
phenomere hos beencovered inor'dernic r servie DIA resubs, 06 also wi•essed in 

Pied,LI,ve inuintenonce of 1rans{ormers * indus•/ le'ts ond ./lic,Jilrins Wilh Al. tes,s conducted i. [3) 
usuoil) In,Ol.es the monitonrg wd onolys,s Ihe 'Fol,ler'hor of online DGA ,)on'tor, Undergondabl, •'or gossing hos oss,1 
©f g"s dis50!ve"Ille 0,1 (DGN, oil ouolily there hes been on increose m "ports or 
Indic,] #r. iric|..ding the dieiedric oreckdown mo•oge,5 w¤ries oboul •he increased M. 

4 gassing ed,vily However, Ihis slroy Iho, such a• ob.cure phenomeno• poseslu 
5'[2ngtn(D%), •Irdoclotension IF•,rnoi5taie g.z n' hos probibly 01¥" occuffed 14I Ihe heallh 01 Ihei, 06set ond Ihe inplicctions co/* drelerlfic dis•,poi,on factor (DDF' Stfoy g055!ng !8 Ihe generolion 01 goses, il hos on Ihe validil of their asset i,sumice ton 8, rr ilrol '01,0,1 rwiber/acidir, colour. f,lairlly hydfagen, mellione ¤r• et•,cne i. 
sludge loll'..1 Ind le concen,ration ©1 0,1, healed .• reloli.el,low lempe,o•ures eare 
lurlu,01 end amcioled compounds. Gases £90+0200=C) 9/ygos,ingoctivit hosbee,i Thi, poperexplores case .ludies imor,ing 
dis/4 in oil Ind mOIA / conten, con be itray Issing acti,11• ho• ·i'Influenced 
remolely *diortinwo usly mon lored through b, brileriol compel bil,4 old '18 elle" n 
Ihe u 5e of onlinemen,lors Opher Iesl require end'* manita•Ing 
1001 0 19•n,/ sample be col ected hom Ihe l H 00 150 

The role of DIA 1.an/rmer Ina lemdi o laborolo• cor 
o normnl oporoling Irun5foimer. monvol Mireral Ii,suloriri,• •i,I wsed in han5fenne,6 Is 
oa somphng ma¥ of,11 be •eqJ,red once L px node up / hydroca-bon molecules with C H 

o year Th,9 In•erprpl,]Ilo• of Ihe obsolute L CH 40 110 o,d C.C bonl. comprising the par/inic, 
values of 'he dissolvad goses Ind the gas / CO 540 9(10 nophlher :c anc •r¤,nok 1_!- Ins OS illug' ad 
produclion ales i. done accord. to citner r- in Fig 1. A specclic oil c• 5100-13000 'end used i. c 
the /O 60599 2907 111 *ondord or le transforrner g C H 3-50 col" prise, I / quonlit:es of 
ffEE (57 ID4/2008 [2] standard. 014„ these molecules. 
DGA loollin(lude the Duvol iricngles and • C,11, 60 ?M 

When t•ese mole€vles ace sublected 10 Pen.glong *loped hy Dr .,chel .,,vol' Ej60.Wilii••go thermcI oreleci•,col strm, 211.C H ond C C 
lor ihe 'pe 01 oil und the eq J pment m wh ich •ore 1 7,0 €01 0650!u'# disso••·ed gos •o•ues bond• a•e ser•ed, re.ullii,g In the formot,0,1 Df Ihe oil is u•ec Guideline• un rec•·erded compounds/,/recombinetolorm moleculor brn,ts and oloims d w, both 111. IEC J 
EEE guid- Assel managers usually use • 

DS,W; 50 IEC 60•56 CH 2 

[_CO **/1 
50 ' 20 IEC 60814 

:-1224- (pprn• 
900 

25' Ami' •:0.15 "62021·1 

:E Eli C psH, 
M7 0.1 IFT ImM/m) 227 606295 

2 4.- bawl lecaiG ...mn' D>Naph-1• c..... 
/66 3: 7,picoi !,mils 6. irhill oil k,r ins-re 

r q I Mo•!ru;C' •'rudufe Ir ,•i.-r.) 7ablp' .sp#ion/*nm'/Ayj•I pcwer-* 
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hyc.gen and ©ther hydroco•bongosesond orid'diel../ric,mulalor 'operlies,ho'©Hect 
polyme,s. The 905es diss© ve ill oil end con be ils ob,Illy la per{¤rn, i15 pnmci :unct,ws 
delected 6¥goschromatogrophriltheYOre•,1 ole iflulinel, m-ed os poM 01 conditien 
lorgequo.,tesand aretiol deplele,3 'rs.,gr, monitor ing Th 15 poperfor'.e, on Ine " 
leo#Bls,eolheolmospne. Depending 01 the dielectric breakd- s•fength (DS' 
In ./ composillon ©f lede'led go.s, mitsluie/waler con//, in'.ciol I.Ron '1,X 

foul, activlly. if preser" con be eitherlherrnal JFT/ dielectric dis/polion ¢octor /DPI/ton 
or elecrical Because..Ing/se'lilli¥ 8 Ind le neu•olisolion number/ocid' i. 

formed w specilic lernperature ranges. Ihe condtion mori,ofing 

delected gms lon be used /0 deler,nire the Debi breokdown skeng' IDS). The DS 
lemperalure rn,lge / •he foull 4 / -1-1\ 

-1. 
oci,fr, e q 15 0 meg,gfe of the oil'$ abily to provide 

•118 pr=ence 01 ocelyferle is ossoLI'led with . 1 X 1 m 'tion when,tls bet•,eer two eleclrodes 
arcl. .ich ot••Irs et le •emper/lure5 .ove -Ill 9, which a •0/ge i, applied It !5 
800°C. 

influenced by Ihe moistufe/,voter and pon,cle 
In Fo'..Iti•ei.!i#,S diss"ed gos oii/lysis o,d in"reiation. corient 01 the U An oil blend willi low 

"egam'/uenllfuhedorehydrogen[Hil, molsweandle. particleswdlieve-relohvely 
oxide goses (corburi mono,lice - CO and h,g•. DS volue 
carbor bide - COJ os wellos hydrocorbol' Mf,i:ture/valer comen' Minerrl' od blerds 
909/3 1.<ILd,ng me thone (CHJ. ethane •/* hove o •vele' so•urotion level I IFT -3.Il. 
IC,Hol.elhyle, el/JH, "idac""el""). Ni' 

or"•55 ---A "mat•016,•rtlemperoiure 1•e 
The IEC ¤nd IEEE bolh / IDF 50 100*C hove guidelines On *ount of mois•re l ern in I I Ad' ils .I 1. 1 
/,cal a iw/d •5 volues ef ind,viduo| key DS 

delectrie st•ngth The higher Ilie 228 I. moisture 
goses ond 1.1 combushble gases (TCG) i e conien,< ihe ower t. dieleclric breakdown r NN __23 Ing 01 KOH c 
5/mulcofbon,nono'idegases'hydrgenand slreng". i.our hydrocerhongos€5 /0.5.... I 

1.kken'*:H (Et' T,ke"laa,fle'sure ... .©wai• aged rio•elies I. 
Tabl• i ijadop·/ bom Ill ond is o guldeline 01 the slrelig,h of the ,/erloce between oil und ./.......g 
on the ·ypic& gas cooceritial,on volves wole, I 1 ,s depend/njo• the pol¤r groups in 
obseved n power Ironslorers .1/hout u .he ed cnd ills poin, negaliyely olded by 
wrnmur coling plod #p chonger. polorco"minods IFT,susedosanindicalor 0, pi....Inn 5ys•em Seo|ed'Inier,21 
In oddition 10 Ihe co,„·en//on volue, of Ihe 'evel of cortamination in the ¤il 

.M*rul /11* *iled 4 
Ihe ./ of gus gener'ic• lwhic' is w** DreJecly,c di5sip...c•or (DDF)/lon 6 The Ce.e•e•inal 
colculded :nnill lies per dcy) iso"crillm| DDF is c me©Bure of the dieleclric GOES.1 10"es, 

Impedon•e 0:lt,-benerind.woof ac,iveloulloc/„,/ whicheed,ss,pied ashe/ energy, inthe 5Iondoid _• 
Ihon Ille •ollcanlrallor• vollies olone. oil. It depends on Ihe kerageloodi. Quen,!7 of ion,suble 'C16 1! 

Table and polo' molec'|es ike 2,& 0/ odopteD horn 111 Ind oil I'l. whir' 011 Ktural .... 
is a 

ob. ONAF IM,6 - 
could guidelineon inc'eose Increag/elemperature fise,0 service Ihelypol r.res olgos 
The DDFIs Increased by pef day ihe presence / 0,!nol•rol. olina/ral 

ONAN contorn,nongs und u'Jolly co¤ling incre•1 .1 lh. 
S|ighlly n,gl•ef |eV/15 01,ndi•,ducd or combvs.We onset of 'e oxidation prices •6-t 18•f•rolu, /°C 

goses "9 be oehiled, bul •1 1.e rates olg¢S Neuirul "ion number/ecral/: Theacidily of .4 °'• 'i.e ll,m,Il 55 
generoil'I• orekdy, there might nol be or• 

the 0,1 foull is o meosu. of fhe qwor'fly . iiI '4 *. - INAN 45.2K octivity Co•ve.sel* the n·eosured F 
nd: prejew .the / 0 I ouddii m* 0,1 Me - ONAF concentrallons mighi be ower •han •be t,PICQI cori'pou 52.7 K 

leeds to the formotion of Alues, bullhe .5 geneit,Dn rates migh• be wrbox,lim ,<1.0 Meen wi•ding 6.e Ilim,il 60' 
which highei increase . /cidity Tne ocidily indicaling pesible bull o.livily These i' 01./ 

Me05*=nd,•0 inflvenced by con,omnonts such as /ink P.forrel' lie used l ion••Iction 'il the ..-ONAN# /11 46 0 K 

key g,•5 ratios wd lurlhef anol•sis tool& such and wornishes Tne i,creosing ocidi• of oil •Mding.) 
*5 '.0||' I p....orto s|udge lormolion 02 lh* Dw,€11 1,iar,gles and peilmgons 09 Meosuped-o, win# 

applicable lor the type 01 / and equipmer'! Tobie 3 shows .ecommended v/lue, b 8 ONAP IM= 0, • 566K I 

being -r•ding,1 onolysed cotego*.#me•fllEC 604222013 
•Dle 5 

Note Defoilsofpewer••:6•ner=b,bilin9 iho, ihe recommended d ssolvad The role el •ompotibilily I••ls U.lus,dol go.5,nocho,C•ns,C (' GOE5 - High' 
gw concentrations and /05 generatio• pwnl, grorn ©Menled //im)*/*1 1 
m ore er,4 0 g•„del,ne, and il Is bes• Whenever • new acterial oran 01·e,901,ve 

to develap recommenced values lor Ihe rlaierioi ls Irlroduced ir, Irans:ormer 

specific 1,0,15'ormer cornmuni·¥ in which the -6/zing 'he slondord prod,ce '5 
/0 le,1 the mote"I for compo/,4 w $ once ·he un,1 hos been in·service for some 

..L' rmer under ano 
sucn os I 7 '%.1.:75 the micefol oil This # is Ihe * I,De of hne li .1•on o unil previoil¥ i. slofoges 

cimo 

6 '9're•soresimblor/trons/mis de'ence ogalmf in·ser,ice parbmonce energise,1 Moin/sknowri•o /ye warjnib 

*LI• sLm,lor be•viour con tie e*pected 'sues Il is not a|ways possible to perlo,m 4//re iwompolible w& Ironsk,mer minerol 

ocross the 4 pment oGe ord #b-lype, this c g exercise 0, some mole.iol •upplief• obe alter moinl, gl•es (epoxy 60*ril'lle• 

induslrial•ronsionmers Iheir produdion processes w,lhout ,nlorming (lor tionsfoimer windin/) ond po nis lusad 10 
Ironstormer OEMs (original coal Iron•former•,01!s), equipmell 

Theroleoloil quali'monworing Inonulactuferil The consequence 01# 8 d The so.ple peepcrahon o,d the 
Thetfon5forrneroilserve5u51)0lhocoolont .eofcompolibili•onl•con•ng,olight ¤901¥Ps olthe resull: & *e Mdordol 
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**Ege' 5 5 [51, Ihere %·111 no clear 
guidelines on w 902 /'els 01 dray go "ir are 
accep'ble "d wl·en 5 ray ga•sing octivi-• 

19• ,?9 2.17 5nowld be • coicerr 
155 161 

here are t.vo sl·ay gossing Msf somple 
86666 87 392 preparotic, melhods documenled in 

his poper focuse' In Me'nod A li 
Mete,Ar ·he oil is liltered lk•ough o mixed 

L et 96 96 Oge 4 cellulose esfer Fi •er Dupl,cole ./.ples 
cf le o I ore sporged wrh oir zero /no 

100 99 
c·her dupl,=cte somf es wi·h nilrogen. tor 

157 • 155 4 ·4,34 30 rrinufes Tie sporging c• the oil somoles 
ND • ND wi*h the ·wc go5es is done to sinu ale •Pe 

Ch 13 3 0 0• 7 diferer, ·ypes of oil p a#ion 5,s+ems 
used br 491 2 7C Ira,sbmers. i.e 

C,H 411 free.breolhing 

•--• ond in conioct -1, oxygen •Ir zerol - TCG' ] 31. 28 1,7 
M I Inl'rogen). Dup!,cote'cri,ples orelbe,1 

Ibled .........26/,Ud¥.hve...../·Ascss/5.docrn.i.'0 0% placed in o gloss g,nrge. seoled ond men 
aged. 120 C tor 1 64 hcuis A[le' /"g'ag 
perioc, /8 50-oles are relieved from 1he 
ovefl, cooled 'c roorr iernoercture and ther 

.0 H 6 1 6 250 sublecte d I d !550!ved gu• ••nillys,5 

3- ). 558 128 683 ac •sl reso•t• hove sliow,1 •ho c I ir contG' 
wil 

CO c*„gen lenm 878 ·a pici, 1,i, p h ghef level. 
c· 1.lge' cair}11:]red to ./cr ..Inbull,6• 

CO, 1470 gose. 
C,H 

Adi JS,ing iheogi .g tenpe ut.re ard dumt on 
C.H. I I C,11-A .1 

44 41% *90 4 1, 2 44 • 592 • to sirfu|ole ir serlice conditions hos ..l 
36 * done. Resul# of such modified le,1,car #er 

.. 7 'bor»/ 5•r0yg©5s,ng •eir,6ujM . 1bb•,8 'buwk.':r•go•0.1-•*resujj5/r be 46" to establish u go™,g firgerpr,r•I 
./.spomedwim.zer,JW s...'porgedw,in M./* attriboled to +hermol st. ess E,lotlishing o 

gassing *inger/l ;or s.y gass•ng ocli.ty 
comoofibiliN •est ore d©ne occoiding 'the points) are -| y mi repre5entol ve of h especiolly vse{/ in •orston©ers filled with 
.IMD345502pj Dupl-lehornp•esore ·he 2¤- c! ren! trons.rrers Tylicalli, o Is kncwn le Ic prod,ice sk"y g05.. The s ray 
prepored forlesting Typicollv ihele:rmateno| Conce# rul „1 01 ihe *31 male„01 1, Figher gossing bosehe con be used 10 42· the 
woplescged,nlheminerolod,no•©/I /5,1.·iouldb-nocluollransforner/$ 9•ses d etecled from stordord DGA lests in 
s„ 0 100 C for 164 hours ·Aftertheog,15 c·der lo cislinguish belweer makin#ence much stray goss,ig more proeunce¢ 

divit¥ a/ ck„,c tronsbmer faulls Thz period, the simple is rem¢'ed 'rom me 01' ft·an in 'colily p, U' el' 1. f ./.re d oic tes's /0 osses'lhe inilusnce ollhe test 6 13 
. 4 presents }•ie ollowaole prope•ies for Iricl on Ihe oil os well ©s Ike influence of Case 5tudles gged re[•re,ii. oil and Isodopted {rom [61 /8 oil on Thetesl meter / ore coiductec. To 

test how the ·esl mater # olleca le o . 0 In recerl hmcs, disscived ga on®sis ofte n 2013. o tustomer surni,ied (eports 01 
'055,ng *3,1vl' 1, cxhi[,Ita• quch/·esls I¥ on ore /·lor·ned To tes' ·he e/et egrig h.5 beeri perfc med on the or| UrJSU.| os 

In w™lic o'to 
©'lhe oll ©nnected 1·onsformer ¥.I+h on tie msl rraleriol, lists related /0 pu,1 0/ gle imlixillbility tests· Th,zonalysis 
Ihe u.]g. af ¢he molerio| In irolsforme, nie w parlormed / delermire Ihe gossi,g I noncommunic.ir• or 1/.d ·op chonger 
conducted » example, W me leg· molenel chorocter,5ll<m Il li the oil exhibts whel . morwfaclured:n2004 loble 5,5, summaf¥ 

./.nslorne, detai B 15 0 I ikl used ID wod gr,5kets ono prever 1 tel molefio| is i,ltroduced Th s practice 
cilleokoge, thelensiles,reng,hol·hegoske• wo' adoptec ofterie,x•rk 01 sir¤, go„•ing DIA tranding stofted i, Morch 2013 • 
betoe ord aFier ogirg in ol viould oe Fomenor,expenenced inotier,veheolthy Tcble 6 shows mp resul·5 0- rag.Jk• [>GIA • 
colducted Gli,deiinnscre dorume,ted il Ille trcnverrn.,s Beccuse Mns d ss¢I•'ed gos meosJ„roer for,wo ,anple.5 colecled In July 
test ig /ererce slondorn: on occi·able le·bl i nilly·,5 dnes 1101 form pad of Ihe ronda¢d ond Seolerroe. 201 3 The corcer,Iration 01 
rewils for the referene / (od oged withoo· corrpoht,li,y test. ne ·esulls cre only usedfor h,drogen and elhwee;,ceea ·ne r,pical volues 
the ·esl moterioll samples The a!|©wob|e inlormolivepurpo5es. or Tabel subsiriliollY Ir. addilioi, Ihe dol, 
percer,lage cl•onge ir Ihe prooelies of the generanon ro·e tor elho•e was nore then ten Sliayg¤ssing oil and le/st maericiobe being incontoc timesthelpic/,0// 1 
0 each other 're 65,clly ogresc upor by Until '€c3rtly slrov gass,Ag tesls bovr on!• Acc©/ .7 10 [2],Ihe 1·onslo·ri,erls in. 
le purc,©ser and Iheist mater / supplier been /Aor·ned by ¢! 5upplie·S Of, ol| hotdIE= Condi,mon Z i.e 1he tunsiormer g producing 
prlor b te.Nrg. Percentage chongeg ours,de before .,pinent 04/ Increl. 4/ repot of Blerlhar nermglcombuslible gas 'eves 
theseliurerde"hemo·eholincomp/ble slroygo„imo,r.ilyinfairl,new·=lorriers 

w or, i,c,viduol combusliblog,sweeding #h 'he oil o· worront further tes'. Oess .n live ,eors in·selice•, tronsforine, Ikified evel, shculd pic.lipl /ditiono OEMs Worth not•ng islhot 'he rol o cf tie Ie'l oic end u•ers *orted pe,!crmIng 
Ille i nverigation Samplirg freg•e,cy i,ould. 

test,i-®use male# 10 /9 oil ond 6 curing •e•hods increosed lo nic,•thly TI,i• wus subsequent • 
used )r h cose cl glues, vorn snes on¢ -hough o skindord le•t nethodology lo, Inplemenied 



EXPERIENCE QUALIIY FOR 
MORE THAN A CENTURY ,¢=4 
r 
M.TEC 

a Ploneer in the manufacture of non.ferrous productsn South Alca. Our constani endeavour 8 conlinuous improvement / 
Ir products and maintaining technical expertise that ensures we Remain a leading manutacturer In the cable indust/ Our 
range of quality cableA and conductors are ess/nt'al for al| Uld'•tieS compan•es generat•ng ejeclnerly and telecoms gia// 
bullc'Ing networks 

MV POWER CABLE 
4-TES Manufactur MV XLPE Power Cables in an extensive range 
W SIzes "d v"age : Mv Power Ca/a (6 6 kV - 33 k\V) Copper and Aluminium, 

•andard 
or water blocked 

PoW VOLTAGE CABLE 
4-TEC Manufactur" Power Cable (1, 2, 3.4 core• (Copper. Solid and Stranded Aluminium 
Bell. Cont rol (5-370.* and Se•,ce connection (SNEand CNE) Cable. and ABC Cable 

ItOPPFP 
4TEC has an exlens,ve range & products. In a variety / categories Including copper w,re, linned 

•copper con•c, w re •trolie• wire) copper stranded conducbrs copper bun<Ned conduc•or• 
I./per slip. ProducE am manufactured to custorner's, /ational and International spe/,fication 

IPIBRE OPTIC CABLES a/*d 
Al.TEC Manufactur FrTH, Micro-duet Heavy Duly Duet Steel Tage Armoured Cabla. Al dielechc 
1"Ff.Support(Shorti Med,um and Long Span Aerial- 9-nletallic) cable Our Loose Tube 
Cables provide excenent perlormance We design high tens,(e strength and 
"X/Hy 'a a compact cable. mant,lact//d to national a nd 
Internat,onal specification 

•ALUMINIUM 
M.TEC 1, 8 Major manufacturer of a variety of lum,nium products Alum'Im 

•ht cond ucti (ACSR, AIC. MAC) Aluminium wire. Alloy wire and strip, 

|OPGW 
IiI-TEC OPGW combines 4(4 a ground wire for shielding verhead p./.r transm,ssi.n 
),nes loge'her wim opilcal nbres jor transmvssion of commumcallon signals Cable 
Conta ns fibre encased In a slainless steel loose tube Ihat provides exceller,t 
Optical and physical pedirmance OPGW is designed 10 /eer thi /8/Irical 
and mechanical equivalenl of conventional ground wire such as 
resistance of strong winds Ilghl,ng and short circuit current 
and atso to have communication capabilities. 

M-TEC , B-BBEE iliREF.i 2 
taihan 21 www.m-tec.co.za nity 

aBLE &SOLUTION Inw- 

42 :I- Steel Road P-;ehaven, VerBen,ging Sales Om¢e %3 Phillp En,•el,ech, st, Meyers.1, 46@G 
ule. SMh ATrica T-I.&6200 *non™·'27(86)100 MT. IM,)ll• 
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••,•h oir zero orid nitrage,1 resmcti•el, Also ! 0- __ ND • ND 
sho#,ilhe•etables©rethe[*st•ygoss,i, C·••• 4 1 
criterial.i....idullgases These »5 Fq.. !72 1 ID | 

"1 m ce,eloped from somples bled tor Trh•, I I 081's 5•r•gO,Si• •e5r •su/M IW 
nurneroug customers ocros5 tie word using 
d,fle'nl oil blends. 

The * .ssing oisessmell is done os gass,ng were sen! 10 Doble Engl'eering ond 
tollows. U ary / the hited goses is m©re Es'om Looorat" 89 in Bloemfontein Coles 
thon10%/bove Ihes/limiL tnen•heoilis locilitytorsrroygossir/hadre•enlybeen 
5·roy gossing Tluesever,1,011hcslioy 9™Ing woblished) I, wo5 e;:pec¢ed lho· tho le¥eis 
och+is defertrinedt,lhemountudeond Ofthedissolvedgages eosuredbY·he,Fee 

F:0 31»g; In'•ge• r i„,•I the number of goses Ihot e*ceed Iheir limits loborotories •.,Id vol, but ./. /.ing 
charocteristicE •oreoch scrople werBexpecrec 

AB seer r, Toole5 7©nd 8, the oil is excessively ocros5•he,oberctories 
stray gossi'g in both the 0,#w ch ano 

DCA interprelotion 4 ·he key gos relio• Tobles 11 eygen.deprwed e,vionmert5 Cose s•die' ' 13'howthe •sl resullsoploirec 

wos ,nconclus,•i; eoch ·01,0 showed o oocumen·ed in 1,11.r•,1, rE· includ,rg [3, 1 by the three loboralone. for oil gornpleE 
dileren'fooll. re,coled tho, /a aution tavoured by most sporged wl,holrzere Prese,Ird in Tab as 1 I 
TheDuvolt»gesformine€oil,Tnonges '' OEMsond 'dries l iemove gose• due o 3{,regcomporisonof slro•go•ingtest 
4.. 5} were ler used I ..p le pos5.64 I lire¥ gossing ./.·y wos dego•i,g, I resull . Id el lie ad from Pensfi,ime• 4 
foult The resul.5 of ·he ;•erpreition •ag process by -,ch Ihe goses nrc re•ced ie thefran 56rmerwuh/imgossing,ciwir 

/ rcm·de·ectcb e levels Noled in fl·ese anc TFonsbmer 2 e a Tronslor,le' in Triongle lire show. i. Fig 2 
s·udies wos mol ihes·roy gcrsirg act vily car lor pcrliol discharge acivi# 03 delermined 

Tr urgle 1 indicaled ¤ 'Ke,inol 10'4 01 ploteo, on ts ownot Ihe•,codY.stablished /rough ccoulic me.gurements .id or 
temperilwre less Ihin 30: C lype fo, r,ne of Fig level and Ihal 11™ rec=erce o{ stroy Inlernal nsped,or 
*e ten gamp es The one somple ind,co fed c goss,ng c'ivi'. albeit 01 0 reduced eve, W 
PD faLI, "inly due 10 the,ow levels of the The gossing ch/„·ensfics under Ihe,ing 

beer obser.ec u rrondor·ners Hod beer stre/ for delected dissolved oil trom ./sAp.me, ' ii'/ 5 ni,or ethylene degassed. The Irons·crmer was depaed in foroll three loba,·ones, wili ge exceplan 
Trlang 'e 4 irdicale d a ron -determ,= ble 10 / 2014 0/ o new DGA „end wasestablished be,rg ·hot higher carbon ,·ionox,do eve15 
Mroll 'e somples. 7'ip/e 3 indic'.ed on The spoy gossing octivi' re·emerged nearly were •elected I Ihe OEM'• laboin ory The 
Iverneoting fcult 2015, 

resulls for Tron5Ap,mer 2 ore s,mlo jor ·he 
Tririride ' Irid,critad ovefheoling IJctivi·, Aher the publicolior 01 the olgori®n lor le OEM ond DE :cooratories, wherao: theam 
0 ...ro·ure Ic. lhar 250•C {0, al le DJvol Pent,gon PI, Ihe i,•erpr•/ion oi loboratoryd•ec•d ilgherefr,lereleveis 
samples. 4 [>GA regulls •05 conducled Us, 10 ·hese 

The regular DGA res•lts of Ponslimer 2 new lools, Bo,h indicated sroy gessing 
Or·ses *16, i•eluding electric/tesks, SFU before il aclivily For ali was rep„ ed showed ¤ zo fribuslible ten somples as shown n Fig 3 
ono dionnoslictosls, showe• nosignsol foill ppml (Pe'lgon gas composition os lollows. TCG •356 res' ts•. 
activili Subsequent in·e„ol ins <clions were hydroge, 244 ppm), me hans '23 por,0 
0,50 iu for#•corning The oil quo//crome/a forthe 27 November. aid corbon wonoxide 189 ppml. The other 

2015 somple „ pres,ted in Tcble K. hydroc:orbo. Ap add••ional sample go,es were non.de·actoble wos collected in 

Seplembe· 2013 1© be te,lec 6, Throughou· Ihe *y Irending pe,ioc, fra oil qu/1, Maleriol conipulibilil¥ sl•lies were •riduceo 
g05;ing. The somple 'colors .incined.Ahin limi••. wai lasted a¥ M in cor,Junctior, .4 ·he stray gossing " 
Doble Engineering (DE ins,lot ng ma•elois 1• rrid·2015. Ihe Ot,.1 es,ob ined 0 4 Table 1 4 prese, & 6 DGA iesulls iafter 
laborolory a&them. 4•,as no teslloclity Ir 5©u,h gossing kes• locil ly In 'he,r oil looorotory 'tondo d coillpilbilitioging] of Inptols used 
Ahootlhelimelk/cculdpetormlistesl T„ volidote/e 1615/up, sompas fiern thus Intran,formers tha· Rossed tne / cuoliti 
Tables 7 onc 8 show ·he laborotory st-oy iron,Fo,mer ord other tronsforrne.s w,1, cornpalioilil feS• but have been zno¥.r to 
gossing les• resulls toi Oil 'Imples soorged gos:,i,goctivi'duele'lossrc fouhsonditia' 0(Illefetneger"'rolcoofcolnbusliblegiseS 
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CO 223 • 579 Immeeed -rard©•ner, 
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.6 8/ PJ 60599·2007, M,•rel IN ;•p/gril. 

C H• ND ND 0, 186 . 39494 eledric,1 equipmen• in •a•„ca - Guide ro 
Ihe *.re#01,0,1 0• 'Is5©lied ond le•- 

CHI 5.1 83 N, 566451 362/37 
a... 

64 186 2 CH . 
' Rer.eilnevelpmu s'.DGAI,il•...I.9· 

CO 22 1184 Joinl /5 .ree /1.01.2 1, CIGRE 
1bhfa 13 DE .1.000¤•j ig ••fe•uffs J . 

542 1768 .cUe N 2% 2006 

!4) J Hoh/•i, t.nui•<1' C©5es I /•sif. rn 
C,H. 0 0 Tren.10*i i. bervice, IEEE Ele•tr,rel 

a h oh lemparatues The res, Its ve to· C•H 0 ./lion Mog/line, ./ 22. I596/ 1, Fabriol 
Ihe re·e,ence 0,1 (Rol, GOES, bore copoer - 2006 

(BC) ond ni,!d stee (MS). • cxpaded Ihe •%4 •0 4- 71 
15] .TA'D715013,51©lidard/'IM'Id·. 

<Crnposi·,w 01 'I·e di,se'vcd g•ses does not TCS 1 22 1 2011 1..-Inolior of Gois,Ag Cho,•,ier,01,•s 
motchllio ,'diwiedinrb!29 koe'5 DGAiesuhoheroo,•0£re-ji• 'Ir,|.. .....de·Thermul Sli• 

,em • ,'Grr n.·,d Im.W Nk:6 pow•' 5-k MJ .,nos .Br rr¤D5•orn?,r Ii' landbo•' 
A metul o.'de Plili lor,In' I.5.1 IS C. Sweden, 2010,Pp 97 
Inlerilll cootip £11/t©.s oild t'cn••ormer ]71 ASTM [)3155·02,5/rd/rd T.IMe...., 
loilcs)+i.•lwosotlhe,inesu•Dectedofbeing th obenomenon. Such o goss,/elire $,b t, wl Cons#i•n Mate,ial • •I 
espensible forne e,cessive {1¤ssing viu• lo wiould bc Ircorproled nto 510/ards ond Eleclricol 15u all.9 Oil 01 Felroleum O,nin 
tesled u•ing b, 1 Inheed and u,Irhiblid locmforthe osmmentol tronsfo.me, 1113„1111 18I Dable Eng,nee.p,g, 111®10•Ing Maler,ols 
Oils A brtkideddy or lersforrners n the Saut·, L•k,orof©• •apo• No 131193 Seplembe. 

2013 Afr:con nehvcling 'he ... TI,e OFprovedoil DGA res& ...1.lidgrd corrponbilil ble,/should be condueed 10 0/0/:sh 2] [>oble 
lo:o ..ireering, I·,ulf!#ing Motoi,oli 

.Ing! prese,1. i. Tobie 15 0/ for I. 6]6-lor• RepoA No 108'·68, Der•mber 
Sr,rnl.'5& ©ged n inhhi·ed Qnd uninhibiled 5.rOyoussing | 9'Ir6 20185 

oil'Im Ihosoile'i!5Lipplier Ony<Orbr•1 10 
Acknowledgemems 'D•volulidLLn,no•e,TI. ol/*% 

mon/ide could be detected ir, ihe oged - A ... Comp,uni..'/ I'llof the 
re ere•ce oil s¤mples, ot de·ecled levels 01 -4 A "r *,rks & Oil Reseorch T" w 01 Inlerpr/101// 01 [; 5SOLved Go• ..lysit 
13 ppm und 30 ppm forille ihibisd l ond tweifeck ira„strmeis ona D. Micnel C,voi 1. lf... le' JEEE Ejecri,/1/3/•oliC9 

Ine Vol 30, Iswe 6, Novenbed 
ur, I'lb,·ec ol somoles re:pectivelY for Ihe Duvi' Per,10@on 1 0,c 2 olgoi,1,•rrz Deramber 2014,.9.12 
he resul·6 i, To Dle ' 5 show Ihol Ihe presence Reference, ContoctM05•edisoPhosh©kc 

010/otion ionibllors,s o lorie "cor,ntie VI AN' IMC'7104/2008, Guid• jor the 'Owedech ronsfoilner:, Ta.1012318.9785 
con·posilio• of ihe gose, gene,•ted * molshoc•o ohoshoko@pitronsforrrers co z. 
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Conclusions 

Jrll'5ulll gassing behoviour / trcnitoru.e,5 
due tc CTERRATECH slroy gass ng Is o phenome•©I 
whose *honisms ore nol yel lully krow, Oplli Ised solutions and support, beyond 
Appio, hinglhe ii,oble m / e.cessi,e gossing the ordinary delivered in 
Irough a combinoliori ole#linalooIs suci as 
regLI:rd,ssol,ed '05 on,ily'l5 ¤r•d oil quok' EARTHING, EMC & LIGHTNING PROTECTION 
inor,k„,ng may sha,1 ligh] all //her le Contact: Or Pieler H Pretoriux ./lis {le'r„lert'll lili. Establishing 

Mobile •27 82 412 8257 
O In/ g'55:,•g bosel,le of the C•I pnor to E-mail: office@terratechnoiogy,co za 4 Ironsforrners can be used to dis,inguish Webv ww.te/a echnology co za belween clisic foilfs crld gissing dua 10 
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The embedded solar PV market 
in South Africa 
by Dr airisrophor Pkiwu, 3 N'i.-61,en Gover,de• SAPV'A 

Over the pt.5/ 24 monlhs South Alrico has seen an exponential increme in Ihe number of embedded solar 
photovalt.' snlems, p...ul'rly in the commercial and induslrial se'or. .slim..s ' ¤nnual in&failed 'at>ccl) 
range belween 80 to 120 MW p.a. with a total installed wpag of around 300 PAW. Unlke Ihe large /HIN scale 
program which has procured clmosi 3 GW of solar / ihe past tive years, Ihis n,arkel is not bised on governmen, 
Incentive•orguaranies, butpurelyontheeconomicsof coslsavingusing sola, ralher/hon con-en,ionot uliliV 
supplied elearkity 

Tie dynomics ofth„ merk/ re I„ilicont 9 
becou•,e . In Suuth Afrka lkWA occuffing In on oreD ihot Ann- In.1.-d nan L. -ar is 

Inhe•ant, difhcult to mgulole end curre•'I¥ In 
the absence of ceoriegulation, (ii] because 
Ieys,gr,u elurl}le, 80.Jdionin Theder,10/ 
For Bled,Itl' s¤les lion•, In some coses olread, 
fininciolly conslroined utility c" ponies 6 
ona Ii,0 t••ouse Ihey •,ge f' le sta. 01 ¤n 

ene,gy Ir/nsitio,/ more dislfibbted elec•ficity i 
generotlen ard sloroge. In th & paper we 

AIn,•,rho·o,oliolchdusti • pros,detheSoulh 
Associolion's •,iew on 1hs cirient .... 
le ne• fc,r rlea, regul/,0, and 1. efforts so 
forthQi ho* be- colied lui ·0.Il·re. Ile 

the indu5Ifyinl/'of• oflhe PVGreenCard 

La,kof reluto/on 
.. 

Soulh Ali,cu', Er e g Regulc:lip Ad 5'ipula·as 
Ihal/ve"lactricily gensrotor must obto,• 0 
lice,ce f,™n Ilie Nal,•,/1 [nerg• Regulator 
[NERSA• unle5t 11,ey ore genernti,ig electricily Fig. 1 Esfimc*ed,rarke•g•%·•hipnor...•#0-20I. 
for •own use• purpos• The de{,ilitio• of 
"owr u,e' EDA be inlerpe·ed d/renty, 0 
regul¤'DT% in•,sbrig •hcl• il wouid 0,4, opply lo dil'ereT.1 •takel,older• as to how 10 4ect usen· e·,d os a •esult <1 ti9,••'ic<,fd r,ur,lb,er 01 
o user #at is en/* d,sconnecled /m 'he 'he,e pro,e/s from a regulotofy perspe/* Ins/ lation• hnvebeen co,cluded /plc * 
potionol grid und de,elopers und con,ulner, This in ium has resulled in some de,el©pe.s lorger -1 MW n size. 
Inlerorefing Il c,5 "nol leed,ng an,t'Ing andconsurner,progre•Ing,vilhunregulo•ed Fibermore. monyollhese Ii.10||ati©13 hove 
bock * /e grid•. Inorder torece,vec prolectsof sigililiconlsize[up'05MW)ond bean p•*Jred b, 47 1,5ted corporoles 
genefolionlicence from NERS»+ern.fbe Ils© hos hindered Ihe de•elopment ol t,ird (e.g G.owlhpoin' Propeitid, Red'fine 
an ollocalic• forlhoo.plicorfs/chnclogy p./ firancing lor . syslerns, which hos Properhe" Allocq fropert, F,nd. Atterbu/ 
Inthe Inlegioled Reso#e mon €RPJ /,id he been o ma•orelibbler,nolher mo,kels, From Propenies• Al on average price of Rl .00 
r,1-ler musl hovre n·ade o de•em•Joolion t.· on Inrifus·r, perspective. SAPVIA erccuiages per 'Wh ond mming o solar specific 1/6 
The sl" A '15 '0 procu•e •uch lechn© logy fegulo·,onthol overoge of 165C k.4/klp. Ihe ils·lied 

• Does Themet®r embedded genefolion lechnolog• nol aibirre'lly res" iarge' 5,5:em '1]po•it• Is curiontl• 0Hs€#irg O/niatel• 
inslollo¢ •here ors 4 •re technicall, 

ZE°2•27,ed os 0 510'e picured R/20-mill,on per year Wilh 1he reduc•io• / feasible. 
g• and ...fore, 60 lo low, PV module pric• a,id...,ii/•ase•in ulill. 

• E,lor/gis Ihird po•ly lin'lling of 
Ihers hos nol beer 31, prov,5,on c,eated toriHs, the business cose lor •olor i•,ter[,5 

s•slems 
for ./ ·.*log, in the pre.* IRP such os th©ae alreod, in/alled is impfoving. 

