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gu,donce in respecl of pruden· C,set cuslomerg ord our countlY" econ<>m,c g al' emerging d Gruolors,ilheene,gy lo'c.cape 
marogerne,1/ practices ord the identific/,or 30 thot •iddeveopmert t·•ey exce / St'iV ( Et di·li.4.4 for /1 on 
0-cpproonefe Truining Ind skills Irinsfer o susla,noble Dosise In concluslon il is mportor· ta nile thot In' 
mec+Qnisms 4/ indus'Ii' revolurion is While 1 nof ,ust r,bowl 

om ro· lor I nomei,1 '•ggasting 
As #e indi,64 we mu/ ten broaden our tba+ as an industi, teci•ologies we sho•,Id be WoltlrIQ 
discussio, e,·ersively lo iouch or 44• 4/ /or the polcy ./ers ord he reguloic 10 Mily,o• en,OY tie 27•h AVEU Tecin,col 
indust:/ re.olution / speckoris Q ready lirslgele•ei/Ing,roluce before wecon Cor.„i,toriand'.,myculeoveher•goback 
spe/1./he'liesspace embroce the luire. ir is ess,rpli/ ·hot Ine lo mu,ploceof wor<,re-energised oic /i of 
lode, and gertlemen fosienum your 5eWbel·, ind,E r¥ enoblers fron o pol :y pe,spective rew ido<,s /„ u•o,/iss on the opperlunities 
as we greaboulto dive inlolhe unknown. be od/aned. at hond. 

(®Fi iKe or ihree ©ecoded has been Illsessem,altholwege· dipto, Refulure Rcli".Mokgos, AMEU 
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LeanGear ZS9 

Arc-proof air-insulated 
switchgear for primary 
distribution 
12kV 630/1250A 25kA 

Lean Gea f ZSG is an arc-proof air-insulated switchgear decigned to meet 'pace 
requ/emer 45 and ratin gs of Mghter electrical distri butiom gr ids.It offers optimal 
safety anc relabi iry standards, consistent wi:, AB A s uniGear range of switchgear 
With a /1 1. 1. proven robustne.sand flex bi i-,< the Le//Gear 759 is rected for standard E 
arrbiemt condit ons. abb.com/med lumvoltage 

1 
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EThekwini Electricity scoops top 
awards at AMEU convention 

It takes over two thousand six hundred employees of 
eThekwini's Electricity Unit, and technical teams working 

around the clock to provide safe, affordable and 
reliable electricity to every home in our city. 

J 

44//,1 11 

Moxwejl 9•hemou 

Recogpition for work well done is alwo„ upprecioled 
The electric,ty deporlment of the eThel<wi,I Mel,opol,lan 
Muricipolity's efforts were singled oct {or par·,culor 
recog, ition It this year's AMEU conieiticri when -hey The d's hood, M.ell M-hembu, thanked )he AMEU 
were owareed the associatiol coveled "Top ocrio-ng fur .ecogal,Ing eThekw,n, E|ectricity's e'lors, by soy,„g, 
melropcliton municipality" owo·J ' This herd eorned oviard ccmes{]·0 ·ime wheil -He countr, 
Lost mon,h, their hord workwos laudedthrough tvo pre/glow, as well os lhe de,Inciry distrd,/Tron niduity Finds ils,31/ 
o.crds won by Ihe unr In ¢he Aisocial on for kin,c pcl crispled by o series 01 challer,ges frorm d.incllig soles, 
Elecr,clly Ut, Wes AMEU pres,den"s Lego„*M [Thekwil.1 COPS lunily "smg eleuncity prices, chollenges orounc 
niunicipulily'selectrIC,4 witworilke riougumlowa d for"Top renewobles c nd seE'-generchon. a slogrl],1 eronomy a 
perlorming InelropolitIII ,·iui•,clpel,4. well os infrusl·Ud,re theft, among 

olhers . 

8 27/ IME' T• hnical Convenbrni 2019 
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"It 6 under tliese cifficull Lircum•tance. 1•t Our res,lience 
and porscric um ago,ng udyerse cond,hors. are [orged 
h gives me great pleasure lo note Ihal thle molo·ily of our 
sla[1 liuic risen lo deliverlic best possible servico the unit 
Con Offef under trying 

circul·,stonres . 