I Prov,des munlcipolilies and consurneci 
Thi• IRR which 15 meanN be uplled e•ery pmen/g o polenholly co,ili,iuede••rEn¢,cl wi·h clco, iaquiremerls fo qull 
Iwo years. has been de oved M f ve veors |Il.|ob. C{lrile/tit' 51(,ndords. corineclion Drocedure:, g..'in•hesector systerr 
due in po/,0 ongoing lobb,ing 10 ,7 end information ond hmefromes to process nol unusuallor,010. merke,Uogrowto mpid 
include nucleOf ene gy into le plan, de, *e coplications roks bee Toble U 
*epen=•reseorchirdic/ling the would 
no,beeconom,colly feasible Fur*.'00·5, Market growlh and effeel on ullilty Movemen,lounewener. 
NE RSA hes releosed c dm h se. of guideli,es sales poradigm 

which are 101 yel enforceable wisog ng De.pite ihls lock / certein•, ciound The -ds in South Airico ore nol ur:que 
a requirernent fo. embedded genere" 'O reg•lotion mo•y conmers fove loken Chir' ir,tolled 13 GW + 8010. PV In 0 51" 
obloin licences'bove l MW in we Aso ihe view Ihol ifihal'wl.generallon ne,er worthi'201/; over IOGW 'ul,Idis" 
re5/1• Ihere -gnificon, uncert// 1.om e•rae,5 •heir cor-•pl- they €]Fe ·c,wn pro,e•hovenpplipdls·gi,dconreclion;'• 
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wes lounched in June 20!7;lodole lhere ore 
billeri reg 5·/ed 

ploll 2010 2017 20,47% -1 
Amer,(. 2010 20'7 37.759 Concluslon 

2010-20'7 51,37/ 41 Sol„f 'V os on embedded ge,e·otion 

I. 20,0 - 20;7 1 - 

_- -?t'• 5ource hoS seen prolific 9,(wAh over Ihe IM 
24 mci•hs The buNne•c=e fersolorremoin' 2006-2012 
lucrallve ID consumeri. leading to e•ped/•ions 

Tae, ,».n„yecrg;ebWg,0,•h•Gn•••r*led.copac#ren•morke,s'r•45 Mo*I ....rexpo•.0/101,rai*/grolh Rese,h·2©i'. A-,IRcp,02016· *P'-'3-r.16/63* Cule/• 
there 5 0 lack of *opriole regulot on, 
glvil g fise to deve.*rs ari. cor•uniers 

Auslrolia wilhin ·he asl w mor// ond /e deve oped Iheir o•vo indus» slordord for esloblishing ineir own self·regululion poll-Ne. 
USApq ects distributed solar. rrach fne •* ensoririg safe ond high quati» conneclions ©ro inlerpre•alie,15 01 Ihee,isting ow Z ihes, 0'eleclficmronsmissiono,2020 Withgolo Thepiogro,rieiscnlled'e/Green// b,lhei•noue oe,rig dihic u|Ilo 

:-2 
Iror,5br I 

*c lo ihe Ironsmission cows 01 electricily Ingl{mers M encooeged ic reglster on the ¤. risk ,{rnure clitention h net gl•en to,i tt 

M clternul,ve source ••,ou[cl hoi'e t. ger,eme .Gred/Cal prog.linte . e•:mJ.ing .ie,r h• fun• energi sy•'en, Is 'il' 10 (0©k [I•. 
eleclricit, ot zero wa ·o compete - pe,sonnelinlainingpfogram,Tie•Corsurners how beslto reguiole 2 
s·oroge ¢081 WE· beng d ·Ive, down tnrouall are pi,couroged •0 Ins,SI thot con,ponics Ihey 
ecarlornies I scole Und '#le incieosing 1.secon presertth,·5e 9ualit,coliells in ¤rder,•• Conic.I Chris How, 5AFVIA, 
demund for eleclric ven.cle, th,ctric .ehloes en,vre thot ins,ollotions ore of sulcie,tquolily Tel 021 421 9764, 

'vill Increose ihe globo I demond for eleor,clly and mee' solet, requl,en,e•13 The programrre ch f ig@r p•lijt ons.co.zo 

and wil}· 9,0,7 ,·ehides iniked duri,/ Ihe 
doy solor •owef 5eems 11 kely ·g ploy a 
s gr ficon, role in meeting Ihis demand 

The •uluce ro•e of uJ;I,li25 ir, IhIS COnleK' 
Medium IR voltage likely lo be."#differ"liom lodo, switchgear 

|r,lhe bzinesscs us•c srer* r,0 Uli|Itle5 Low 
Mli have voltage switchgear to incieasc pri• es to cov•r 1= 
revenue./. s¤rne operolionol col System blegration 
his will fu•her;mp•ove Ihe coie I 

rn,gile to ol./.le 'reigy sources 
and slor•q•, lit,„"lly 0¢ding loan 
unsuslclroble potii,01 for u,Il,le@ 
Regul-wll ·ind itdi/AM,n 
Col,Guiners de•ecline •re,11 h gld 
[]rld 'ose Iho· do will c•eate more 

pre.ure onie grid 1/ cheree e.isting 
cuitorne rooye 

Grid delectio• is no, the mos, el•,clent , 

future For •he e•ergY 5Y•tern os o 
/OJe )de'JJy cunsumers would wont 
. gener// Ind store . /.9 IS 
ther m. oble To over I . Ill.le periods 
i at they i,eed I,eir e,efgy 51ic. 

Iiemand ord renewobleenerg, 
iwori©ble 04< 5/a dependent •here 9upply • 

moy be coses where,here,M over 
©' under swppl, el ekericily n Ihe5e 

=Re' the .twork ./,i ploy a role,n 
connecling •sumci'i 5upply 
.i•riolher'. de»J h>. ••0/* 
I large 5 nola ......feholse ;01' 
p'>wer o high·rise building in Illa CBD 
tliol |•]5 1 0 50¤ce &|or. |,itn||Ignnl 
networks Inot ore oble lo use weaiher Ty•ted 10 SANS IEC 62271-200 SIVACON SS 
and colltumplio• forecos·g ioopt,•olly · Type 

IA C AFLR up to 40kA for 1$ tested to SANS IEC coera·eo network ge *le usea for 61439 

usi....ie. ./comp¤niesor 
stle ow,ned service deportmen•s arc in 
0 posi•,or, 20 p,ay this ·©le SETTING NEW STANDARDS IN SW -CHGEAR TECHNOLOGY 
-GreenCE,rd:theslarlol C9 
sell.regulation MOTOR CONTROL ANC) AUTOMATION mil:011.72141 
SAJ¥JAs memben hove derNI,ed •he 32NO•HRANDROAD EMAIL: 

14 UGHES 
lock of regulclion and sondards 5ALES@MOTONCONIROL os CO,ZA 

BOKS•URG 
o poler•lol morket ris ond hove 'vs 
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Miniature substations: What they are 
really capable of delivering 
by Rhe,r Kel'y und Gieg Whyle. ACTOM Med um Vohoge Swdchgeof 

The 1/esl edilior, 01 Ihe Soulh Airkon notional slandard lor minialure subsloticn• SANS 1029 Edllion 3, was 
publ„hed in 2010 and has •hus been in plo<e for al leasl s years Bolh users and manufacturers have been 
referencing this standard. but few people in the industry really undersiand sorne 01 the key conupts rel/ing 10 
the on.sile capabilily of minicture substolio,15 /0 deliver their rated maximum power. 

5AN5 1029 Ellen 3 (previously dual SANS 61330. Hgh·vouoi,e/i'ow vo•age 145 60076 1, Poer :ronstorr,lers 
numbered 0% NRS 004] Port; Ge,Derc,J row (eferences pre•brico:ed subs:/rens Iwi·hdrawn - one 

SANS '14 62271 202 05 ne prinory replo:ed 6, SANS 62271 2021 SANS 60076-2. Pover 1,09:#ornler 
normalive ie£er®n•e •o wh•ch min Pbn 2: Temperofu·e 01•ie n. 

SANS 61439-2. Low vol¢cge *hgect 
s.,65tolions in Soulh Afrke ore •0 be designed 5Ah 5 60529, andcor40/geor NwbLes-Pal ' twer Deg rees orpro#"90 provided 
ond lesled. Pre0¢us ed,lions of SANS 102 9 lord bye•clo5uies(IPCo*j 

s••chgeor o•a cool•lgea· ossembbes NR' 004 mode refereice . 
SANS OE<3 61330 - bul onl, wilh .espect SANS 62271 202/ItC 62271·202, /,gli Impor//1 "reepis and dielini/ans 
to Ihe in#rrnal orc le.lifig 01 •he rriniolure volloge -•chgear ofid con'ro}geor - Pc# SANS 62271 202 on, SANS 60076 2 
subslolion In 2007, SANS Ii[C) 61.130 202 Yvt##logeejobad ini,oduce snrle InnixrlQnl concepl5 ond 
wai wilhdrawn %9 replaced b.dilior 1 0- subs•otion delii,lions, rcluding the {ollowing 
SA/5 R 62271·202 - 1 Mernotiona 
Mondord lor Figh·volloge/low-vo „ge 
prelobric/ed substotang 

95 62271 202 0,des o cloor defini·ion of +he rated nic, in u m power 01 0 miniature p•ljl,1 WIND»165 

suostotion Ind pro, des Ihe lemperc"re 
r,50'ype test requ,rer,emB appll=oble 70 = locts 
complele minialure substol on ossemblie' PHASE AMPERES 

£/ermore, d provees cleor guidelines on 
ho. to celeorine/0 rghng of o trois•rmer IMPEDANCE IMLIF-•1 COO•ING ONAN | 
wilin on /,clos Dre. Ho•ever, 8 mos' coses, FREQUENCY |••'••| OIL 
mon' users orld engineer' hove ellher not read 

CORE IWINOINGS onct undersiod emdly whollhe ming of SERIAL No o 

min.·subst,lion is, and more impolon,4. what ORDEP NO TOTAL MA55 
1,15 reollycopobeoideliwe•11 Theimpoclond 

relevonceolcorce/such./.Impecallfe UETTEr.'•BPM.-.*.ACTURE 0.9 
clc55 QI the enclosuie, Ironslorme·de.roting, A 
lood fodor, lransfer,rerte•oe,·uie rise I,•Itg. Erom•'e o# 0 500 kVA •ions f»ler rn-n'ole 
sa or rod / 09 ord over/ge s,re o molent 1 
le 'pe,ul' re c ond,lions are poor y ardersfood 
andappliedinthereolw/d 

Th,• pope· or' . highl,gli• the co,rrii¤ri 
m,scarreplions in the Indus! ry and /esert Ihe 

i --»-140-*-·- -4-C•-5 -*-Cl,»10 tf.,Ill behi,•d w•ot n·Inioture subste,liO,•5 Ore 
---C-16 -••·- Cim . 

reoll, copcble of deliver ng I- wl}uld •,irii,ise 

*919 -*-0-130 i,•ai•• 14 u, Iheactuo| ¢ J,put po•der capcbility j cf m'n,€]h re substot ons having ·he scme #15/0. 82 ni„,ul rn 1,ng ie.g. 500 LVA kpplied by 
dHerenl m,ini,loctorersco• 0 *64 Z 

/wer ul,Ill m Ind wk .ould do iveli I I..f- .-ao - - 9% sNE--- toke no.e of uid undersloild Ihe 4 i es 
discossed un derslon d In order to beller whol 1 ... I .6 
they o. •ly purck/sing - cild t•e possible 1 Ill »- Fi•anciol iri•,ilic•lions ' 4464$%--£*• 

1 D I ' :35*BE Releremces I .LE.,U: ; f .4• 
SAN' 780, Dis¥,5,.•inn Tal'Irmers " 0. 6 

9,NS 1 C29. Mi friot,re subs/'rens for roNE• 
' %J./95 'A / Crlirc'Ing 24. F 0 1 011 6/40 ·ron,Irme, reed 'dcr i• c e•ck©•re 



66thAMEUConvention2017 I 

Shalt c.ult 01 LV •em*,al. 1 Sholl chill[ ul LV 'te,coluleellons 

LML /. 

-------L- ------------3 

Fg 3 .N'56227120.rpl....De'll.Irdemet,4.. 

Fig 2 P.oposecor•,gene,••t-Jo:•Iheof 
hm•s k}r leeiJ001ur€ rise •e•1 w '4 s:mu/o•e.J Ihe lionsforrner of 5 K, 10 K. 15 K. 70 <, lesum©flernonihI, Mrage;emperoturei. sobadle'on 

25 <,3 30 K For aircooled, oil·,Imersed trap5 0'me 1, 

Prefgb fhe yearly ica•ed 5ubs•a•,0/1 le g 71 „10.0,/ m Unde o coding 'yslern to I 'dic" the average terrperolure 5howld m 

+Ixioh lype le*d ossembly exceed 20-C comprising degrees / orolechon provided by on 
an entlosure containing in genera| en.les'reogonslor[65!ohomfdouspoits, M.,ijryovemnelemp'"re Ihecolculated 
Ionstormers, low.voltogeond high voli/, ingress / sol,d baign oblects, ingess /4 monlhly average omb,ert w lemperclure 
mirchgeor. connections and ovil,ofy ,voier ond to give cddili.inol infarrnalion in a• le inslalla.r .e - equol lo hollie 
ec J,pnle/·to *ply low •ollagperierg' [,orn con#lor wilh such protection sum of 'he -4 of Ihe doil, -¤•,n a 
I '/h-/01/ge ./.l or •ir:e 'er50. and 1he average of the coil, 7•onsfor-ri lor.d A,egr: oe· uni· value of minim o during 
Cl.5, mini 0. enceosure· 1110 di,teren e o over mon, ¤rs) For con=¢0 & curran· tho• can be a o.lieu]r t'ken fium le 

Iemperclure 2,5 bewen Ihe ircnsforn·er w.cooled, oil.imme·sed t/nsfor,rm, / iforsfornler ot -*.1 Foled yolloge. 
n the en, os, rle and the lome lonsformer mor·hl• overogelemperoture• 6r Ihe hottesl 
auls die ·hu e,•cloure al normcI se,vice Roid ·noM,rnum power 00 'e prejobricoled mor·.6, shou d no• emeed 30'C 

=cod subs,olion -he roled noxinlurn power of lions. Alo, mum on,I>rent oir lemperolure. 'he Ihe Drefobric•Ted subilion is given by 
RoWdess ©f ercbs,ire -he *d cluss of uppef limit / the perm 55,ble cment r the moxin,Lril i.ed power aid Ihe tok 
the er,closure s Ihe cla.5 of the encloiure lo.es of le tiansformer (ls defined le·npe *re For w co<>led. oil. m,lersed in 

CO·resoonding / ·I,e rated incximuin pcwer 01 *·ormeri, the 5Ah5 60076) for /,ch lhe subs•©tion has moximum ornbid Uould 

Ihe pTalubricaled sb oGtolion Il is imporai il k> meed Il'C 
been de'gnee Ilisc•,1,{allonok#hafetore 

'lole•hollhe·ronslor,•er r"d volues Ipower thoi le yoled power /1 le minloture It s Irrpcrloill lu note ihol ¢he obove 
09d losses) corrpspoid to Ihe rroilrnwm 5ubstation i:dele·mlned froi,thetmislor,·c tempe,olure limils are used ic de/rmine 
tted ,/ m / fhe prele/,coled Iminioh,re nomeplole ro•ed Douer the c Icwoble temperow-e nse li n i 5 01 •I 
5wbUoton. ¢ronsformer. Tiey cor,espond ,¤ ilie 1,•rna! 

Ambient air lemperoture. lemperolure, 
Tne rated clo•• of the enclosure, the lionslormer lemperat• . i. fri,ls c I 60 K ond 

dele, ed ollder pre5:flbed conditior5' 
Ironsfor•er te„per,•·wre 65 < •Me Qno Ihs ge•ice lordstrcrisforme of Ihe Oi. 5urrourding ]Fie e,closure 01 $ - lopoilond winding5 
4,1,ons o,e usec lo delerm,r'e 'e 1000 respec<e norma len. peraiJ,e lise prelot/coled SIJbs'ollon 
•oclor of ihc Irons¢om·er. -heie are 'Ix roled limts opply unless lh® enou,r• (Ind w,·4 
C'"ses 01 erd[,sure clus= 5, 10. 5,20. •06'y ove·uge temperoure Ille colculcled Indica e umsu' 58™,ce cc nall,Dn'• In 

25 and 30 corresponcing to u nairrum yeorl' ave'ge amblow cir t.mperoiu" 0, such cases . lirrh of lempernlum r, nri, 
volueofdlelnceofiheternperoloreiwol Ihelnstollollonsile·equallo©ne·hvelfihof modilied If Ihe lempe, olure co,•di'ions nt 

site exceed .reof Ilse limitb, the specified 
te-pe••h.re·rise limits for ·he tronsformer 

sholl albe 'ed uced b¥ the some orroun• 

rej fc] Ihon--Ih)rn tq M the excess Mony users loose& specifi 
ambien: 0,r lemperolure cong tioni, w,Iquul 
necemil, // k /Ing or delining •hether 

Johor/056•,g 2C the, M relernig to the yearly over-ge, 
Cape Un 17 2I ?5 37 monlh;, •ierage or ,loxlnul, or,Liel,1 eli 
Dulban . 25 .7 . teniperol•re 

Perl Eli2obeh 18 22 24 38 

Tronsfomer nameplole ond 
./.(Ul,le,11 I .3 30 38 

continuous oulpul power 
Eclt Londol 18 2 . 

16,n•,ly 18 25 3 40 In occo·dance wilh SANS 760 and 

....le 19 23 29 37 SANS (IEC 60076·1. 14, transformer 
nomep ate is feq,ired k> include, omong/ 

Sku•w•o,<rug. • 21 26 32 38 
... other rolirgs. Iheroed power (in kVA or MVN, 
_14.I•pruii••••-ii--im dE--/T728 40• theroledvotages•ndroledcurrer,ls. Notelhof 

Tlore ' ..,ge,d i.-mum #.,luie' recorded b =e 'coho95 i' Sowh Af,2, these•o•dory roled i©•1•ge is Ihe *.sforrner 
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no Icod votoge Ir the cose of SANS 780 
d...bul li Iror/fori•er5 (os speciliec for 
r "lolure subslollons), the roled ing· 
load) second06 •¢toge is Ihe copropr'* 
•lem nominot iotoge increo•ad 4 5% 
This is done p•inor'17 for voltoge 'lilian 
reoson• 10 •15/le •or Ihe iruilsforrrer 
rmped©nce anc vol··drop crl ihe W /twork' 4 
For example, the no lood secoDdir, Volloge 
fo, three pi•ose lia,15'omier5 uLed in 400 V 
systains Is 420 V 01/' 9.(•09 people do no· 
felise 5 ./t lis specific requirement I· 
SANS 780 effecrively de·rcis rbe ou,pu 
powef 01 ·he Irorsiofrner by 5%. This is 
becouse le rofed secon•cry wenl 15 P.' 
dele·rmined bosed or the Iransforn·er rcted 

power end rated no·load /cond// ecltage 

Forexorrile, the =Imum conlinuous power CrompieoN•800*VA.r,mo•.e 5055+•- 95,allede••sal,dorm 
0 500 kVA hibu•ion Iron5;ormer con delim 
onoming /agile 400X '475"A A 
100 0 k•/A irons Forner can del ve, 950 LVA. Sherl *C INt 01 U- 

1 .... 
So belore 'he tronstormer,5 Fer, ins/led j connect// 
8/leenclosureolc milioture siostalion, 

the Ironsforn·er is unoole to delive ils rofed 
power/the:,slem iom,no' volioge Renew High r=-1 1 

/ V; j---1 iM b der,sihe eflectolt.e enclosufe ¥01'age •-•--L.•,2•-''r----• voltage 1--- 
on Ihe interr•I ambient iemparoiure ,Asice +e 

- s,de 

1 1,01're subslcfloq SUP. Sull 

Sub//ion clams/enctosure 

A flu Ida 'on/1 princip e of 
SANS 62271.202 i,nd thus 5ANS 1029 
s ./ le key complnenls housed n ·he . 4 aNS622:·2020•e.=ivelerle,o•ensern- 
Micture .oslotion, Ming the HV Milchgeor 
(e.g. R.Ui,le Iron5fo•rrer an' le LV 

occorcing / SANG 62271 1 However Ilie subslotion. Accord,994 the micecondili<>rs *hgeor (tv Assembly) me ecch mquired ambien• temparoluir insinn ·he r.,chure / 01 +he lion,Former ore determined according 
to be designed and lype tesled os r,dividual ¢he prciabricaled subslotion will be differe* lo Ihe local 06,6,de semice cor,dilions and erporerls Ir accordon with tneir MA 

'clhe surroundig>omblen#temp,Falureos 'haclas6/ ·he enclogure. This embleslhe product 510.dords. Once assembled ir Ihe 
delined n Ge prev/- secrion heelhul 'Insiof.ermonliccl.roroseaccolle complete p.fobricoled wlsition, „2 correct 
SANS 62271·202 'no 'us SANS 1029) . s, Me de r¤ling using A•ne* DD 01 deg ond perlcr,nonce of Ike prefobricoted 
*coversde,iFusingnaILro|venlilolion. SANS/271·202. substorion /5 0 /ole ore verdied I means 
-her/ore, specified requiremeils such as Ihe df relevanl additionol •¥08 leLt5 describec in le requi•ec c'¤55 0{ enclos•re should 
enclo me IP Code mcy have SANS 62271·2¢2 These a probindeHecl le„ „,clude dually be selectec from the yecrly average ontheinle.•I•mbienttemperolureal thus • Tem..... rise ./·5 In le complete ambient tem•roture et le insiollolion sile, 
thelen·perolu• rise 01 ,91ern•I comoonents substo·ion phe required load foclor ond 'e ocluol 

I Reelont tests or Ihe HV and tV mombentterrperoture Insidethesubs/©ticn lempe«!1 ;re rses / ·he ·=former on, 
nlerconnechons *e opplicoble) *Ihonlhelimilskedbrthecomponen' its own Al•erncti»ely. for i gwen das5 01 

, Mechap,cal end co,ros'or, 1-5 le / IP Ir,/e respecli.eFroductstandords, ce.•ting /,Closure,tle per niss,lilelood foc/·uf Ihe 
Code) mly tle i, E-7 A tronsfor·ner loaced wilh Ifor,slormeroali)elids on the tempernh rr rises 

roled no-I currell ins,de on enclo•re 01 tie Ironsforme. und I leriol .re the tests yco ..e,age 

ha• o lemperat Jie rise which e higher M" an,i,er,1 lernperot,Fe ot the 'ut,"lion i fe 
For lhe purposes 01 this paper, ·he oulhon are when lested on its c», in Fre air con ditiong, 

In most coses in Soull, Al cu /0 reou,red 
only concer•ed * ·he ·emperoiwil•& and t·Ie Minper.·u·e limits os de red in clow 0/ enclosure Is no, spe•, fied ond is often 
Acco'dingly the HV swilchgeo· 1. powe. 5AN' 60076-2 con be exceeded The igncredor eltto Ihe mar,u/cturer'ocecide 
trae/ormers ed LV swilchgeor ore eon max,nium hol spo' temper"re of Ihe Fuitherm.re.won,[oclure.thernselves don© 
provided d the; rown Ind,viduol non,aplal,35, lons'crmer Bholld be moinloined irres=,ective underslci' Il•e coilof •clo5s olenclos Jre' 
as del,red in Ihel, r.•pert,ve prul,Ja 01 ·he endosure and there//re. i ingy be ond t 04encomes msufprise lornai,usefs 
sm.'dord' necm.9 30 de-.ee Mhe ! for,siorrner '0 er,5ure ¤nd mor JIoclurers •hen frey •iscever thol 

il•o, this hot·soot temperolure IB -1€.(eaded The piefc bricoted subsition is designed to their min,oure subst(,liw is &,inply unot'e 
be vied under normol sc.ke cond noris for The concept of Ihe closs 01 enclosure• is I conlinuoudy deliver Ihe iransfo ner's 
guidoor swi,chgearondcontro ge,occoiding based or l b and efiecilvely makes rn,ed power under cerioin cond,lions. The 
I AANS 62271 1.1.5,/theenclosure ilis piovis,oillor,hocan,/Innold•-i{Ag©f the erclogure clos,srequired *beconf rrned 
ossumed *ncrrnal indoorcondit,or,r. 1]rmn! trcislorrner once lisM le¢ inside ihemirilature b, /51 oc r orell g te fANS 62271 202 
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--1-2237 T ind Jlie a./ 01 ser, ce conc j'ions, 'he 
Iransformer ord Ihus Ihe ©u IDJI power 01 
Ihesuostollon'no,well needto Ide reted. 
Loniers.,1. Cition• ore f=lie, 
1.1......,0/[dbe.led 

The ne*t to<Nor *o Cons!/r is 'he 'Hects / 
solorroccotononlhec.closure 

M•IU4•leuf•ndulul.eh 
Effeits of solar radialion 

--LVASSEMeLy Th lerrpeloture Fls' tvpc tes' lor 1,6 1 IV 
-WASSEMeLY.....SIS •Ikhqeo l•/ 5Wi,chgco·,Iror,sfor·,14·f ord £ 1/ omplete prelob:co'd subst'hon cJ,renllf 

do nol lok,.Intr, accoun· th, effec·5 O15olor 
radiollon 01 IY urtil •re·y 'ecer,Ily ha5 0 
'pe »st Ir Ly pe#r iwi·chgcor ossernohes 

0.2 used ir• PV f•pplico·i©9s been propo5ed in 

-2 line' ID of o ....itte© ©faft 1/DI of 
I[C 61439.2. I+Is ki •ly,nl,Jitivetooopieciale 

S 10 1S 20 23 . 35 
Ihot solo, radio·,on on Ihe min,Q·ure substolion 

Tempplat.i,-,f il, In.idre.low.e . / i K Wing doeh hove n direct efler' on Ihe 
I 5 h,Jer,1.;,Vcompe,rienln,ib•rr'al,•per,h#© 720* '000k'/Ani.,01Jf/sub*·on Item¤ Imbiell.mperoture ' a m, 1,01/. 

•ubs·olion ••d Ilius ·be 'Ir.pe.04,.E i:34&01 
Ibc vorious compcnenls - in pal,• dlor Ir. 

Frw manulocuers /ve ,orcucted /Ing/egalinesprov•ed,n/An/DD/• nons•urille,endl,asse„blY 
bprolure rise ·ests In occordonce .& SANS 62271 202 d M possible ·o detern„ne The most orcrous solor rod•tion em·cis or 
QANS 62/71.202 to verify me cim & fl·e pos•Ne de-rating <4 0 *dormer 6osed 'e Ininiolure subs# 09 " ossuried ko be 
encios•Jre, end In molly coses Ille ·non' ·ad, Irer of, 11,p f:1055 01 nrc *Sure o ii.l ibe .orly nveroge w d-mornino or mid alernion whin Ihe 
8 69/ble 1/ SIO..ihot .* l enclowre b ./ ble' le' oe.+Jin5 ni tie %.|.on le u. bock or hon· ard one odiace/ side of / Me miniolure substation Fig 1 h,s beer being ofle/' Ihe 'ijhsfo'rcne,-osu•e (5 sub» fc .O e•octed·rel,Anncx OD© f SANIS 62271·202 rodiakon Al |' the Ihese 1,fnes 'ser 1 unoworn of ¥,901 class of during ihe ly, 

M, 6+ 98 /1 Hp cob e For le vigs: te 
Or&.. hos been 'Pered, 1. con ho- solar radroli©i ,& copri,*ilrolely 90% of I encl're. Then select le y.+overage Ihe rod;otion 5,gpil,Ca•• end/er dire imp•i,o•jor5 on 6 expvrieicce ul midd/ 4.0 arnbie i• ;ei, perolure •or fhe subse'or Bife gri ./.mi. F. lhed//In. abilily of *c 011./Ine... /0„·oriner to cellve. 4 raid the veil CQ| 0*;S US:ng 'ne oxis conespordirg 10 60 lebl, rad.on· heo, *=ve, lamps ore used la - p•rficularly i{ a high 1he lup oil and v•nding CO.W temperO+L e rise 5 1,u'Te Ihe elfect5 / solor Cle5: of rodic·ion D. ·he enclosure ls unkncwIngly ollered limils cf the */nmr Dul5 de of fli enclcs'ra. 100' Iror,i 0, back Forther,lore ond one ed lan*'-urer' °Her,rg berer ia·i'f side 

The •ter5ec:licri o{ the clcs• lhe e icbsul of 'he -esled 68. ·Jbslction Fig 2 'hows lie lower] cloBse5 of en•losures']•c c05• cum,u,id ie omb,ent lempe/weline gis Ihe Droposed 0. c /ementorrod,o,t ieal afen. onps urn rrin7 be disodvoiloged - where•s 1003 ·odo, of & tran.;orme· 01|ovied. for Minper""·ri'e tes' .I' sim' Med solar '..... Ic I. r.....cl•re' ... 99 0 
mnlar „c subsition that car del ive, higher Ih.,ear•*wa,99**grophcon raca'lon TI;erudion,heollorrcs/,ecrililged 

• .t be 'ted le..........0 recelec ./Ul *>wer However, i. 60/ c [•es Ihe 
'tnlormers themsplve' ingy well *ply • iiI firsl 5 when ·he usef : pecif ies m I ie sub, aliow under lest, Ferpe,idicwic.·o 

Imble,W •empercl' ./1 is highe, Ihc,9 he surloce be,r,Q considered is 
*1'h tile ·emperoture r 'e requ renierts OF one ©F ine slandord tempe·olures w SANS f 780 Ihe .......rer anc SANS 60076 Ir user ./poleS I dehicd in SAN'60076 2 Forexcrnple, JS' 

differer, uter, 01 colou,5 01 the sub"hon, the 
Note 'hot It $ pessible foro munutoctur er' t. inoumum onbient •empero·ure is 

subslution iest shall be rone wilh Ihe dorkest 
**•.cmeendosured,Hereilclosses g•/pda,50/ fte. 10•Ch ter#.1 4 

colour u• Ih,6 rrpre•en• 'he -r.1 cose 
cor,aspond ng'O d'•e·€11 vnlues c· pov,er moximurn I low•ble om'iei• 01 40 I 

In ·his cose I "Mble iron/Ymer 4 loses of,he Ins/mer For exon•p•er Theouhor•t,/ughthe,rpon,oputioninthe 
a lenpero·ure nse I,Mlts ore reduced by 5 in 

K emotional /60's :T en, Iosure coujd be ossigned -rk,rig grolin (ma nterance 10 K 10 50 K Ind 55 K 'or 'e b. 00 
I,er, leumi re nonsible lor 'C 622/1 202 hous how ng 0 3' 5 14 Irons+ormel Indk,rid,•g especli,ely Theopproorlote propoied tho· Ille eHects of 501Or .diotioi Gle v»reo• I 10 K closs of e. l,)5Jrn migh· 7 u. : then 5clected to delermine Ihe 
be deperiding on ·he n fuluT 'oIl nk> 'ccullt iri ·he '"Igned when housing 0 1 000 'VA Illowoble lood lolor 1.els·• 

Irans•ormer i ,+e. hap"g higher rotol losses) in CinSh 0• erclogu. giwer , IC 6227 1 202. Il w Il De o.poied 
Ihut 

'hesoneenclosur., li•hould/unherbenoled . Alternotively, d Ihe aduel Ircnstormer o tes! se· up sim,lo, fo the ore d.5Cribed 
'•01 Arinex C) O{ IEC Il 61439·2 be used The an en•,©3/re is tes,ed for /6 nighesl leriperctu e rise values obtci,ed Ir 

trorislor,ner po,ver Ind 'smr flie /,1 0/ are lower than Ihosp alowed b, the o,lhor& 010,110 propose/ new vor,/ion of 
5//660¢76·2(egi/Ko/IKfor :,assolenclosupwhicholsotake,lheeffects *10"re Mie•ed moy outomc¢Ical y be thet©p/andwindlitg resoe:/Ive¥]./n ofsolor/di,ihonintooccour,1 

•SS,g••ed for oll ircnsformers ho,Ing lower fo· 'he sjor/ord ombient temporolures, 
Z.L nd Isses wl,hout Ihe nead lof the d/#ble low loctor would be Experieni wilh temper'iure rise 
knher iesting Such rules covering ·he gree"rtial 1 Je 1,1 in•fl,6•se• 4.pe le'Ing 10 SANS 62271-202 

of 1hrvolld,Norlypelerscurned Thereiore, depe.lic,ng on the cl ¤56 or SANS 622/1.202 woke· prev5,0' fortwo 
*14.¤bricoteo subs,011# orecurrert|y en/[05ure, Ike Ironslcrrne, 'empe,01Jre be'•ig melh{1dilo, conduCting Ihe le•,pe,alwre drhed irti o n- EC siondoid 
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rise ·ei· or c minioture substofion, Tie 
1.2 

preferred rrethod req.res two seporole 1,1 1 - -14 Il 1.1. ILLI 
power supplies - os shown,1 F 0 2. The 
high.volige side supply is used to 3 9//1• the 
tolo '0/ troislorme·losses/0/heincoming 1 it r . :1- / MV switchgeorierminals with Ihe secondoi , lit-:ci / side of Ihe ·ronsformir shor·circoitec in ht /,1• 
acco.donce w th 5ANS 60076-2. The •econd -1 -r-1 r 

supply is u:ed tc supply ¢he ly 05:embly in • I •- J 1 1-1 accordance 04!h SANS 61439· 1 -im tharoled -1 9.C 

9./ --,·-U,A•SEMAL¥ 
*ondor, cuiren, 01/ettnslormer ond with .. 

+VA•EMBL¥-1/•LO•ES 
Ihe LV (,55emhly •aled fromlhe liursioirle- I _„ / I 
..d short·circviled 'le point of isolotiol. i o. --1 4 Top !009 K 91 -70 
Frnnty 109 x t,2/1•7 M .911 h 0.54 kW,m' 02 

1,0/ 

Side [0.9 I ·,2/(V2 x .' • 0,84 kW/m• 

The melhod con be ised if the 0 10 I 20 25 alle.dive 30 tesl 
T,m.---/-1*.---8•1•le focility only hos one source c• curred {13 'slhe 

cose in nostte5t Mcililies ir 50 2 4 AfficoN or,he 
design of !118 miniature sub/chen frokes,he / 6 ./moILY•or,puflrir,i f•mb:e,nempe.'u••seof/030'W™,Inhii€/cion 

./c•urel 
con•echon or,ungemene ollhe (somp •o socices 0/ 

currenl impossible & requi,es only one power thro•gh fhe use cf heaters ins/led ir 'he Ihetransforner Duelolhe rekilivel• lor,C supply conneeed to Ihe high·wl•oge 5,de of 'he 
LV ccmpoitment. I, ig inportail 1... Ikermol time corg·,nl of the tionskrmer 

Micture subst,tion The lesl is conducted with 
nformation regording Ihesize ood number 'elhe load inctoses ¤nd eve,i e*r erd• 

the / essembly connected 10 Ihi Tronsformer Ihe 01 trcnslor•er$ provided i, included ir Me type con'inuous.nt,rg, the 
secondbry ilde and with Ihe ven / o wellbly shorl. w,/ing and ol teneefolure5 011-1 dny tes· reponlore•olullion bylhe user- os wiled at ihe oulgoing *minols or Llhes; dintheirlimiks. 

*iscouldeaa:lybeoverlooked erd-assh*ninfig, 4. noccordoncewith I I many coses, large lillie hole 
SANS 60076·2 (in IHe cose * liu,o·filed Irsporhc.!arl, Impor:untloriolethemoliconl rolional,sed ike,r Iransfor•ower rolings 
Ironslo.vers). the firsi slogc of Acks# mquires inlemol embiert •Bniperolure grodier,1 vilth.n n order I Milise slock var:olions ond 
s/cient curfenl ·a be s'oplic' In ge/ro·e Ilie r,miolure :wbs'uicn enclosuf. Boy' limofely ./mise rhrolgk . /rornics of 
Wle Istal roted losgs of the ·ronsfonner hy caltulurions Ind meusurement5 mode dwring 5c•|e. |,1 50,ne '05es, scrlir u•ilit,85 •]nly 
111, second stage Ihe Cli'fent i reduced go ten Deralure risellype 1,51,rig COntirrlic Herencel purchase 500 WA rr niolure substot on' 

-irrespectveoflhe¤ct•ol slze of·he load Gslopmducelherm/eLL,/4-N. & Ini•perotures of uplo 30°C beNeer •he to be supplied - reshing Ir Ille foct ·got te 'gisformer lor one hour While il is not bollorr of Ihe enclosure and the lop 
ike iran5Former power /·Ing •jllen wei 

ace :cil|, 5Ioled in 5AN5 62271-202, =*e- 
Historical pelormance of ....ure exceeds wiot is octually 'equired 

melhed is required 10 & ir occordance with 
sub'llontransformers I The t,picol Type A o• Type B ri n//re #e relevooltronsfc,•rer I•*jud I.* * subslo•i„,i designs in oclor/%/ IiI 

5445 60076.2 for liquid f, ec lansfonners]. Cons,dei, igthe VOriells,1.•L2s rnised /ove, SANS 1029 hole 'he Irans O.Mer 
at le end of me f /1 5/ge. the trons/orn.r le q..5, an his 10 6..sked wh' the lollu. co©Jii rcd,/ess J.cou ce,nol po 
100 0111/inperalure rise 15 maoiured Ind /1 t. Oppropfiatcl¥ de Fok fran•lo, inen lot ike enclosure, Ind in sow cases lie 
Ihe end of Ihs 5econd sloge, tke Irgnslorme< are housed in miniature subblcilons h. ce. in Type Adesigis•J '&.iok,•s ore 
winding olld / asse·nbly minpero·wre not fosul,ed r []rly sign,{IL[1111 problefils or not only .ter,1/1 ·I tlip e.losure but 
r se volues ore meosufed Il h /e prernalure tramforrner lodures on s,/ The ......d.. sclorroliot,or,1/1. 
0/0,1 op,nion #at clorily is reg„/d i,1 .ollowing fnclo,5 ore roweered to berelevor· Sh/ton '001 

SANS OEC) 62271-.2 on Ihe .).. regording fhe pailor/ove .1 In,1.. Hu.na ioid 1,01. 1/ many case*c 'scr 
M mehod give, in le kansforrer prodva whs,n¢,iwl lianlme,6 nloy nol even be cwore Ihot thel, mininture 
stancard and wie+her tie m#suremer,2 oF . A, rran, in,follclon Wes n Scul Substationt.onsioir™lrisbeingliced&,ond 
botn 'he ircnsformer top./ ed ivinding Afna, con+•ry to populor beliet /5 i·. designed wpabilily ord questions 'ill 
rempergfere·•sesofe-*d•ine•assessrng yeorty and inonfh# a•rage ambie•t /nly oe 0,6 11 ord when #e Ins/rner 
le *ceptonce crilefia i. rellon toike lempe,at.,es ore reosonabl, fovou'oble eve,itually 10,15 Fremolurel, Irl /'her L¤5,•5, 
4*re closs of Iheenclosure. ,+en corr po.ed i thee allowed by the c nd ofter I le ./ se of le user. the 1 

5ANS 60076 2 slonda'c Tobie 1 bhows Bosed on #e autkorg' exoerience x,A fror:Monnerther,1101 o.er ooc pintection k g 
wne of Me "crage end nioximurn 

temperolure rise 'Ing . .la•ore i,nied,0/e•'pollle·rpero•urewierrpome'er , lernpero•res recorded forsorne lo• IIi5 1 subs¢r·ions il acco·donce wah n 5outn Af·... filted) moy Irip wit, o tranik•rmer loac 
SANS 10'29, wl".orovisiorof o.,molly fcolmcif less·hon 1 

I In r,10'9 c... .inoture i•b 5 It Ins crl Do.ilic ed ond d.lned •eriti alion louvres In the insiollod moloflly 01 n midennol rose5. /1,1'le,Tis reloting b creos Im t ie n tne erclos're, it 5 possi|}|e To obloir o Ille /,col locd i /Ille 1 subiontiolly 06•I,4 01 cyclic mir c,lure 5 Jb" translo,rhers 
'emprioil,re cluss 01 5 K. In 'ccordonce wk & + .4,5 *inbes'rhe debver Iheir movirron 'oid power /ye 
with SANS 6 I 439.1 s WI01 1 01 'e mor„fig ond ever ig peokcemandlimes, shidinlhe'llowingcases 
hes genero·ed by ihe oulgoing leader the tro•lormer hos t me b cool do,in • Indust·tai orccmmercioloreas where Ihe 
CIrcuit 5-iffhr/or ond cables i! done vihen the lood : v,ell below lhe ro,ir g / Icac profileislesi¢'c/(ie cor,1,•uous 
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loading w-h noin-aeen Feriods / builtwit,6nmsteelenclosu-esond.,imany The aull,1,05(propoetactomoincircull 
red•ced 10¤d kil,idown 15 + minirrol verti/·icn provided. rekistarce rneusurement I be wrried U.,1 

• Ins·all'·lon s·es .,e,e the yearly cid Miniofure Sb-'-lon erclosure colours or' haie Ihe W IrT. nneclions oid included os 

mo.4 °•emne ombien# mmpern'ures i. / . s· genercl; beer gelecte¢ wilbou n Foukine Ee„ in SANS <EC) 62271 202 
05 well os t",nax rrum ombien' a i 

le..croture' cre higher Il·on those ony rege·¢ ·0.. .fle,_ 5 01 sclar rodic·lon os r. .. ' out ne 'S c Jrren·ly €,d. iii 

al owed 6, ine SANS 60076 7 ston/2 Avocoa{] green, o relatively do·k :mou; Mls mildnrd. This MIl cgs,st mi var lying /e 

• Any'llhechovecondilions.•,upledwith Is one of ke 'refored cclours g pen in irtegrit¥ / the LV inler, rilarchons betwe=r 

high levels o• solar .,dio•ion Tlie .061 MANS 1029. Il is suggested thor /2 pieferred ihetronsformer.•he inall, clri ull hrecker ond 

conrnon exorrole and w/c#e being coloufs should be regie•·ied,n futwe Lsers lhe Lvassembl<. 
where ninioturesubs/+Ion5 ofe used il -Id Ao be nind·ul o· Ihs ngollution 

.Ily ilis recomrnerded solarform appliC/,005 tr,al p.,rr/sers 
cne#ior 01 miniolure sub:tatiors ond thol 

shoJId ensure t•al mol•ufilc urers have 
Conclu,lon p/,0.,3g c 'te 'rons'©fier tdiolors lo 

coiried ovl he requ red lemperoture mp -ise exposJre e the sun le,g •culli o 
I •••l'in|, - i vel .. ..rs'.c ng type les 5 given ir SANS 62271·202 on 01 eusl .1. fof Ihe Sov•hern Hem 501!ere 

of e05Illie }he Iler'll ./ou- Ind perior,icnce highesl Ain,Ctu subsk:No,1 op,miselhe De•ornonce e gna cori I,{eof Ihe nower 

of.ars.....dothereqi Dri•nli••loil€d rutiia 'flered. A,1 IE' lechnicol tro•*mer repol is 
In rmir,•lure sub•1¤-icn5 While the re|evoil correilly bell de,elop' 1/ oss,sl us.5 
stoncords hove been Ir ploce 5,1CF 2010, Beng .,indtul / Ihe inlerncl iwb„ ¥,th the Kiension of 'e validily of t,pe 

ten..ture gradient •ro• the bollorn to Ihe rrog users cnd moruhlctuors renai, les-s cQ·ned out on • po/Lula·mir,¤lure 
un¤ware ot Ike .OSS I ellcIOEVre" corel p opoilheendosure. tisolsorecon·nende,• * 10 onollier mir,¤lu·e su•tal,3/. 

"'02_Vequpne/,godinpoiculoisen"'IG 
Id|A oftlierronsfoinner n mpcciontherotnx heinte.Im. itwouIdbepyodenitocrgJre ele:Ircr Ic equipmert. be positioned 's low (Old V ossenibly• hou5ed in •le e,icosi• thot, for a given enciosure des g.,11 9 -clo 
Tempefulure riselype test ig i Occordonce down os p ble [)Le o the ma mum ,055-s ge,lercled os well ub Ihe curren, 

•unductor lemperoture I N / 70 C for with SA. 67271 202 ir ge'erol =lotdore dens ries of lie L¥ ossorrbl¥ o·e eq•ol lo or .C,isullfed N iler,Mnrections, .** 
ond r,iosl user5 expact Iliol tw r nir,#8 * e, 11 an,h o se of Ih e •p c les ted in in, ar ure i•]lerillon must oe given t¢ le |ocction ./efe 8•1>sio•ion 1·enslorme,• ore cole I deliver subsiotion 

colilespitki¢•eerd,sufe !,i:,comvended 
Ibe power indicoted 01 ·h• tronsforrfer 401<I,kiri•1·,ia,-'7'/,hoicon'[rr" Conk"Rhen 

•Wrrl •,erl Kelly 
nomepole. This 5 porhiularly 
1.Uir,gol¢'Clil'feosinggypofulor-high·' 5, ata h'g,e.teinperoire becons,dered ir order ACTOM Med,urn Vollnne Swilchgeor 

.' iloture suhs,ailon' being designed 'lld toir;Ill.,5ether*.ing -el 01 I 820 5230 rien.kelit octorn cc zo 
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Impact of commercial/industrial SSEG 
installations on MV networks 
by Geeven Moodley, Dr GD Jer,nings, V Pilloy N Rei and J Govendec. Digsder,1 Buy'so 

with /he inireosing levels /1 small·scale embedded gener/tion (SSEG) being implemented inlo municipal net#orks 
in South Atrica al low voltage (LV) level, /here is concern /boutthe impacts these embedded generaterswin have 
on Ihe lechnical performance offhe munklpal networks ot medium volage [MV) level. 

Wh.Im e.0/ Mies h©ve been dore *-!Ui-& 

much olle focus has been or le Aron:i' 4-- 
impoc's lor #ke dis#rio•'ors wi•/ very,•Mle 
tech' col impocks¢udies avoiloble Tnis paper 1%)1 presents resulfs olitJdles thai were dolle 1. 

cons,de..irgor MVneh¥©rk lt,ie Po,ok•one 
w cipolity wd Ihe impod voried levels I - 

5SEG peneialion could noveonthisne»,ork 

TAe network had p·edom,non,4 .ndusfriol .. 

N·omer• on ded,coled -eeders ¥.itn some 
res,den/,01 and commer:lol customers on -+flu 
shared feeders Util:,;ng NRS 097·2 3 f21 05 - 

o connect on guide ine, differe„ pen/ro•ion i.... 1•els 01 SSEG In siollions ware modelled a nd 
theimpoc•s on ine iD •¤ge regul¤,ici, Dowei 
Ro#,hormonicsondlefe•enueframerergy Fig 1 Eftae.,01;flf!•lpal 
sole5 wossludied 

In 2014. the 06/ors releosed o piper on /1 
the inpod of 55EG on LV networks [IL. The 
poper .tilised ocidemic' net-orks lo perlcrrn 1- 
rachn,c/ fmpa/ srudies Subseive/ * 4 
releaje o le poper, lhere hos been rruch 
focus on Ihe im'ads of 'EG on MI nelworK5 
Bosed on ¢his need, 'e QU»>OrS ASS•gO,ed 
. Imp,]ch of 55[G [/plemer'ed I . levels; ./ 

on ihe M' 9etworks Fo, lEesa 5 'die: an 

octuot municipol ne•ork was uhlised to gi,e 
Ihe Idy resulls mo.e :red,6,I,+p wd help the 
tecr,nic/#operol,rg di•.li 1 " networks 
g/n o be* understand ing ol he I:npocio F -.. /1. .•0 

5556 or le elec/col ne»work, /,e sludies ZE 
cl90 corilde·ed le,mpoos on ihe energy 
solcond hence •e finar,/,01 ,mp,rol•n' 
Ihe minicioolil Rg. 2· Com-ic,olinnd grotile 
Simulation model assumplions 

In oiderlo perterm such sludies i ,5 irrpo,torl Looa proA•es lo Ihe leading ofld 5 b•,•d on lhe :ustomer to choose o n.twork *hers the cusimer 
looc proli' co•iected to thol ionslormer. mificolion cg, be eos,# ideni,lied. D,Hor,ntcuslomerclg58ed„ diferer,lood 

P. 

ring Wle DANEM prollic, Ae Fhlokwune pm,des Once ihe cusiomer cl#ses ••eze 76 61J•.1,„1 assuripiois wee€ mode with 
2 unir,po i• -s ide,lif ied / hca on oreo den,1:led. 4/,collogd (consurnollonl profile. Te·.pec:tic loading n the chosen 1,83*/5 
(nebork)whereby:he¢ust/ger/#ilicotion we/de·ived/oveachcus/merciass. Alllood • Penk load occu.s in w, der 
M id be M,4 idenfil:ed. pre"/5 :·sre norm/,50,1 7'.. 1 ./.'6• le 

• Sumver/eckload 580%ofwinlerprok Lobong has 32% 8,dential custorners. 88% /9// load proli|e 010 res,den/l /lien· wilh lood 
induslrialcustomers and 10% ®/comrnerciol an ier,ing peak occurring bel,veen 1 8h00 

• 
cuslomer, The nelwork has 2 end 3 6nc•v fhe V.Inimum kood load peek occurs n summer a ·alai „st/led ond i 9;·00 Figs. 

andisequo!,025%/peok.,nte,lood coici/0/33200'VA/MVELV·rorisfo'imi. prof /& 1/ for com•relcial and i,du/,0 
(December and Joi'u' 4 due lo induslry All induslri/1/lier,/ are on ded,co·ed MV/ly customers in the studies shutdo•n) I fan5/rin/,r wilh residential and con· mercioi There ,5 no O"ve metefirig Ollood c•,5•Jrl,plion 

cu.lorners on shorea Ly feede, which ore 55 .• each 01 the 5 VviLV ¢ronsformers gener(]*lor. p/.Je. For 
operoled os ring leedel // S/dy purposes it is. owrned thol the For tne. sludies onlY .tcl/1./s ore 
All studes were dov usilg ligs,len¢5 MV/.Vt/nsior.nerscan k,¤duplo 108/ ccns,Le•ed. Ul,Ilimg pihlicly flvnloble 
•wer'ct©'sol•ore Vers,or 2017 Ilie,i , ded copocit, No d verE tY Is Qpplied ge•erollon records from 'MAr gpical da, p 
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pri,lijas irii.i 5•.44 i•,ve jei:. iosi] ed with 
the .lokwone irlwork ¥.0, d-loaded 1- 

d cnolysed I'j. The genera·lon prolles 
/1/ Inveflers werp hused or 0 4 I. CI•3 
Surii, Trpower 60DDTL·20 mod,4 The doilv 11· 

.i ellion prol,les were 1.0 s./ coll' 
ma ised o rd Upicol dm Im generol ion pro•il" ... 

wt,re £ rpoled cons, dpi Ing suillriler or d Re 
4.·cl mclou*end wi' do,• The PV I. 

generahonisshownir Fig 4 
. 

I. Irler the peok F. ge-effli'. UCI 
- 

fownd lo be I#or i, sunme• le, wa' 
£*0 app M i niolely 80% of 11,8 Surnme, peck 

S,zing of•SFG rihlove.'051' '030- 
desses 

Uls ng h. 097.2 J [2 os o guide, I. 
foll•wing osiump·,ons viare mode with 
respecT lu ·• size of 5SEG irislollot an =,te¤ch 
W.mer': sil •ig 3 jnd,i•T,;J• jaedprolile Mj. 
• NU connechon criter,0 15 opplied 

bosed on shared / ded coid W ·/der 
con·le=hon. A I indusing! ' ler,¢5 have 
ded,coled MV/LV 1.uns ©frnerS hence Normalsed PV output for Polokwane region 
dedicoted W supplies, A· 5uch ·he 
criterio wi applied whereby 011 industrial 120 
custornerscon i.·Ill upt' 75%of 'V/LV 100 
trorsforme, copo•ily In 5SEG 

• Resider,/1 customers cre connected 80 

f: using 0 60 A co,ined,on breoker Inot,lied 60 
mo•murn dernord (NMD• = 13 8 WA) l. 
''hese O.mors/Fe on 54%/ iy feedels 40 
0% s=h . res,de./cust>•rier will / /AA A,46 1 ZO 
linnived'025%01'hetoiciNVD. i.the V,.,Ve-J SSEG Instollotion is limid + 3,45 WA 
(3,45 kWI. 88B888g8a88$8888 ././...I=/%/c:tz= 00·91 00:. ' EiiWM* Con,rtioal ci,®Ine,3 In! DIsion shared 
LY :eeders hence .,1 also be liMited - S..mer Cloud, - Surnmer 5unny 
k} mo*Imum SSEG ins/lohon 5,2/ of ---WinteraoL,dy -- Wint.... 
3.45 kiA 23,45 kW) 

I IR' Ii.'.es,r ./.pl/diriteril 8*. ' -€'0 Pv ge-#u}•4:m,4,4,+PV mve,ie,s in #,e &/Rworie * 
5 & the embedded generation should be 
tri' led loless•hor,e equollo 159hof the 
MV Ireoer pea k 5ince Ihere is nc /{tive 
*nilori'£ 01 Ihe MV leader peok. to 1001. 

Laboll 

OPP•y Ihi• Ass•ch c,ilerio,• r• possible. 
10.J F 'Muld 1101 6/cons,dered In /0 stuoles· 

0 SSE' penetrolion levels ore consdered 09,7 

r-*=1 I · OS ·cllows 
All •lients ore ossurreo to h,ive SSEG 
Inslolied on R ond the Ins'lled size 
is le„ox,murn ollow©ble pie 

0% pe,ie#ion insonS n. SSEG is 
genera.ing powerrega rd!55 01,1/Imle 
Iday 
100% penelro•ion means lat •very 
wrome s SSES ins'.110 en 15 
generming power up •0 . Ic,1.u. 
ol•avedby'he/generalionprafla 
For SSEG penetrotion I./5 beh•een 
0./.1./. the....o,jor ...c' °•40/21 ... *1200 13/. 182400 23=d 
ef the cuslorre,•i 5•EG installition 15 
Im ted In Ihe speolied percen/ge Ind 
alsolinilledlolhe Fro•mumc lowedby 

on b. turly .s 'il rn, ce. rt • I,„mer ord •Vi'r• ./lu.mc 
the I generolion pro'ile r g I ./.,c' 
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S#uay criteril 
Lai. 

Since Ike looc '14 / generotion varies, Ipul 

s·udes hoo lo considir combinovions of ·he 
0007 

•ollowingcnleric. 
• Peck ard /inimurn rle/,04:Icading 
• Sunni ./cold'day. ..3 

• W'rnier 090 summer lwding /0-W L 

• Ic•iedlevels ofSLE'Fene'alior 0* 

Impaltion/./.regul./. 

The 4/ se, of /,dies locu•ed on the impac· 0985 
the varied le-ls o SSEC aill hove o• 
le Voll e egulo" o• the,VIV ·Beders 
Speculation is thol the voltage wi hory 

0436/ 1340. 2300< 
•emendously causinglhe taps to burn oui· co - 0."En 

/.HY.MV Insforme.. Thes udies fic ad #=M 

-88ED 0/ monitoring the le'lge yarioton anc :i'ce - -88fc 

the L©boria feedefs 're ring operoled /e - ,-5860 

vcliage .os monitored os close k.> Ihe cen#e 4 . voll e v•rollon wi•h penk lumme. 'o•dirn wilh vored •veJs ©• SSE' c•re•ei,©9 
ct le feeder os possible 

Faok *m' i'ccle 1001· 
Utor' 

The first *udy cops,dered Ine impoct Qi 1/ U.1 

*e SSEG on Ihe voll e, for I sion"/ O 
cloudy Ny. when conside·ing 100% SSEG 
penetfolion. Since The oem loading varres 
belween summer and winle· the •¢udy was 000, 
done coisioer ng bolh seosons. For Loborio 
nevork he vo tog€ vanotion for sunny . 
cloudy d•ys is ihown ir Fig 5. TBA 
snow // ·he voltage ,miaton is < 168 for 
60* summer and -,ter ir bolh ne•orka, 
bus|i•t|eco'sefor =cern. 09, 

The next itudie, bc,580 • the /fact Ihe 
vo·ied levels of SSEG Den/rat on #Il have oi [«fa 
Ihe volloge regulolion 01 the leeders Figs 6 000000 oil 3600 »1200 13/. 18,400 ./. 

and 7 show the voltage voriance d 'he cenie *' 

c· labof;"s lor, ges¢ 4/ er ...summer 
and winier loading, wit the SSEC •net,·ion 
levels veried from ze• to 100% 

Ag' 7 .,age./Ao,•n .:+4'elk...re,in,Mingwi•'aiedje...SSEGoe..1... 
The mu b again irdiccre Ihol voltage 
0·,ahon on the le/M is less 1han 1 %. 8 

100125 -- 

cxpectee the i frpoe on ine voltage during Ihe 'ton, 

doy wilh Ibe S5E= •stollations is noliceoble, I. 
hulst, I wit3in on acc*p•oble 43rioice farge. 
During *he aver,Ing Deok •here is no elect 
wilh the netw04: eN,er,enc ng •oximum 
vol. vorin]Ion Ifrom low i.ocing n . 1 _J-[ I 
Loboria nelwoik Ine SSEG inah'ions assisi 
ihe vclug' reguot,on during ·he do' when 
le network expefiences ligh 10/„g and 0/7/ 
reduce& the vOlluge 4'Q'!Olier, belween mirldoy 
onc.ghl 

0.. 
*,u,„,r ,•eA·.or: looding 

The volloge reg ilohon - C|SO Mud ed when 
/0 ielwork '5 0*oer encing low loodi,g. 09!00 

Moo:co 013600 001200 13..OD 1024:00 
This,• t•picu[ly in December ord ;il 
(holidey, comroliy s'utcowns. elc) Hence 

-·X)1•G 
-....0 

only Ihe sum·,ier looding was cen•loered foi 
Ihese 5ludie' Fig. 8 shows tho voltoge oume 
cen•r, of •Pe longe•I feeder i. Laboriu wil Fig. 8 Voi'egeycnolier.•hm,inag##merloodincond,cir•04veho'SiFO•eile•*/ 
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valedle,rels>FSSEGpeneliation. There,05 pele,rticnwcs/socons,de/lorrilinirrJm theimpoct,thehormonicswould hove r,·hr 
indicate ihct 01 ce,to n penetrolion le.eis ne,work loocing Sini 'is occurs ir rle'.vork beings"dred when cons deqrg wo,I 
la v.|t•ge duing Ihe do' s higher thon Decembrri'Jonuolenly,kesurnmef lond•us cose .Trr onic n,ection:urren·s permited 
ie voltage/night Thi56._leor|y 51.0*ni• considered Thesludiesshow very,/erest ig b, the IE[- 5I T„ moximum /,1woble 
Fg 8.Irrether,irdo,v...,59*ler/% 19.-5 ill thot tor cerlcul levels o·' 56,0 hocm colc currennled,als permi·led by 
the •oltoge of midnigh· jenel'tionthere,snowpower flowl,crnthe Ihe IEC•asused osthelionnoniccJrrrn' 

M. 1/le PV ne-work os lown in Fg 11 *chon soui, e loreoch oilhe inaterE i, ihc 
Impacts on power flows In Laborio .vir o arge polior 01 indust & simulation model Harmor 1- loodflows were 
40/Iwislheimpacthevinedlevels 'pril'Ulhereverseiwertlowi'K.nifcon'in Ihen excculed, cons,ae. ng vo,led level$ 01 
c- SSEG goncrot.,1 will *ve co the pow=, th'fooproximalel, 1 Mi c" '" back SSEG penelrollon r• 11,8. n/.ork [he .ol·age inle 

1·.¤rm©nic dislorlieons. Ho•vs into me MY nelwor< (end •5ocioteo )•le IV nalwork ·ar 100% penal(•lion Revprio ot Il,e rn¢,n VV :i,igaor 
of t9enelworks 

erergy soleg, The wos•Irithencompotdtc power al Ihe infeed5 intc *,ver flow is noted from oppcox,mally 40% 
Ic moal,um olowoble ploiring LZOELINE, when vol·lge peoetrce,¢n le•els,1 'he nekwork hormoric 1,•It5 occoid,lig te NU Fer M. .or, 

Harmonic In.po€ts ne·.Ils [6. 
Peok nerm' Jocd,4 5ncll scole embedded The. generotior often lowing ussumptoris ore mode v•i•h the 

r,plvark r,lodel Figs 9 anc I 0 sl cw th veriation In mokes use 01 inater yechnologies in c•er 
powe· flows in o ihe Lcooria n.14¥0'k when to produce power. V.11 & nast moder' • 1 IncEor nelwork impedince ossurned for 
cons,der,lg th' summer or,d win¢or peok M nofcclu ·ers have reduced 'he ho·mor,ic Ihe HV -lef•urk. 

loading Tbe resum show [, signi'Jait ampul rrom *he Inierfers, here ofe dll' • Noskir· ellectoncobles•insirde/ hence 
dicrecscirpown. 01,•liddo,4•en,4.55'G sol• e horionics gereroted U"ies lis will lead lo woys¢ ore ca5/ calculated 

distorlion leve 5 Installotionsore prod, cing maxir,16,1 [}Uput. //I concerned thof when thefe ore large 
Asexpectec,nsumme, heMEGe»ilsare penetiolionlevel,of,SEGin/ene,w/,Ihe • Ncbor,grour/ r'monicsorecolsideed 
at mi*i,ium ./ce I.'i.gogreole, imp/l Ii, null-,va impactof le harmonic forn tne nelw('rk sido illchons 

on the power drawn fr©•i Ihe 1 ]V nelwork, flor,1 5// inverters con becone sig/imiN • All loads ·nodelled m 11'pec:,nce loads 
Ihus a versel, 'lle:4 11,3 ®wer qualit, lo with cily the c.,le c opecilonce 01 the 

Min,n,0,71 nekrk rocaing 
'll clienis supplied ·ron' the utili7's ne•ork. ilevc-ks cu,is,dered 171 

'he Impil of the vofled leve' or SSEG The resAlor ner,90•ic '+udiesoreshowl In TI e obied,lfe oF Ihis study vios lo q •ontfy 

l./BER of I .. 
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Fig 12. Theresuits,rd,cole ihefollcwing. 'Mo.. 

I The volloge hormon cs increose wilh increased 
1-15 of SS/ penero·ion ord *e resulls ore 
os expecied 23180. 

• For lower order horrn/ric < 20/ 0/er, *e 
hormonics ore /: 6/4 tne NRS limils, even 
wilh i 00% penet.ct•or, 1/60 

Fc· Argher order hmwircs (All 'e yolioge 
hormonic exceedtie allowoble /RS I mits Fu *ier 

12640 
Invettig/im of this showed Illolthe·e ,5 0 ne*ork 
re,own<eorcuridthe Mt, order. osshownir Fig. 
13. his is consistent wi·h le freq,ency response 7•00 
c; Cy ond MV /bles used in *he reNoris, /us 
resulting .0 *e h./ voltoge normonics 
/ e resufts oi le studies fo. these ner••oris, show moo 0000/ 0136:00 0011/ ./0 10·.·00 2,0. 
Ihol ven wilh wernely high SSEC peretr'*,09 ... 

- *•SE. 

level5, the impoclof the P' inverfers In 'e - •SSel 

neK·.ork haimonics is .,thir occeploble limits Il • nii 
K be noted tiot these hormonics study multi 
cre 214 dependent on Ihereiof < 14/is being F' 9 .wei#owi.4/pesummDr Joldi•Qono.oried'e•e•50•532Gpene•foIion 
itudied since 6!e•,5 moy also 'ove p.* foclor 
Correction ond liffenng equipmenT rhor •LI, affec# 30200. 
the hormollic' n ihe "viork. FurherM©re some 
nefworks May •0*/ eqi,pme,1 Iho· •oy CCJ. 
netwoilresanonces Theseres/nonceNc. use 24780 
hormonic disio,tions th,1 exceed NRS plenniI 
guide!/ ,3 '•Ighl7 reLo,••nle,lded Inof eoch net•·.ork 
be sludied indeoenden/ly n order to assess tie 10* 

impeds 5550 .•fl; nove ¢n ike hur•ropic 0,5·00,07• 

Impactionenergysold (re•enue) 

Wilh,i•creosed levelsof SSEOpere•roton •ereiso 
blgn,lirgrl Inip.'• on I. power Ihot is drowr frcm 
the HV ne#o' in I the MV net'Ork. T.is will ha'e a *5200· 
d i rect i rr 00,1 on the e ne rg, soles by Ihe rr # r :, po li) 
in »De nelwork being std.ed Sioce *le sludie, ore 
conducted wing loud ond ganer/ion pd le. over 3'CO 0 

000000 ... 21200 13.om 10,2400 2300' 
o Ve,col d.7, the elleclon the energy sales con else 

-'14*2' 
be quartilied For tiese /i,M il 5 ossumed ihol -1.-0 

-.•al,EG 

. . Dowerflowwlimpeck-Na,Jo(,dinDondored®e/:•SSESpene'lier 

1000•. 
LYNERS 

58¢60 Con.wnN•i,+1,•4•4,C-0,• 

1*00 
'119r- 

Flaw -Moo C «-1-1 Head /EJecuical -1 .00 
000000 04)800 -12.00 ./. 181400 2300( 

Tel: 021'114 0300 
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Dome§tic 177 

Coirme.OC 151 

k Indul'/ 65 

•b•e; 6,/ID,4, 06*medlor,ke 
sole e• Min, 

In ner,peak R408197 

] Winle..... R445999 

Par (mInimum) L R139 296 * 
Ine. 1. -- 

•p• 2 .prexin,obddo,41,0,"e'- 
50*5.••and•go•,rh,ses••/9 d lood ing 

- 

o I c ients ofe 0,1 0 fixed fonfli.e. no time of 
w•€ tonH is cor,s•de,ad The./s col./.d -- 

•re 51•wil 1,1 Table 1 Fo 12 . 1. 4•01,0,1 j.'//•*e,els of 'EG penefrgtion NRS hm,4 
Considering the rat•ork wilh /0 559/ •pow, os Ae+Ched •Cr5 in;re 60<kgoul 
preseri' (0% penetint,on) lanie 'o·n] 
reverue thot .. .. expe,ked per dcy. 
Is giver, in Taole 2. A5 Tho le•el of SSEG .{0 

1.creoses 'le'lled reverue fr,¤n energi 
.|.s reduce.. .· Lobooo nonvork le 
eKpected :Icilvreducficinciergy raver,un A 

W./.Leboric,•ebvol 
'•10'--------- ---- 

I.hown n r:g 14 
/ving rrore Lid'Str'C, clierl#s with lorge, 
55EGrist,Nuiions, Ihe reduct,¢9 ii •c,Jy 
erergy soies is •pected 70 be gie•,ler I 
10C% 5/G penetfollor Ihe daily 'edecl,ofi 
in e,•a.gy sales ts o• huh 8 37% i,i summer 
.d 75/ In wr•,er Agoin the re' l ls 14or 8.0, 

while indosi,ial cl coN Ny ho¥,3 mo•a 
'Inonciol iesource5 le purrho•e S5EG not 
Il(wiwi v.,1• ins·al( SSE' 'suing a 1--///2/ 

'ef¥ ....... peretrat,on role of 60%. t,en 
rhedaily •ecbcf lon in eierg, sales con be OS 
4,9, cs 72% ir" sumnier ofrd 15% in ..inler 
Forpeck loa,ileg coses lore is ilo reverie 

'1. 

Power h & the MV to / HV nehvoil: Fig 13 eh,orkieil,o•.dli•lo¢Jb;,•condi•rslo,nel 
For rhe / in,roun '004 I .5eS |1¤*e,rer I- 
hos b een *I thailheie,; reve•e power 
ill. frcrn 5... •/15 of 55FG pene'rotion 
and above Fig 1 5 shows le rmpaes 0,· Ille 
d.'ly re·.enue forsummer n ,nim•- looding Reve•ue less/day 

in./.• Asconbeseen ollexce. power FIn- 

tero·ed ¢ron 55EG s octuolly Ercome 
thus Ted J.Ing the '* / Ire'gy d R121 = 

.,2. 

hus no /,c,cl leed In lar,H, =6 powe, =rounuiLLI 
comes / xro cosi. However #'s P°•'•e„01 
5'll be sold 1¤ nearb, cuslomers, AM '11 
*EG po•er bacornes a sourte lincorns 
fe.the mun,cIP°I (wrI• ro cost)· I'n•ustbe •a-•41 

fot noted 'hal the !¤ss 01 rET'by/'•me • 20%51EG .2,5&£6 10.9, . 

eM. so!85 ,5 nol ent re y Ir. 
mul,c,••I„0 since the, do not h. veto P 
4441-/ enegy Nsome Fg 14,/60·il.-uere•uc•#640.....FG/eno,roh©n.. 

peck '000!rg o• %, inn y.Jrr• r do•g 
|•4SeS 10, ir,]nspOllng •hepowei ·rom Eskom 
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Inloke -ints to the customer is 5¢ved As *M 
Ihe nunicipclil wil onl• loselheir'Mork·up Revenue loss/day 

portion " the energy solo. For the excess •160,000 
SSES ereigh ·here is no co•: of scle •no R•40,00D 
leed in lan10 bencelhisisc nel Ice„elothe 

R120*0 
inunic:polit,(zeroc®olgole•. 

Alc),000 
COnelUNIOn' 

A80000 

The re,ulls of the studies Hove shown· 
R60,C]00 

• Efi withlhevorec |eveliSSEC"/·5 
Mq000 (,6/ wd,unny /054 Mo Ir 

. •.mel i. ircpol o. le vellge R2O,000 
regu' ic i en 0 Feeders is m,imrn,1/4 

80 !1 

wilhinaccepfallevoriatioll./. 20I5SEG 4C»t'SEG 60*S;EG S=SSEG 100•MEG 

* Thelevel/5520pene,ral,cndc. bove 
wimpae on ihe powi flow in o nelwork A# i 5 'lic ... J../. or .th ..d I.' I SSEG .Merr, i,M. I. mr.i.,irn .... 

42/e :0 SSE' 6.68da'se b.1 cid it is imoonart I occuro•e y local le 
Icad proliles of cuslomers in the r /wor€ 
10 0/curolely de·ermine the expected 
chor*ilpier f|ow'. hence eoch relwark mus· be s·udiec €]=rnip Ned neb,ofk cnowes in order 

• Ev.n when following 'he NRS 097 2 3 independe/4 to deiermine ihe impacs lomir irl Isatne effectof reduced elergy 
guide'ines, *ere cre cerfc n condifier,5 the SIG w,il ho• or, th* nelwork. Iles 

wl•ereby reverse poler Ilow Irom M.0 0 Mi roleed,r k/'5 
HV ca, occ,r 110# looding, hig, SSES on'excess€norgy Acknoviedgements 

from SSEG instollo¢ion cor be sold and peie·•hon lev. used 10 'Hse; el,pecied redfion i. TI e 51.3,26 a cond'ckd u er the Danish 
• Hormone d,jortions nceose w' erefg¥$0|esreverJe Energy Agency. MunicloQI,ty Supp en frel ed 

increcsed levels of ,SEG /enelratior IANIDA' supporied by the Deporlnen, 
howe,er *heie hormon c d,5fortion• • U..ing the node•iog lech•iques .1 gre I Eneigy. le .Ile.ing pefion' le bek>w NRS limiI Ho•monic distorlions Ihese s'udies, M mw,c,/chtles con ocknowledged 'r ¢„ef'COrhibul,o,i 
/re depende/ on ·he le-worl<desi/nond 

reduction to flie q Jont, fy 'e expected In energy 
equifMne#•lec ulthin •ho•.or sole5 Th,scontneibBusect©deter,rine m/lA *Fc·, f•rr which·he study results 

ei•,0,4 Y•w A·rone Okese (Department 
I .ely), Mikoel Anck..., i„i h.holf I 
Doni, Erergy Agency,DANIDAI, Arnolr 

etcnus I Pao<uone Municlpol•v) o,id W inpie 

SURETECH Instruments •edel rii,hu,5 (Poloh·ione Mi,nic o•lil¥] 

Relerences 
Electrical Safety Kit: [ ] G. M,041/ /3 J•nnings, V PilMy ..r 

choose your own instruments •ch i,•u hekDviow' 01 *eiwork'will 
...Ir'eis 01 r.newoble penei./. AMFU Refererce Generator Co•vu,·on. Jorion•e•burg,2014 

HV/PAs (LV-MV / MV / MV-HV) 121 NRS 097·2·3 20. id IMerconnrhor 
HV/PT2 •Embecd. Gone,olion,%•Q 5,nol .cle 
Contad adapter, with probes & handle em'eled genefoli.,1, S. lon 3. Simplified 

LibJJ·, con•e•jir.n£r•prio fu. iow •s,age 
connecled'Ine,010/ 

131 ....•...V U.N.,u-LU_=11/ 
Il.ma_.·i./ P. N. 
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Global electricity disruption: 
The South African parallels 

b> Pbu• Vormeuk n, C 4, Fbwer Job•esburg 

Disruptors to th e global el ectricily d isl rib ullo/ indus tly (ED I} can take ma ny lorms . In 50 /1 h Afric/, these disruptors 
inaude sluggish W ironsio,moilon, govenment corruption Md loss / credibility.The local W may, however, 
lec p-frog the tronsition pro€ess before the i/dus/1 reaches c critiial susioinability limit. 

'he CilY of Johon,iesburg·• firsl seriou• 6-1-• •. -r/*. $..8• I '-u. d•*.#I 

cok ct disr•ptio„sin Ite electfic ly bus,nr S ..C-tin.veenli.•rl 
f,M•m/lk-/hard| I.<I hoppenMdin Februur,20 4, pforT,ptedbyllie ond-- 

moy©rol commltee's conce,ls of decil'Ing 
5a|es volumes, spirolling './. ov: of Con'll 

Au,now,011:•and Ga-r,•nmix:,•F-Mg. "....Nnaw..1 c#$*le£e r.cu, e49„ of c„,fse. whal was len •-only re.efl Je |0..S Ond, •„f•·led.1*# 

0 00/ ank *reM of lord sliedding. ,nergy frp.ht- 

of#,clency, d=nri.d side miogemeni and 42•e,m'.- Il'erlolive IneF¥ SO•Jrce, com. to le le 
|Ikeneverbe fore *coL,Idaoh' porth odd, 4 1-9•me•. mirl 

Reproblens Ituosclec.-ihernoirslayof'he *.golop-'I- bm-age•,en,g,ul,*CI•t• 

-dg,•ral•-4-r0 
CllyJS nerctingenwieswasurobie 

re.e•Ue ge lit).n man•-1.u- 

I .liver os il /3 ir le pal, Ind ./oct 
gran•s Ind subsid,e' the lecti.cd' "tore 
bis,iess *osui•obleloce'llero•Fo••rol• ===r m==ru 
Whal'5 wrong w»h the c,]sh iow? .......•I ..... 

.Irao..d... ®•8**[u.t•n0. 

Th,ee ,]4 ,+ hove 'ready token efee 
and ho,e eroded *e osse' colled €[ec/,0 

ma™11•1*, 6- 
-i,g/*. 

Md Th,Ebe were 'e susloilled mnic 
down.turn since 2008. 'fl'['Uing tariff 
lacreoles with de e|OS'|:/:.·dernord price ", •,•bideru'Fors,derf,Fedospu'oF#Inew-migwojoi/'re E"Enerey/anpm/'Crion' 
ieOCking o i,ppi,g po,••1, well as 08 st..1/ 

chonges occum,niwl,nihe ellegys"m 01 
Ihe I.......Il./4/mor' Understanding,heimplicetion.of of workshops on 'he molter over the os' Few 

cit, ils€ 
Ihem Mhe „e of,iew m,#0*enle·gY source·. lech•/logy driven disrup/ion. vell The workshols incluced,roul from 

ccaderrncs, nolob') JCT rhe p©,ril ho. been 
ond gus Ilternotwes. prompted Ibe nloyorol ..1 11. roo, 01 Ihe (1!050' t. E 'pl'gil i' ne.v made (Troll,0,2017) *01 both tre EP ond lie 
Cominlitee/:ens,derchongrlgt•ech[]de' iechrology Co•prtilively R·ked wind Cr.d IRP are still bc,ed on 10/ cent JI• 'S ce•rallsed 
10' S y Pow//m beng iust a 'crrow 'holove,toic 'echnologie£ foge'he' wilh eleclricity generat on cod c,5•ribu•ion models 
electfic ty #ibutor Int© a new e,14 0 ·nore ubiqui·oub eleclronic clinmung,ions en' Ihal ore co·noletely o· 0,!as wl,his d,m/me 
u,lainoble •energy compon• prowd,99 leao coripJI}rig powe• ¥0 co•:rol ihings. qucdrwple ly phe crner,on Ir c-he·•ords, 

SUVICes using Fore than lust cen,ralisec is reaP, wno, i, Is These ach'gloges ore 
grid p°"er Whol form Ihis cO,roony woul'j chargillg 'F,e ef'e.gy |©ndsc:op€ acrohs :he cur Il,les! IRP is corr:•1•tely out of louch with 

lakewaSmwuncelai,i 0,belirne Tolr, to gle Er.ergysioroge. rhere-i'/ oothe reali, holsoe*cluoesconsidein·i©nolum!7 

de ne 'he larrn und sec're lulure revenue block, 3 8•1©p=ed IC<=86.<lte,hechorges scole energ, storage o•d eleci·ic venicle 
aiever•poin·olongiheplect-ic,1•disiribu1ior developilients (see 4 2 

•0'r energy 5e•,ces, EON Con5ul,ir.0 4 
EMagealodevebpl•ewe-gyplar for•he •lue cho,n Ind isolready on 0 5,m,lor Are,·d 1-e world, consumers Hove ene 10 

C.4 Or,d o now bus,ness mode: for Cily Power downword /Fice polh +0 wl)/ ihe wor!,1 ic vie» uliliri/OS o kind / gridge poymert. For 
-*/*oto,•illoicpanels[-•(se. Fig. 2) ncerturY. le con&umer tinpl, hod to po, 

T•e firstsleP•'Os, incolisullon, 60001:, an 
erv rolirr*W n/· This ,•cluded a look Sonit,chlorhelec9nol(igi •r •eng neer,19 ge "feguloied foriffs ard had n• chn,ces 

OF+,¤ns People do %1 *c Ihis o,pecf 
Wlet yielding ·he ospec!5 ©f im d sruption . In *ripting 

Or 

woshipper•nggrotjl,¥ under#/ what th s really meons, •21 01 monopolies. .0 moter which con¢i•enl 
,© 

pic•urein Fig I expies5et *simoccls ollhe ckanges in tne, Jivp en Thr,]w iranelemenr 'groFI 

Thewheelolg•oboldisrup,adefir telydoes someerroneous 5XIO·minomic fern,5 Iltheset,rms and corruption. billirgoid 
/Oa 

01]p4 docolly, 0'beit with some varici le dis' ptio·, is ".Iner the derenfrallsation, unliust lied cut o's olld yth; hove o se'erel' 

*Ing lorgel, to iht icd that v€!17 11'lle reo• derT,0,••„••,lon, digit,5ohon end de dis':ked Ind65'ry wilh openly rebell,©us 

ce,lolisolion of ·he well/ ele,gy svs,prils .. men or: your hondg, to vihcm Ihe idea c• *'ry refo.m hos o c•rred In Soub Afr,co 
Ince 'he wri•ing /'he Energy *le 'ape, These cre powerful new wins indeed' grio ccfection h/greal oppea This current 

1 998 -1„Ca Was widely regarded os "e /rlic*Orly /,en it corres to ceoling with ·20|ily ,5 our Own unique brand of disruplion. 

blueprint for the 'nd w,1/ 0, „e down of the monopol,sed ocwer supply. frona colls'ne/s When p.ises were low. ties iss* ue·e 
Mav.mocror,· Th pope isin?ended os a per/pe/ve perhops kler•ble bui in Ike South Afican 
41,h e AfriCOn ¥•w of each digupt,ve 4 SALGA /,ke-se concemed obou· 141 con'€*' ·he 500% Increcse Ir eleciricily 
01 Ihe wheel, Perhaps wilh some Ingue In. F.'Je / tbe EDI ho•,10 cond'cled o series prices over the lost len years accomponied 
./.comme'll 
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by ,/olerobl• bouts ot load shedding vs 
chonged oure ne I Mm fofever The pnce 
eloshcit• 01 demand, considered o non is5ue Watt next? 
6, the ind /4 for many ywrs prior, kickad 
In consumers mole ger,ou• inve/mentg 

in energy emcient *ing ord opliarces Battery cost Batteg energy density 

Woddwide. swikhed litre 0 /Iternotive enelcorriers such $/kWh Watt-houis per es 

gos /,co,King ond woler keo·ing and igr ted 
1,000····. 'fresh.blicile.linpersoi. rerewoble FORECAST energy sysims lo reouce /,r dependency 

01 le grid In /onv case;, tho:e Jrable to 
invest n thee measures *npl, iesored • 800 
eleericil lefl, evice,1· in our growing trend 
afl.K.I losses. The honesl consumers 
once their free alloco Non / Tilo•g'·iours ·· • • 600 ... 

have been used , p, meri back to cheoper 
ca·!dies and parai de,oile icv,ng c](cets 

11 300 

to Ihe grid 
The 400 'Mifude fowords 'he loci' 200 

irous/9 es 

c whole hos de,er c·aled b, on ofder cf 
moi tide lol ¢wi'g the exposed corrupt 
activilies ond involvemen• in •t¤te copl•re of 200· 11 100 
Ewkw's board and execAe rronogeme/ 
on.* mism. rlogerne.. de'liled in sorre 
miricipoldies. The ne. DED' oftions, 0 
porlcularle wher Ihecosi 'f sloroge reduces 

200810 12 1415 20 2022 to on ./'dable level will provide o reil 
o tern/live to le grid for oFfluent reside.,lool target •1 
customers ond conmercicl ei,erprise5 a ike Source: US Departmentof Energy 
With oil the negobve ino 'sl' ser,limen' o bout, ;3 2 Ere•G,qi* Me,·ochwge'reelecula*,/cbliGor */0,• 
ilwill be d,•ficulttosel, Ihegrid for+he voIJe it 
can b'ing non effi:ien f g.eene' energy {Ature. 