1 •lo•®aca. orw,ea' Excelleril pope G we,e pre:ented by three of the un irs 
• Study by.6korn lea r.icul stoff. CCT ve"T- ·.• US UCT CPUT 

Sned. Ccle, c technic,¤n #ho specialises in dingnosi rs orid - Cli,!criurice, 5pike on the logic '·Condition monitoring 
6:,3 velopmen15 for 05SeT mon.gernenl iii MV 5.i,!Chgcu,, .4% su Chetly, a ch,el high volloge planning engineer gave 
0 presentation on "Challerges of p|unning fL. lure. 9,gh - vollage powe• IM- refworks'L· ana Reshor 5,0gn, c 2 L IL ..ill,- 1-J j.• Ilj l, 1• 
chief engineer. who special ses in SCADA culomo•,0, 
ond confro, preic·,ted o omer on "Leveraging coen 
source lecniclogies in the m unitipo|londscope. A remo-e 
monitoring solution study ' .ose 

-The Munir pdq's prolect execti·ie 
forelectricify Joyshree Pershad, 
who has over two decoaes of 1 Ihonk 1 0 AMA[U 'orow'ording me Ihie honourof receiving 
experience in ele/Triclly -ronsm,Gs,ori tnis sword·' she sold 9 :voLId 0!so like To lake Plis 

jl and distrib.lion, wos owerced -he opporturilly lo u so ·I,unk the eTHe<wini Elcctr city execul ve 
.2. inougural •Top *ning learn aid womon my orewous d e,10, Tony Dolo, colleaguws, 

in eleciricily" uwod f„ends and family for their supporl ond encourogement" 

In her GpeecH ober rece,v ng her Pershod's messoge to young engineers end Ihose asp ring 
Al awurd, Pewhod applauded The umt's k loin the inrl,/y is "herd work, perse.·eiurice und 

prog.an·mes whirh mnhnue to break performance /·e Ihe keys to success/· Per,hod is also the Jo,shree 'r:hod gender barners In thls Inrgely mole AMEU'5 ores,der,1 eled ond will be nouguroted os the 
dom nated indust,y and its success in attmcting, developing associa or's pres,den, & rs next colverit,09. whic' is to 
ond be •elri held in ling Impelent ··.comen. D„can n October 2020, 

EThekwini Metropolitan Municipality 
www.durban.gov.za 

27th AMEJ Technical Convertion 2010 9 



I KeynoteAddress 

Keynote address by Minister of Mineral 
Resources and Energy 

Il ps o greal p"lege for M +0 inter"' , 4 r t*tc-1-=- ge leroilesnission and distr,oullon 
p -oday os oflheAss©:ction of Municipo 2 0,9 model of Ihe POSI W e needlke.elors, to 
Eleckil Lmilies 0/4,4 2/ -echnic,I centexlu¤, se this shin in ourcwn .onmenl. 
Coivenlon onder the tkee "The fl 5.iuill Aficcs In<feosing eleclric,ty prices 
Irid,Etr,01 R€¥olut on - 8 Jilding Ibe l er 

t compourd the energy ndtslry e'.Ol 't Cl 
/4/'the Future, Tod/. r 

3- It' .uch liquid pettleum los ill'G) 
This diver/,on ·u'e• plu' e : doy oe•pre 1 •re now ilcble olternal,ves lor cog.Ing 
toble / updoled Inlegroled Resource Pw 15 Ind spote heoting wkils- oollop solor 
2019 to Ccbinet/orapprova Asyou mighl photovol.' orevable for Ighlirl 
be oware.„e RI'20 19 updaie has beer long 

Tle model lo· 'cvcnee Hn,clpollnes 
corp ng. I believe lhQ+ ils approvol will c•Q•e will hom in be reiewed in the ight of 
Il,8 rr Jch·needed pcl;2y 2'kint!, . itnii, the #c chong ng behovlour cf 13e elec r,=it, 
eleclrici•ty gelerot,on seclor of the I.lus•4 Mmer Msre ald mere coAsvmer: 