Ill ul.sel mnnagemel,1 6us,1125£, pur·ic//r costs ond the RB<elver 01 Revenue even hos ill prowding se'enless "a 60109,Jng Se,VICES 
where Ihe aid i. place te sremote t9ese .eE c morkelpIeee For new green assets ore of g lechniccl * incen·,•es 

ene,gy 
il moket 50ns' 10 6·andard se os lor genualion opoorunilies The ind JS'fy has os trthe cose the customer 

limi· 'e ./. s" hissy&ter 
perhap' vor,el' of *+ aid o ve' Ir'cw window of oppobur pos5ibe ond ty aid use5 'e gr d ·cr load bolor,• rig ond 
lo change •hese perceplion5 crld keep 'hese equionen! deolo,ed wl•, i e¤ch as.t class. aS OB'Ip|CCe 'Bell I iy .i,plus e•ergy 

his p,orers Lo•ed ic •ke I: achieved by appl,Ing.trolegic sourcir grd g he noy hove 'e grid ope•o•or rem,?ins 
princ /4, however these /1 seem to be rele,0 I 10, c. con relli·.cus/mer. I 

Inficslruc•ure Investmen' atodds#th•be¢•clicol compel/•bidding /, et revenue Io5.S froiri Ilie reduced mle 
Mucn 01 ·he u,tor,n roslroclu• wos pul Mo processes or'd shod-terrr con•foct nature of c• 'rls o{ enerfi, tne d,/10' con adi 
'ery,ce ir ihe 196 Cs ond 197/ ond needs tie MFMA. le to/Ind /0'ges loocip5S Ihegrid©nd 
te ba'epkoced.........· bos e..bel Al en¢·.ows Imly/' 0...s spen by r.,i pm>so•e ..me less. 
Iheend o{ ts intendeddl!•4/n he Now©don. m,.i,cipa supolych[,in rre,nager50r appl'mg n o,ancos morkes, Ihe big di,·untor t¢ viruallyolloililablecloitoii'sperio•el tie f'rule:' oflhe MFMA,/enncortlicl•vill, 

and Jlill·y electfilico·ion wilh cernpal•les has bin re[1·,loto intake substohons -isting tke engineering noicge. recomrrenda'IQI. cn 'e• 
very Illtle or refurb,shner,1, por·,c•Ilrly Ille melering policies or i...Illsing Where sup® chain mor/gef5 anc cle. renewoole "Erbishm-,1 OF le las: mil i' The '/er ene,gy leed in oril iho· have wn *f, prob"14 ·en i mes "ot eforr 's 
esloblished business.entes ond s-undi,1/ seve'e|, impu•ied 't'revenuM. 

sli/„equentlyrequired {rum the orgg,-1101· 5 
s jburbs Allast revi€M'he ED nair,leno•ce limited Ing,neenrg Nfl lo nonoge ond Here /1 ionie, 5.ve·/ munic,Dol. hove 
bockbg i esi,mo/ 0 be in the zegien mon¢air Ihe random .·her ·hon 5-rotegic .01 In Ploce NER. uppro'.ea 5moll ka c 
0, R68 bi lion [3. The indvitry is seeing o colledion 01 osset. thct i. proc,fed ond put embeoded geie•ohon ·In' thot allow for 
worsen,igp•ci•e,5 ktros NRSO48€d) nloger,Ice The pfetem onl•viornenscvor On•SUn3,u5pullo•hcgridfobecompensoled 
cf supp 1 siondards Is c.„carned Ind 1, 11'T'. throug' a proc I,·• nf ne· Dill ng ralher thcrl 
co...or to the *I'le woild, our SAIDI nelrneleri,ig Irthisai•ngerner••.the•urpl. 
oid CA DI ·igures ore pcor Thisong/ir, Changing energy mi* and 5 eite'llvely ' bought back 0, o lower role 
dis,·iption is perhop' nioie |ike I I,Cgrg dislributed generation Ihan v.hal t wmild be iold loo neighbouf,0 
time oomb. Mosl ,li•nicipg|,lus hove reolispd tnet Iheir cisforne· 

01 le Ind/g th/ hos heen ow,lable over rewil cus,cmers hove £] r,gl os p„/4 Regulation he,i g whcl 4 is. Ihe k[<SA 
the losf cecode, orell-,ouaestion iltne .wners ' invest Ir erlergye{Ilciency Qnd oppioved bL, beck ,/'85 10 Me distributor 
bes, volue lor me, c hox bean ochleved. r,sioll phot. voll.Ir systems 07 iheir properhes im st be less Ihoit the cosl of E.kon, b„lk 
MF/,A procurement fegulations hnve n tcsupplemenvtheenergilheytake·romthe powe· Theenergyk),se,Qss[,c,1,¢edwil/p 
iker-elms been Aptive +G bur,1, 4,s n g(Id Most do 11,6 10 con· rm rising energy dus ore als„ slgnit,ccolly less becouse / 2 
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Our business philosophy: 

Beat them on the 

drawing board 
We strive to beat our cornpetitors on the drawing board. It's our 
wa, of ensuring that the customergets the very besl power 
infrastr•ture desigidengineer•ng Solutio• suited to their needs. 

Tnat's why, at CONGO, v.e engage wl,h our customers ina hands on, 
or·the-ground way. from the ground up Our strong Ing,neer'g and 
design capability enables us to offer fully custom Jsed turnkey solukrs :77] 4, 1 
glag our custolners optim,sed design the best vajue for,none> and 4' investment in the right technoiogy ''lu;' 1 • Di 11':,8 . 1 
Cl. r bligness processes are t,ine-tested and centred on meeting our 
customers· expectations, Our In-house protection and auiomation 
Product•or• fac,•ities enable us to ...1.ently deliver to cus forer 
specifications 

W,th a core group of go technrcally-p,oficiert arld experienced electrical 
and N "g,neers on hand, and three decades of Amea-w,da 
experience. we successfully senve a multitude of customers across the 
continent and the MIddle East· 

Speak to "r experts, we are /ady to assist yoij, 

Consolidated Power Projects Group (CONCO) 
Africa's largest power infrastructure service provider .lillf. 

Conbolidated 

Asubsidiaorol 6 Infrastructure .•up L,mlted 



I 66thAMEUConvention,2017 

source / / energy is embedded wi# n the 
ne,wal In South Africa, i•e inkrlsil of tie 
su•inlne is doub e what i :s i• Europe. 50 
torif incen·,•resore perhaps nor reclly needed 
.prorrote inve/mei' he. 

Whiie Ihe muricipelity rro, howe lo5• the Rapidlyincieasing awaienes• olthe unsuslainabilily of emerging 
sale. norgin on le self·produced anc self· curienl bu•.ines' mode!5 Cross·subsidiz,illon isgu€5 are £/eleastcol 
consumed power of lheir new protumer".Ibe taxing*in.stothe Econon,yinsteadallheoutputs $ option mogin on •he:rsurpts, wh ch ;s Im•ea•clel' 
sold to Ikeir reighbcurs, is much be•ter thon 
the morg,9 on /liing Ihe ne,99buurs good Theln•egraled Eneigy Man OEPI and Integrated Regource Plan URP) remain base' 
old Eskoni power. Wilhowl holle' encentialized gene.•linn anddi•tribidinn mod*. Toincludedislribuled s optiong ... 

an,RP al Cily level is necesgy to arrive Nt the tille lead cost option 
s..........%./.p'Ille . power produced by 9 -dent,al cu on.e . 
PV "slen· •0 eicipe to "e grid /6 6, plus Fig 2· The der,inion Irom rech,ok,g, -enceme/re•p•ssed,n.ocioec©Mom,• re·ms 
-h;swillitoyhotwo•unlit tischeoperough 
for Ihem le insk,0 0• m. f•Dioge .5.• lo cr se .g fhe pfos'rner 5 surp 'senergycouid Where lhe grid coe<otor crosses /0 moke 
vest' Thelugiti,es. nialeodeceit<o,imbutiontowordsreduciw Ad,Hicull {0, /ecus/ofrer fouse }hegrid 
T•ecrelicolly 100000 mld to ge, r•,deniol lhe cross-subsidy needed from ·le bus ness gs mentioned /ove ¢he rusfomer, despi,e 
domers.ea<+ 9,•03 k'U SY;lem on Their lorifs to helpoL· lhe A ncD,ne res,ae,iliul or ooliggilor lo comp¥ *Ilh me nolloral 
4. could Mlribute seven such surplus seclor 'he mid lo uppe income group r,1/ d61,hfion gn' code .II edher conned 
kilowa·/ ra te 'he Eysk,rr per doy. ever, be of vidling To Ocll";' portic,poie. knowing 0.,/0, and become u polentiol sciety 1-rd. 
col]Kivel•Bvi/700/Wholle#·comer•gy 'holthe,orern/;1 0 woMhwhilecor-ribation ©r conlig Jre the, · system 05 or odependen, oH· 
lo the sys/m eoch da/"/110 2900: MW. to socioly ....starn thot luts off s Jrplus gene. 1 or Ind 
C#Power, fore*ovple, needsforree:Ae CI# Resisfirgl:,porficulorevo•ution/.hegrid usesrhegm/0,4-or? ove asfde,bsdrup 
ofjohalnniburg s dc r, requnien·enli• P••yi,ded recH, meens an oppon.n,ty k>sl and le or·ongernprll This,5 1 w worst ccse lor ie 
le nehvork acce56 ciergesore M sled lo ompli·imtion 01 'he Hes·.osid' problems dislributor withnonneGisk)slny,Cevinlkthe 
eaure tho• reverue; ore slill genefoted fo' moi ore olreody disrupling me inur,cpl cusfomer,ard# lgS W gefe,ienw•*seotte 
re.aAnioinfe-rce/be,inprovedmai mio• SUrp|USdeived bn•eled·,•r'* Pirre wher / plus Kige reochei orce parrl, 

. 

INVESTMENT AND DEVELOPMENT FOR POWER PRODUCERS AND UTILITIES, 
ENERGY USERS, DEVELOPERS, GOVERNMENT AND INVESTORS 
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Wilh huge bii • lo p,Y ID rr• constructon of of odvertising on¢ oppor·unily For Mimer The 5econd disrupl,or, hos bee n rho, the 
Kus,le und Vedupi, ·efils:Ing 'he trons,lon /ocolion The 'Irring cculd riot hove beeri technology hus o life5 pen af o dy u ilerade ir 
is unf""atel, Eskon·'s proseni £1ppl"cl, bene·as kecos'olpvwo: redu' r•i'o d'he youc],3 wcky Tli,i"i' i,eveop•oquickly tict 
to •eriewob e e'lerg, as They we both le:'nology 4,03 ""mrig ufford{,im. '0 0 ti,e rn,croproce-crs ,.ed ore obsolete wth,n 

embedded geiero<on on dislribulion qr ds greoter porlior of the pop,lollon "Ir' wd us"#upported €]Fte· ten 
and tronsmiss,on conwid REIPPP gen..1,0. Gone 0-e tie des 01 'he consumer I.,k yeors Eleclroni• s,ste,115 i' oge quile quickl, 
06 a |oss o{ irarket 5hoie· electrIc,17 for @rented. The laying South 016 0- leost one uni! will IiI beforetne• * 
ironicollv ie municipal NPE, Ire/ed os e Alricon consurner now compre,ens,vely 15, If they om running inoconnecid mode 

group of 'fooll custommr do d seem to 'noerstands energy el|,clency and olterno-we for culomn·le, purposes .hen spo•es ru i 

ho•re the r;gmt lo mgke Iheir own inveslme.HIS energys©Jrces, and h,so pan L· how lou.e Dul clI i,nit5 4! 1.ive to be replcced Mor® 
5 011¤1¤volto wind : or epe·g, systems 10 11 elr going :orwoo Load chodding con be dlisrupt ve,s *.problen· tho"he Plor laptop 

supplement,heenergy,hey¢okefrorn E™on, 0/vedlohovebeen'hernostsevereo[South or'9'noll• used ·0 •onfigure m,/ piogrom 
ond obfoin b•ocks ot erieigy of g •c,4·er lu:ed AME• 5 dJs• upk,rs jo dz,Je Gnd ie 3-gering the devic p. pocks l,p e.e• sooner ord l ie 
Ancetionlo•loosedenerg'Alewlh,1 'Hectsseentocon'inueinh•one„/ir-· comm Iss,cled conliguialion do# moy nc 

Iwger be wiloble· 0, the 5 2/ trip ¢hem w·,0 originolly up along Ilie wa• Me IRP ond . hrstly, as an ongoing increose in lord[s, 
did mxiofed mi•isler,al d,•pens©Nons, Iho rieeded to lund /9 cosi ollhe new.builds the work I,ove let Ihe or gonisolion 

Mingle ou,er :ob,rel decisior of 2007 ond seltle regu otory clecring accuunl /8 tr,Ird],5.ptive faclor / digi/ dor,Dut on 
oid the onerous ./,refi,enls ot the MFW dcmbecks. cou Med vi h iheco, eq, rn, lechnology,5 w .lit, deJt, spi,01' i.quireslhe ..ing,neloce thof leeds on ever Il•nt need lo be toll¢nvied ·c sign o •ower in•reos,ng lof fls. Ihe c* /* ·0 sup•r +heseco! ·I••0•s 
Durch.9 /gree•el• lor o diroton ionger Jpgaaec:ycleE, *le. • Secondly as SA Diond cr•I 

CAIDI etinee•/rer' 
[iguies ri. 

1honlhree-/ ./Ing I 'teriorctill inoy i i,me do•·n over t,me. 11,1+ cosi el tne 0 ·he se•uril, 
Thisls , douole dis,/liop lor muricipol ©· 5upply to coilomers Iro. tne ... eng neenng fe5ources / do tlie Lpginde 

of "d dist.ibit.5 THeir uwr prime cuslome- con slieddwg slreM on the new# 40'K and -hern Fe commissioni• do, ·ot 
and sus,0.rled under expend.lure crl Great driliculty ord In•est serious i.lgineering effor, ,• and conneci 01'er•Jtive energy 
dist·,bur,cn i•fraslructure morrlenonce Ister,15 / power their loads are recu,i,0 oic reduce their 10 *grole . von. O- newei· 
6 oggrovoted / vI/,wi oncl l'eft 

eller' cosi: going fonvord .. Inse''es de•ices irt ihe exi•ing cor,r el swems c id aullsonlheie#/. 
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#e,mn,•ler*, nol .mU' or 'hoil-, upgroces are fequired to Digitisolion keep 'he sysler,15 
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rage REDSond poil.men '% reie.lion'{ Ihe 
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merroryolinont,·egenemhonNore Su|' of ...1 ling u . 10> sil ./.• They never serrous disrupti,00 effeds Iii 111, indust,¥ 
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dis•ribution a feas, ofld 1 -ook /leail on/hef 89/19 42.17% 0.81 
M •ecrs ic mume cfier the REDs were tes,dent. 5 A. 7. 11 863 5,8•¥. 4,70 7.8996 1.19 
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seder, wea·ec'gomaking/conir,6.,holi•o 45 fgrasinud;CipoJ,r•e,oil?Con•emed, E•J,(mr ge,teru•ci.e •0,1-,•1/i£pn?nndr,On'kor,1 
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Reg,10,04 chongesofound the •orldhave 67/9400:us,ori,eiskmlateer/go,iM cuslomernalorgerpurchoses//cliene•gy 
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ollow mo·ke ferces/ drive irid, i•·r, evolullor 
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Ihe niur•Ic,pol d.... Workshops On'I 
public ne'In. .ele cond/cled in 2014 NUNIN 
,Ad 2015 ¥.her€ Ihe 01)Jec·lons were clegr, f .Ch.018.18: 1 

Icb|ed bulnoreol F,rogressh•s5nce'>ap' 
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thefeisonexempiond/mareccnrecred ,•formalsefflen·enfsnowb•rowdecwted moder/sub•NonisembecosmobbelCT 
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be ·he cosc fc. embedde• ge·,evolion O,1 3//in work, Clly A»,er nee& 10 ,/sid,se provided tiey uncors/nd t·,0 // 0/ t·•e 
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0,0•stfo•gorgumeM+hotsuchonin•tallotion lheseco•doryplontafeasol·hedis•rioulion susloinobilily limit which / Nw belie,es 
can olway, be cl•sed os -own use• and will r# mdu/v inc'uding the d,s, ipline• 01 meteriN. may oi ly be a few ien• owcy 
req•rfe o generation license -,commerool numerical p·oleolon. 5CADA and eneigy 
bu,4 dependenlon ow conditioning w, monagemen, reqvifes o new breed of Refe•ences 
pr"n, Ine same 5-ar,¤ Thele,eliseo coil lefi cernon, copoile 0, de'ling with 'he i J FF Siodon. l201/ 'Ener/loigge. The ne' 
00/0*op P'*erns/slong possed/epom, digil/J ospec# 01 the busnes„ elec/cnic .m•'hang.'llrmer'7•9). '.6 
***unic,poltof H5(1,idni. communcotion5yslern--hoslheprin·QI / & minds 'The enei,y nor5,lion ond 
6/ opproaching Ihe /ril/,ni mih resper, disinbufion plon, Thls is 00/cularly .rue ilihe large * 120171 A.oil•ble Irui•• • •Q[&,mtorlhe,i. Wa 10 Esko. bulk }o. lk. In munic,pol 'reos lhe di:Iribulor hn' 0,1 -smon grid omblhonsf matdodLf=IM_EINAU'mpr/.id.pil 
businesscose for/i'posil,¥e nndle skili •et wlil need to leclude le obl'lly *ce„ed 4 Seamber2014. 

I suppon Ihe In/grelion 01 ..molion [3/ W le New ./. I.1/ ·,Mo ./'Iritc re, ewobleeriefgycoli•panie5, keenly .,klog 
systemict•higherle,el impoo ar serv,Ee del,•e•, EE Publishers 

5upparled by "e borks for i noicing ore Avo loble from. www ee'-*le 
offering ieoses to 6/,ne•es w Th roof,op The Younger 5/ 1/07' ho•'e mos•ered $ 01 i.b.2.1•osirvi•.re 'wn,/.... 
5 F•ca forMI•ems Theleoselckesm©re,he Inesed,sciplines ofc sought alter resources b'£3" "/Fl.ier' c.·•1c!*Ixll' 
forn,010 PPA, wilh only CPI increases opplied i privole r,duslrf and it is difficull lo keep (•ce.sed I 5ep/.nber20 7). 
M Ihe next 1 5 yeors - 01 0*vious low '/ Them i• 'e munic,pol envlronmen' Much / 141 Eskon, 1•,egioted le,wl,5 /017). 4,!able 
choice for ••om. ory bws,ness -th air co/,Tioning the eng,neering work lorce w,th deep .**ci¥,Wa1Q.igl[R2O17.'F-/ /Im{19 

lood The big quesllortc askiswhy municipal plonl knowledge and e,penence whn hove #.... 1.<0BseO 5 $*plen be, 20 171 
di•,bulors cip nol already doing this for /60 le- tne rew digi/ ospects ·tne hocd [5] Eli Regulwory fules 10, n®iwork chorges for Ihird *SPO•101'0• 01 
fh,irown cu,fornefs, Theseare P,LI,cwne•, woy· ore or ihe verge of feti.em,ni While Er•rg•- Fead6ock io SEA·5AiGA 
ILompelitu,6 newl¥ qual'lledeiginee.5afeconversontwi• SAC' ufbon ...' ....rk (20,5l 

digitch/ems as Ihe subecs ore included , n .ailoble lion, * • zo/im¤cesi A revelation Him Cm Power's 2014 cos./ their unive.;ity cur•cule. the problem is tnot =,abilkligb#1282&19523•!65£.I# 
sjpp,yiled•,5 I•iol d cos/ .93 per monlh there ore lusl too Yew of Ihem. M[ceisad 4 S•pernbe•2017) 
/ moinkin Ihe grid to re:ide// cu•omer5, 161 TheEner•T•n.on ·Rm&.12/r Emb•€e?· 
Ihe figure oophcoble k o 'come 05 wei, 8, "Irasl 'hefe scerr•lo bed fo,rorrount E-i,• Reseo,(h Ce••e, JIT Pr85eilolion I 
osr™ki/f incorn/en Th,ze'nis oldig'toll'compelen'pe•ple,n,hel/sectai SALCA M*lioengagement on Eleacici•o' 
loover 210000 peion-urn. *20AMics mon,looking*remplirrnen, Perhopsowc• Energy. C/An,Augi/2017 
ron•ecno. ie deal wit Ihe ,„ue i, i design br,dg,ng Con,¤/ P•,ul Verrneulan, Clly Powei, In o low,•come orec coils 
R24 000 10 1,•610 I, i. luding ihe b„lk suppl• courses la up-skill ICT iompeler,1 AN v.,th Tel 011 490 721 1, 
coninbullo• I, I, •gu,red Ihor ",egwlor,sed bow distribulion e•gireerng copoclly A poulvt@cllypower,com 
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Second generation solar street lighting: 
Technology evolution and applications 
by Oriwer 50,/ G.zo/8, Sunra De5ign 

Ligh,ing is an essential driver of Socio•e«"'omiC gr©W'h, It /reales 'he conditions of road end people mi/,y and 
secur ity while//ireosing,he potential /©reconom/cond s*ialailivities Wilhtheriseof solorand LE/ lechnologies. 
strong le,hnical evolulions have appe•red in Ihe fleld / solar sireet lighting· 

Thele lechrological Innovolions include The moi,•ece,col issum will, Firs, ge·,erotior, lechrolog y I sliar streel ligh/ b' cieating 
le•·yeorl,•spanbotteries Rmo/bullery/14 soo„,feellghtsorethelowl,fespan/boo-inlegroledsolorslre/ligh„ [ISSLIwilhs,cond 
lighting mwiemert smerns ®/ as no ocld 50"cries (a few mon,hs 10 /0 ye,; generolion le•rlologies 
'lack.out lunen), cnli Iheft feaUres ond under bigh femperaluies such m in Africol, 

The 5/ ISSLs le low lighling /80. ore specilicolly designed 70 Mnce. lhe murirnic uo•yplugandplayin51ol'allon res!•1 IiI of block oui ond Their vul,eq,bi,ily 10 Nielt -ure in irop,col oid sub· 
Th,i "Glulion,5 0 real q'Me·chlenger for mony •ropicol c•irnol.fler o ten year lifespo• 
public 0*e opplicalient as sol•r powenxi Inlhepostle,1 20 15 'cors, 0 'iumber ofkey willoolte/'icoinioinle""ce, cldto/ ess 

d vers have cninged 
slree• ligh,ing berorne• g vi/¤!e op•on, suscepl,ble to thefl 

* The price ©1 solar ponel' o.d solar -he Inarket 'pue 0, 'hes producM wi 1 In lerms of (ilisign. an Ill er.ops/|005 0 
„imms hai bee./mded by le.i. ..cking 

anbure lowords c more .siolroble ond rn l,pone,•501 Ihe slroel •hls,n o single cover I oneill .0/ comp.·Ill,e energy 
Srnc.it cily will, sol 'ocated,Ii/ of F powered producls. lo•er ./.ces...iloble 11'elighling pole [seeFig 23. o• earth, 
greerhouse go; •rni.,0,15 /•d enho,lced • The ylelds of solar panels This evolution lenergy is mosily eno bled by Ilie use 
connect:¥11, ...per me/r square & poelsl nove of baltenes which work wifr high deo,h of 
We will ·irs, introduce le lechno!©gy wised slgnilican'ly discharge and ore much snlol er and 11# 
dlitionsoisolorslieetlights Then we'll o Thecos/ond pelrnave of buiteries oswe|| 036, theuse of csmarlbottei 
digcul the Ipp l,c atill' 01 these proc J.s ond hove:mproid. marl.-/sysicm 
prese 1 /'lie s./ , .ED •ligh'·emiHing diodes lights hove 80 fle•.es ¤ Ad :mo' bcmely 'hown highly d/omic fllor•gemen, de™lop,Twnis 
Evolutionof solars:reellight high lumen elficiancy 30$/05 [>150 1,•/W) 
technologies diractional,9 and reduced lighlpollulion. In fhe all solor slreetligm •"ms, Ihe boilenf 

long lifespon Z5000C hours). supei,ar Is ihe cilt col p.int, becouse Il IS ./ hect· # Aegis and dr,ver' 01 chrlige qu,•lily 01 light .high CRI• ord extended 
...# ..lin rous/5 £,>ojrollobilily 5•stem fliIJ,eS. 

OH Ird 5010. syslem5 5 uc• as se/' sfreet Th• niost impolon! selechol• critefla ore 
Ighh hoi been designed wd Quilob"n Build,r.2 wpon Ihose chonges, o riurnaer of doil¥ c,cling, re-e oild pe•or,rance 
Ihe morkel for -¤re mon 40 years However .scorch •entres wd cornpon. hove tonle under very high lemper©/res .arlen/nce 
Iheir price ond pe,for,Tiance highly ,/,ted uphn•designsondlecnnologies forsolc' u,id lifespan 
their niorke' uploke st.eal Ights, thu, soling some of Ille ma„ 

In •he 

Fir,·9enerolionsolor/eellighiweremodo isgu=ossoci/edwitherewouste/nologie, AIr,con ...le Ird :or solor stre' 
igl,1 opplitullo94, Ihe ©plirnol •ecnr(]log, is 

©f coinve·",ioncl se/r Inels In te' 0, 0 //i ones/ofs'ea g/s 'he •d€I nTeal hydr!* •ec••nology (N,Ad/1. 
oole oss'cloled wilh o /00 acid bollery, 
aither buriec, al the b¤,tom oren fop of ihe Through 480¥y "h·e.bilen, M reiecrch ond compored lo lead·ocid ond Mium·kn 

-1 Isce Fig 1 j. c chorge 1,/Ner ond development. compen,es like Suw Design 
hove :bged completely Ihe design or,d 

a lonter i 

Nale,y.1•orn *fihe ma¥, Ial•-r iop./.moil 
00-/b... 

Fig ; T....;por. 
hriliff»,e•oPht.. .f •1/60•un]0'/buried Flg 2 De•i. 0... 
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boN# Tale Fewai· o de;criptio• c 
Ikese three bolter, Mcnrolo•ies. 

2CC/+5DC 20/7+30 C 400'.. 
lead-wid bolteries •olso colled VRLA, AGM 

•les,•al, - DOD i 55(>C *les 
or gel) 0/ Ihe o des rec/rgeable sto·tie /0 800•yrles O,eoril /CI. Ilg(4•e•Il 

20 U 18,•arsl 

technology BecoJ;eof .coit·efed*eriess ..p•n ¤1605. 4O•cr·,cics 
od MilibilitY. leod.acid boner es 48/.18s (1,3#/ 90.cycla• I .mi are /10 4* 01 yelri)_ Ihe easier Q90 cheapesl choice for 'nor, blocement o • th= 1 4,colions. 64 /0:ho• mirlilied se- n' ///Flil/* Mimin'mum • -imesmin,mum • Nona •43 
vter, Ibmilled to bolh high lemperotwre ond Tabb ! Boileo· I r4rrlhgreon·•o.iMo•chf,n 
deep c,c ng 4!though :he, c e widely 05ed pr 
solor [ippl calion..n) o e r. sm./ el er. • 
monogemeals,sterns lo prevent blockogi. oic lonlern R580000 249 Cto I 

hig• lempero¢•re •ill Inv/, a limiled li•spor R2900,CD 0 9CD,00 

ind Jew g reg, Of lechn,col noinlerance *altery C...voik R26 10¢ M Rl 740,0 

.*cefr0* 11 I ./. fne 'ops' Up•fU. 1...irri •rd coo.7¥rs.ng R135DDO ..0,00 

solulier, but ·his lech nclogy isr/1 well su ,+ed To!01 p,iff•n·r :c,9t (r•' LJ' •1 199150.00 R49 590 OC 

to 'reelighhrg applicalion. especlolly in 10· R'9 575 000,CO R24 795 orY].00 
arec8, ·nus leac ng to ve• high operolingcosts I'le• i•veslmen• raqulferner,1 R600 R8720000rm 

-he I,Ihiurr·IM bolteries represenl o 
Flec•ic¢11®M .1 omps 70 X0 W 

comporalively new tEchnology without 
Diverlo•%!1096/elee·leollo•d] 78010* 

•emory Act Arrong trle., a large scale 
Te)0jeon-/11>ad 77 0]DOW 

of Mcnnologieskasbee.developed lilk,vm· Runnoglime..or 43dC ••c•• 43Ar hcurs 
ion·pho•pnole llFP), 11'h,un mcngors•e 

Enemiconiumedperyeor 33726AkWh 
spinel ILMO, li•hium ••onote Il.TO), lithium Eleclricol demond ig,i•g• 3372..0. 
nike'·mong'nese.coboJE (N/C) ord 'hium. 

Taialcoit,f•lec·,ciN/k*h RO 7, 
nickel·cobal,·al'mi"mEN(• Theworierof 

R252 94.4 Rn OC 
theoprions noxes il /1 con,plicated lo moke 

Direcl ele•¢ilcol savings 4 
sure Ihal the righ• bolteny,s oailob e o ic •sed ..00 •M 945.00 ler ye. 
forthe ri#...lon 

The m05t popLI¤rlechnology on the st or 
s-re* lighf ma/ei is lithium re•·up,lon,prballasi #& /. phcsphoie R, 380./. 1542 &50.co 

r•p©c ·o. ippirce.enlf,f on·g.Id 
{LifePO43 rhis,echnoogy nos curren,& le 1,71 qper 'enrE 
same moin weokness asleod-ocid baneries os Moinle•••c• 50.. .00 . 536 637.50 
they sho• limiled 58rv,Ce life wheD submirted 
to H gh •errpe•lure o. deep /cling Toblooninn•-Dme,ry- .1.3 · 17.50 13.1,50,0 

Nk/ m" nydride bolter es h- becolle Telal •ayings n• 11- I/ /¤r Ro.00 /789582,50 

very pcoulor over the 1/ 5' decode, espocioll, Ele¢1 f rol 0, d rroinlenonce .0•ings 
for indus•riol opplicoliors such m powertiols .*ik period I. 46 2.9 y-rs 
or h//d vehicle opolicotioii. Tbere how 72'e2 Cub,sful//5.rocd-500010'righ,i-I.#ea+Co51·sil3L•Orr -111 
been M#-Fulirrpro,ements c 'be 
NIMH boller, perlormonies 'Prough 'Ho/6 
n,c,Beo• h,drogen#*ollo,s·I:,•,ieve * lintelligen•. witq ud:live I ghting • No Cogt lor elec ricu Ill:telloi,or ./ 
higherenergy C./SI' l'rer ."wa·ic., le#ar profiles boled on ie weuther Ind 'toi /1 co•red,on fee'. 

iole copoblily ed ower cos'. chage / the boltery, no blackout leoluree' , No eledric 'soge o•d demo·,e i horges 
balte. IiI Bil,•50/ mode oid connectiv!7 8 provides 100%· energy savings o.er 

N,MH •Hers reasonab e soecd,c erergy I I,ures .... smni el/ma.s 'Jow :he renvenl.. rool Jighls, 0„d hence 
and covers one of Ihe largest temperve lig9Ii,•g se•,ce -0 105f oll nig•it long wilhoul 5•Ingsonlheenerg, bill oF,nwn...5 
ronge, ·hol ovoilcble recha:leab'e boieri cr end-jiers. 

Lierruptior 010 cnbol -e 60•er. I. ... 
technelogies con aHoW (-40 C to 180 C) • Reduced i,icir•Ip ic·•ce coll'lks to lol 
noweday5 Thisinainte90nie froelecllrio" Appliialionscildre•eren,ecases Ir•€ .rii:,cinenT: 
inte'mles o solel, volve in cose of cell Solor *ligh· A•p•,io•,075 s'glen s are ••ereh're deal for 
temperature incfaose and shows ver, good an....·01...lions· 
¢110·irnal proper•- without memor, effec·· In·egraed solof strrel hihis wl h NiMH , New devejop,ren:s T•here rhe ew,debi,i•y 
Theiskeeh NIMIi,saftenlheiniholceslol belle,lesandsm#ugemenlsy51emsore cost ar lime],r•e of new powei supply Is 
pu*,ou:itsreMIoncetoheotoncdeep ogo.nochor,ge•lornall•ligh,InQproiecls anissue 

cychig le/s I on incomirable Mespon, Allboughlecip,lole*oeld,fure topul€r,Ose • Exist|rg loccltiors w m. Ihe cos' .r 
inukfng the,o•clcos•e'owne,•fojo;,e•thal the I,ghis is higher ·han with con#tionol fechniccl did :u ty "1 1 wir,9 *ches i 
•,th onY otler bolter, technolo@les loo streel light' (such os HPS high or LEDs), ISSL 
Theba*Im anggerients,slem p'Sli-t·le preselis ollmbero' cost ¢*ontages • Locoticin' where ./.:cifr c.sore Ii,gl 

hecd 01 o sc•or s·reetligh• ng mlem. • merges • No col. digg. ..che' Inc 'ding . Re'll.rels-ru.Idealoppienfkil.g 
le areigy product,rir b lhe 50|C-ponel. the equione'londlobour pro•Cds 
chorge /·,elalley andconlrolslighling evels. o Nocrifiu,•derg"na'ire{nocabling • Er' senst./1/.dscopes 
New M :echoolog es b' r,ow oHer 0 3,gher b lrivol.a• I, d,5 ribullor ord control p rmed • Ter,p„ror, or emrv y Ii,510! nklri, 
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A!60 Solorilreprlighiscc/ielprnLnkip' tie' 
,-d public enlitle, 614,11 al un optrrol 
:oht Borne of 'heir hocio «r}nornic on 
envirol mentol corn-enls 1- 
• r rrilly ni.cl 'reas solo 31/.g. 

Irci,de Ihe a ily source olligh' Whel 

c food, 'Irsircetlighls'ruv des/cunlY 
nelp lengthen Ihc work dg¥, supper' -1 
.cruo'ed eco,lomic oct vities. con,ir. t, Fig 1 Ms#*99 9N•enci'A *Cocginid...* 
irterocl,01, and educo'lon fel{jen 

. As.,1./.' ellmoll'...emitig.ton 
·rotegles noreordmore,rur//ili:' pro,ecl. Ir'Italspecificcase,1 Nigerio,Ike newappimn,1,"ir tnisof/i:lir liglili,•. 

* uflilies ore rovi gethr g 1{]rge·g for '010! co'· ai owner'ip for the mur € Ir'll' eler,rlly 11, AIT,rn 
g:.*Ilse g. m ligaifon Ind Inerg¥ wos lower'hol 'ah other ootons Wkile the ini•,0 Mchno:ogy Pod importcni 'tron frorn ·e•ewobio sources gene 

Sole, 5 'llt|ights con le o g:00 w.' Th' m... I. n./re'l 'aluT Mieet .... . 01 Dns .... eo 5olor M*wil 
•r cou,i,ries/Lill'ifirs I ..oth the,• IncreQ'Ing ropidle Th,- linrket is ix,Aindarly KIMH ke:hiolog, are o compiete gorne· 
ro•sts ins.... ...r st eelligh-5 octwein A:rico-with hughvownesin/0/h clc•ger.THeirlifes/nhos reodledten yeors 
ron counr 05 solor power pne·cier., and Abica Wesl Atfico 'he biggestmorketbeirg ho• climotes Their pelds ond perlormarce 

sol./roligh./.Ips roduce 0 8./. ' 
GHGemisgions sgi·Incan#y Ihe pubbc muL.st m Nll£,1,4 0,14 Eost :4 hove increcsed drouk 8/7. 

Sout·i .co and] 1/ neighboi•iN €0-lries Tile, becorneo -ble ophor In•er·nsof 101/1 
Cpseslud,andrelerenies •ee an incrasirig nur•ber I rislollahOn' cott of ownership in niony Qpplic,ton5 •d 
7'.ble 2 pr€"r,lb " '00 "81 0{ o Irompub <streellightinglon,4 indugtnes -he, oper the vay /0 Important chonge$ in 
1 f <rn, rood lighling prolect in Nigerin Wh or pr/] e e:tote 1,9/ting Igh'ing bus,•ess mo20's IT muiwipol,1,85 

d compor,60, be/een g id ood solor with Dossible firon:ing of copitol cos' Ind 
20, fudher informfio• oboul Sout9 Alricoi ver„ 1- cperaNig cosh, esFecioll, r. 

stie' lighls refererces p... c. ftie oulker electric,/ cons impl,or ord liltie frainlerorce. 
The •c•„ studv ¤e,noi·•tio¢05 0 po, bal Condusions Contact O|iver Sainl G,·ons, S •rio Design, pe.iod of #hree /4,1,3 let f./. • yaois 

e.rfonrrerto benems I the .c gerier.on so|ar St·eal |Ighler, Te'072047 6989.os'@sunn•·desi.=m .ill tie 
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Innovative technology permits predictive 
maintenance on an HV power network 
by Polock 0'/0/:oon. C.ty Fbwer 

This paper covers innovative technologies Ih// permits prediclive mcimenonce to be done on a high voltage 
power network. Results obloined from performing wndition monitoring testing on high volloge equip,ne,11 have 
preve'led numerous failures. Many of these la nures would have o«urred and caused extensive and exienced 
owlges In Johannesburg. 

City Power wd 'ingopore Power Global footcouseolthe a, ure Orcethisis lao#. Fg 3 slows Singapores recorrirended 
Sol,Noisen*earnroomfo/em• ced# mon,wing piogroms moy reed condtion'non•enrg ·edmoo 
W • now beoriri frull S ngupre Po,er I be chaiged lo deM/such bulls In #e Rool 'ouse of equip......res Gloool Sol,lions is ¢hamsulting dive# kturebet*me, occur Quilltics,u·onceis 
of E /opore Power 'espoisible fo·ensuring crillroltoe|in,Ina eln"alloilon errors Larly Fort,ol d 3:horge {P[)] s he iook 'u':e of 
"'electri=al lities =an implemenl con:liton W'ker o certoll, produc, ho, 1ached ,ls end nosy h¢ Qnd Mi nelwo.k re 0+Bd 6(fures 
monitoring I improve the fel,oblmy ond c & it shoul, be reploced before t foil, e,per,en:ec b, City Poer. e-No,ng 
qvclily 01 supp|, Ic laircuste,iers. 

Sing.pore .wer his "ccess'lly 
implenler,led coidi·ior norilonig o. er „D 
le pos, 20 years Condition monito,ing 
. one of ./ key c..trj,ul].g locie'$ fo 
Singapore Power Decon·ing gre 01 'he mo' -1 
felioble utillties in tile world Bcsed on the 
lofes' performance indices. o cuslomer 
in Singopo,e would experience o power CE 
follureoni, once ine.ery 142 years (S M m 

142 years Aver/ge Interrup·lon F·equenc¥ Index 
- j 

94 '/ /e D,ged bli ¤ny customer 
would a.per,ence is rougnly 30 seconds (Sy,te,i Aver©ge Inter.... Curo'ion F 
Index 91/1].These[,gure•oreabsolutely 1 
orn•zing bu• po55// (see Figs 1 ond 23 

dirs " perfoiming condillon 
3/ . niloril,g 

07 " - J 
i€ han condmonnoniloring les·1·g Is 

plemerted. :he ·ol owi,g benefits shall be F,9, 1 ...Ii/we .*Ave.ep;lie,ir#.quene,'9dex,»' 
ochieved 

0 Inlprove¢re[Job,Ityondquolit,c•supply 
due to reduce,3 U end I{,fced D alages . 
(imp,0.red SAIDI, CAIFI end NRS 98, 
IC I Condition 

. 
. The root cau,2 01 the /04,0 d :chorge,5 monitoring 

notd.5!·oyedond preve*emalnleince program 
n be do,e belore {•dures occur 2E :2 introduced •bf co·Jon co:ls ....0 I lailu ·e are 

3 

uc5 (heaper ./ repair cos• oiler a 
killre System Average 

i Emenc mrus:,enic,/encnce iservasond Interruption Frequency -7 
pe#orm conarnion based.crn'ena ice ! 15 Index, SAIFI 
only 

I Eler,ded equipmel life ./8 10 
Rood map fornalcecor.•Ifion 
monilor# *e. 

e lo lie iiature •jl eleclricol net•orks, foulls 
ms rill 0,-curond be,I,rese W th,5 0 bl•s•.le,i •111/1......12-611 0 

ed' to cor,lain the 'ul· and preveil any si,- m, 0- = m• 0• - - * me =3 0•, oe * 0*? va - =10 
nliecossory upstia,ili, frip6 Once o fault 

hos been cleored,I,5 essent / I lo getto #e Fig 2 'r„Dcrer-rS' i A.e•geM•erwAonDuah) 1,del '•DU 
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vc nde lism 0,•d Il,eft Once I ho : begun 
d .Ill ok·,uys w....0 le/d.g ·0 n.u 'Ion Prevention 

P•eu.am.. .,kdownequipmen.lur. Il ..relore 
rn,erolive tnul orce PC is deiected,it is 

S.•..11.d recllfied belnre the failure 'CCu,5 
0.-molip. *M.nl 

PD s defined os 0, 1©colised d 
I i'/1,•rge pioce" Prol.clieD 

in w "h Ihe di'knce belweer, Iwo electrodes 
is oortiollyb..dged PDs 4 ¤ng r•ledircclly 
a one o{ Ihe ele/fodes or occir ir Q Void 

Containment F 
cr covily ./. the dielec·ric (See Fig . 
bond c. 

O-0••114 
-# 

The vcr OUS Iyps O, Oaftici di'chorge :,i• 
died Wow 

*-1. 01,1-,MN.n -*il Containment • Coli. ihi.lorges occur os a 'sul· 0 
....uniformfield'ID,u...solo 
C...·or.biecled ·0 high vcitoges 

Fg 3 *om'Econddiormo•J-* • Surioce dis•harges· occur on the sul. re 
of thi dilferent cielec. c meteriol 

• C:,14 dischog/5 occur .·4'en -r!¥,1,& 
-12& I 0 

are ·armed in solid or 1/.d .sull/g 
'1' I I«}te 3„ls where the gos in ilie covily,s 

ih cie.*/ ond dischorges olw 
PO '5 a res'It of nay wrtr, b.li'g lacloic 

2%3=EL.-al==-le .ludi. 
• Poor•ortmonship(cleoron.*Insli llion 

I.ors andlack/1 'ills: 
• Incoireal arolication 01 p-od.,cls / 4 Wl, OU• W•'lliges. I; iore•o dis.....' elna 

fds.idoce.ac4•..d;.f•'e;coli....ge'. (MCnrolog,•1•.•noe5! 
• Ove, ood looding to ins/on bric<dow,7 

Iheo causesi•suloiu•to breok¢own) 
I ....*/ defecl 
• Equipmen"esigns 

4-1- 1 1 1 LM..al-alli Once Ihe PD inuses the insulation med,urn 
Li·0 6-2.kdown. 0 00,ver 41.snove, -110..Uf 

his Picar Dede·caed'ndissessed, bu·/0 
=.. Jfalrnecorlbepred,ded 

The recommenced Silgcpore cold,i,or 
munDoring ./ .ul....I on¢ I€chnicues 
are oole to detect polential'll In 
equip•erll beore o 'lure occurs / 
these poicnial faulls w detecled before 
a loil. occurs, their location Ind 100· 
couse con he iderlied ood red,4ed //re 
Iliey foi Thi• fher ensure, ,/el. 0· stillf 
ond cornmunities bY prennhng polenlioll, 
donger*s lilores TEe rel,obil' Ord 

4 5 . :EL?V/.BI.rleging275'Pol)J•32«e<74,21£·••narr/'5..02.m' 'WO|Ity 01 'UPP]ys imp,oved ever. Nme 
we pievent o fo,|ure •hich mild rorm# 
.esull n• uslomeroutage5 ord vol·•ge dips 
Cit¥ Po•er is able •c cir(y out orn active 
condition b<sed mo,ilenonce Di Ihe ne• ionf 
lidismoing¤wo,·roincurren,1,•ie bo# 

A--1011 .unlent" [quip-"arid "ales _• _n'ncr,ce practices, which Ho·,e In the Dis•.....•Cys! 
Cahle, " post inissed mony p.]te,ltio fc Lilts Ci·¥ Power Oiler,5,/rD....ino LOW *Ile 

nthe h lu e uould )1.1,18• Ccole on , shu•dcwn ThE Hot cower 
sp[• •Ill. re 'li•• •3 plo. fitis obsolu·elY C•ble. necessco' pe40,m 

$'ho,VIreqult-v#€1• Ww insulullon 
pie•enk?44·e mairi•enc•c' Cr4 Power I,05 

* cw•** i /6 Omenf andcaol. 
tdi€Nrglincnlyir' olreac, sove:i lots ol rnoney on moi,i·enonce 

/04943®m 1(29 -2320 °peae-.U*,Pme. rdoo/loiluierepaircosls. 0,edor pom 
T©We#rof,ossibjeccebnmon,trig$,5#fm• hj-,bee;,ed Inte, 9 pt,¤nsshoul' be re,jurec + hopef '11, 
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044 voncalism ono iheft relaled loilures, 

The lollowing non inlrusive on ine co,•dilion 
fror,I,oring lest,fli lechnique5 should / 

condi•lo•ofo5se•s. 
• Ultrosonic 

I T..lier,1 ..h volloges {T'%1 *dto•,ide••ne•eope•ling Illl#*ligiltjr „¥ 
• *dio frequency (Rfl 
• Indiclive coupling frequency response P r IL 10 nigh Irequency currer,1 tranlrne' 

(HFC' 

• Copoeitive./.Ing frequell¥re5... 
. Dissolved gas on,]1¥sis [DGA) 
• Inf•red 42 ,JAE. 
• Le'kage Culentmeos'remen' 

I' s now jossible to de'ecl irsulolior . 6 M. F.V.....Iroilene".MED'.275/...&,M'Lmer...58 
.colerng ii cobles, overhead ironsmissior 
lines. power Ironsto,mers, witchgeors, ond 
ofhe ele"cul equipment 0 06' power 
®lectrica •e•works Conoilion monitoring 
te'lrg iholl beeme port 01 e•er.. 
business with,r, Cily Powr ond no, a speciol 
0 

Due fo,he noture of •P•1•••Ij insu'01,01 "slemi, 

onlice PC testing will give you o good ind,colion Ihot tiew is o problem. 6/ i•wi I 47,/ nol al¥.ays g,le ./ Ilie el#1 locotion . 
t" PD Bource. especlally in cable ne-. 
O... 2. meosuremen·sore alic .• U. 
sys,em voltage. The be,1 woy k> le/lhe 
actuol cord,·ion of any m/tien syskem TEVPDT•st 11 I•nared teG' Ullrasonicte• 

0 offline kes,ing, wher' an overiol·oge s 
4 7 applied,lore•ample'*U Shgoooreleehric¢'ir...r,@ing•Diel,ingori.•t,A.*.06;ebi 

M rece.Ry no por,oble on A HV cr,d 
EHv le.•ing equignen, wos moiloble In Scul 
Alric©. This has now c,onged and both HV 
ad EHV cables ond power fronstormers 
con be tesled on Site Ot / toble high o•er 
vo / ges fiee Figs. 5 Ind 81 

Simple way 10 perform (andition 
monilorl.®st# 

Fig, 7 oull,nes 11e 'imple geps to iesl I 
trong·orrner<oble •o•, bul ihe su ne lesl w Il 

60 done On O|| VV 5wilchae'f DHI•,-#Ii 

Inf•red thennol .anning of all eawpment Fg 8 . ied,herld,mogeo•/15,-ir/•,I.Jydlowhu Ji#e,enre,n,emoeru•we 
1,03 e•ed ond cos even be cone wilh cerlain 
s•na• phones This condition rroni.©Ang 
fe/niquels cheop ond,ei eflecilve for 
detecting differs,im i, leri.perolwis during 
operctillg condr#©As * 4 8 

e &Wit 

* roble in 1,·,0 differ,11 woys with 

i•tiuinenls 

0 'cpoci•i•e prooe lor Ihe de•eclio' 0 
TE¥:i• ·h€VHF electrom/gneticspec.m /6/ (3 - 80 MHz) 

'reinal dischorge 
High le,el s.6 /:horge lo eo,th 4 9 u i, rio./.fE,Plus//,dherd- resk . i 
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@•01-1- I- 

. .1 

18/ 

• ., .. .1 0.6 ./ S. . /. I. • I . / 

1.-I 

hg •058.0#IwolwononCM,©all- F,0 1258.OW•SPD•wo-X•PEMViooleclihril;on' PC)sco•e,e,•anddifhcu/,ic a#. *no,eW©uic,+4,0,cuii 

i 
U 1 

ii 

-14 

*hel. 

e 

Fg 11 5£.OWISPD••or•XiFEA/cobl- Fig .·DG•,perpiels,© 1/le *Po'eihol i, fe'nol -j 
-=er-rds,nip'elon.,rl 

• Ullroon,coirborne microphone M cop'ad he Inw'O'ion winch leac5 lo ¤ L Iwre. I, m•,t 
probe generally can•fed / 40 kHz / re,rembered tno•oil insu'llor, ¤ges, ond 

it 
Suroce discharge i, impoitont lor Iso monill, cr•d know the 

condirion of le ins'Joticn lo pre,mil le,lures 
The Jj "'TEV Plus' unll OHe' so much 
more ' x, meosureme/ volue whlch (un be Cable 180 ng .Itn DC voftage hos clope'H 

h tn De unoble lo deled po*en•,al fo•Il• 11- iri Inin", =c/used with background noise or cofo,10 
rhe new u 'I oulomot,colly diogrloses the 

4/i. -he m of AC /·age tes, 

elegised 
"m<oblelerminotionond,[,in' fo,IJ,es The Sing¤pore %-r now PD tests 011 ne,v XLPE 
f€CSor, For Ihese failures hos 0 101 to do *'th coble sys"15 to detect ony u:,acceplnble 
'helo,r•ler'sskills n Ci7Powerwesubcontrad pe Kiv,7 in ,©ints and termination•. /5 
|ots -* 

mulpment r'lensurements ondco•tifns il il ,5 PO Dr 0,2 
5 0 mus, to ensu,re we ·cs' 14' penninivity 
ol insulat,or moteriols whIc' 5 who, all 

The highest loilufe F.les n lily ...ore 0quipmen will ...rier. whe' 

A of work t¤ coMractersond k>en•urethey ••••WI 
de,ocied P. 0,0er lime breoks dow,• 11/ 

Pe#. le ill or t•..ction 'ou leed to insulad,M if no! corrected immed,orely The Pe•orrn 1• coriect test vihich ,vill corfirm fhe days '{ 4 performing o go* or no go 
*·ty 01 ihe workmaip pressure 16,0 Pro,e 'he ral,obilrly 01 the 
In 'he Dosl, 07 P©wer hos co,e lyp,<01 cableare over 11,5 nowlinolorecord{ing" 
SANS 10198.13 recommended cormlission ing Drin,5 01 MV/ble ne,werki o nd lher, monitor 
les#wh,chincludeovefal,ogefieGsuplest'ng 11'en/.e.theirlifecy/kemrer/cb,ir, 

•hichafe•.0,•nogcnes Th•hosprev. of;uppl, 
not lo he oder, de m o poo'Wy in•clled *inl Il po s de//ed du.Ing tesling, the systerr 
7•y witnuor• the opplied .]tage pre•ure lesf coble s•51em should not be arergised, but 
but,[PD,s oreser,afaul,occursoherace.In M st,goted. 
lin e period because + e PD ev/tuoll• weoken. F: 141 .. Or, '1'. DGA mon,r/,ilin•JJed g. 

Ii/ *. ••row chonged {rom po. 0 -le, rans'i./. 
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419 ' v 

.. 
Fo 20 .<'PS,n'ilif„•rrrD•r•i,iwo••irm,h£parinlri•trh•,0.-.- 

cobie »ro•0-I'aw€Jown u•de, rhpse high e»eoJ s•esse• 

r/ led MY cuole .PILCI lo crosslinke¢ Pol,Mhylene IPSU|(.IE•,1 VW 
i•bles #.,0 ./ .Ing coble be perlormsd to e,•sure •I•e 
Inifit'ni, PD fieel""eprable 'redelinedlimits Rerramber ·houht. 
ne• gerierollon hese Mys'swolerresisionts© 'es/,lebod /0,8, es 

..1/ermhe; oc. ie' expe,le alri Ille 1970b•,i| nol be expele•ed 

By de•ig„ P IC cobles PC is presertand Inis makes PD I=,0 rl yely 
d,flixult (seer,gs. 10, 'ancl/. 

D,5solvee gos onclys s IDOM is a •er• impollant condilicn 

m 
marl,lo„rg last lof power¢ranslormers. 04 Powe' li•5 bc• doir, 
DGA "" "' 15 yeors olreod¥ ¤nd iva ore uble 10 0-ly58 me 
rewl·5,0 ¤ Jrown ioboralory Wh€•onQ|,sngtheGDAresults for' 
pe /Llc Iron,former ·he da·¤ needs 10 & Irendcd *els,recorrecl 

unolyss Is done ond =rect decisions ore mode witn rego./ to 
ihea CR colossets Isee F g 13) 

Ci'.* 9<JS Ins' inetroislorme/9/as DIA monitors 
On-line Irarstor,i•-r. 9//5 DIA .ort..... &.10, Ill of IiI 
Powersne•,po•ve'l'endor,•ers(5ee rig 1•,) 

'B k¥ terminalion failure -se study 
4, u [14.9,1,„w sh""oeb ile' 6":ovi'Jy"dmis're ir'pri d. 

Over /0 4.1 '€W Ve.1,1 lih Po,·n. b e'perienced numerous 
88 k' come lern·inolion fodures 61! 110 speafic substolions Alte 
defoiled in•esligations and field /sling w th Ihe OEM who ces,gied. 
rmon/aclured supplied ond Instal ec 'e 88 kV lerm,not ons the iool 
co.sewasident,fied see F!, 15) 

The fo,bre mode iden,lf,/ won rrois·urt. ingms im. Ihe cm,col 
earthing corneclion pc M of !11. ·erm nohor At•his poInllke ) 
o id h 9 ccoper eorlh brold. ilie ni,ineard via 0 -Ded connection 
Ov M tie designondlhe r•!liE•55 CI in[·:5ture 'heolun•inIUM'•111 
corroded ovi/yond ihe r,lum mith Wo: n. 1.ngerefie=¢1.elyearthed 
(see Fig5 16,17 wd 181 

Due to Ihe s,n gle en //g s„tern applied. le sheo'h / 118 88.v 
wognow no•comped"OV (ground ootenlial• All •L,r![••pe,'ed 

Al term,nollons failed v 'he some locollon woy lipli'w •hr 'res' 
The OEM recommended simple 0111 ne ductor tesling ry 6 , r,••xy .e .r,ilig derm.JI • I'l control cone 

|Ii •I ,•, 0 Il Ir• . n. t'LIUXy 
-sin peir•r. roe m• n r•J"i •irirn J I.'Ire (see Figs 19 and 20) 
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City Power have roughly 350 88 40 le,minatior. 
©·the some design Although Ihis .Imple off ne 
duclori s e)(re,nel, rel,oble d .peo.ble, 
ouloges.renolalwayBpossible Ci• Powe.wc,Ned 
Mi MARTEC wi© •ave s.*•ialised *ine te:ting 
techr ques to Ms! 011{1 eitob,si •he unique PD 

9-1 pcltern fartne & ilure mode ·3/ hod been identdied. 

L he P. lilure mode was previcu. eliminaled 05 
1 corona vihen in fae if has podiol oicing *e moin 

T. I ..:2 
Te¢ 'll,11 ecih ccnk (see F gs. 21 ord 22) 

Bo 21. On#,le .;in9/ 88 kVcoblcieJ41,Mi,On ond -OWD Conclusion 

The vision 01 City 'ower's •anogernent i' 
comnendable to strateg./4 parlner d , S.%* Syne...1. 

(80 Hz)•2 Sigapore /we who i, Ine / he world' 
mosl relioble eleclricilv .lit:es lo moke Insul. cavitydischarge o slep 

difterence ./ (ega[/to p'eie,•ii·q pole,•lial 
*i----- 1- 

fc luresindolsoi ••provirg li•arel,u•,1,1// 

•_•--5 
Ipp , 

/ end customers. 

8 results obto,ned ·rein perlo,Irr condril<,1 
. .09*ngles.ghovepreventedmcny... 

Men, 01 these Joil•r®s would huve causeo 
exler,ded outage• •cms• ike rity of.ohunnesbwig 

Regio®I corditic,1 noniton. %*ups 
need 10 60 established to share o[ PD findings 
and tc ·eoch lierested ergingers how lo 1851 ¤nd 
"hatioloDk 4, bing i,sFrMis Mon, fi/,ires 
con be preven·edence,wch inte.6 9 0Jp. Ce 

.No 0! dis(he,#. proac·ivel• //oding Ind producing na•ional 
., phaseangle INumbe,4Wwpt,11[e•j recornmer,dalions. 

Contoctfotrick/liollorori 
/ 27 Onhne le/f/ res- City Pmer Joh:, •sburg. Tci 011 490 7485, 

Fohallor......co,zo 

. 

... 

.. 

.... 
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New challenges facing the utility engineer 
by Pive Ge,beo NeJ,on Mind/0 Boy Alu w 0/,7 

Ulillfy engineers gre in a quickly changing ener@y environment & a time when ihey ore the least reody for it. 

The new en'lror·nenl is ch¤racterised, irter 
ac, b': 
• Le. revenue 

* Less ,killed uid e,perienced h,mon -e*:=ZIZZI-23*=e•o o -«330 0 reso•r,75 

I Resr·,led 'ccessfo olerresources =» (e g 
lotest des gn soltwore) 08 0 resu|t of fighter 0 
budge•, 

• 81·dirediorolpowerflows 
4 1 Redued 'on.limete)...me. mode, 

0 The possib,ily of small scale emudded 
generators SSEGs), „,h ils ossocin-/ 
*rolectioi /1 d safely risks, anywhere on 
•hes#em ./rn i. scenarios where F.*It cur·ent 

, The horm©nic poll 'lior 01 the symem b' migh• oe t" low to opera e convenlioncl / 'mr 
modem electroniccily comolled cevices protec·ion devices Utdities Ao reed 10 
/nd ihe interoclion belween devices. decide at what leve of SSEG gener©hor 

(s,7e I i,slallation in The mo*,gal,coni change Wot€ should hc••e | in tie Inuwslcy 
acce95 to the inveners el SSEGs' 05 ine has likeJ, beer inioduced by small sc/e 

e·nbedded genempo.g - v.he·ber grid inieners have The cooobilit, 0{ conkling 0 
the complex power, Sin cn, of . foJr con ned ed or ni, The /ilil, is sue derly 

confronked by cljod·on·sl rew chollenges in terms of ]-possibly'huge oeneli·. Fig 2 lodel /• e'•ions'ymer 

sofet„ ean'* prolect on, hafmc'ics ond Bockground · A new business model 
more Islending rreed, to be detec'ed onc on Ihe horizon 
SS EGs H e; ceeds,he bagic mus¥ be solated from me gnd .vilin requirements 01 se™,ce 

two secoids Sos'cindi'or poi• ais'¤nd ng A na•, business rliode| for the e|er!9,117 qucl,1, old power wlily I g, ded by Ille 
dew :tio• devices might noi be able lo do business in unlitie5 could take or various NRS•pec,Ficotionsond NERSA so 

undergeneralion/locd forms, •olching 60,1 scenorios, i' c foci Ihof the industry wi,I see The newlechnicglihallenge - 
necess,totirg the chonge. •eed to insist or, o ce/in "¢ Ihot a few elemenls wi I like!, ("problem" statement) 
level of de¥ice !1 becomes warifeslinn,fow 'onewwodel even wo'e 

Cor +he ulilily 10, remon rele·onl ord esse/,of to & so, bearing,n mind *s • Re.enuebasedon *WH:o es,5 nobrlger 
1,morc,/:y sustairlobler o well-designed, device acially becomes your prctechon a suficie'll,accurate.oy<> accouninq 

fo, tl,e cost5 Issocloled .·h t. neNvork; maintained old oper¤ted nelwork ism 
negolioble .ome's woilld wait to , ToriN'.Ilbove'obebosecoireolcal, 
re,noll colle'ed'o inclum /.tondby le grid follurpole' Inerotion mi 

..D NuBM d rad,D wllen ione.vulle Mich.i elergy li used (fo ha.e such as energy *sic ·ogc'' 49eeling anc 
... 50./. used#or LV o sell· ouy rup,0 01 1 j bgrid.cor,nec•ed edundancy 
rel,culot,An •,9 on• SSEG 15 /|eor|y Jnoccep/ble. cs :t does Exisling gasign oracliceL i. **#. 

U noliake Con9umer d ilribulio, •o'e of reolcosl Todo :hesame uA t 80'Munipol,17 NA,1891 have fol en,Ke 
sp I I usir,g TOU- bosed lor Hs offers an 

.R Growndp©tenfic!,580{ .outine #Il ng venficat•u i 01 only ce.ir improvemen·, Yel Is itill u•occe*ble 
so•hmA./eclh,•0 /%. 00'IC Cr Irin such 05 fronoreolcosiviewpoinl) voltage limis, turrent 

N..At Nal:on Mardeln Boy lim,t• o.c •ciul• levels Te low v©.ge 
• The //4 could ncreosingly i,sl ·oke o. 'Aunic aolil' F[erilicily, & (M design .oftwore [CARD) In (IM wos 

*..ireclo•te tke role 0160 oncing supplyond oemond 
inte•olly deve rid c.d s very bosic with 

C foin! 01 c© nmon ceupling . Tte fo:us w.11!ghould) /,4 From/Iling an inherent m'lly c le5t for tlip afferl k/hs lo hiring out o neh,ork" used 
.0- The CO•Plete inslnlls· of on e.g / Initrllolicns, •nbolorces ©nd moirly lor ''10'ing elecricity ed 1..'.11.,1 compris,no.£7clir,8% horn,oi,cs. 

ond lille. wheeling elect·ic,7 frow ge Defolor e.1 
SS[G) 1 0 .. Consideronon of u wir]Fr " ige 01 design 161. S-115(rip embed,ded 4 

Cener¢•01 • Closely re 0-ed to the previous b. let crilerio hos become rmporler,1 - mare so 
ii *e provision of professini.,1 odv ce agolrito b.cke...d 01 -0,1.r, electforic 

k,OU Time IU5e and ex•dise b, t" Ltilily engineer nno equipmell 9, ft higher pollutior levels. n 
Iitily Alerhnic/'sl:•1100 playing watchdog,0 1. e 0 nelwork of por, 'Joi barronirs 
.i... peison respons,Dletorthe good lechnicil slondot. 

* %*non=e oAd/ . The designer of W networks should nol 
41,0,10'Ouf'114,1 2 Corfrod ·0 1•e lasl 1'1,286Jllchiso v,el• have todecideonase, of designa•er,0 
el•I„col inlialrudur*_••• design eid, moinla ned 0/ operoled r ./.ork /0,4 t rre a small ch"ge to rbe network 
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11 •g 4 ./*%/Jcal'erro•se$.1.,rg 

Dislributlen 500 'VA. 1 w,42 4,1 

1- 
1.¢11,5101-er ./1 
IC 5,42% 

Xi .00'nel,Ing B4 0,23.i 
• i.lecrce 
Ri M.ne'Ing 242 Q. 68/pu F#: F•hi../fser•re=once. weeManunbodeddis#ke*o•imnES/re res,Mto,ice 

* •mmicpocibncesu•der•r gorgedsw'h 1@5cenor. 
Teblm 1 .mme•e,5 Wo dish,budinn .,•58rmer 

neul./ 14'ded] change over switch 
ho•. been operoted os suggested / 
NR5O97. The em*h wouid s•,11 bc 

-A 0 com·non and Con,ier¢cd 10 N supply 

i 
poi•- eolh mot A fau t there will 

Cul 
'le 

le v... of tfule/,th r.n »PR) in 
respect k>. ne./101 ...G 

A lh s 1000 mm 1 ise {d,Herencel 

B i i i voltage :ould be 
10000 min ursole 

1 C 1 9000-9 1 Methodology 
| C. | 3.nekm | 

-he resl <01 11:s t pooer will focus on & 
loll©wingthreeoilhe creas men'i"ned Ii' he 

B C orew,ousselior 

• Resonon:e 
• U.oall.ce 

• licr.Inics 

8/ 5·ud, are done one cariclusions d•wn 
W W 

mdditionol" 
-rll N rrTrl,-1- r-rrn-F-T-rrn-T slando,d design 

€rileria-problem discussion 

Re501-01'ce 
F ' 5 An iscro'.0 fu,o} $ 1 •V •ine 

A onced displaullion 1.or/ormer can, 
4 rees"oble accuracy, be 7,05ent" 
6? Its shor! circuit imped,•,ice os indicoled 

4 g c sloll PV I'&,ollailon) I./s place • le/rol currenls and the cepacil' 0 
r,eukol 

Des,gn cnier,0 needs / be exic,(dad and 
clrCUils. in Fig L 

• Couglec to the choie. 'he obilily of However, .,th the slagdord,wd ·Frins/mer urlo/ed 
*pered / feeoers fooccomrrodofe PV ior vor¥ ligfuly loodedj, Ihe model hereof 

%rticular lechni'/ creos re'led (but nof 4 W• ons / the end of the feeders cho•ges,0 hul,i• Fig 2 
reslr,cled, 'o grid i,ed 558Gs 'cr reed o I Hormolic gensrotion .. silking. I. This high mpedance indbutive Ii,od c„LIc re·visit .....rably ston/lien). ore iii pertcular design pro<NiceG to ierify d 

11·e e sorile peridingor Ihe Ihe•ollowing 'Iptionce / pi,ine yneulrcle whir' 
Irron.n•en,1 Irm ...1/1 res/1.nle • Alonci.gornoogsILIph.sesind S,EC . Re5oronrp 
.il le lern ./pacilon,/ P coi,Jd 'Jse :i,ierslly· . The pas....1 unsole volloges farn· a series feson™ circin· .il i SYslern Unlike common belref lere seen' I between le m,/al 0/ eo/h of o 
ccpm Icnces m i/ ted in De drve•sit•f bel.vemn PV ins·ellatic,h SSEG running Isionded (off·gridl ir, SNE Fig 3 •lie• 
u:, usingdifferen•typeso{i•.e•ers re IC'|040 / Seth J. gonged switching In.cs place 12]. 
Ur·gonged 5.i kh 14 nopoens wn€r, lir,ks 

Re..ncing on 'Ider i...s . Where ,/In .dir, nos been delecied 
or isololed{rom he and. ·uses wr be 

con·p,15ing b'emches ie flls on Popsf· onc IheSSEGis opercled oe, ohme c 

Insiloled LV mains cobles i, ic¥ not be #e. SSEG coald c¢/inue s,pply ng a cominon pheromenc of' ro•I• ne•work' 
house.*after€]fourpoll,hence Iseer,g ·.) **%'. 
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Resononce is nc• o ne• phenomeno. 
Ho•.ever. Ihe •.ider u.e 01 SSEG, hus 
increased :he ckances of wnlooded or lighily le loaded 'mformerRconsiderobly. 

Cose sfudy 

Assume o dislribulon translormer d 
porometers o• per T©ble 1. 

35 m 65 m 
Should lis fronsformer be installed at the CDU 185 mm' 35 mm' enc of o typic/ /98 M rwrol lineard il be 
subiecl to o Fig 3 sw rching scenorio 0 e 
04 the red phose closed), u•occeptable Ag 6 Tapered LV•ed. 
resonance sicns to<inG piece when w 
supply copacitonce i: obou' 28 rl Al 

f 261;1•r7•=Iin /* F •-onof PV Harmonicato Other Appliances 
plis - not 'e ideal Usingo line -th the i opproximole dimension, as disolo/d in 18· 
Ag. 5, obou, 7,5 km 01 such 6 -Il creole 16 

the •re.nont' copocitance, 14 
1 12 I CFL 

NMBM hos had / 402 one sucb i,c,den· 

en i. rural network recent • 

of" Mirs feeders '34-/ 
Wasner 

/)6 
Urbajonce U pv fEEE 01 

In !3] o lopered leeders milor I© ihe 02 o.e i n 'HIHI•-1I IL 1 1, w 
Fig 6 is anclysed lor the inpic of the 0 1,1.-h•••414•4•»L-1.L•L.1„1•.R•- 
wie wirid lurbine instolled 'fl CD' 1, 3 5 7 9 11 13 15 17 19 21 23 25 
neorest -0 the di"ior Ironslorrner Harmon,c Order 

This •ery smoll. one·oF ins/1 01,09 of 
oppro•i.0+eJ• 56% cf the A•·•r Diverbi• 27 __• 
Moximum Dernard [ADMD) con. vnder .. 7 Compgri,g.-rnoneswi,h·4:,fo'*e,devi"1 
ce. n .....es, drive Ihe vollage . 
6 dist.,bilioo „91/ormer's 400 V busbar 

oulgide the 1096 Ion•limi·.aa risol•of 
unbalonce ond neutrol curied. The ou/ars pv A,ay Filler 

concluded thal Ihe ulilines coino·,giore • r 
Iheir duty to aSSe55 .lwork perFormance, I ; 
ever if o si.gle smoll generator is o d ded 

SSEG i'stollclions comphing with Ihe i T 
gwide'ines of NRS 097 do not necessofilY :- 
gworonlee compl once ./ c' design 
ciler o 4 
Suitcble design soltware is equired 10 i 
pe.form checkslke this. b 
Ho,monks Vpy(h) A 

Hormonics. like resonance, has bell 1 + t 
highlighted b, the increased use ©1 PV 
irs/l/lioni. It is o wei-documented 

pheI CM 810 (e g NRS048), but liltle !5 
so d abour ihs woy in whichil #suid be . 4 
de"gned Apoorlion Ing of hormon Ics (e.g. 
pe, us/ 5 0150 not wide y covered '1 
literature Onco your sy.lem is pol uted Dy C 
hoinlon a, it is rilficull 2. find the or,g n 4 I 
O' It 

When ille ..0.1.05 gener(Ited by Pv 
Instollutions ore compared wilh thai 
genero*ed b, other electric/1 devices ond . 8·/PV,n.MI'lon; 1'6)....+oni'Forn,om'grnedfor /,IFV 958•blior I 
applignce5 5" Fig 7), it becomes cleo /*:r/+40,D•imenicgenergfor' 



Advertorial 

Marketing and selling to the electrical 

supply industry in the 21st century 

f-----• 47•Ste*r'•/•••4•• • 
customers flocked to your door 
Modein day sel,ing and rra ket ng 
is multifaceted and one has to 

be innovative to ensure that your 

mme' and potential cu•tomer 
base I, well info med abcu:your offer 

T and is corstane visited ard informed 
of the advantages of yo.Ir produ/5 
and solutions. 

I 
Traditional waY, d reaching 
the customer by participat:rg in 

conferences being affil;atemenbers 
of electrical associations, distributing 
catalogues and 91, with tie 
to face visitations has become 
more difficult. The ndistry is Jnder 
pressure with monetary constraints 
and workloaor 50 time to atterd 
conferences. company vil'tions 
and even face-to face meetings has 
beco e re5tr c . Lite rle. socia I 

r -4, - gl M media i.e., twcter Urlkedln, etc. 
and ever in' rmation ava lable on 
websites or d,&tr buted on rremol 

the wtomer fu||y nformed of the 

has to ofte' 

Lucy Electric "uth Africa (LIA) 
recognised th* oLT customers ha# 
very little time on hand to attend 
face·Ic-'ace meetirq' at The r places 
of work as unexpected call-outs 
and/or meetings would preven1 the 
prearranged visitation We decided 
to invest in a van fitted with fully 
functional produm and mimkked 

solutio•& to re•ch our rustomers, by 
'W being mobile and visit le decbion 

4 1 makers whereve,they may be, m the 
field or at office, A haids on shon 
visit 'Lits the customer 

The .al has visited most of AMEU 

.._lim_ regional meetings since rebruary 
2017 and has been as 'ai alicia 

1 1 '7:93 as Namibia to attend the AEDU In 
I Swakopmurd 

Ourdemovan B a greatsucce„and 
provides a much needed extra selling 
toolo reacr the customer 
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PC 

Supply impedance- upto PCC Household Filter 

i • Iho(h)• 
Fn 9 A 40,•irA'Idnin•Udos' 

Anim-ner# % Vs (50 Hz] z- m Z,f 

Fi• 19:ho.../.mor,<genero,or*·4 PV .r**onne<ted/SLP. 

-4+ 
The reacto•ce Den oi & 1„pedonces „IJI 
longe wil lrequercy wide tie res,slonces 

1 1 of soneelemen,ste.g coblelwillchongedue 
to skie elfect' ot higher frecoencies. 

*-L--- 2 Figs 11 ond 1 2 /ow the reNsed d,/ramm 

1 • 1 4= 
fo. -nulliole households ond PV n,1011/,ors 

O-•-,1. re'.clively 

+ 1 • • 
The nelwork poromc•ers o'e o•Ilinec in 
:ble Q 

Hermonkexc,ip/e 

1/coild oe :een thot Iher® is ScM gor,n 1,8 

atobou-4 a .hen·hered phos- neuld . 

eqi,'clen'Impedince-,scneckediron ile 
Fig 1 1 &.dipie he6se•o•d• co•ner•ed FCC. Th,•woule have beer o co·,ce.* lowc, 

e Ihe PCC 
fre..cie5 where conSICerONE }ic.nori[ S 
ore iniected,10 -he I rr However. o 

5 ihesf hormorics ore smoll comoared 4 'Hz «lili no hormonic cir ./1 is 
with the for sur Iper hormon,4 oF oil poll 'le' into the syste,·, 
ot•erhoimenic5alreodyonli•svstrn For•ill Il 1/ 1/rmor,li: currerils listed i../. 3 Is 
proci / purposesthe, co•Id be igrored 141 In eced {J' Ihc PCC in Fig 15r Harmon,c 
Howeve,J Ignor,rg I rsl•||c'iOis 03 volloge d,gton:cl• / Ine PCC exceeds -he 
sources of hormonic cu·rent, does rol imils of /4048 f o lie Eree highesl order 
meon i, co, be ignored /,ogether Il Fi I 2 U,Ji,pie . 95TO•|*Ps frequeic es [sep Tnhle 4• The harmon c 
cou(d *e T plo¥ ronrer'edl' PCC o rofe in %1.king normerrcs ••rronrs,q columns 3 and 4 o'Table 3 •ave 
(heAce . ting 0, an , mp,donce) ger.roted bee, orrived .1 4 adding ¢he harm onie ///ealntihouseholdby©therdeviceg where 

curreni .eck>rs or 2 4 Cil N,bcs. c 'aplop such o; lo•,ops• V =The S/Hz suppy vol-ageindicaled andodishw..5hern·liste:lint41,ioreo/,°C 
F/. 8 shows how o PV,nsiall/ion coula be "4 lor ,|IJ#lion purposes' his the"whoisehe'66 toplopsseer,100/0 

vol¢oge i,eed5 10 5, shon·circu reduced led to an equivoler,1 ho·non,c 5ource o· ·he *:<61 lorms 01 •rhen Ihe 'inoocl of ho,non,: generotors houseboId 
(ng. 86) ond to on equ,Klen,impedonce a· haimonics higher burm.1,1,z orcors a in•estil•,•ed Ideal y nore 
(Fig. & . #ould il be ignored as 0 5ource /0//ge 15 14'red 0,1 *he dlvers,ly 
due tc ,/ low impoci. I/oselybgsedon [41. 7. Suoply,Inpedanceofiles·/upto/e belween non ineo loads Th/,monic 

piN W common coup'Mg 
Fig. 9 re•lect& 0 tousehold modeled generclo·s) in 'ovseholds. Sim:Ar 10 os 

a hoff„0, c gener•gor Sh<>uld e 26, = Impecorceofonehousehold bosed or ADMD a·.d d ve„,ly O'go.Illirns for 50 Hz c s ng 

houwtold rilled .•dh IheADMDood'jierdn·emith:mbeen o unajyl,5, 6•cridard /90,#nms ore requ rec sing - PV ir5·aliolion aoplied. 
be con,Tected 10 Ihe io, supply 5/em for le b•rmonic oral,5,5. 

purpose of ventying A = Equivolen·inpedince:.F. Ihe hor"nic Py#,1,er po( ut on Tobie 3 0(so 4.f. 4 -dang. cf fne U 
D-las,stern. g 10,0/laciieriodell,101 L,= Voclor sum 01 hoinlonic curren/5 coble io, blqher freq,encies /ollwn 73 
000'0 be useo generoted H iousriold 6 /' 4 efiec# hai beu occouad 
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|Mult,16,671 •27 '·"F„.17 N for. Al ollhe frequer:cles •ested tor, octs 
ke Eero sequence currells, with Ihe 'um 1 I E flult 11 ' bulc 7 /_·20rd. *'Re 'e•urn ng .10 the ne/1,0 . Th' losses In 

0.0·250(llk,1 the neulrol rue -1, to Ihe hcin·on,€ 
0.24. I K 1 1•I curren• "Sled, becorne co,)siderablc 
8.026 lilli, (see €01.-- 9 of Tobie 3'. 

lu.'Fr 277 0 01 I Summary 
I Vcob' len 

1 Resonor. 
R ..45810 

HI 0,753/H Rescnonce hos oecome u iealistic ri•k to 
9,4326 0 distr bution „ Jnsior ners uplcoded or R Jign!]p 

looded os o result o· 5:EG Inslcllotioll• 
P 0,533806 # 

Especililly series resononce 'nde, single 
.9,5 nF c't.0 phase 'vitching cindi 

J.1....1.•Ir.90•m!,5,• 
o,oses 

or,/101'/irlegril,of "I tro....er. 
-- 

X 5.42% due to eice•,ve volloges 
R 7,lilli· r.9 Ux,biler, e LV Joid/gene obor 

T 246.. 0... 
I he ilistellor,or, 01 0 s ngle snoll SSEG his 3.0•;At420%, the potential 10.KI vol oges be,orid 

84 0,4204 - legislotive I,Frits due ·0 ur,hnialce |/wld 
243/ (420X 4apper of unexpeck,d positions such m 

&10,!Ee,4---I.- neo· d •Iribution tierisfc•mers 
44Orr 

le,gth He,monics 
Cu 4 com TyFe * Hormonies genotled D 55EG ore mmoll 
12C mni 

Si.n compored .1,tir'g hormonic5 or •he 
0.1844 0/kr. .le. Fille,5 -cr,11,11iJ .. . . iralcallo// 
0,243 m.. P•/// could. howeve . p[Q' a role in "King le 

impact 0,73760/kn, o IM iting horn.nits lor,e. 
R 

ir- 1 0442 m./. Conclusion 
1087 nF • en 

The Utll ly I eed• to know 01 each exislll. 
anc new SS. i its orea of =upply Even 

Fir5170 Ihan 1 f " 5//is no· gne· co,•reded + co'Id 

Er .1 4 0 un oocec distribulion 'ron'lormers, 
%peciall ..8 in rur,I ore05 witli icwer custoners 

X ''0; per Iror.rrr/, wk,ch, in.elurm. cold leod 
I car ..Get o. le ...mar FirTBS'f 
Jnder cerl¤Ir, S¥,1 ch,ig scenu'ioE 

t ' := 39.29. W - 39.29. F = 34.92 'DID • DF * I., ' Te,01 'w - In·orinot on p'Mairing to 5./. ore cr,·Irr 
R=.85 I·-9,85.G=.SIADML]*OF. N I.<.5 

L.14- .en!,Ing 'ci. inpoci or,)he sys•em 
L__,-- 4267. 'L_-.d";10'18, w - 1,2•70 0-1,425[ADJAD•DE'NW & Suchee/0,1, clud.51"efillorpor£.rT'ele,sn Id 

W = 0,318. B = 0,357 ..0. D.N. mi; *...ection devices (The lalter octually 
becornes the proled or c evice undercerloir 

r.• 2 Aw-e* pomm,je, co,dilions) 

Elich ne• SSEG inslolletio• needs verilica•,or 
I terms of I. gr' imp.cl n lie .. 0,1 

exiended /1 CO. / poromelerB to be 'ecked 

0.156 0189 

E 
50 

0.194 23 45 150 i.52 16 244 43.4/07 016 
2 . .'. C .! 