The Nol,oral De.eloprier,I Plgi identifies choose ogenerotelheirownelecfrci•V. Thi• 
thereedlor'ourh/,coloinges! nosiring will eud 10 "e reduction of c'stillers of 

network d economic infros,ruct Jre. des,grec 61JFIC!*ty Ilisnc·necess•ril>.vise 
to support tie mun" nedium ond |eng- Cia,2• ••I'•' 10 -noke up 101 143 red,/:en b, ircreosing 
termecenom,conds©cio oble'ives Energy A'ir .0rraiUn•r'i/••lil·esundfneig• hir,If9 A hetter propos,1,01 co JId be lor 
in;rostruc•re is o cril col cori.pone,1 Ihot m•ric,pol lies ·0 onena their reverue rn©del 
uricerpir, economic ocr.Ity and gro•th 'roluc ng more seri,ces, in lie c©•te)d 

ocross the Country. It needs to be robus· Municipakties plcy of tie fo'rihildusiniol re'olutior on 

aid e,tens,ve eiough to maet irduslriol, 
Wil ,„, 6 /- mo,or oreos oi Ile value •ommercialond housenold,ieeds mpodent 'Ole,n the Actricity 
choir [eleclicilygenerolior•, Irolisr•,ssionond 

Municipalties pla, on impc./1. eir ·h€ deliely value chain. They •istril}Liton• munc•.las plo, o key foleof 
elearicm de%/ 4.e *. /. '%/e disM,bul on ond Inierloclrg wlft· end·•gers 
the inter.ce •vilh Ihe end.user of e ectricity provide fhe inter/cce wirh 

It,sc'il. th:li,iur,icip'Ities Grerechi.olly wd #us wi/eu· le,hn,colly compein the end-user of electricity tup• .er•,ce the eledTici• consume- a . niun cipolites, tie de,0 of e•eclrici' wi|| 
be ina.*/poivernonner. Wene/10 foci 

Hompered und fhus w#hout lechnicolly 
Ir, b.•,Idi, g technical copoc ly oic re·:roin 

-he goiernment has, since 1994. rrode compeint inunicipolities, the 0· .inicipolit, level 10.-epcre -:r Il,e ..· 
sgnilicon' progress in /(cviding occess ·O revc wton wi·hin Ihis sector Muicip,Ities 
elear» n 9940:cess.efor,ric,4 5-000 detivery of electricily will be musl be abic loodoptlo global ·rencE 
a,36/.S ncelhen 'rougn/egolernmenys 

hampered. ImegrateN Nat on& Elect·dicoll Progromme Orce·he iR /019 105 beer coproved, I wil 

(INEP>, occeslos,i'crais' 10 0'ier 90% 01 issue o mir,5ter,ol delerrd"'M on In Ilrlp w th 

householas The pr:g fornme is imole,nented I amb·cce thl, typ@ Oi solut on, compored fo section 34 af 1,9 I'dw Generollon repulohor 
09, Jolly by linnsferr 09 0:loco•ed h.„ds K their inili/I reoction to,nit ole pm cli,emart ¢· oddl lolol ele•·ric,t, 

lice,sed municipold",bits"ond Eskom, Folinq/lorpanelondboller•pncesorowde genera•ion copocity T..ill be orecede¤ 
to./dertake ·he wc•k thi Ihe 'rost-'ctur€ depol•••• Will progrommes b• de'Il€d a• oppor SCO|e Lp on non .grid 
for,lec•cificolion urde* lo ident,7 Oreos of , nprovemer,I' 6,0 ls lor rual oreos wil ' cul· lermin for 

Eron the p•viaus pro. emenl TliedepoAmenT/Minera]Aftii,no/Energy econom,Cal<orst·,CNonoigrldi,Tios/udure 
5p8nds over RS billion per onnu n in thls as uefl as Inforn·01 eillerrens In ter·ng of lhe embedded re,ercion 

regord Progress mode,5 commencao|e. ooportunities in othe- words. genera·lon Incorooroliol of Ihese solar borne s•"m irio 
kiuwe.Iners I concern aboutthe inc,Bosing wilhin the nurK,pal grid the oepn•meit plans *e munic:Dal sewice bosket,A c/,col br the 
under·expendit.,re by r,unic,pall·les n the to „ue cn upoated 5,noll Ink Embed¢ec susfain 1,4 of service to d licusekolds. cs 
•urrent fiscal constrolrec en#rrer C•nero·ion 'gulch" Once lie Nct,ono] 