3./6 9 450 3.729 , , 9997086 0.19 0/.30 4.5 
0.23, 0280 3 15 032 750 2.288 1961 94,8979' 0.14 " , 2,7 1.17 

1050 2357 202/ ·7980[26 0,268 0 ?25 32 14 21 · a.,3 0 2, 0,3 ' 3.7, 1,651 
1 1.2 10,23-E [El°,24 0,10 1 0.2 13*1 0.,8 7 

27 "f-1-31,3 00'12"·-9•1749•3 Jeb•,4 Haimofi,rvol:ogedi•iul,¤rse•#,r, 400V 
0 resp' T. 6,156•7 0,#CC •ble 3 Hoirron,c curre •h nle, feu c' PCL .. 7,pop'.5SM 05 
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11 kV 
busbare 1400V 11 kV cabie I 

ry·h 
M.ND 440 m 20 x ll 

120 mma cor,3umers 

1 
Fng 13: Sy.m *p+Ig d,5616uh©i fie,56nrer A, 14·Ele-rol.ne***ked..=led™hulfor 

-p PCX; 
- +Li 

r·Ct re 

-mu· 

-9--7 7 

*4 1-1 

Ag 15. Eg-;e• moljob simulmk ne•·0. /.si,•g 

' p. Ferrocci. Fr'•lononce C.kier 
Impedan¢, 7•e4•,q£i• No I?D, Te,hnira, Colld<'ron 

S,hnnider ..ir, Marci 1994 

(31 JA Al'6rl•d lA De Kock, ·Wher 
Unlille' ho.0 ro Know.gA I Cornected 
Em•ed*d Grneme·•-, *#mow, SAIEE, 
r,20-35 All.17 

[41 0 Sh. 1,•er Quoll·• Ir„pJ, O+ 
..lovol·.1. I./5 en Rp9,denial 

4 [7,™bulion Ner,•ork&' I inasls sub•,1(ed 

Fil-• .) in p.lil /1, lim./1 'f le requi'erne,I 
Fer ihe degree / Mosle,& 0[ 6[ ance r 

Ag. ' 5. Equklent im,ecal,e be#wear Ied.0,2 ord newlro' I PCC Ene'g, E-s, De. rfmen• ol Ele.Ii,wal 
9,d Ccme.#er F,grnee•ing, Ui,ve,g r U 

Design soltware snould occommodw References .blne 2014 

po/melers such gs di•,ersi' u•bolonce. Ill P Mill,r. C Srhauder. Ind voi,ous Contactfcul Ger* 
hormonics and res o noice wit' relalive ease otie.5 5./.r' C'Wor- Edill ... Ne|s N /Qi, le|0 30' Pe'Ielralian ./10¥011/il, Munic;polily. Prnieel 1 
Notionol kndords in 'ems o· hormon c T•rhnic¤I R,irl NREL/TP Tel 041 392·/107 5500 50875r 
gere.tors .. ...divers,t, is llc<•ng. I 11· 20 I l pgerber/maic eloire,2 90VM 

C) NEXT TECHNOLOGY GROUP 

Securing all your cable networks with real-time monitoring technology. 
Advanced CCTV technology for advanced detection in alt weather conditions. 

For more details contact: 

'Imm 7 I 
+27 61 455 5753 n-I.. 
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Ekurhuleni Metropolitan Municipality's 
approach to promoting the green economy 
by Mark Wr/son. Cify : f Fku huier, 

The Cityof Ek/rhuleni [COE] adoptedan Energyond Climate Change 5,-egy in 2007. Fron, IhiLstraegy Ihe COE 
Enefgy Depatiment developed and adop'ed an Ine•gy Plan in 20 I. This energy plan airns lo ieduce ihe energ, 
demand in COEas well m divers,-fwng//renergy,•U. The planse,=a twge/,haf c minimum of 10% of our energy 
usage must be •rorn renewables by 2020· 

The oly will cchieve •k · onililioL• lorget In 
•SWO'. 
I Inglull,rgi'I•otovolt•,ciP/plo//or'Ji 

cw. lulld 9gs os•iell os Insto[,1. solor 
victer healing :,nrl energy eff.,enf skeet 
lighting f,rd buiking 0 /1 Ting. 11,ls *he :@GE@§:i Insiolod and o•led ty he clly o' our 
c=/ progrom Vic 'reody hrive 'Imos· 
1 Al" 01 r©ailip Pl 3/lie' cid .,il 
i:Ic I In additimol 2 VW inlhe 'llcwing 
•Teyscrs Fg ish{»,•ihE·•li•ferodput 
A.ne 'l lhese olor-5 6 1-I *J -3 14 i r 1 1,1 

• The -reotion of In. pcanor ng # 
Eku+Lile• °-r Por •ers (IPE 'ogerieroll· Go 

ore//11/ rerewon' eierc, eric 
(]ige scole Thisisthe SL°,ce'li•paper, 

Bockground 

When the COE .,05 lorrned m December 
2000 P inco·porofed tk' nne old towis ona .,01 

CIties / •he Eosl Rand, as 4' m pi,ons 01 
#be Kvolcm, Melrocnd Ihe bus·ern (300// 
Servives Coincil It become one & the 0, .»,elly.fol,J£'h. 250;W. F.'ins.101,01.+4-]Au.©ohepsobhe.k...VIC 

C89#14 1.ken ,$,ar wee& 006,4 2017 coul,1•'s IcrgE:st refros, os wel' .0-0 
Ihelofqesleleeric,/ dillibul. ls e.•ig 21 
As Mrge as COE •s,cnd unl,Ke 50rne olher O••r 'he 06' nueber of /ers mony The node Lun be descr,Ded os ouilned 
lorge cilieg, d hos ne pcwers,ot,Ens. Kcly'r componic5 hove ovr,ocked ihe COE I below 

p•ers·••lio'.li•t·,eboun.=.COEr .p,4.ledricity,offer,rgvor,ousle..ond 
Ekurhulcni would call lor to:hne'ogies ·erde, for po* bul li w05 „ corporotad ink> Johari,les»g uirsol'slic 
*** er o Fer,od 01 01 leost the no./j•rs i• los cone'ed 10 g ver t.c, IN Tlie COE• cs the irduslriol heort lilie 20 years. -his be," 193 ninim'im time 

belonged io the City c' JDhannesb•rg cou, Iry, hos ·o ensurs an odequole rehoLI. .ened neces•04 le n·oke the Investment 
Unlil rece, ·Ih tl e COE •as entireli relicAJ on power supp'y lillie .il .ci. y required 'o befinon.,711'v,•ule 
c'korn hir Lls pu,@er req,• 21·ier' Durii,g me into I.M. 'he c,7 41 0 net „flux c 

'ocd sheddir/ *4 ·,e ,)'erlie, of Gauteng p,OFIe ·ror,1 r,rol omas ond ho, o hg. Epps would bulld 00*er Mions wi·hin the 

moposedoluturelevel/wel,r///ence un,wailoyme,it f /fe,whichrequiresposifi,e geogmphice) bo„*res 0/ Me COF No 
and proclicol,cb ·]ppoiturlities lo cffed.ely cress b.undory ko,ily will be allowed ond 

h}r Gnuerg Fo,low,•lg the 2016 // de,I w·hibls osped In addition, Ihe COE anwerplonis M. be d,•ectly onnezled to 
goerimen, eled,or,0 04,ri,w•ccuihe mcior. needs to red,Le em,55,on level5nlhe . .COE nelworks "bls is to 16*# ensure tict 10 
Gurcillof *le *ino pu' ond /8 C€.6710 06 0 whole collp|ex whe€|Ing or fong.mei Rneeded 
v,•lor [o· •n . /.le,•i J*>wer 510:,or,. liols© freetg thecroh regu glion idan of owr 
Ti•e Ene•, Deportrnent * given the losk I -besc reholemer• ..c ·ne 8eo c• creci,r,g 

Eki'k'|1-•1'0wer Portners•EPP) ger,efoli•,ii fc· n,ir o•,1 ieeos HovL,ig ·he 
Creot•#•Owar lulion |• was soor /"ts within Jur boundalies will al.' eisure 
opp<,mnJ '*r wiA our Jimiled , /pital budgel 0, The Ekurbule/1 Powel .Iner (Epp) Ibalenicioynenliscreo-ed willirth.COE. ' 

obout R.700 nilli,i·, ,:er Yeor. i• wculd be ne*t to model 
All imposs,ble ro build d ooerole o cily·owned iech,lologies have tc be renew oble ci'di 

powef lohol MIS' ofe. cop·01,$ ubed 6 In Ihe obsence of rob'st legislohon 'nd with o. reduc, erri"ions NO urol gas garier,11,0, 
1Lrld Ilie cil, elec I,ific:,lio• bocklog p'og,[,rn, many qulot,015 li draft wl¥ 1,8 COE, 05 of elect·i•,1, will be ollowed. 

Ilch s orcu,id ISO 20[) ho,•feholds o sphere [)• government. designed o nodel 'e malille' 1r ologies p•oposed ole ilict v,o•Id ·,f inl[, 1}1•se dra-1 r.gLIat on5 os 
44/ve,qw'ed'bou•' MWof ·oriftopPV bes· as Fs,b|e whilst st Il m /·ing the needs i *25•e fo e•efg, 71•e COE disposes I 

2 m/lon Dns 01 mixed v,ste f. atti,s stoge ond will "lond 1[1 rcughl; 10 $ 0!mos, ./he cily 
Th,•wil by 2D20 Themolgooisl MWollandl!11 lour•oillundfillsileEperonnuil 

90S electric, I qeigerntic,1 ,/Fe Fig 3) 8.'e Ou·ro•cep e diicus•edwi,h'/e ND/, .nol Fesql• rn •he r,ducN<,• ar was• disposal, 
oswella,IheprevioJ& ore,ns;grit,cclt•gumes,rouricialm-lum De®nmegr/Energy, as 'ell os le gene' In I I s glillicar• 

Mir•15ierof Energy vc|Jme of elearic,4 
derroid iolue /'+ e/e/5 2000 'd•'• 
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10 20 yeors. A 'pecilicotic' wls .reporea 
and ocvertised on 2 5epte•ber 2016 The 

lenderclosed on 4 October 2016 ond we 

awarded on 24 Moy 2017 The oword wos 
de +Fol lo lie Section 33 pro(055 of 
#e MFMA.beingconcluded, ie oppr<>vollo 

:==P commit the cilbudget lof o period exceed ng 

9 il-'In li ir Ikree,eurs I•wasol50subledtoosuccessful 
power puinfose 'greenen' being concluced 
hplwep.Iillie COEurideocK EPREs well m I•e 

ram" gene.otion licences being olairec 
from NERSA The tollow ng numberol bidders, 
lechnologiss ord overoge discourts were 
owarced subied to Ihe cond tions 'orred 
aboa 

• One company was offered c contract 
for londfill gas elecTric,4 gererolion I 4 2 The gle,cor•d ir eve.forle©F•he COE Ere€, Deooloiaot Ihes,keng#o.I] le4,0 ghi. 8.c,p•. the Yolurne 01 5 MW 1bmwn .no,·. EdeAWer irri.los/Nioel. AiberloA 'Lemplor. 8oksbug ond Gprmigic,• wAh an overoge 
discount oF 1% peronnurn o.erthe lifi 
Ihiee yeori 

• 5,x companies were offired cur•Irn' 510' 

*etenergyelectrici•generot,anfor • o toic I 01 139 MW w,Ih ihe m,q,ir,uri• uf 
750 

05MWplciandomoxi.unplo'ls,ze 1 'OD 
c•33 MW wi·hon overoge di,:o.,rt over 
20 ieors 019.756 

/0/1 • Thirty·.0 conpories were offered 
conlrocts for FV electrici• gene,al •lri far 

. a loil 01 288 •/W wilh le nir,liTI„m . 
05/Wploilondomo'Irram pluil•,£e 

'50§/@*& 
0, 10 M W v.ith I•ie •lvefoge il'sroun'©.·er 
20 yec, 01 8.73 

• 5even coirponies were offered coilfoct' 
for nolurol gas eleclic' generolion . 
0/ob 01'95,9/*th/ernin,mum o 

/5...'plo,lardom,]*I-Implon!51„ 
of 50 M., wilh Ihe .ve,uge discount o,er 

... 
J 20 mict .2,496 

/ 

• Olecompo. wo• alle,ex: o con'ractfor 
COO| gos,Acclion eleclrictygenerolion'or Fig 3 Themon+4f,/ImeoF,h. JMWI*j,1,0•ge,eal,an,r.'-IniheSm.rprnn,UJuckhordfr# 

i,NeinG»,W©A. Icke, in A,4,2017, m#, 480 000*ed u, •hemon#h 36/W.·honcveagediscouilal096 
• 0,1. conporly ..s i,ffered o coltroc· 

lor KP P Technology ht Il lo be cio ·iliec I 
DieclrIc,1, ger,e•tion I ll MI .Ilh on • lordiN go, The CO)[ hos c. as/,moled The pricing •or the ele.Iiially gerer.101 40 overage· 'liscoun, o{ 8.796 

volume/me¢Iialiegoslromourgoswells be paid tc 'he EP• sholl or' mo,i,rom of 
;lonng program, to generate bewen the Eskom Megoflex Toil f Fales m pold by Conclusion 
5 MW"/10/W. The,veliondfc,res the COE lo [skom The pficing shall folk,w 
o rea /Mi//hiscouldbecqui'xmn t„eu,•o 1 NERSA app "/ Elom Mag•ex .thehme 0(*rl,ing, Ihe COE h. ," . 

• /01*'ll .k elecjrici• generolill increase lor ie ne# 20 year: All EPPs sli•.I a d'oft PPA lor comme,11 Porollel 10 Ihis 
Gouleng hos •er,good le.els of solor o«aild,5(uuni per ,ecr will, Ihe firs¢,lfee weare .0110.ving 11,058•tion . 're'll 
Idlotion wk ch a'e k•01, under i fillied 0 .4er pow. production, commencing as prescribed in ·he MFMA 'nce 'he 
Mos, pv plo A, ore n ·he Norlherr Cope wilh 0 0% discou/, i e the ful 2/om Section 33 process „ concluded, •he COE 
.vhich iequires long •ror,srn,"lor hnes and Megalle' toriff 611©Il be paid -his three yeof will enie• inle individuol regoliotiol,i beach 0113,r Jnled ted,nlc•I losses By bu, oss,x 31/ penod will old slon·up Ind Stabi//i'r, All 01 Ihe te[hn/logy group, to conclude the 
PV olor,ls imhe COE, ge 0!Cal|v |ose discouils #e'ed peHonlum wi,1 be g,ouped 'PAS Once Inese two processes /ve been loelearicily¢onsumers. 741*1 per ·cchnolog' end ove,Dged, excluding rodiotion le•els will be re Ihar o#sel concluced. Ihe le h ghs# o / 10-/ dricounl. The :i,y .111 opprooch DoE Ind 

some 
I le.... I' Irals...n ..s NER5Alorlheissuing/licences, Gieroge d gcounle• r•• •lioll then be poid M will be ni owed lo build o PV plort cl 

to each EPPr pei Technology The city ,©5 0 long w•, I. go before le f . Wle•f own lord •*othe COE or. con 
u¢,IseollegwrEd'om·ofolmo/500 TheCOEshollapplpio kWh 

NERSAIorogenerolion will be generated. We ore operoting 
hectores. This krm,s uoaloble for Jorge licepreorlicenieiond,he EPPwill pm,ide¢he n a le, reg6latoi en„/nment, bul we 
scolecommecollarning.csundeground role 'mice will per•i•t. We hove Ihe luil provicer 5upport of ocr 
worer connoi he pumped oul due 10 execut,ve mayor and council and we believe 
dolom Ir. cond I·,ons Itwillbe idea/ori IPPImplementallon we shcll succeed ir, ilefining O lew madel for 
lorge PV isellnlionofabout 250 MW The COE Energy Deparlme,il ob·lined •in powergenero·ion n locclgovemmenl 

i No'll go' I|/ClriCily gener©Non princlple" goproval torn council to coll for Conli/Mor,Wilson. Cilyof f6urholend 
. 0,8.f Miders e•peding Inree lir•nciol yer,r5 up Tel 01 1 9996256. mork/// |87"v Zo 



0 A wide range of digital voice and data 5olutions 
• Wireless and fitre technology solutions 
@ Mission critical converged Public Protection and Disaster Relief 
Altech Alcom Matomo 

Supports oubtic safety, electrcal and water utility transportation, 
communication, heavyindustrlai and oil and gas users, 
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Feasibility study to improve electricity 
distribution performance 
by Jeon·LJC Forges. EDE and Pe•er Nedson. Nelson Mondeec Boy Muric,palily 

The obiedive /1 /his loint le/sibilig stud, is to produce / business model on behall of the Nelson Mundek, Boy 
Municipality INMBM) to improve ihe operalional performance of the electricity disiribuhan owe/5 combined with 
an In,reose In revenues collected. In paricular, investing /hose revenues in the network's operations, os well 05 
the expansion activilles would increase the sus/oinabilily of the mur;cipality's busineis model. 

Deinglekomissionsfrom 6/0./20!7 • Increase froudionowalies detecion • lincreose controlofAUP'lien"lile' 
'0 18 Marc, 20'7 and r ·rom 12 June 2017 :i,0 imble or-,vil i.c•,se Inlerno NH . Stort o b nck lhe prepaYrrien· meleis 
10 23 Ju- 20170 -e ide-Bed a list of c, th,g oc./ pluse*lerrol col,traclor. alsofo, indebled A-TP cler,6 (politicol 

requi // detection & field inlernol/ key apportinities to irpme le c/k ed decision) 
exier/Isloff melerre/m mdi n 

*ena of NMBM and to Op,inise the co5t5 a INos"mokic w·ile·off of AJTP deb+ ofter chorge 01 discon iechons/ reconned,ons 
to be obleto linonce 'e 90 necess", M:tnlenls for Jrpoid irvo;ces 0,5kle field staf· doyslpoliticaldecision) 
in the power ./rl.· to de·act oil 'pes / Crowds Ind r.+ • In paro el exiriol communicilion on 
The only me,er bypasses. inc ude meler w,n priorily is the need to decieose -Ho-·osciee|eciricty porti'Jlorlylor 

Mrring, frauculent connacho, c.d Ihe collectioi Amp (distributioi of losses ond Increase rote. We leallels 4 9 
econnell;093 (on unpoic in•OJ.e5>, corrl,erc 01 /* /Iso propose the re:ated quick wir so utions d 'monlling & ccine'tions for repeat 

Riders, 10 - 5. ATTf elin. The ood mpoci of unpa dinvoices on 
The NMBM curreally hos 10 10 ' 4% aleencol Ihe genern!,11 eres'. 
losse,•14 •022%0,Mond 7.596unpa/ • Hi/privolede:ectives tcd/edporollel mmure on sel KPIs ond cbiecrives invoices. go around 17 to 20% (1010 14% + 86 Crg On is / IM57 !ndivi d wa is •roposing Ih" • Pu· Ihe r 

ser, ces 10 '"1 e eci iq . The forth/1 e.plo,eesinchorgeolpoyi••enl inlention is 
to 9096, 7,5 Il of ererg ; Rvrch.Ged to [,koni collecti04 wilh,1 the le problem budget and to s. o• ils soufce t<eosury 

linolpoldbitkecus·ormers Thisre.ulled/c directoro/to collecl more dur ng Ike// 
• Apply inle·rol loss of dis•,Ilin./sonctions R51 a nilliw in 20 15/16. This trend 21 13 do/ cherpc, mentdie dole 

no'heoll./gocddire:Indulin..ICJ|ar . Coniect illegol cornections on lon • .en·101 opporlunity •c increose I. 
to high in<feoses In lorills every •aor and h procla,·ned e.·ens (oro,nd 25 000. b,t connecilor le, in policul¤r for MV ' lip its 

check le lusiness lai M.... le increasing nunbBrolcustome, #90 can berelil ondbigG/clienls 
irrpecls of elec·rificotio• Iccnsumplion, 

frOm #E to the [bor gr¤nfs (Aa losses * AL/leroke he rreve 1•" ed,kle etc ) ond occeler'le 'e process 
prepoyrn€nt meters• In Ir,1-collect on Th,i si·uotion 'slurhere:,©cerboted b' Ihe loct bvrek m consortium oloctors. roM, butolso to trcnsfer meter read;i•g 

thaionl, o few people winin the eleclricily * Improve *a des,gr, of metering fo. and disconnection/feconnect,¤8 // I 
erergy, budgel o,d Ireosui direeor/,es work dorneslk c ier*5 ordoblige wnen possible 6 d detedion (they represen] •inic Ihon 
on loss ...lo•ron reduclion ond cosh colle.·ici. 01 1 prepoyment 5pli, melers i, 100,nlerriulonde•efr•lem,}loyee5I Still 

to dec•ease 'oud This 1, por Iherefore cjlarly 7% re•e•sor, to pLt in ploc:e clertswilhc·ed,in·et". c pi,o,ily relever,1 for risky cllen'. Do w pu' any 0(* p|0• On I. * priOn/ I55 Jes loss • moremelerpan. inhoLses becouselhis Controle.,/Ing liler..lontle'er,1.,91/ff 
./lior lid impro.eme'of colleclion moke' ite/glerlocomin,• froud. efic,en•y on co5h •,illeclion witi lollo' 

op / KPIS Irumber of di5connections, 
Table 1 cul]Ines the p»ne,ol exlru re•enumr ' Ac·ion on publE ligh•ing •fal is regula/, connections par•eam) 
e•ra colle••icn, or redw•tion ol costs [1055e5. s•itched on dunig Ihe day • Afle, c.......11 eHicicncy/pr/·imbili, HRCAPE)(,ek}inlheelectric,4•Idolone I Quick wi,7501/1 „callosse' Idevelop 01 .. collection, illcie/se der,rcloil a .... 0 reduce •ec®,ccl |os5. 9 be oddedlo listololanou" "e 'm""" 610#torcl:erldism,ection 

p"/·rol 01 cash collection •c ATTF wilh Key *ion&/0 increaselhe invoi€es • Cutbrg alien"{Te,45 "ys 
214·n„I ion write·ofls wl, •orone month in (elleclion role • In·Dier,ielt cosecontrol of:OH 'cli.il, 
Februo' 2017. This will necess,·ale o polincol (ex•ernal The colldion ra·e „ 92.596 for oil conlfaclor,n IMBM charge 01 cash 
decision 10 lind tnt oprimol compromise 10 co|lection ser•,ces, frorr on rece:v•ble5 olde' ·hor' 

July 2016 ·. Fe.or, 2017 colle<·parto{Ii'I.*cosh 120 daysM, ond prepore plon B if neces5{14 
vilh o decree'Ing t,eri we kathe high briH 

• Hirepr;,1/defeck,ves/,de·id,fr· Key c•,ions to dicreose losses increases ond lhe r•treose of * ATTP SO 
•ore 0an Rl·billion per year of - Polenliol froud/m u•poic rr:pt,M of mr'Ii,< lors 

The ele/ric,4 losse, leiel has been ground 
nvoices for /1 NMBM ser,ices leleericity inchargeof./.collection 

1010 1496 during Ihe lo/thweeyeors (ond 14 %'C•r el )f ond mi•re Ihon R250·million - Porallel orgo,151,0ns/individuals 
to 2296 or. 24, ond was 8% in t* posi Ti,• peryearforeaancity/one Cosh cnllection proposing their services . cer' I 
repmenls c loss 01 R250·mi| or pef year iploid c im ces i, the /,pon<ibility of froudulenllyreconneclthem 

Ke, ochons t' deer"50 elact.,ci' 66'es. le budge,1 ard treosuy dir/toraie of the , Apolv inlern/l disiplinor, 5 38/,ors 
* Nomirote c pro,ec* dreclor or poiect m Jr cipolit,i Improve clienlse•lees .*.. cl Josses reduchon ond Key :c·lens 10 Ii, eose collectior •ote include 

recelvables marogeme.(priori#.lect, Il is rece 5gor• ic Ine¤suic Ihc pcrforrn¢nce c· 
tran"J "picoch wi·1• dillerenl sub fkeFollo•.Ing dienr semices with KFI, Customersurvays e 
deper'me« Lim 'pri Dns nelwot • Nom nale a pro," direcor or pro,ed Ider,1,•• ·he c lenls pilorilies and 501,6{wt,on 04·orrier r,lonagemenl. IT. PR, bud jet& moroger on losses reduction ord 

leve oe- celivered service EDF,•ruposes o 
!.eosuf•, etc •ceiv. le monogemer,1 
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Improve the quotlty 01 'upply 
reduce the trequency * duralion 

h,# in•,ejses hgher 'Ul> F,kom inct•o• cnci 49, 1}>or, inlloben. + ) 26,5 equil,Jert 01 powerou#ages 
I. Jili•nper,eor 

Recc rirnen,]01·ons (ir 'low Non collecle' •eue fereleori,dyinw),ce:•loned=orau•d 7.590or / •crovers, oround in•prove Ibr 
R9&C ,n;mcl Aller,lioIJ.n•venle,103/ 'paryeorsA•round RIO·to30·,nillionpni quo ily of supply ore 1 .·ed 90 below· 

• I lequaity/5Jpplvolhehes'ofthe 
[¤35eg lo,5000 •Vshould be lo. [2/25%), nise50. IV i.e o,ownd 14·0 2296, /&.*' 
. po·enholto decre"e l"legsby 6,5 10 19%per 2-J l /0 GWH I-·noied now I 

1 Inlb...9,0 18//+ per,eor with50%decreos, of oure•o,el,E.Unl. / Noininots....r,50'prol ......r 50%ed,0 
OIC'.,.a¥8'000 co91 ice ./'94 p. kwn'soR10 / 20·millier I Definel<F.•5NDI, pef,eal SAIFI;,calcul/'ele. 

und use trier· No •5....1//1/9 o.iia,iGe :he policies to 
be,molem,r·ied 

ilernal'·off .1/40Ccow•per.ronth 'iteodo•25 rece, Ir.©Iced./'ir. 
400* R400Op,chenl . 12 months* 6096"Inil• p©id hyclieer RIO 10 • 1.c·eose 

mm,or ./.il, ..... per,ear 

bremoJ *+ c..0 80....r moilh ./In,ilicn Figoll e ¢he ./.Mr 2D 9ew ne•.0,k ccin•rol,ypern 
•./ .•blern• 1/ p./11®1>. ]HR 15.-duction© ...Dihrough/ofe.cer,·eglcf leavings.......elloil.. 

I reli,emenl 6chele 'lic higher s.... 4/ privo•e con/cctor' R5 5 I. I I... ...motio. .... coi••ro'•ed 
switchge•rs and _pAPEX./1,1,601,0, 5%...'/0.r rnMOte on cor•rol•ed 10 •ault indicolois or M#ork 

Plor*.· I., equipmenl ./rillrd,salio' 
*./ le F- Droleclion po'icy (re·rlosers, Pur.,1.- 04 mi- 1,0," Auses. rtc i 

0*mi•ethe medium and •ole I '405edorfiOntl• =se•.ohlohil./ longlerm 
nelwork development 
Recomn 

0 ord-inson now to Ihieve *is cio 
femplnte 01 soNsfortion Euriey and how 10 Thel,"ge Irrilreasury@rer¢""Front "dbelow office for Implerne91 il TE scuslnmer 5urieywillgivelhe ..P reg, c!•I m.nogerTlent 

, 20,£,ticdd/of'd /k/robks priorities perceived by *he c ienrs thenselves ir I Vending 9·/lions k preooyrren licke' 
lerm of ser9Ices,ITipmve•enl This 5iir,e• can p. rchoses • 3 0 11¥/Mv subsiolion' and 9/9 

'V 
be Irnolemented I,iough SM5, phor,0 cal substotions 3 for o penk hd 01 

Th,3 silualior doe; m. mcduoie 'Iren· 
during -lier,i visils inil eelec¢ricity¢ndenergy 600,'AVA of, oversi2ed i •V sy5fem, 3•ime 5eri,ce5, ond ils o sour• of confusicir and i,nderlooded HV/MV t·onsiormed directoroh,custcmer se.ices. cosh Jo5kg 

dissctis/ctiog Clienls ore ubliged fo go 20 • Des g. d HV,/MV' substolion •0 6' Te site vi•,6 ard ocic ,·cm J 1 ,·Mils J,/ped 3,Meden• tro·?; des':s te 5 ole d,+rerri isswes, ch•.Re, ged (double busboxs witfiowl 
to ge the needed detoik, ird lo h glighl „d they „me·irres hove finwrill ,0 cue le ct sorne 
In·orovernerllracks front desk le here is o lower nct-/ / • A 'we dj subsiumor,6 k be renovcted 
A recorrm.h icri s 11·01 the f roni /:ce "H oaerhnnldesks. ee. Ontheoiner5Ice,here " suppr..u. ./.„ p. occour 1 .V 
5hould regisler 1 / NUBM dula bosc Ihe is o ock ohylierg, bet•,1 tho dilfetenlfron, ietwo•k Jng, oding 

ruslo,9er• •,sits, iOr a| NpeS of oficegio NMBM'Cobligedlopoymore•H • vibils Someleckin@HV/MVI,orsfanre,1 
tocovercrl lese 60/0'ices. 

• liwoolc help to gelilie I,i.tor, of the I A ....ple. lei./fk rhire voillge ievels 
1 lie 

CL,5torne·,ssums Tkere i• same an oppor•uni9 le tro,0 ..loted r reas (22, 1 1 on' 6,6 IW) 
• Caoidger c re/00'howmon'ck 'lorners stoH in order I bc able to moicge dilferei• Expens.Flopme' 

co•eondthepurposeoft,eir,isitrtheir •tonerreque•s. 5©lherelionopporuni• Technicolli]%5es 
nolli•g tinle, ete to develop Ihe slcH, an cppo'un,1, to nove o Mol,•e•once,••sls. 

' N you low,he ..i,5 /7 4./ Illen •,•ore diversiliedochv/ und on appon„/ • N. ine•064 und Eng ircidents you 2. n nd,ust Ilie plan,rg or the IrDn• I •ve o bclte, 50;07 And in the end. tie 
[iffice end bocK oflice Mall· s./.10,1/ C|lentS 'I|].pi[}ve Problen 01 rplinbilit'. 

The. e me opporlunit,/ lo find syrern,9 It oppeors *· 0 /4 of c(erts 044 Con•egienceso•Kide••so•i;he,MV 
der,vot,9 lim. omong oil ". custamer front offices 01 the cre nci coriecl, inonoged/solved {such os 
lock o' network mon,clpalily ·hrough Ire devel©pmenl of repair of public lighting OutOgeS] 50 tis OL.h),n••,0'1 ond 
re,lote *on MV mvill·skille• feeaers. emple,ees. nezessan·o check the process, cul.,Infe 

• 
he K./resul•s, share Mal, these KP' underlooles/V/LI .'rih su'lot,uns. 

Tlimre is • mul,ipl,colion c: dillereillyl}es 01 1 

the lield s·off .,In / IT Flem, and • Mony old bLJ•bors 
finni *Ces w„hin Ine .r.,ricipolili 

previde,frp(ovemerts/l.lior, ®sednnihis • 
• The eleclii' ily old er,el' direclorete/0.1 Sefelproblemsinsome,IVi'IV5Jtilluk 

./.eforilielliechmcalrequests,clonge ob'ec'ive nlorm.lion • Poill.. . .... whi,r Il,np•... Ird 

...Irs re..*ed...1. • ....0< communic'jior. orgo iiI. slcloordil.ing 41e MV relv.©rk 
• Theer"rcily ond Inc /'direclowle Iroril meeling' 6.-9 lield o.isans wd coll , poienlial tc 5,mplity 'be nlqwurk ur Ti 

'Hice foriasse' con•fol frgud i.ue' caolre/cuslomer,x,re service stofl mitoge le'eis, decreose 'witching 
del,•e'on.,dinwo-eforpenoille•and , ]To.Idbeopdated»-repollpnce5 'ubsot,0,•s, £™! kn•Ty MV crosssec•,ons 
sometirres eisc for /kirloied u.melefed pdoling. ou/motic do!0 1, ling. * I • Polenlial 10 ..# le HV/MY s Jbstalions 
SUppl'. . Put n place Q proper s/"m to handle scheme. 

i COS'ie• des* 6, r.vo.es paric,)15 utomerdow,s 0 'b·811,04 )£> impri.ve shor,rg of iechn,col 
• Water divis;orliron! IHice • To improve the customer relotions, hove informali., 

regulor coocturg ond irclr Ing obou • The budget ond ireosug d,rec-orote guill 8elter,nfarri,otionc Opitoll 501&/.V cu'tmer eiceUence Reder'*sf office foi Nk/"0 invoices isstcs 
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Imolement ng o comrron led·,col doto base 
Belter knowledge aboul locds locol,5/1,00 (cir 40 
peakloodlreat# 

I Electrilication line. 'reos. 

- ..... le.00/ of el.,bcolion (co•sur?.on. 
losse5, etc. 

ALLBRO . Accelerate/he proce. bvel• •g on o consonium 
d olon 

• Rev ewirg somedecision rraking melhoos 
Cor• 0 • slud es lokirg in» occo•rt real,•tic iong 

/ •/!111114.•41 .w-*•¤roc-m ter,T lood ·orecG5ts, 
F- *27•111-10•2 •mill .il„@al,bro-m 

- 'io·ilise inves,me,15 by using shored crileria. 
• EDI Ii I reclise I simple slud' 0, 

Allbin is N Suuth Nr,hal, Inarinifacturer villi, in-· Illi,1 800 
Ii....i ......•./.duct•o,T ... 40 MV feeders 

40 MV/ly s,bslolions /nd re la ec Ly feeders 
A.nio en¢]ineurs. d-ig/ /I m,nul... solutions 10, some • 

¤f •• The m/hodologi will be e.ploined lo 
10,1#1 elivi,(i,•ie•(s or, c,rll• the plonn„g 

.peits,eurn 

W Nevork feeders ve 'suremeAls 
LY GIS •se p|vs on 5!te •,5,1. 
MV Powef lictory use (upgmdrd loods] 'nd 
gecgrophical rrop 

Condusion 

Mo or recommendolions inc|•de 

I Irrofol genell nion.Inier . 9/ use of in./.lion 
s?sleg ond d/hbcord/Kris develn•meni for slrotegic 

.7/Wd/..FC-d-- I ............'Commercil ......... 
Irrmie collection /'e' more Ilion Rl CO million per 
yeor i e equivelent to more thor 40% of NMBM 
ele Iricity CAPEX, ond slo H cosll 

• Cled.... · 20 00(] 70 25 000 illegol conne..5 
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Mandatory revenue protection initiatives to 
improve municipal cashflow 
ty Nzin,e„ Mgog, Cendecoid 64RM 

Thls paperwill dikuss,he revenue prot-onshe'lfalls withinthemunlilpal environmentand highligh, sialegic 
solutions to fund and suppo,1 bes, praillies like theesilishmen, 01 0 revenueproleition unliandlhe development 
of revenue prote/ion process/5. in order /0 1/8/ter such shor,lolIs and ir„„r ove muric•pol ,/sh flow, incomeand 
servi,e delivery /endards. 

The problen, 01 electnciln,/ 9ceds lo be 615 no,forge, thotthe•oello•ses ore •oce 
dis©Jss/cid de Finad. up I technical .™ cnd non·lechn col E +FO* I'rom ABackgro,nd Poper b 105.- Technicollosses " Ovup c.e possible World 50 t© bew Seclor 
Theft of eleclncity co-puteondcor rol· However,•on le$.01 Slroregy 
• Depr .Is / e 01,4/ / income. |Ops ore due 10 'uncn mon,Dulotien or In oil successful caseg, 01¢rge share of 
I Pre'le'l o 'eoll//scfell' errors.. ll'ersiore exte,nol tc ·he power non·lechniccl logies wos conceniaid 
• ni reoles le tariffs lor I'lke lomers syste„s in users able lo poy for cos'·refleclive 

wl diligenlly pay· tcriffs. Thus, non·/chn,col losses can Tok * cons,derot on thol Ihere ore clearly 
be reoucsd ./ little oss 01 welfore. Ore ' le m,tns oboul eletl•i• it• the•t is de;ined .lor• thatcause ncn·techn,50I I©s5e•. 
Wkile Ihril i· is ¤ 4tf,aship Problern• The reolip, f is imporont + orldress Ihese issues und tind lieir conliiual,on 'eopirdize5 
the finonciol sustainobi ity $ Ihe s elec... ..PS eye,whefe, ./.r. -6 1 0'ce, 10 rll,nimise the impacl of 
power sector ood harms v.el' behovi ig iclbdii,9 „ b,siness. odus/ond ommerce. sicb I••sses. T•e•e issueg include: 
selec·ricity cons Jrner5, /*po•ers, sociolly 

Melerlompenngonc bypossJ.ism,icamo• I Illega' co'•i'&10/5 disodvanloged Soi>k at,(Oted segmen/5, and Ihe 
dr':reef in 10 . ge ins,O liatmons' Met tompe,lrig count,• 0,0 whole. Elinirclion ollhose 
und di H dic defeck. ord fos irle pore" mal '0 . Inocrufule recording 02 bling 1™es Iwith the excep'ion Jnielered 
:cs' ./ .0,ilit• muc• more consumplior• consumplion e,;plicilly ond Iransporently 
Elecl'ici' losses con beln,he form ©4 m "i . 8-afraid defhed n he regu oto 7 frornework) 

ord 
:07,pe,ing, fle}CIng, bdiing irregulorile• . Non-reod met/s shouk te o r,i•Mef of M =lionol 
unpaid hi's, , Irloccurole :usli}iner cced'i,1 do•I prierit• ior every country• 

Electricity 'he' cc' .1 oi,1 01 cor,tio; if * Indtgent %/ 
M go,ernanca i'dicotor: and affecrive . Lock ci punitive oc·ion ri b,low 
occountcbillr,CrenoJopoiled enfo·ce,lenl • 4.enue recovel 
Vorious i /iatives cop 019Nve bae=/pled. , Syrd,cote 0/,v,j„s • 'Drne*erfece..... 
rorging from technic©' sclufions such . . Norevenueprolec·,Insection li bld'/1 * Revenuelosslceu. 
** n•eters to monogeriol me•hed' . Lori / specolisoli.· in combl·lii' 

Furlhermore, il is very iripodoi,1 lo oppoi,11 CS well CS I.sped•ers ¤gd Jnon tcring. revenue osses 
I Cop'ble re'llue .rolection mon/ger 

i, to d .3 the Thi, .rp,3- 0{ p * poper herefo,e,allwereallineed nthemunic,pol who wde,510„ds & Ihe /,M 001.ties 
current mends aid me,hods of combor g 6, environme,1 15 for cil entities and role and Drocesses or,c who is o go gener o id 
Droble·n, ond ii f.,h.r€ s#folegy ola•ef• io re¤lisetne Irnpork,nceofrevenue glsc o chamaion li i• olso udvisoble i. 

oralecteon proces5/wd le solutiols il bArg appoint ded,coled slaftnen·•e s ·a per·¤nn Revenue proiedion ./.alls Experer,ce hos shown thul /.bes who r"'lote both technical und *mir,5*1 ve reverue 
One(d •palonts••o,follsis40* •lie,i,051 

we delia Ilie eleeric I I....ble•n W.. ded,Coled re•eque prote[•,In lecl,Das lei ..... I.& Field E•.Inveligollg nod s,)WWthescunitsbecomeJW,rg reinseting (preferably n oone stop ocio,) 
•OU • se Ihe chaileliges Jr, in Dilicipall.5 •01 0= •uggling 'Irion€ all¥ pu •' 58 1•ow o•© •i·hin u period /as Ii]+Ip ¤5 40 yeors af•cl adrninistrollve MaH updo•ing mcster coiclowbacks,gillim/loslrevenup.1.i./R. d/ocid/d,ust//counts torecoup 10,1 aroilid such complfhe in lurrJny issues are JIi|,7. F•„the•nore =Id not fcrge¢lhot revenue It ho• been proven boyorid o matte, 
I. DIannisohon oudi•econd rens//0 rn/,/im meonce *douanhgoverrpo,01·•b•,/rnernber•d,907 
Smailer mun,cs do noi have dedicolad re*nue agorn ••e fos}1 reg'Sler of Ike ulillf, have ·he ded,cot /,1 10 be oble to perfori• ul 

oper•tion,1 the Io/5 requifec From revenue prolectior Poloction eoff or e•er o• 
bdge; fo counier non.lech col loss igues Slro•egic .olulions members. The occountab,lily ond bottom I,·le re,por,sibil:./hould bean bolh detection und 
As dedicofed revenJe 

protec'lo• gecllons 
BeS•p,•c•ces 'e,=04er, 0{ •sven Je, Is il i• ea• 10 deled * 4 meovered 'p 10 0 8.b lion 3,0 t.w nt,oduclion, icanbeseer,03 0 'no broiner The bee solu•ions 'c /Hectively m,r,Imise "re diHIcult to recover losses El, rl pros".1, focus on 'eve,Je anside.lion •hor revenue losses Is le theculpri·g, Focu#Ingorthel/·I' lorie 

•0 go 's 4. ¥aksr, into *famers hod k> "dure 0 3996 incra,15/ in 'ct"•ion beit prodi' es Th s would inclu'e po.ver wsed) 1,•"S O proven l.cr.4, as.|e 

eleclrl¢J#costssince 2012/13.thismuslbe *efollowingprocems gup/es'J tdomeslic cust©mersl wil onlybri,g 
ir 5¥/l rejurns 68© os O -Ous concern For uiddias cad i /00'mgof fraers 

Cuslorners olrke li es#irroled,hof plus minus • Remediol 'clions rs Approximately 90% 01 / tamper coses ofe 
R9.2-bill,on ir tcial eleclricily losses w•II be I [)01/ O/01'/S fown' ii •he dome•hc enviror,ii,cor 'is i' 

d in 'epe riod 2017/18 inciline 
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ev,dert frorn an ang ,sisdone in o lor•e 50ull· Mulli dep(lenie/i Q,J 00'' 5*ol,pholder • NERS'supfl, licence.06' bect'll 
Africon %/IC .... 01 more 1*/ 2100 co||oborclon • NERSA o'proycl cf new Qi,/could & 
tcmyr ese5.09 200 were commercol delo,ed 

/ ordertoreducel©sse„Qu ¤15. need muli 
installofions, ond ·he rem' ning ' 900 :ose5 • Cosnlowiricavewillbeieduced departmental 0 16 sloke iolder colic borotior we.e dom./1, 

beween Ihe re,•enve protedion deportmenT. • There could be more comper,saton 10,* 

Revenue pro,ectron den * er,/5,0 " techno·conifia uniti, billingoprotionsf 
bus nessce/rm, biver,;crcenie/. • Ilcouldescall·eir•ocon'unityvioence. conrrur 4 

One 01 ·he oweslion5 Ihu! le• asked oflen, 5 leodersondcustoners. • It will de·ini ely elise o Eock of foilh,r 
wherher util,·ies shou d gc 'big or •sma I politicol d 'ctures v.ho p'c mise Berice 
whe n oulling strwor'res li place to deal rocus poir,s de'lve. 