wel os #unicipol electricity b„Ines, modeIs Ere, g..... orof'ou·h Afric'(NE•SA Hos 
Tbe progromrn. 1•.er 'le lost linorclo he ele:'rici·v gerera-ion and dis-riourior concurrec lom.cutely..orelhotlheindust' 
ye¢·sseenbJdgeIreduc,lors Theseofe like y toid/ope o 50. N.tic.grd .I.6©ll' ,•u•soawgihng•WI,•on Thiswii,kiher lo conhlue f rr'ricip/·i/5 alliele./ i, changing rapidly. World.wide electricili orowdepol,c, ce/0,0/onceprow,lgaeC proieds und spend Iheir e leclrificolici b Joge·s InA¢:ot on. ter.rology ./ar:ements ond 
as ploned. I wist you oil tne best In yo„ del,l:erotio•s In assoc "ed lechnology d decline noke .our• oflhls cor.ertio, 
The©epournert is also rollirgout non·grid '1.iii-ible tor en,1 i,•pr' 10 {irie•]Ie /eir 
elearific'hon ..·icns ..ough Solor horno own e.clricity Th s Is o sigrificolll 'lf, from Gwede M./.she 
335'ems CornrnLnilles Hove gedua li beg• ihe -rod,ilorol vorticolly nt-gratec pmver Mirdsterof Milercl Rescurces o„d Enew 
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Keynote address by SALGA 
TI•e energ, tro ·,sition and th.· 4 / ina Jslr;/ beief Fromd,]tagenerGfed b, Dirributed 
re.olulion .1 clready toking place in Sou·h Frergy Res,iur•rs. Id 11,0 dig toi gld' 
Africa Ind hove for qui' some liAne I De irle I IJ,ovullve f ,•n'. schemes for 

-he clect,irily rl,·:fomers novv h•ve 0 su•te of servces, introstruclure e-C 

o•lion5 fo'theireierg, needs, cl.: 'Omed Ce There is no re•,0 JI,or tho•cofres wi'ilhou, r gk' 
m long, ropt,*. de entroli.d gener.hon ond covole'ties 

0./s •usloiners 10 /01 0/ly gene'le ./. - As eleclric ly a ids ir,creasingl, beccme 
5•| (mi eledricit• buiolsc Iheoppolunri •0 s-Ir o . I de.... 11 he Impoct of Q 

excess po•erto the grid. ryheri.Hi' k ''so becomes mere severe Td 
lir,;•oved energy sioroge technoogie5, wida-regcning The World E:lion, c Forums 
dioi·,ga·ion ond $,nork 5yda·1s eno6'e Glo.I Risk Reooit 2019 iuggesls Ikol ofge· 
custome 's to me·e /4/1 elY monoge Jnd scole c,oe.ona:kH / Ith mong tie m 
red•ce their electricily mos• likely f© ocCLf il tle no*t •en 7# col,9 imp'im. 

Cuiferilly ccs! c' ¤ cyterol·ocK on the US 
Thegro/hofre,0.ableelerg,•echr•logies ri,ort power grid ,5 est mated li, be $· trillion 
sells re 'lluping c./ gy 'vslen•5 ocross 
..ole elect,Ir,• vol£ /noin 111,5 trend Risg ioblessness lue lo dig tOI 5/ior and 

oulo nahon oilhe services thot 4/is bringlrg 5Uggesiso crillcol ShiP indynorn.i • general g le= 
Ser e o f Ibe,obs no 9 6econie redundant o nd numeroL• risksc•d oppoAJ• iliesatol•levelg XcIJJeceoge.&•IGA 

tliere would be urgen' reed of thevalue choin of reskilling 44 
e, iplayeh .le IR •obs Ild oppoltunifie, 

1 reasirg illegrot,on w th ·ho Int·ma-ie , Gulckerdemond Ina' .gement relponso due 
Jnd ·elecomr"u :,co•ions AT) networks have 10 0*mallon 01 ser,,es. De·nond -lexibilil, New le' liric ogies ·nuy 'rea'Gr lo amplify 

a||owed '18ctricil,sy•·ems to become sman creote' velue fo customers Ind le grid " r·,1 Ir E,¤.Jo|Ille., bol ' wi·hin and between 