Adively d ivenve los5es. Tie slrolger I All aclions toreduce |C45 e5 ihoule oe d, ta • THe loss in neomi w 11 '160 causs the 
and more soecial /d /8 revenue oroted,or dfiven opero•ions neh,©rk lo degrode, wr„ch will coute 
urit is' Ihe *ler •he res'lls. Jus' remember I |rro|eme//1.0 m. ni lorill"J nd prooctive 
a rele'le prolection or i f w Il olwo' .co. . There wil 01/0 be on .scalation of 
ils cosis ord the orrount will g·©.v •.,th each • Kris for obiecti'. p. forrr.nce coe.#090! costs. 

0-'leunilopera·es meosureneMisve„impwnlondshould • 4/e DOL interventior in ser¥,rg 
•CUS On recover•rg I....Illerth. 1 p.5- p.chibihon noilces on the C,91 w spe=Folised positions have become 
delecting *net coses 

©re prominent,n •he modern dc, revenue Proposel / *to# funds / reduce Josses , Top level monogement supper· ard proe€:isp demorment, e.g. ·evenue recovery, 
Iniolvement is Ao veq irrpoAonl, cs The NERSA Licence ogree•er,1 1%Mfoll s iniestigohors ane doto oral,s,5 This hos reverue proleclion 0/cols need a I ·he homoe-irg the 4401 of South Arlean metro: been necessitoled b¥ the infroducic, 01 new s.]pponlheycon gel ond •unicipc|, ies to eifit Ivel, radoie fechnology ord smar·er meterng gs,ems 

reven,elcsses 
Thedor/enalrs,5 and Thelicenceogreemeitstales m ning pmces:es hav R•sks of QJfsourcing .ces 

*a· 6% of the operotiora incone ns 
becolnerns·e Irrporont assmerl syslems Manyul, lieshovebeenfocedwilhlhelifiLul• be used to reduce technicollo,ses, bul no 
make ovoiloble dibw kinds clint(•rmolior decision 1/ c.,1source cerloin ospeci of the provision is mc,de for non·//,n,collosses. 
19 enijole o:ie 1/ delermine cuslol,e' revenJo bus nE·56. .e to the naller 'cs Municipo INes tierefore ove not required io 
cansumpho• 90•'ems I/ nes how'ver creoid Dy •he infli of new fachi,ology provide 'dequete budge, f or such losses 
brought new challeng# w Ih the 0-roduclion intc Ihe ** environ,nect. Most 01 and Iherefore nol emugl· funcs ore mode 
01 I. Nbig .1/ concept, //. -equi,es licrn have opwed I go Ihe easier aule by a oiloble n rretrcs wd big mun cs ondrlone 
more resources in omer + noioge Ihe 'fo comiletelioutsourcing ·hisservice Now in otall insrnollerrrunics. I·•I'ereisnol eno•gh €,ct:'24 fl is fies the bigge/source / corcefrl. 08 these pr.visior inthe 6udge, forrevenue Drotedior 
he mosi .... issue-Int comes to outsourced ..paniesc·. i. rrostc¤ses given Nities n order to reduce non tachricol 

establ Ehirg a rever Je p.fectioi Jr t ire os ¤ co,te blonche to nonage the rronicipal,·ie• 1©Sses, CFOS will simpl'i ignore suL , 1066e• 
follows· ncome and 6, ling Mitions TI s in itself uni,1 such i,me when i e'Colits·. beyo·•d 

5 0 huge .l e,:cepl 0 • + fhe 'fl op,ratiol Is strongly recommerded that the acceploble levels. 

revenve prolectior wn l is b/is The housed 4 *inised w on ongo,ig ,r SARPA therslorie crr,inends 'hat a nininurr 
Irtolily in me ,/4 ser.ice depolment qvestion is ho¥. su·e ore Ihe mon cip//as 

Of 1 2% c operu iurl:, a]€ctricilY Ircorne wa·eroncele'll *cial thernon mowediotherao 0/uolly 
M be bs' /0 k Miue prole#n • Proven res'lls exist w.le wi ilies holli reoch tne,· coffers? progronmes untll•e n•t onu sto,icafd & 

revenve ""aior stoffing level of one Ithrik lielivehos come toloke /oc< 9/clec·rictylosses rockieved Ths fund• ·'H r.ein ber 10 5002 nimpr' 
Ihe conlrols 01 ©Jr re•enve genefation musl ·hen be /ilised t. cdequotely ·esoure 

• The Jr r shoulc he uble 10 11[1,8 en„uqI· vrocezes ond rather leach old e.luble our Ievenue crojec,cn slo f gfr,/,•res and furd 
lo•powerto reachlheir K. own empbyees to oelorrn iuch 4 Il o iherever* ,rotectionoper/ionolburget. 

I .owledgel.velsof ./Iliojel'sh.J[dbe mul„cipaltydoes.©thcle/ mell'.do 
,MegrQ,ed to allo.·. Ihem ·to think oul of Pieoicted ijluie Ihs weinSARPAwoold SI•suggestlhot 
Ihe ba 

nionir ipolitie• shoulc iliCILIde J i their ex r·mol hed rfed Fitice 01 'i 3* cid elre]* 
• Cer,oin rrembers responsiblr ·c dou ..ic' proaders cont/cls,ho·ike,wil;¢roll .... q... ir tie oroblern 

revenue recoveq 0/I in€,1 go uns municipol slaff nembm to operafe 5yStems 
snould be specialisls in lheir , rspective Ci,ic ,•,glvcme'l in,liolive, e.g. •ublic 

•nd imp eman• pioces5es w, Ilin u sl puln·rl fie/5 ond to L.de/lond iiI compc,@ns higb ,ghi the dgigers o,id compory Nmefrove T#e revenuepro•eci,on be,19/ w, J efeci ' po[icies and proced#. ImparJog 
torre in once ihe mum[,pal emp'¥ees lully I '¤urcillor i...vemen Iri lighting Ilil , Thereven Je proleclion mus, bentegroted undersland thesystens, as Ilip, will be oble b •courge wil le nor·nal ine {vrcliors anc be 
see 11,0 loopholes .hic/78 50'vice pro,ider' i oddress Public s,ichrorised M 5ifrultOn@OUsly compoigns to e•pose ·Impering 
coo i,ew e•sily k de Dwor 01• SUCCeSS# customers. 

1%61!e5 
adcress,1 • Publk campaigns to dISCOLIi[],E. I !*l o ic • Highly quolified aid energelic nje,ibers w¢,r aga, 11 dangers ond oction /0 be 

must be deployed lo enaole the url: 10 The impart of high losses token, 
deol ·cisl ond effec+Ive wi·h prob emo'ic 

Tlle re¢I • Rewords finpoct o• fl,gh p..pilue lo••es :·stem Ce g rewocd for i,sues thol coum 6,9 |os=, IS 

inicrmelion le,lding 10 SUCCU9%1ul 
very diFicu t to understand in //l b.1 14 1 . r./71• berween fev enue delectim ' lompering), 

look & whot cou d w e.fc·cemen us 
tog icppen 10 0 munic ,/ I cncie S • Funher Impicvemenls in the nodus 

andthelegolew//ould/ortuvery ent,t¥ in/>uti Afriashouldsucal/sesro operond, of ihe revenue prolection 
highle,eloraillifnes heeqoolvel, rr,nlmi,ed d vis on 
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• Meterocco...dalior¢'llenges h hos come obou, due to ·he lost·t.ding •ocesses 
e Skil are endongered c 're lecknolog, developmen· process 01 

P•xeggeh curr e,ifi• in ploce -0 irle//7 ond • =ilerry Aith,n •do it righl tle filr5· time' metering worldwide This hos fr ggered 'e 
lie p ccmbot ele.1,1-ity he I The 80/20 prilciple =e•o lly oppl,es ser.ce 0-o,iders lo copire the ma ket ond 
• I.*.irtellige..os'lls oidiow 

• Swi 'off sohilion lor packi whe·e cle- oil kinds c- fackages oid worded' 
roumpTionrepols I npering 16 ;ngroined Solutio•S 

I A......1.repoymer,tr.Lete·irgloi•s . Coinio"Ls 5·'Flroining lokeepob(eost .cnt 20 ././.* en: cH b¥ calling on ele/ric ty wilh kiolog, and Icmper corie. 
d 'l on comp'"in South Airica to 

• MeN?· nip|ocemell pfoleLI5 . pol,lical boy·ir and wi I io assisl .vilh 
• Coi,volion ofille ers'/preply' e. bolif •worenrE5 compoigns sic id together anc lake beck *eir revenue 

systems b• train ng Iheir employeeslo 
4·re meer• Conduslon 

I Dedi< uled sic fl pcl LIng 'rge us:ri ILPU• perfor. ,#ch *ks onc ollo'a'i'g enough 
In -unc usion. 2 mist be rn"tioned 'ho- funds 10 *le ,"cnue /'oke:hor, ape"holl 

IccountS Ihe entire ·eyer Je protection ccicep· has bucget tnol ·he proces•es •ar 68 elf»vely 
• Detii,led'eedbuck from field slotf developed Inthe pa„20 Heorsond has now cc fried cul 
I C./perot::in Ircm/lerdeparmen' reail,ed o ®w level of exp'Mie, .,ch hos 
• Ass.... ...•emrrc€de·s :ne ./. m ulted in Ihe new fo"hcse involved in such Contact Nzimeni Mgoq , SARPA, 

.,poo,i sigtf. ce-eogotolhenextlevel/5pernlisolion Tel.1412·26!3,cec@cent,accov• 

i Quidifiedsrolpet,rni,n'Jn•Uerlionsood 
'ef·,scteine,it 

• New rio,ju. o.em/di·I'le .top shop 
opprocch, eii,nin•#Ir. mi. IT,ID'e05,tswith f 

delect,01 ond rectilic /8,or dore,n single (1 streamer' TRANSEC 
visit 1 0,11!Ii'Di,ir•Solut.n 

kee'. 14,1 J fi) Prm.r Tionsfo-mers m I Sucress' ./0 
• C_i'/fallials b' P.b'ic 
• Keeping I cneck 

..... copolly on The only way to dry your 
and 09:ed mi" cle i'c,ic transformers efficiently &1)Vilp- 

• Fullre.locene./mete,Ingils#•Ilolon 
without shutdown Wi-er....all 

I ....10 A.1 for LIU cus}orrers ExhibitiM.* at 

• Ful' les• c,id ·eLoid' I o.imr" 0,1 1 3/ the66th AME' 
TRANSEC filters 24/7 the moisture contained 

Coriventiu••017 
• Follow·upc#/0./.volialion in the transformer oil and insulation pa/r for 
• Adruslmen, of 00 nu,]M , co (051 12*h along term pre.e/itile maintenance. 

rogi,isto.on. L . Full,ploce!nenloin. 
• lovell :uslomers cought ionipenng A-tri-79 

fo All TRAIEC ADVANTAGES 

Molubed'/2 • ..In/ni a hi® le'kdo-i V.,•l,•e 
in y•ur • *5/Eac for a safer eg€iat,¤n, 

never be Brolly erodicated 
Electricil, fhee mn . Inflasel :ian'lu,iner I '/ expectag 

been do·ofed fo I •.ill' I•, Il.'gre:rl' 4 lied deol of 0// 'cs •.iun .e, 

" lechnol©gical Ind xmge·/ incth/5 [I" ille in/all/t.n are on/* 

operM or Insped on •11£1 r•ollitorinp is val r.pe,to'r,1 
./.,ele .m of pi>I.. A ciric/ 5. - .lit/•, 2 Of tral./ le, Ill'ill I 

teve.•id Ill:e, ieluid iurialie 

- ..re t.11500 /#i inita 'w. le 

kno.•04edgeoble oboi•: Ihe •he4 0,oblom wideo,irthe pait iS,var. 

CO'f,ni./11' divisill [8 -Remotpcommuni•21*• 
I Reverle prolection N and •ebierver 

stril . / succeed 11,rough poftic,/ion 
'1 regiono, .. .ciloral meetings of SS GP• 

9 

The SouThern Africa Revenue ProJaci,or El EE Asocialior (5ARPA CONTACT US 

• A f..ire J.,1;atrve ./.Id be tl)/ role.I 
9 0 snart metering syilm where 's 

40 C C. 

Inilictiye w, 11 prove i. be e:©90/ co ' 
vole Nl,Uen Te,hlil 

• Amess.lot /0 P.' no ele//017 i•' 1?A •q],ht: •a'e, C:,1 Refirly Road 
Jik/leet and JunmCre,ccn[, 

be app•led. in/l.ling o c/kire c; /) I 'lehoek.G-ill'.r, 
Gauten• Sow·Ji AI,i,1400 consumers anc ore,enling omofis 

I' lture 01 no*.vment .. developir,g Telephone: •27118722/3 
info:•nu@en+2hnoo,e•.•0.- 
.bile +27/4645671 

ChoJ]e•ges 
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• Culfurolord behcvieurol chonges©re 
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Advanced revenue programme for 
large power users 
by Morbr Kuh/morin. S,emer,s Dig,5/ Gr,/ 

This paper focuses on le topic 01 admmed revenue in relation . large power users in a smart meter AMI 
programme. Il will explore the benems of advance revenue for bulk and large power users (LPUs) 05 well os 
commen lai and Indusirlal consumers. conve/Ing complexele,trici# la/Hs in,0 LPU advanced revenue, manoging 
the transilion from"post·paid billing" to "prepaid/advanced reinue billing" using / sm// melering M advanced 
revenue progromme,and managing "disconnects/reconneas" for LPUs; and howwoter melers interface into the 
same framework. 

What ore the 'ene'lls of '•advance receive posl·paid kes ard gene•Ily po, 0,1 / 8|5Ctricity - o huge benefit for cosh 
menue·'for bulk and LPU CT 30 to 60 doys (with sow e*·remes of 120 20 flow plonning. 
consumers? 180 doys) 0•le< rece,•ing 'heirinvoice The benefils,0 tie ut lily ore immense. U•ilit, 
Repayme/ ls o loose le·m with referen:# M/MPU electrle, coio is prow,ded on cesh flo• typ,colli moves f= 150 debir 
ele/ricig metering 11 has o #igm, 0110:hed,0 t,eir invoice ofid „ 30 !0 60 dcys pos, do,s to mius 10 0 1 5 cays - mis means 
STS prepoymen f meters whic, predonirately corsumpt on. This make, it ver, diff :ult fo thol the /il ty gels cosn in advonce Wore 
meter$mollp©weruse#*. LPU/MPUs to plan a id understond reol time eleoncit¥ consu•,Mlon - thus GllowIng for 

gro.,lh plonning and consu·nplio' dolo. stro•egy. 
For large po-, 00 CLPU, ond mediLm power 
useiMPUsl.therewsre Reol line dita no STS pre/,d meles The ben/iI for LPU//PUs 'S OY©,|00|e I N . in LJt|I• or ocvinced ,nd 

avail©ble *I the market. 'so, dilit e' m 0JS Olows wined for plonni. cwth end voluo 
flwerue environrrarr ore 

from 'orcing odd 
thes/ consumers 10 support /0 the end consumer, be Il 

go I Th. can download Ind Y•ew (ly.,co|•y 
'prepoi# due / adm•„s/mt.2 LPUs/hIPUs 0, SPJs. i.ues such depar ding o. Iha All'll.. In|Ine 
a' dis¢©nnicts/re:ornecti r cosh 10* do,0,7 lerms 01 rea i,rne commpli011, Grid con'fol ,5 enharced .5 0 re/ 1 ne view 
C©niersion lor espec,Q| y |afge powor userB, bill ng do,0 mic This helps the,PU ko plan of 10¤d L..sumpkion and Irends is ovc,lobie 
and Its/ des,gr on l,eters thol g lowec •r occordinq to re,ll ene dola {e./. -n 10 Depellding on 'he V DM. Ifuls hypcof oalo con 
10(gepfepoymertpurikases Mikh on their sme'er, elc) beli/ed,n,0 0 5/AD/wi- 
M co•,unle,8 ore Ypic/lly large i,didcia • Reconcilimion 'ppens in o real 'Imi 

How mode does o ./. introduie 
/onufacturers ard the I ke wgich, in some •omplexeleclriciN,arills Int• com, hoa ona or rnore MV 'sed. and Ihus • Tor H ding Is done In reol l,me ord LPU advanced revenue? 
Ile0// melerng requ/5 0 'hree·phose thersiore •he, con celern,re their co•I 
c,r•en. 1•criforn·er ICT) me•er Medium de&•ile ihe Icrif codes being compleK Curre•t ST5 prepoyment/,Hcodes•rudure,5 
power z n gpicoll, cs-acted te the * Cosh *low ·nonageme/ - ihe Mt©·ner hose,1 on liefed/linew orslotic pricing. Intne 
Cy grid and have o mixtur, 4 CT Ind DC • ly occorc,ng lo their cash flow ond '0*L u)mole* torilf code• such os time 01 u5. 
coirected "ers. consumption plo•/slrotegy 05 well os FOU,/rro* dernord/energw charge/neh<>rk 

opt,mise co 5t saving, BIC derrand To.dote LPL/MPUs charges wBre d,flicull / Include in ce no meifed 0, pos, o Nomon""e"dingondinocc"e pavmen* conumen cod hove eitber old Bpaymen, pur•ases g5 mosi of these m. 
dclo 

o,c|©g'e melering of high c-cL,cy dig'01 fequire ,:os¢ corsumpt on colcu'ations OS•,Ill 
• Predictive melearg, bul the meter dolo is •picolly reod anoly'is foreworns Ihe und'inirg nieofwhi/'reo.,lob'In{] 

mor,0||y ond tarifl ·oted,nlo lair LPU/MPU ro•Jmer ¥.hen the, will m. Fespeclive ST5 .repoid en,ivnmenl 
billing engine. 

LPU/MPJs 1,0,cally cons,rr B 80% of the 
unlities loil consumptior Ind there'ore 
contribum to BC96 01 +he utilities revenue 

len.er.Morn..,(Gi ompotepie€ao mind·™themIsclwhon, 
MA populorip .ise LPU/MPUs 0Aly cove, lock•d ofterand monogad 
20% of the W 1% populion, whea , OCC J•€? ma• 
SPUs cove,809601 ·he r™®r populat« bu, Dc rn„,em 

Ils require nigh occulcy meters du•top•,o,mani 
(typiccll, 0.2 ond 0.2 1hfee·phose 4.'V-0 

Ta h2Ip with co•ling, I©w 0[cuic¢, ma•er& will fil 
Ihepr04,1,Qfth•,puwa.uaai' 

unlygenera / 20% oftnere•enue. *ilile..19•i-•p:colly,r9ui lodebtof do, 
I Thi. iso hug. •gluoodd 10•lie u,ili¢i• co•h flow El 

CT Do•g•Inie»nolwgilinDorDto•Odoisfof metersj No•thec©4$,mer-mokeofolagicdeclilor•, 
bililogirivewithms·-aumplionmeterdolo und flonning.duet©necric,Illmedoloo¥Qilobl• i 

. MPU. raquire nedium to hig• occuracy F 
melers *plcolly 0,5 10 1,0 Ihree phe58 

L-roeaccovnlreconcil,Qtion N• mo. 3.6,0,depo•pisi• - Siarnen5 ·ak=••U 
elieconciliallon: CTo•XmaterS) inclwding 1•e bun• V8rido. 

I Rel lin·e corrple* I...... TOU/rn.. Colen'yon•1¤Mlicodesondc•neg*,1,4/ / 
•!•onced reyen* lortarge/medium po•r den·ond'el mul,iplecodespe,occoul 
u*& (LN/MFU) N¤ monuol meter reodingonddolo coptur,- 

rnduce! aoccuroMb Raduce,Jcoccurotebillirg . 
For LPU/MPU coismers, prepcymer, F 

..,omp,Ang ..Ind ev,I-.0 (or odvonced revenue) i, o new ¢oncepl In-1R,duc* ne'·lech.ical losie• •79. 
ono not readily depoyed Thes, consun,ers Tae) S,mens Smor,•eie,i•gu•i,ee•S)6.consu•.. 
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A prepoid 5[,1[1,+ meler,rig AM, syslen s able 
M IncorpoaTe mly 0, Here,1• kir, C code; „74 
s ruck,8 05 the. 30% A w eive on o 

lime 605,5 ellcws for ,Mellice,1· tariff rollic lemen5,Maroqed ..ces Com'le·e p.re Di n-,i .. the AMI sol•ion ,$ I 
looked ./i I. muroll 

Also I sm•. me·er ng 'WI..em i, uble le r- 
Curi c,Tler Ihe' '•. I •PU5 0|| 11 e . meier'ne poinl, ofer mc,e cJrnplex to,T# sfnrf,res U· 0•el • Multip e meler' per ':cal,lil 9 

the posl pcid 1,11!irig 0110•·s for All ·orills in an HJhcu.oc• mplels 11¥Fice • Ihree ptil.• CT -Ing' ui,1,01 .,10, -os or, ver• /[ruioil 1 milab cre d.'ie on o eol 'ime I)= I matell duelolomecor••mp·o,•,cluns 
M.•Ilin. recor•1|01'or Posilracol Ilow -/picnIJ•.d•on(e ]5 debter 

do,5./. This prape•.* is o • •ge •clue udd lu 'I hilow 
How does ¤ utility .¤noge Ihe 
1,¤milionfrom posl·poldbilling Doloi'in5·ont-•DIW•itinglo'Eolo...fe Nuwtho.,1,1. cor='egicdeci 

b Il 1• crr•.0 Mih pc41 consumMIon meler dul• T'l. lo prepaid/ad"nce'revenue •la,inl/duelor•c r&0!,i•e Joil 
billingusing asm" melering AMI IReollime...1.1.....hon No.Dip•/bor•depodiner' Sinmrn: tok' 
cdvonced revenue programme? ill 'iliont,Ji.• including N. b•k verdo. r 

brnecomple'll#rJfing -OL,mox Coler.for©9•lor,Itude••,r]€0• 

,·7'r,- 
*dI Typ•clly foi 'Us Ihe defoult meth['d ©F b! 11[,9 demond. etc mullipl•enrlp•pergcCOJnt 

15 .....d Conveli'g LPUs ' orepoic 0, * manuol melerieod*. d•¢ *ra Red*Illurri•eoi||Ing oze,0 
odvonced reverue 18 4 -,hve t©$4 u' ....m.......devells R•duce ia..•/.er. 
LPUs 5pend lorgeol,our*,•lergyusoge / 

•U ore•se'll• T•rhythm 01 poY'I,g f¢rlheir •M,ohe de•e.:hor 1. leul././5 /6 'BIC' ./.I•e 
Irrir•te (.T iIi*se, £30% Ii·m 

L>. d.to -eo"ren,en, ond deleclio•TE Help,dele[fNTLon pho,e-,e•eou-pro!ec[•A 
.• Lhl,Y, willb• requi•ed:o ei,guge ono one fatie 2. Se•eil, Smo•Meerr•gosc •e•ke ,541GGS• MF L' Ill: 
10·Ine level willi Ihair (L custo•ers . Pior, 
lorthect: 4*er Tni%rn(r'rnve'' e le *I,4 
allow ny 10, o tronsitio• perictl fe: o J # od.onced com·niricolion 10 -he LPU Conbir ng eleclricilY/wete, and go,· rneter• Por of· ·/rew./.di./ pos•·•,d bill, nno forewomIng menlol ilminertsOdow• ortcoles,5 emailousliw 
engage imineoic*ely or a ac¥... ieve•,we duc to non 00¥ment Asugges!,23. would 
orep.yr•en# struct.e be "2 /· 14€ 10,1 

• Inlon 
miru·e, u pl,cne ,ie.volollihei•ie·ers.thlieend 

u,er Polollcg 
ir ig really up 10 1 4/ ......derstaid }hel coll •0 e•ploin 1gut fbe feed •ill be n 

A down mid 11·01 the LPU neee• to e ther • Ms" o ccour,1 ond me er d o IL,toiner, be sensifi.e /0 fhefr b f' fig Of' visibilily 
moke po,ment / slage o shvtdo,in ..[ *sumer- mor=lercertric cosh 'low o,id e,igog• on a peisonoJ 60. Ihei, mochinent control. 

Ty/,colly, on,y 20% of #I·e cusomer base ore I Ease of Informall. Ind electricil' .PUs, so Dy mok,rg o concerted elfer' or How do water ,„Id gos rne,ers 
payrren· 61 le srnan phane apps. etr Thwe cusiorn=n the ull:Iff car, plor,0 *+ in'erface into the same irnmework 

eos• transition. P,us odding benefi, to I osabove? • Prepaymerl 

nk -,5'ing 5TS vending '05 lo consu•er,ardthpingeies T,pial, ina uti ity. water urid cos 
bocken, #|er, deFOMMen·s ore sepoicle alld no 

How does o ulilily•non.0 frieemoerox,ons ber-, /1?en) 
-di.onneils/recor.neds"lorLPUs? 

o,e toura Keeps e•,sl ng paymen, hab,js 1. 
some 

Thwsegch deertmeni dup|ica•e5 e,2ch olhor 
Re·noIFly disconnec·ing /3 reconreding O forcinghighcostbjdgeis -heses duplicale • 4/oved:ash I'low -ie reduced/lor 

LPU iS e.'reine fy d i Hic ult O rid expensive or./sure 'plcolly doys. 
• Wher ...01 wolle• is deplared -he sh' A answer ·s :his que'•lon 15 thM 0 0 Fle' ser/fce erig„reer, 

e. the bolar'ce 15 2.ro) Ihe prepa•rinerd 
whhly should rot be doing •hi5 oc|Wity There ' Scopor, p•rsorn,4 AMI solutun o lows o,ir (ori, oret rn,ler• 
orenume.us./son/-/,bc••rcoresome , 5ep orote svslern% to be conlrolled */ . 

po,•% to con::de' • Separate billing Discon iect thr srnon elecricty meter 
.moMI' vinf/e le•ving'h• woler Meter 

• Remole disconriects/reconnic#5 'crk only . Stoff, elc 10 (lit,nue lo rnete, or remolel' 01 dired conrecl loc) mcil melers Ie ...le nost Pressing issues fo o otilly tie wate· ¢low (coplicol•le b, ·neteis that ora direcil¥ conne"d bet•¥een One 01 'e 
I. in SA) 

Iheull!,41een/theconwr-/slood Of 1,9,CIPCI,/ li feveniFe COilet•ion ,]nd 
Erd user lop .ip Iranmc ion i' then 

' CUr e.1 lor qolroge) tror slormers prof,·abdly, Ejecric,4 fe..enve is .erv co itroller] b•lhe •certrol wn! /which 
TE grnor meloi• co•no, be •clely irrpornn, 10 * o ut lity ond .unic,pal ty brst allocetes Ihe Nnegolive b„ an,0 
drsconnecled/reconne/ed os #he meter as budge' Illoco'ion 's vel high, 1. 0 cued m #tet or sos consumplion 
in not in dired line betwee. Ille ul,jily, v,cie, depormenli ·here ore higi cos+s to be poic lirs•,le/vi•g the d/oreice 
g.id feed und lood wil %.mn 11* large reve9•e losseg crld M be oliocoled•o ·he no elemity mete. 

• There ore ve- le- Lpus mok hove CT pr.fitob,!ily - Ifih. cenl·/1 wallet• hos oosmve 
bolnce, the mele,5, one·•c·one .PU :6storner elec·ricay rrele, go 

inthiscosesimperallve Sccurityof re,enLe(50'115=ough, of.,ir, 15 econnecteo 
manogemer,1 

These •ypes ol ceslomeis hu,e comple* lern·s olsmol rneler./ •.·lon lul,flotion Woler and go% melers,nie•ace in•o Ilte some Indistrral mochine,y ond plor,i la, -his,sde:Fife fhe occwacyana re'evoi•ce I AMI 4.mew·ork os ele,t·icily meler, 0 +e mostollen, iequirestoged'u¢dowricnd do,0 it Afs dole con couse is reod separate•Y / rew Jus by gailching o# tge MOM, ona 

•m•• don,¤, ond c•i-,otlie ulll'*¥ Combl,ing sillo• electr,c,4/wo•er ond gos opponionediothe•prepo,m.,1•n•li••,•••" 

• 5, usit' p•dic'ill ./#. le lili 
rn/4*'S I. lili solulion offer3 huge benelils 

I.'lilled •,p'.'03 me¢ering AMI sysle. Lon ..w .' 0.... 
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Implications of the Occupational Health and 
Safety Act on electrical installations 
by 'P Mojol•e, Dep€unned of Labour 

The Occupational Health end Safety Act. Ad 85 01 1993. is Ihere, inter alia, lor ihe protection 01 persons where 
machine isinvolved. Some Irades may be reguloted as staled in *he constibulion where persons' health or sal/9 
may be endangered The electrical frade is one of Ihe irades ihot are regulated by an act and regulations. 

The Deplamerl of Lobour Id.,lislefs 
Il" Elnd.•col In//lotion Reg,1011"4 ©Ad 
Electricol Mochiner, Regulchons These 
regul•ions ooply le a' *M e g. dorneslic, 11.1 InG "CECE,•- 

.nrn *,(11, in. trial ¤nd .•iculturs. Ir al•o OCC•AT•NAL H.LTH A• SAFE™ ACT IACT N• eS Of 1993}, AS 
AMENDE• applies lo lempor07/ledricol inslollations on 

cons,rucioles. remol places, e•c INce-'loN o F GAFE™ STANDANDBI,TO ELECTRICAL 

The depor•rnent has appoinled.nspectors 10 INSTALLATIONREGULATION5.2000 

ensure Ihol,11858 regulation5 and incorporomd 
standords ore enforeed. The deporlment hos 

,- Ac, ,nd I •au, 01 - m,-f• de.- / ma b . 1,•- I 
I•,0 approved ./.on ou·horities to ./1/ ../ . tr,4 I •ca• 420) I 1. * Il t,• m.. 
Ihe•epe.meqI·,4 •h. ari?rcing I il,24/ ..or,co•,led.O=™1-LI•.1,h•f,S-• •m=b#.a 

« 0, I. oc.-,• 1.„. - s•e,y *a - No I / 1.3 .. 
fegul•t,©ns 

0•*, -1,dal -4 I lh, Sit-ul.- •.D InWell,ron i Api,I 
Persons idid wilh elecw,7 ond Ihose 2018 

-6 ore us,ng electacit), their lives ma, be 1.- 

e•do ngs•ed when wo,king $ 0• close 0 
elaIrricit•. when eleclrical Achiner, Ofe 
nol cofreal' 1/alled, ¤nd *en eleclricol SCHE.. 

m/inefy do notcompl, wilh siondords. 

Regls,rollon 
* 142 2 TI. ¥,lng DI 0,n.- P., 9 M•Ji-,ult.g. 

Thil v.the eLSOr ¥.hY the Depoilmentol Wbour -••¥,1,-- -#Ck rell,-1•22 W .4 a,13 up... 
-3 ..Inlt-de'.cily 

r,·g,*,spersor,whocrein•ch,ed•helectrical 
iNI.,ion./ Eleeficolconlacle.swhooic f:g j £ /4, Inde/'men',men000•€Orruiohic.0 Wei/o,d'ot /5 
,Dvolved w·h eleclrical i•slollaron work n•ust 

also reglsier with Ihe deportrner,1 There are 
6 allier mgchiner, •here pe,sons and SANS enli,6 10142-2:2014 

* , 1 

1•yeloragister, sl•1asforpreMureeqv•pment. 
cad go"%110¢=s, 114:, emeonr po•enger 
enve>'Ors 

Th' deportmenl regi,ters e/cliecol ies'er. 
fof iingle phose, •nsID!!ofion eledricion, omd SOUTH AFRICAN NATIONAL STANOARO 
Ir 05to||011©ne|eclric,09% 

....of ele,iricol insiolla,lon. 

Tlie -lely ul eleclrcal irslollo·,ors arl The'lrIngolp•ml- 
conri./ed by o ce# ficole el complia re 
i,suad & o regls'red Part 2: Med"woltage pefs©'' Instalialions above 

1 kia e. lot....ing . k.... and uplo 
The deparlment has appointed opproved and including 3 MVA Installed ..City - 
inspec•ion oulhonlie5 1. val,J¤re ce,lificotes 
of complionce ord 10 Invest,gole incideip, 

The elec•rical supplier may niso inspect a•3 
tegt elecirical ,"oil„lions a' on, reasonoble 
lime on cond,1,0,1 thol the, not chofge Ihe 
user or lessor lor such in'peclions cid ·esh 
unless ihe Inspe'lon or le5r Is co.led ou, 01 
Ihe raquest 01 the "er o •lessor 

·-sams 
Il rn..1 be noid /0,/h,e are no orhe, perens 
10 'cd"Clitili.'soilompliance ICoCI 
Inlefrrs........Is F. 2 Th/ Sourh A•Mcan Na™0' 5*/rd •fing / •e•wi•go•p.em,5es 
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excep I lor 'be purpe'e 01 te,1,1g o i,J Ihe 
SANS 11112=2 %68 lot*1 •omplelion of Ihe CoC by I registe# 

lerson. This requl,emenl ..5 nol ./.1. Colsumer r•i•• <3 MIA @ '79 k. whefe Ihe elec# i ciN wus disconnected /. G. L- 
no/Doyment r-MV•quip™1 

624-,wign-L-(C) I I Mur,Icipol inirasl,u•ture 
.-. Mosl i. hnic' requ reenerils wele re,no,ed 

Irom /e old EMR ond ploced ir the 5tandoid. 
t SAK5 0280 1 ·*co·para*ed in• the 

..1...s. 

1 Some lechnLwl reguliernantE ore still io ihe 

C regulot,- sut· /s 
G. *- ./.w 

-/ L-T--1 13 • Dis'"ce 01 power lines from e'plosive 
•lagmtnes 

5Mpup-.lowl , Power |ilies C-um,f r•* c.53ing ©ie, w©/f 
-,3/VA@>lw I • Ent,occl,Ingn'In,rnurn sofelyclenronce 

• C........tion 
• ./.clion 01 over'Ind conductors Ind 

°- t/2-*:*-1---r live Dafts 

1---I-- SANIS 10280·' deals with the ia{ety I 
owerhell power lins• and shou•d be one of 
Ihe requ reme• ..en Ibe n,un,opolil give 

Fg 3 -s'e hned... shlw 9-hee .* @Mrd•id$ -opp•obie oul o •e,lder 

This sionderd Mplies to ge* inlrostruc'ures. 
u/|M ot|.envise Ladicated In Ibe 6•'in /,d 

Approved inspectlon outho,Itie8 The electrical ins¢ollolions obove 1 kv shcl 
Wher Ihis standofd wo$ developed lo• the compy with SANS 10142.2 11 does rol 

Approved Ins•,eclion ourhoil·les orr public design o..# powe' liqe•, inc(ude col 9,O•Ols' on, mochinery 01 'he wppl er re'led r fw,5,dered' but nonothe deli,rne,/ entilies .Ilo deliver . rvices 10 Ihe indus / •d cf 
1¤ Ihe ..1, 01 electric,4 on 9/ty ihe premises ana he¤Ith of,JerSO•S f],1• person w. it using elecrical in#lions 
Thesingle lim diogmm n Fig.3 sl•ows,vhefe Conclusion The COEIS {or ¢hair se.,ces are nof regulofed, ihe /0 siondc /5 ore 0/I coble 

so os the cosls Ihor ore charged by electr,col Ihe mur,icip' ily niusl iT,obe sufe Ihol Ihei. 
Commencemer' "work infro•truclurea controclors. a• 5ofe •d well muinmiried. 

and No psnor shall Throd com.ence inslolloi,on work reguloto.ore ovollable on oe' 
Design and construction which requires o new s' oply websi'Qur or In gov zg Iric,cose 

1he de•gn on url ek.Jec „01'Otio• obove „ £leclr,(,1• 5uppl, copocity vnless Ihe The i•ooct 01 riol lii /le lo sJpply 
1 kv /.Illooprovedb,operson deemed •ppllarhasbeennolifiedlhereof inthelorm cu•omerswithelertric,+•willbehugeonthe 
c¤mpel•i'lirilefms©}porog'¤P|•'0•,lciur@of •Jr04 Thesvpplierm.ivelhis indus' 

Ihe delimmon of a competri person M regulohon iequirement or replace It with onolhe, .m Contoct 
1 01 t. Gene,o] Mochi./ Regutchons Jake• *r.. or o 

• .... ill profe•.-I u•tegoll. Supplier loy nol linnea supply I on Depadme'll labour, Te1012 309 4391 
alectrial install©h" with©.1 1 CoC locob rn'loise'lchourgov.zo te,msol ihe Eng,neeriflg .Assion Acl 

conli•ued Ffom page ;01 

OPPFOprigtely, 1'.allow n g f••r •po„]+e advar,ced poymeill •prepoldl '110' enhances be„els to o u'llity 'he bigge, berlribelog 
do,0 visibilit• bu, ollow/g 10' 0 'ce•tr•I c©sh 'low and proll·ability reduces Nl end cosh flow ond the reduction 10, any CAIX 
'11'•Ilel 1/ comb,ne the trill ialed dah] 01 odds huge vulue / butn 'he end user orid ipend, Wn,le the orgurnep• b• mony ut.1,•,es 
#he .parole ,nelers end shawn io •he eic the 11•114 may be / concei,• for whe'® ihe do¢o is kepi 
user as r„•e, holislic v,ew - flus mokrng " Despile lhe fluge c€•plk.I e•pendilure (CAPEX) Orld ils securil,lhase que•ions ond collcerns 
¤osy lo p.ovide for SIR. a sm'/ mele,Ing AMI solulion has For c"beonswered, hunhere™unn g Pointls 

reach ng benel & 11101 lus/ilies Ihe pro•erl Ihal g ul,l•/ con engoge wWb o snioe nie,ef 
Conclusion AMI ad.onced re,renve 

OP) poyment cor, 0150 be ovoided in selting up deplo•,m•nt 

of smart otolow base.4.c. 
W,4h ihe gro,v'ng occeplo•ce meter AMAI advanced they Ind oper©,Ing o imc• po•on o maler per 
[nelering / provide re/ time b.g dafc. month- bos,• 06 alld wher o sm•r• mele. revenue poy,•,e,11 oepoymen' by op•ing 6, i, instalied ond wifll u'liles in dew/Bilg counl'ies •. coergtion a*endiluie (OPE)0 solul,In 

- 

requiring(,501/ion,botco//forsecurlly 41},colly/,5,5,/prredtoos/VI,nlhecloud Cailloc/Mortin Kuh,„n,Siernens 
. .... le e./.vere. I o well orsr,01 mirli,0 'sen,cesoluin 1.1011652·2231. 
managed Mo, rneter AMI dep/imen r•ort,11 k..crin@siemens.com 
need; /0 Ir•lude fhe monugeobil.ly of 

An •AMI in /1 'ad solurion oHers multiple 
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SHEQ alignmeni to ISO 31 000 (Enterprise 
Risk Management) and King IV (case study) 
by JL Tefu. C,9 P over 

This presentalion gives on oulline of perlormal,ce / the SHEQ monagement s/stem london 'he ISO 9001:2008 
(Qualily Monogement), ISO 14001:2004 (Environmental Management), ISO 31000:2009 (Enterprise Risk 
Management) ond OHSAS 18001:2007 (Occupolional Heallh and Sofefy) siondard requiremenls. 