3elter com,nunication and ,·,formolion wl h by shrinking cus+omer bilk iby N much os counties That means driverless ,ruck: ard 

1|le eledricity nduslry hab ollcwcc for o met 4096£ red-, g peak demond and sh Fting roboth oil full, rligi·ised asing inecu* 

J,Jduchve 5,6'an overoil. Degro ·ic' .1111 IT coninr ion t¢ lower orice, 0, peck hou: °'id irconla "" in cra uls"Cl'lly 

'05 01so oil"wrrl for cons'mers ·o become Demand flex,6, 1 clso con helf prciders. p.ble./tic 

rn•,Fe ir fc,med o•i•] ci, 1 vely invcl.ec in the n some coses. •0 ovoid orieler investrren E New lechne ogie. * turther concentrcte 
r cer-1 generation, •rensmission Ind elecli,iiN secto, be ie 6/ o nd vo lue i, I he honds 01 /e /reo dy 
distributior. ord oeoker Non 5 weultll, lose * d :In I berelit from eor'i. 

As Ihe Industr, wecor dore ilY lo ras,slthese 
inc -pu%ed qbality of se.,ce ond supply b indusliolisaTion risk being let' ever. 13/her 

dianqcs anc remolri 11 :u, 'Id Idit ona 
woy„ of we m errbro:e God d/ne *he /1,1/rre' 1. *re.sinc ....men, of behinc 

odvonced ereigyuilityo[Ibe Lturelhat brings •ost• ne-aring ird·osfruc·ure presen 5 •ne ntroductinn r,c •••Iriouted eiergy 
ercigy t•isi•ior For oll Togelher we leed Eleor oppor•ulilles for improving q,al!7 0. resour,-85 (sinall „oll. eintiedded generotien 
to iproin,sr th,· energy Irs,·,0,0 ard ' 5eT, ce, ov. .Age rie:wor' obser.obilily'/ ot sco e wil incme *he cornple'i-1 of *stem 

dalo ga'he·ing (thls d" olfers nduilri¤ evol oppor•u'llies Iron ond ioin' engoge on r,Overionce, 00[j S'Sterr plonnirg needs to 
for ou10,10·ed cutcge detecticn. wre I ' 5 on foi ·he fbtuie which is sust...hle be modemised 
detai ed demond lorecisting, elc 

4 wheve we 92. 21 I ieve low Corbor TI•a 4 IR nlU!.1 fi,•d ug readv, we do rol have 
en,wins, e, u,ion,C gro,•.lh Ofld Mb croohori, Re'lohk. .· Uni,joble pif-dric,4 5Jpply eilnur 1 tiIT,e we il,L.s! orepore for I• wnile 
Iraislormo·ion Inc develop.ent 01 locl b e risks Ifol comes wilh 

Rel,oble e edric/ supply ini:,go'ing 'he 1.0•: is cri·,ccl tc / 4!R 
ci•m·nunities Th 5 Tleon5 reconbguring ·he il. We hove on odvenloge in thol we have ecoromy and socie Y Digdol inlristr'cl•re 
erc/v b„ ne56 inodel on d redefining ihe ideril;fied some of Ihe risks and 

enoblers such choilen@e; 03 connechi,4 nternel Of 
role af gove·r·,lent, slate ow,led ertEI,pmd * •rl moclines, devices ek I (],T'((i,il,Jer/l lul 11!,scoinvent,09 wi|| discu53 
otlersech)r'lit• eneg¥5pcce need eleeric,4,0 function D,gitol se„ces ke, enoblers (e g policy, ·egulolorh etc 1 
le & pres.·5 I.me.sc oppodul,tles for and € commerce olso .4 or electrici•y I •hol should bc d plocc to frcililote le {uftre 
in•ricipalfies and the energ? 'll,yolhe 9lich,siableelecric,IYIsG,•]calr,n•9cedste nodireb&,norderlogmt,Ikeopportu,ilies 
fu·ure. Tovnlockit„oluew!11!i,theeect/citi hpuillieved •1[in.gllocon,6,rintin, of gno urld le Josillonlhet,Lgnesslobe fillo face 
und ener. sodof we need to .goge on •Olutions/ndtheince•tivisationof oll·,he·gnd •he fjure 