TheSHEQdworlme/is ·hecurcdonot an Iheecoromyof ihelitioF Joburi, olwhicn , Ccrnply eMe:five!,crldefficienll, willal 
inlegro-edSHE/nonagemen•5ystem )MS 64%,sfrombusinmanc 36%Mondomestic legi:latve ard other relevin' protocols. 
und I, poiwd to en„re 1110, City Power dnes ond • prepoi, Ider-if,. 8.01,0/, develop, won lor 
Ihe con,oonent of ccmplionce cr,d anc cont ossLranci nuously review S i EQ re la'ad 

Mondole 
w/4 // salety keol/, en.ir</mert cod strolegies and odvise morlemer,Igbout 

teimp¤c·olsucktothebuE,nes 
quolity sphere, in the form *in+egro·ed T®no note by the boord/Exco expects the 

• Develop nregroted repons (G obol Su51-ob, t, repolirg in line wil the Slly' grolp ¢o Reporling ndex) regare ng Ihe business 
requirer,lell·:of vofioui pieces Agislotion, e Aligntothe,MennorNunlo/Asociatn perlormonce on SHEQ relo-ed motter 
policies and orccedures, oy·lows, codes af aid ·he Articles of Associ/,09 [lhe (su",nobili' rep©r). 

cons,lu·Non of the compar, w•,ch ethics (King IV) ond on, relevant standcrd I ...in the ISO certificolion - SA"/ provides ·he iegol frorrework w lin Gpplic¢ble 10 ·he busiress procs'ses which it operites os sli'uloted in Ihe Aition 0 2015 vers,enond clignment 
to ISO 31 000 IERM . 

Top morogemen' re.ieivs Ihe business Compoirs Act 2008 ard King r. 
processes/opefolions of le IMS 'inc,Dles {chaner) 10 Il • Cont/lous,rnprnver'.' g.,fs 

irn ple.nentolion to the ob,ec... the ove'll 
busine56 strolegy ·or cont,11 Jel improvemerri 
The el,min/* pre,ention. niligction and 
rra•ogemert of patentiol soielh heal h. 
envirormental ard quolit, irrpocls relolive !0 
Iheiransrrission and d 5·r,bu'ion of electricir 
lid Iher.inlionce of le re.ork lorms /9 

integrel port d le busine• plon / gnmen·, 

Tke terms of relerence ore ©Jhd /!ovi 

• Kil.V 
• Corrponies Act, 2008 

• OHSAd, Constil'lionelc 

• Un ted Nalions Prirciples 

• ISO Storcards 

* .5..ina,ili•Repon 
* Gl¢bol Reporting Inde. 
• JSE .lir. Req'iremell 

. Cl fower RI,k Assuranceondlonpliance 
Comm #ee LTermsol Refecence• 

Fig. 1. The SMEO 46•,1 model Cli, power -The,ore business 

Cily Powe 'um" SOC) .·d E ihe · Human error = 

energi d Ir bulion service provider t© Ie 88% Ill 
· Engineering factoi = 10% •ervice *liority. .ohornesbul CO,new 
· Acliof Prov dence = 2% The core compelency of *e business is lo 

purchase, ditribu·e ond sell electfic / with i, 
ils geogrophicol 'cotorin· of business The 
City 'i jor,onnesburg ,s "e sol€ shoreowr,e· 
39 -d by rgeor5 010 Hcs de•I,erv 
ogreement. regulo•es I. gervice in respel 
01 linori,iol ,65ues (such .5 t.ril|s and cgpital 
expend lurei, h'rnal' escJ e "Jes ®ch 
9, skills developme.0. delivery targets 
(mointenonce 01 -ets on© add'e$sing 
ossrtsl, ci,id • ai•dordsolcustornercofe+ Gil 
Paer con'ribules ove• R14·billion re,enuelo 

F'J 2 ./.Ou3,fior •Ic. 



|t]*Ff POWER 
415/' TRANSFORMERS ••|•• 
PCB Power Transformers design and manufacture SABS 
air and oil cooled transformers from 1VA to 2MVA. 150 lili 

9111 - /•/,/li.FU4r /li.2./ 

:1 

.. 

l •46#N -1 r 

Other products include Resistors. Coils. Fluorescent Ballasts & Chokes. Light Fittings, Cugent 
Transformers, Distribution boxes for the swimming pool industry, AC & DC chokes (Reactors) and 
Printed Circuit Board (PCB) transformers. 

We pride oumlves in delivering quality service and products, our professional and friendly staff an 
available to assist you with any query you may have, 

pcbpower.co.za 
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Monaces·le.Crl[.3 05 1- En56 e51.1.0•uli,bullon adher- 
Illhes«,-11•,envi,onmeriol .AdordisespmflircAlownnii' 60©del•rnlr•llurn¤ In,»rporoies fi•trof.•# | • quul,ly *.e 0 upible ile,rolional pe,•ormai• 

lecon,eny'•gove.nonce. plonning, iNA,eonoll' 
.™•r,JgerT,Bnl, *oMin9 ek 

Ing,olned que·• •lobles Conlrolled elledively ond 
Fn•u.•% 1hall•e Digorils•ioi i• run 

me: he,rhkA e'ied. couie• b, 6 lornpa,7,ver,m• * *I••orial .•., '-r//0, 
propeily nnd · Jil 

comp•„•es m-1 -1.1/ operoh' 

Er,=url 51 na ' lh, 
M.elmo•iiI o:hie*, 0.§0•Solio•,5 • G•5 •|ienls I gieoler 

, 1-1/ ained and guniontae* 1 

• • Respensibill•/ai¢ounlabill4 |•Context 1.- De·u-r, respclsibility/OCC©untabilty ofe 
dli,edos follows 

• Tbe 9/EG deporlmed is the c,slodion 
Report 

and 

0,1 w Integrated SHEQ Management 
R,51( Assessment Syslem 

• The Nk, Assurance and Compllonce 
Commille ove,see' spacKiedeve opmentf 

Communicate 

111 

approvol 
anc review •/the tromehoik. 

• The fre'Tlework is subiect 10 ·he mondale 
onccomm,Irren·of[*cooldthebool 

: • All I. 1 ./.1 :crry r.k manclement 
/ 'Ch¥!17 cors'Slful WIN|' Ihe upi.roved 

SHE' Iroinework .H shell generolly 
ident,17. com,luricaM K respond 20 
expected or eme<ging 'isks within iheir 
o.eas' responsibilib. 

R,5k Treatment Ki# i Mon'gerson/'per, sors're .sponsible 
for implel,eotchon 01 the framework 
-34 /,ew ir,did dvol bu•w urnls 

Fo I le,I ma, irguiT er;"fau>h 

SHEQ hybrid model 

The 5 % Q h,brd Ecel is oullined 'n Fig 1 

loss .cusatlon model 

-lie .,hiloscphy for ShEG monoge,ient is 
bosed on 'ne Safe•, Heclih aod Ei•vi,onmeitol 
.sk policy 01 City Powei /,ch sliles 'We 
believe Ihol •he sal), prese voliur, and 

== Secu.0/C,»Power'ss,As..e ernol•iyees, 
ES- BES citomers, suppi,ers, plor,1 equipmenl Ind 

the qual hy o• 1he en.L,Gi•iner I iri w.1 ich 
we ooerate s,ould be projecied und 
coisen,ed, We J.derlike 10 "eguird 'hern 
OS icT 01 re•5¤nobly oroeite•le, iforn in,Lry. 

(31 ) degrclion or domage oi,s,ng {orn ony of 
tne compon•'s operol,¤ns Isee Fig 2) 

Q=) Riskm/nagementprocess(Gtra•egIc 

Erlerpii,e rs< nonogiker' isa p·ocess F g 4 (* Powei ri•k m•ragrmrn• r,N 'e.: elterte,1 6, Il,e C iv Power E.co, boord 
o{ directors ond m//gemeni. app ied in 

Governan€e i Visible Ind lillie'deihio. slrotegy se•Nig Ind acro" 'e bus ne" 
I A.p'>volisigni'g 01 policy aimed olident,iying pore,1.01 everts lot 

The gi,del,res regard ng goverionce'ie· 
* Lead by example 4 offecl Ihe romiari• ond monoge risk 

i The roles. re'un//Aiand ourhori·ies to be within »le opproved r,/ npoel,le und 
of personnel who mor,age. perlorm • 'rkip'honinoudits to pco.ide ieosonoble oss/ance Vord,wg 
aid ,erify octivitics v.hi' offecl the • Own·doof polic, Ihe uch '¥emenl of City Power's oblect,m 
occu•honal heollh onr sofely risks oF • I./.I ofthe 'el./. res©/rem•. 
Ibe o•tivit,6 , rocilihes Cnd lsee Fig. 3) processes 

• Cons,le'lil d 'cip| le /14 orgonisalion, shell he defineo, Ainciple 'I - 4 'V dccurnem- on¢ coirrn-,crred 10 • Sustolil•bilit¥ 
h•cilitaM OH&5 moegernel I Cont,nuousimprove.ent The governing body should g.,ern 'sks i, c 
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co•egcnes A,3 Ind C as per?he Mulic'.01 
Slruclures Ac , ond includes oil MOEs 1 ke 
Cit, Power iHE) 

Clly Power risk manc.gemer.1 -* 
1 1 The City Powef 'isk '90*•,emenl '[]nle*I,5 

c•,Ilinid in Fig 4 

Rlsk molurl• 

F/.crs reia'ing iD fisk r·cturily cre outlined 
in Fio 5 

*- Swerns compalibil/9 

E-- •t-151*j De••Jls on le zo,lp.•im,•ily .he sy:lein* are 
Jlined,noble 1. 

Risk monage.n-tioume. mop 

The risk monogel,ell iou·rey is mopped in 

Fg5 for•'Diakme./ Fic 6 

Benefits 

rhe/ne{..e: £16%'r•72'.•,"':..:mt.3 *.0-nRego,r) 
• Integrgled proce,5 lo allow for ISO 

ninnagerle,•1 .•,Tis 1/ operole i. le 
inelhodiccl nanre• 

- 9.8, I. 1,001·2004 -01*45 18001 2007 c•tnil,c•ion (Ihe b., /02 nolial,014 / och,evi 150 cer#/:ation in .1400 h 2004 ond 1800] 2007 - The orgon,satio' ce' be ./ optimoll' 
• 

- siond/liJ Opponwrity & quall' ond con•inuous 
Susto *le'inl 3% 60 14001·9004 ¤•• 18001 7007 u,well!0•cal/dil impr<,4ement in t·,e ·001,ager,en• Ws,em 
SAM ie.filfcofion 150 900 1.2008 I2009,20 1 01 Comp 1,0/ wi·h laws and regul.,ions. 

• .....lon If ril ond lopon.... En,;ronmen/Ge0•Awel 
.enagemen 

Moin'.dthel./.red,•Norianal...%..rencense.w.K. I - Cuslomer und empl¢,ee solislodion. 

ISO 260010:2010 'arill..d 'h'es, ./pli'.r • Cre.jes o sironger trome.vork and 
•5/0/"uace,i,#'/skbou3 '51"lill-|nehea/dol¤ridanli• govermence i© och,eve 'he de'ired 

./ .i./. IM o.der le traolond p•ye ..re-n •1 weh de¥,01 -, piomo. ©ulcornes 

......l e, pedo,maace Ind o.* ......4 I rs ..iGnr d.. 10 .Im 
- I 

..... $ ../. 0 Inda•Ind 1...... rds .soc.led .de shil.I - Documented processes. 

Ill'Mic,N=&09(Enle.pn•uR6k Mon•en,-)Gap 
3 humn w baeody eecelted end 

'ed,vely monoged 
3 /4. "(50/1 & • Slondcrdised proceaes wilh built·ia risk 

OfFR, .inca 2002/2003 .le/,0 renisill 
s# c 

Mod,00'IMJ• 1. EMfl'on ond cel;lico»n {e. 
En"es awareness 01 whot s to 

Tobip 2 Tne <de,e.0,1:I.'I ''ll model corne *8 will me ob•e to deol w Ih a•I 
h.t/al,OnS 

• Cont'uousimprovele'l 

e - Organ.$81,0,1 ond Iheir processes 
conslor,14 Improve and nonage risk. 

• CLE.ome· ord employee sonsio:lion 
• Cre/·es/••ell·/unclioning orgonisolion 

Achievements 

The nch,evement. ,/ As imgord 01 de,ciled 
mE=== in Table 2 

= Eb-. Con•luslon 

3» 0 
The od'©81O9es 01 implemen•ing these 

W---- ** leod 

®-B= 
I we I·funlioning businegse, 

thot will soti* bot' e·eployees ord ct,ent, 
ond *# 1hot 'he orgonisolion comp|les 
wilh ol} s»•utory and 'gol requirements This 

Fg 6 ybuisk rn-gemar@Nownier resubs In busine,5 exceilerce oid c Iriving 
argonis•ion 

r*),v app[# l o privoe sedc, comp(,nies 
woylhotsvper:siheorganisnfJOn r. Se#ing 38[/,0/0.160'lons· and "ow 0/0 Cor,+00 Joe Led,le Tefu, City /42, 

"160'w.4 /0,1/ 0/d pub"c 
ond ochieving rls ",/ c • he ling N Coce ncludes all melros ona munic'polili®5 (re. I.• M 490 713 I. itefu@ci,•po,.erco.zo 
Ihe /*ms King Codes. 
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AMEU Utility and Engineer Members 

Aboqi, u•, Mun:c,poll Ken Tupper B 9820?47 PO Box 57, ./. 3100 KwoZulu No,•1 
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Amohl•thi [0•1 Munic·polily Hans loare 043683·5016 P/Bl X4009, 'luite... 4930 F.../ Cal 

00·Pholebaf,0,0€01 Muric,polil Neals Louiens ••5780·6414 Pivole /0.01020. Pholobonvo. I.0 impapo 
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.0- 
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032•468008 PO•72.Sto•/·4&50 KwaZul,i ND.1 
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0/d'.orn Muni,pol 

Kgos du PI•wis 028313·8000 .Be*20 He,mer,ui, 7200 Good Hope 
0-frond Murl,Umid¥ Tian,/BEDOUW 053•74·9700 Priv// Bog I. 11¤rl$,vote, 8570 F,0 Stal 
M•.6.-Mon,epolily 

0•7 734-66 .......01 1,...... 9470 Npurn• 
Pi•ie, Kg Serna W. **ily 0152902113 .80*11'r P©lokwone. 0700 Linipop' 

8•,S,Ws DI4590·3170 . 80* 550. ble=/ 0300 H+aid 
Rusionbu• Muric./ Good M.0 
Soldon• 
--ag..... 0227017066 ... 80/ /2, Vi.den./. 7380 

8•, u,el W.um€,pomy 
Luck,Ncidi 012•01/716 PO *40343,/[adie,0007 Hi#.I 

&,LGA 
Mwi•*1-----2*LI"Mt€ 051933·9]02 PO Box 1 16, Feksburg, 9730 Fr• i,nle 

9* [06 CEE Se<hon, P,ivotr Bog * 5030. Ki•berle, 053830·6402 RO•eme 8301 &pr Mi•:an. 
.?1#/Mun•cpo•L' 

E[./5 o .... Plein Slreal.lenbo. h Jo...Co•au 02180843770 71•00 .od Hop0 
......h....... 

Semolo Ichuloki 0132497226 PO . . .iddelburG.1050 Mpum,la.I 
Slevebhwe•e Mun,Glpali• -us o.2 487·9400 ...18 .g X57, Malm•b,/0 7300 Goed* 
Swo,flond Mul/Polt'_- 028514 8500 .80*20,5•ellandom. 6740 Good Ha©c 

'•c•'ll/"I•'-EEZYEM__ S.'11/0':'0. 

l......LIELE!,Ell--- 
.......... °' ·' 777·'525 .06.90 ..... 0362 High.eld 

028214-3365 ./.24,Coladon, 7230 lead Hop. 'w•·IBI__M,26Lb' The..i.rs'loof .•* Mole#e 053 948· 0900 PO & 207 D. ./1.2770 Cop Midlo* 
Tpaing Munic*-_--• 035473 3410 P 080.37. Es•c•ve, 3815 *lu Nolol 
u'lolaM• 033 4 13 "9 PO•71'G.e'own, 3250 K.Fulu Noill 
0,-fr Local MIn©Pol,N -Giniguilp-----U==7 0,3 665·S754 PO *6, De•mos. 22. Mpumal•% 

0233 6/540 ... Cm,•s. 6835 Good Hap,0 
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AB'SouihN.ca Annemarialahnion 01: 579 3258 Pr•t..%100)04, Eden.ole. I610 H,Qhveld 
Ab0rdare Cables Som 14]05ano DI14564200 PO Bo• 5093, loh•,le.bul 2000 Hi#val 

*Iwe 50,rh A'•ce Mel...0. 01 1 208·3000 PO •• 1 587, Keiv[n, 2054 ..eld 
ACTOMEIedncal•ducl Elliol Moswone 011878•89 PO*678.Ger-en,Jehanne,bu/00 Lmpop¤ 
ACTOM John Willinrni 0!18205097 PO Mo• 13024, Kn,Ah/ //burg, I 413 Hi+,eld 
./En.GY T•vor R•' 01139".8 PO Box 1365. Ed.n•gle, 1609 ./veld 

Uwareed T-*ions and J€•n• ...C ©erhe ol2661 3877 S"33 "ate@MX/39,Ce#*/46 HI,hvald 
AM. In'.h Ima 01• 316 7512 PO Box 980, Olilantslent-, 1665 Highv.Id 

168•,*loD,ive Un,19 Porl -elln,•2, •ggieko Tony Ham:,on 01135".0 *ol 
O46nhlonte,/.1666 

AJ Chon,oud & Co· Andinde- Dll .•040 PO •*433?,Honeydew 2040 High,mid 
Ale* Ing./imal *790·1665 PO .96120. H-Bav 7872 Hi,In,el 
AlenneleMrMIEn•ince' Gt• GU• Peimi 01) 805 0391 Un• 1, Led,err Oftice Pclrk, Holfir•oy How.e ' 685 Hig/d 
Allbm Quinlin •mp'"ht 01· 891 8341 PO•6699, Dunswol, 1508 Hiqhveld 
**#*Iril Noel VA,le rl™••M 01-235-7678 FAulur,·iRd,R»era,2128 Highval 
ARB Eleor,col Wholes•le• •#on 03' 9100200 10 D..inl R•od, Renese. 2094 KwoZ•lu No,01 

Boll•nden & Robb &* Hendrin GerMishu. 041 581 2262 PO * 958. Par, Elk.b« 6000 EIS- C.Fr 
Ba- Cop;101 luea.Obefhol•er 0877008332 POacx 789090,Sondion,2146 Hiohvel 

.E Con.,Inro Eng'nee• Do•lelde Vne 044 801 9700 PO * 1862.Glorge,6530 Good Hope 
Beko·khader Gordo• A•ni 0112380.1 PO acx 120, Olifonl.nte,n. 1665 Hiqh,·eld 
Sige•AM€058•ice• Jo•n Mele,i 012849-87CO PO B•x 99, Innevo• on .b• Fret....7 Hi»eld 
RVI C-,Illing E.- Chrk 80. 0543376.0 PO * 115, Upinglon, 8800 C®eMidland' 

P...35091 f Newtow. Pork Po. Elimbeth. Con. ConsullinG F./Afs Likhom NW,41 041 372 9898 Fos!•r 6065 Cope 

Cal Ei- AM€¤n Coble5 Jonnie 8odenhoa• DI64306000 POBex'..reen•ing.!930 Highyeld 
CC' Col I,•ir•tiol Anhur C-e.0. 011394 9020 PO*192, Kemplor,Park,}619 Highv• 

CEO + Co•sol,doled Elec•ical D-b- Do.i. 80*izM 011314 2869 PO Bo• 890, Mi•traf,m E•t- 1,109 ..d 

Chep- Vk• DeM Rosio•w or 0221-9.114 PO Br• 1•91 *.. .. H,+eld 
Clink5€/1/5.0/9./ Br¤wn ./. Pi- Canmdie 044874 1511 PO Bo' 2551, Geome 6830 G©•d Hom 

Aeondar..rd Cochr•.5•01 Products 011.4 1788 125 FinA, RM'.9.*r...plon./.1619 H+eld Cochian• 

Conlog Ki• Terblo•che 0312*1111 PO 00 23320 .. 4000 K•Zulu Noi• 

CeAelidolad Powaf Prciact Shored Ami• Ramlf,5,con 011805 4281 .%. 8/ *42 Hal./.ouser/,d..d,1685 Hil.id lenk,S 

Co•tow k.*' Sogie 'hodle, 031 266·97. PO Bc, 37730. Overport 4.7 Mon 

CLAR Wile./.Wk 021880·9915 PO • 897...Ilenho•h, 7599 Good Hope 
CTCGIobel W•ond de... 073344 •449 10 Bo* 14059.......in, Volderb,ilpc'.1/2 Eo.m Cape 
lili Eng -'. Androw Wolih 031869-1242 PO 80*20207?,Ourbon Norl•.4016 Hiqh•,Id 
Cul• •fico IGish Chet,• 011848·1400 PO Box 78 Noerd.+r 1687 11+aid 
.**Moom Adrien Sli•lerhnu. 021 976 3087 PO&<79. Dur•rville, Co...•1 Sood Hope 
DellEnergy.Immunicoli¤- T•¤In Tessnlocr 021 276 1751 Firs,Floor. 71.-rk...reel,Clp,b.,8000 Good Hop. 
Dihlo• Con,u'i.g E.g -M SI#han NQamlo• 0814471636 Suile 258. Pr * 8..1 0 8.0,rlhof. 9324 F,Srom 

PO Bo• 131. Hurling!•omVew. D•PROC•r•ulting Iv c. D.elik.'ic 0,1787 2,/5 Joho•nesburg, 
2070 • gh,8ld 

Y•nde 
Di•oi. G.* ..0. Ngulw•a· . .4 ·2045 PO .. 2100. Ballv le. 7535 Mobu,e Guod Hope 
Coble Eng,neen.eo LL,wen•mnMoodle, 031 2662920 PO * 1150,-*Ick. Durbon, 3631 *001 
050·Cc©u,oombki &15haridcn 441759$09880 DSGC•nus..Be*.#e •bikwood 1•lurnolimi,01 • 

Cle;e.BroodleY Irid••,ial Park, En•land, PLS 750 
Ee,ker, Ele€0€ SA No%./ Mkize or .4 74{00 0 . 019, Wode·ille, 9302 h *ald 
Eberho,*M.in Gerard Connoll• 01 · 288·0034 PO 8, 58365, Po,t Poir,1 Dr•.,0, NewkN,, 21 14 H]ch•eld 
ECAmN Cecil In•*, 01234 3358 po .' 12011. H.illd, 0028 High,old 
Edne L,e *Inecnn• Gor¥Sheer 0i1680·5492 PO Bo* 2053. ••ridmor Johol,n,Rburg, 21,0 .eld 
FE &11./ Roger ./ 011 5417000 PO..8. Mulrl•-rill. 1747 I:gil' 
Elech© irdwch•e Ind•,lire, Abduro#rac• Adoms 021 980 96. PO Ac. 1454, Brackenfell, Cope Towri, 7561 Good Hope 
e l,k Engineaing Lee.Knoll 012349·2220 PO 80. 70577, The Wille... 0041 H#.d 
&Coni,I·•@En-I Chritle ./. 02• 975 1718 PO Be. 1 !42, Ourbarvile, 7551 Good Hope 
81..• Hendm Bomcid or 787 7566 1660ak•.r Fir•dale. Rondbuio, 2125 HighvBid 
El-50!uNon, lon Dor 01' 699·0420 PC Bc,1603. Fe·ndole.2160 H. eid 
E*pet.'+CE Gnd Solullon, Geri Bomen 082665·5090 PO •787122,/ndlon,246 HiohveId 
E,0 eon' •e--1 S-ces M]ke 8.0•. 043 726·2726 PO aol 19803, 16comci .• Londo,i, 5241 Eastain Cape 
Fa,ed AaerGD,ber 011726·4090 PO / 3122/.¤mfo.,81. 201 7 Hi;ihvaid 
Flo SpecioN:ed Pradi./ Sclution, 41•nO•ndo,p 021982·7551 PO Box 5 I Ot, Krooll©nt,in Ng,Ih, 7572 Goodtiope 
$1,K O 0.1.0• I kle. Sello Tsoc, 011825·3144 PO B• 1 181. Ge,inis,on, 1 400 ... 
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G183 Paulruaimons 01 1 5,9 4/0 PO Bo• 2700. Riveni¤, 2126 M..d 

GL5 Consulting Jo,esh Ru•hod Oll 4,7 8687 PO Box 59, Bru-, 207' 'gleld 
GroceinnovaliveS©lullons D-, Re,neke 071606 7951 110 Box 556, Sl,16-1.2551 H..d 

Gt•elo T,c•. Z•nele Ni" 033346 8026 10 00x 389 New Garmorm .10 KwoZ•,h, 1%1= 

H v Tes• 11,•r .... 011883 2.8 po 80* 65 I 287, Benmol, 2010 Migaveld 
He!8•on•T# Clni•*I 011879 6600 Priae.....•/." ':q,weld 

10 Soddle loud. W. drneod IIci pal 
He.ing Ele<tnc'ISA Desmond ShonQ.ve 011078 0400 .eld Woeernacd,219 

IB,Monlv.e&Co-Mos,e,Le-k G./. Slale. 021 508 1250 ...2,Moilla/,7404 Good Hope 

ID2 Phillip leol 0!2470 2200 1080. 72614. Ly'.0- Ridge'Preto",0040 Highvcic 
Idube Eled.icol K.•h Envin 011397 8/1 po 8,>* !5474,l•mbt•n. 1414 H,91-Id 
/O..... TIlldikone 031 536·73CO PO ROX 1907, Durb¤,•, 4000 Kwo7Jlu Notal 

11,vu98!elnCOnsullonT' Fulco i..WI OSI 2662707 PO .* 698, We.ille. 3630 KwaLlu Nct• 

*.'ABus,ies.eIA¥annA[fico Cnoile,eS©den 0118189340 PO & 365, Brokrlon, 1540 *./ 

|glearr, Ton•anc MwomJko 011314·3190 PO/*543 HoJ..ou•e.1685 Hi»•eld 
Inspi,od In,01'aces b. Ph,165 0317656650 PO BOX 967.. /. .. Kw•LIL, Nat•1 

1,O Tec' SY.ms Be•Wogner 011 4663701 PO .x I 3442 VofnOVolle•,1686 Highveld 
1*Fng,Iners •liff 'iltlerS 021919 3000 PO 80, 398, Bellville. 7535 30/ 110. 
........les Sipho M·hambu 012867·1530 PO b'0514 Cenll,fi• 78 Hiwi,·aid 
..0.10/01,8•ing Sil¢hurADuzo N•umoic 031 701 7552 POR©*7651. Pinelown.3600 KwoZulu Notal 

JoC•.* M•s de C•ro 021577-1.2 PO / 1548, Dog•enbe•rq. 7•5C Good Hope 

KBK•warS•Ilitio• F,ed Chio,s 031782.1.9 PO Box 133. Cc·o Ridge. 3680 Kw¤Zulu Not• 

Gwall Holdings SA •te, Ho,. 011914 9395 f'080*8053. Ede.len,1613 High.eld 
./05 >*sure-r· & Control Hein Erwin 071 98200. PO 80* 3585..*nville, 7551 Col Ho. 

1,¢ Floor Riven,de Place. Ty.•.... 
Kof-1 ./11¥ Se.ce, Pedrov•Somt 021.4 9666 6•od Hope SoulhGorer Belle, 8000 
lordis + G. Nish/Chel 0•26453117 PO 86• 4052 The Reed5, Pretono. 0185 H./.d 
Ld Mc.inu= od,vi,ion MACTOM David S•,1,% 0116156722 PO/•97440,8enr••.0611 lighveld 
Ligh•,•9 Sh•(ture5 W: om Bfough 08731"000 PO Box 1592, Ni•el, 1490 ./.eld 

0/0/In. Philip p./ i +4165643144 585[)•o,StE,Te-,o. ONM5APB' Inle.nali¤nci 

Lvc,Ele£,reSou,h A•ricc R•chord Si John 0!1025·7490 PO aox ./.-ydew, John,psbu,g, •040 H.Id 
Theo P•tgieler 021 914.. 1'080. 49/, T•ger•011/ 7535 G©•d Hope 

lvan&•Imoll M L.1 016981/6270 Poibus3925.Vcnde,bi,lpor• 1900 H,•hveld 
6 Elgin Village, The** Estole. Wi•d'or westr Muchne A.esment & Reli. lil¥ Technoke Kim Dore 0!18486940 'fgh•. 
2194 

. *lo T•ihon Elenc Coble E•ir]6/ de 'Age 015450·8200 P080*1643, V•ree·•IGI•!1, 1930 HIgh.d 

. *84< Seres JIll bab•09 04168l1262 PO Be. 955, - EhinE« 6(100 'ostainC/pe 

. 040,0 Sol/Mg 150#cn Grove 011•531177 POB©x 752231.Bedlo'Garde•s, 2047 P gheld 
I liergEne.q,Solull Nelisv.4•gubo,e •100350230 PO acx !444. Gallo Monor. 2052 Fghveld 

McWode P•odudion. Mc.r Hinole 011 3162262 PO Box i 42r Ollfont,Unle•n, 1665 HIghvel 

Medupe D;*Iribuler. Lem-Moaung 01397 -2913 PO RK™966 Isando, /00 6•;97,veld 
Mrg*irnned No,h•™,1 Foschef 01' 391 283• POBG(6910,/.•Neigh, 1618 •fl•71& 
lili ek.51[,/1/.Fi....1/ 80./ De/'on/,Andsnly 031 502 4727 POBo•5015 ./.1500 KwoZLifu Noml 

elm..id Simon Tippal 021 593 6.4 Unil 7 8.74 Old Timhei Yel. 1,10,no,Id 7405 Good Hopa 

01!• C•n,•Ili•A E•Aina. Geor•e lone. 018474 9000 PO••30. Robe.on. 6705 Good Hope 

01!MccDona•AIrco Jegon RowMn 0115'9·0000 35?RI•*.u,eval Rlwon,I, 2128 Hiobveld 

Musco 4*9 Derek Ele' 0315699129 POBo•70•165,(]urber,Hor•,1496 16.,Z. NNe• 

Nelelek J,ion Moodll 012804 7815 PO 80* 73130, L,n,Wood/Re,0046 H.Ild 

Nordlend R•mond Nel 0116•2 4300 PO . /. Muldeadilt 1747 Highveld 
Nlamo Tachnolones Quenlin Loll 08612,58·266 23 Chosewa. Sweel New Red,uth Alberlon, 1449 High.ed 
N•'South/Mcc *Mer 011 675 •774 Sui• 550, Pmel Be,• X09. Viell/*den Po.K 1715 Good Hopa 
0./'ho Pewer leiec:5 joh• •onS,odan 011784 G170 PC •650187.Ben-0,2010 H,nMed 
On. Srems .Klian 02 928·1700 PO Bo* 4059 -,ge-Iley. 7536 Moin 

OP"ur, Se•• & 012683·4500 PO•79!1'Cen/**6 Hi*eld 
/tch /,lum/Ipplies & Con,ullinA /],hom, T/owl,ik, 021 906·0600 PO Bo* 5123, T„er /4.7532 Good Hop. 

%.Monoge- F,ikkie Nel 07 948·0225 PO 80*3157,Ourbon,·iller 7551 Good Hape 

•ndo Erq, Sol»i,or, R•de•Even 0•00.S·0232 PO B™, •444,00110 Mif.act 2059 *d 
PHMo,ketino Ash... w.eron, 0 i 867 67.7 PO Box 1925. Milulbo,lon. 2059 Highveld 
Phdi. Uqh,in, Seull, AJ.ic. Regg e Nkul•clo 01 .t5000 POR•58088. Ne»ille Jolene,bul, 2114 lief•Cope 

Pien= & heo Ene= JO•An E- 0129985219 PO B©• I 831 , 8.©ol:Ill• =5 High¥/11 
13 Tampi: 5,ree, 0,monde 6,1 i Joheene,burg, U SJppl' On Demard An•eline MQbe- 0T1047-1681 Highveld 20/ 

Poly BO• Potar Willen 02 T 386 5777 PO B©* 51578. W-r•roni. 8002 00•Hope 
b,er*10 Innel# Froncoi, i•T•der 011234·0(]08 Ft,snel Suite 1 •8. Priwole @og X75, Br,=ton, 2021 * id 

PowerMe•/i,ement.D,il,ibulic. Jnh•r de 1(le,k 04• 873·0742 PO &4700,6ecr. En. 6539 {30/ Hope 
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Po,ver •,ca5s *SI'll Ban,omin Roode 086177-7769 .*4,72.SnuthoM. 2087 H,qhvn' 
Power,„ch Tronsfor.1.f• Mol[.in Invin 012318 9& ...l,Pre™10,©00' M+eld 

D.lk B.,110 0•1 '68 6735 3013rd •loor. The Fil. Resebenk. 2196 High·eld 

P.®motfricu Noners .n Ren.. 011848 6940 PC .. 3971, 'llriclla, 7536 Goud Hope 

*.ii,v.E•0.0• Gregkhoulelbuil 021:11·5580 PC 80x 495, &* F// 7420 C.od Hop 

PSWConsultingErginen. UM.i•Volq, 0123492253 PC ..146, Perseqou. Irk, Pre•of;•0 0020 Highveld 
Pule Enem, .li• Con.nts David Mok©ke 011728 1249 PO*92516,Norwood, Jo•nnes,u/r.17 H,glweld 

31 Gold Streel, N™th.. 8•ine•i •LI,0 ighl•On,01•U. Feliz r, Baner 0861668688 .... Good * 
To.v•8000 

•aphel• 2,56 •r.ice= Jan'.Thor,•p•on {11 '53 1177 PO Box752231. BedbdGoiden5.2047 Anveld 
Ron,i 60 •0,•s Mir'orn .mpnon 0723369582 PO Box 522, Mulder,dill. 1747 ighvaId 

Reger, Ligh'.Ions R-01 Vvol 01· /4 0.0 PO Be' 58 176. New.ille, Jok.nA'...., 7114 
ReinhcusenS©w'Affica 4bus de Mllier, 01' 838 9077 ./'1395,Southdol. 2135 "veld 
R••0•8 Mela•n• 5¤lution• F,rcols Conrn. 0120013600 PO Box 1 0, l ee Joi P•rk. P·ecrio, DO20 1 ghvald 

Dho'molirig J• Re- El•dreel T,0•910-rs 0!163 1508 PO Bex 83334 Soulh H. J.ho,nebul, 2136 HI+eld PodayochMn 

ROCI Ke- 'A'elit 011 670 7600 F •ON 90 Rcorla••n• 172 HI,Irald 

RPS Ilang¤bi Reoi,Mosuk• 031266·9505 PC Rek 1670..ile 363C <wa. J Nale 
Rual *in••roM,n •son Moud' 0851878725 99 FO.I 5•re 1 511- P,tr•o, 0008 MPLI•. ng' 
RW,V E. inearrm? le loss 0 I 143380C3 POAox 7049'Sou 'cole, 2135 Hia hveld 
•ASCommer•o! Al./. flu 5112382308 1• 8•ro n PIece 1115· Fark, Jc 'Inreibll. 2!97 High,I' 
5A/ 510*.Ii' sion Mo,amo•i Mn• 012 428dl' P•val R•• x 91, Preter,•, 000 H,+.1,1 

1 River. lew/fice Poik, J¢rl. c| AinniJ' Mi*.M. Sch•eider Eleanc .... -or.0 01 4 254 UC,0 HignveId 1685 

Se./.01 Pols Mo,le ianZy OI2348 8660 PO 80 17028 Gracnk!. of. 0027 H gh,/Ild 
S.rnr m Sknm,ls House, 163 U.. ...= Err lie- RocnnYSw•re 082379 9989 Goud 7500 Her 

Si¥./.bill Eiectic.1 & .ust• Supplle' 1#/02 <oce 021981 855& Unil ..5 ... ' ./, llc kenlell .7560 G•od Hope 
SME' Seul A-co Andie.nde. Wal' 012481 S800 PORD• 72927.4n wood Ridoe, 0040 1• ghveil 
5Mcie-1- Engineeri. CertBe,uldenhou' 0!2663·4331 POBO* 71'C, C•ni urion, 0046 *Id 

Spe€turn Comm,Inical- Kern CIa 0215•I·5800 POBS,£ 36900, Chempetr 7442 Good ·{go• 

Sp•rtri,In L]tilill Mall/g•menl Gu./1.92• DI299I·8122 poao• 98525/ri. len, 0042 • gh¥!,Id 

5•telli08,1 Rick, A•her 0217008500 P08O* 321, 5-* 7947 Good Tiope 
Slotic Power lo div of Aclem) Nirholl F. 011397 5316 POh 1342• Wit./. 1467 •·iqhveld 
5-,tchbcord •nulcd-5 Shona 0 bill, 031508·1520 P080• 40086. R.,1 Hill, 4071 !(wazull Nal 
./U Jul O ..... 021710•044 PO 8ex 30298, T©60,. 7966 Good Mone 
SmS©-Afrka ..1./ C34375 7130 PO & 2597 Neweaslle, 294C 1<w<,ZJIU NMO 
Tonklnavitne.aDM•,on©f ATC Adrican T»or 07 700·4380 PO Bnx 9.5-ba· ',7947 Go•Hope 

Pbs·ne, Suile 7-do Ele./ .ill •8, F,ivoi eks,8. x26,•unn inqhill, •ndrewSibi,0 01 *4 2199 Highveld 20. 

Te•opi• Counney'll 0115••4017 *.,8r, anNIC'r 2021 Hioh,aid 
14OAKe 1•Ir Dr« Mo TGOOD A4,ic¤ ning,1 dcM••or.Srid 1(obui Conhor 011 064 1603 
2, Hig.Id 

T•Elactrical Con,ocfinnBoordef. Ton,Mc00.01. 012804 9652 PO. I 912479 Silvnfl• 01?7 Highveld 
C..... Pork linh I / Roe· C rescen' ns'•el ;Jorne• Motounq 011 049 8682 Mid-d, 1685 hghveld 

T,ns A4O.- .*%*IM.•ve 011207 7734. ' FO 60: 65/f Hollwa 1.5 k *eld 
Tneienie SA Tmv-Mil. •119289694 PO BOX 30542 3*,rk 1469 Good Hope 
Tri,e•F.ergy- Jo Deor 082322·891' POB,)* 801No * 2116 
U..eni C.... .e 8ree. 025 792 1026 PO &™ 1521, E'n.Or I. 388C KwaZ. 1 'Noial 
Unwaral Ccbles Rud, Lobuschogne 011 769 •394 PORO• 2t335, Hede•kNIn. 17S3 • qhveld 

Sul 70•. 7 moo, I.i 9 8/ Buli• U•ilit,85 .'Irid D...son 03: 833·01•• ·,9. W,dges de Kw.ul, N.·n! IRC AP<r.. 4319 
Uhli, Admill,IFMien/Aices 0,190 0,0 M• 6823000 PO..1 45802,Bro6po n G-- '452 4.glweld 
Vefo,esl #an) Mn. 01' 805·6322 PC Box 50559, Rond,iedontain. 1683 H,qhvald 

Bouke Spomlitro 012348·46,7 P. MOK 39 /8, moer, e Ge•, 0048 Hinhaid 
Pos.#.e 293, b.·al 'A,fron¤ .flus Schwort 087805·5218 Boq X' 007 4lte toll, 
0, Highlid 

#.*Ilpx(»a 5/#Roel 021530·3460 PO 80*291*,1 16 d, 7404 Good Ilap• 

W.q- -8. Holdin. Lird.k.he 'lie'l 0!2386·9490/1 PCSex R402 preloric WA5t 000 H,glveld 
Woodbeam 810ize MoQe8 086 19• 6'191 PO * 526. Modderk/n. 1645 High¥eld 
N.bo•ch GranIMor,9 021713 7260 PO.*30761,·bui. 7966 Good Hope 

•rn Yem kn•lo• T•mm@ond 01125889. ./.?r Courl. C]tb Es- Woodleoa, 9057 High*Id 
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