some of,he ke,0 dsues below For 11,- 1,1,14 01 eleclricilysol.li- is es-.ecio| b il i .1/ 9roos Al Ft'litY levelll,e,e will be oneed Fo• redesign 
•hefulure, Todo, Dep/yr,301 11- 4!Renobll,glilrostructure (]Irpgulu·uly,ulad,g „byclionginglherule. 
Developmenl 0{ r- b. ess models o id wile·/ se-rol ocli-scan 'p l•ken lo c-re u llie gan•e, er,-ling new •|es 10· 'i| ties, 
ser.,rosrelevant,Jihe 4IRwhichneons iew Illal·Irneresglry,nfroslruiture g ln plocele Irpi,Jvollor, und full Illegro•lon old,stilb•ted 
and 1 • revrn, 9 5.reoms, e g ser*es for enoble new bws,ress noel' and 1he Llun· r•ources, part' ogilon of cus'©mers in le 
#orging / ele/c vehicles, pro•,ding MIR .liprgy syslerr, includirig indust' 

ener//v,07/1//sicus•orneaosvvel • DE[inri /8 model lo deplov enablng There@,10·olentriesmustbeindependent 
. 0/M ·0 customel, ek Infi.trudure thai li flex ble, open und w,ih Ihe ability te cleorly di{,ne onc Nock 
Resk Inleroperoble Iling / existing Inp 1. ond •reolion culputs und pe,forionce net·ics includ ng 
cf 4 8 'obs and tasks wi/In the system i Ens Hing'll'trwersard,/d pne a cor 'chnic' , cox.emolind ©perotionol KPIs 
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forreliobil, poiverqvoity,wc/orce,systen Conclusl// ihe nBw reoldy of c dig,IQI, •u•lo, ier 
loises end eher ospeds of fhe electr =,1, empowered Irensoctive electrlcily 5,ste,1 

-he energy/chn©logic/ 0/ancesoe poving 
s,stein. 6, embrocing new Dusiness models ord *e way 'worc5 a Rew energy sisem thit simpliting end fedesigning ·he experience Fortiele/dersh/ofurilit,85, wewillhoveto wllur,lock 53,1,ticon'cconomi•nio%criel„| of res,den-,1, com marciol and indusl,iol 
discvss enbt:ing 0/'W business mode g benefils I lowever. trpe ,• 0 '1-I 5• ior i 

aliers Alstokeholderswillha¥13:]de,}loy 
ondhow-heut,Ime: willo,rs,ene• reve.Je v/|usdas•udionitwelnilk.=Hirier I¥ uplue en... inFrostru... 1•*| IS f|*lie, open 
sources trom Mici,/ad,5•nou,0,7/.d rebj le w,jue of d,5/,bi,ied e, „i,/ .Euou„es. and in·eroperable 
- CoS which code leove .ene/tior c. le-work 

cissets slandcal ci.d 6ee cus¢omer , sled WIc·privole pordnershi/ will 9/lif build Discuss siolegies for deploying enob ing 
fron the grid M risk repre5enis enobling infrosl·uctu·e. ever it il is nol cne more i,lestr•CJfe and ensLring th, Ihe i,lfraslr•d• ·e 
remon to der,li·, mid Ic</ le right viors ¥21 ca ninerc olly Wat e Md thu5 req Jires erobling ne# bus,ne55 models con be linne', Iliut will occele,ale und make the Ironsmon Inltal public 1,8•rtiol· F nerging mark- deployed. 
cost effecive tho· mQ¥ be less M'mbed by existing 

Redelinecus·emer exper,e,•ce Ircorporole the in*ast·uclure, inverr™,rils. or 5ysten· 5"Lcfu fe 
The new '01/ of a dig,101, c uston·er empowered, speed cf ad©Atior end tiles:uccess inoy 'Gve the opportuni•ylo leopfrog Borne 01 

shooing le 1rcnsfor•r•tic, in I. ·nosl tforgocli.e e|e'll':' 
in 

s./m, etc. ihese choi eng€s o nd heod A , 4/ 10 1,•s 
bereficial wo¥ for *e socie+y oid +e n,lop],0,1 of these rew ·echnologle5 

The t primoN lechrologies to be *ocusec sysle. 0.-roll will depe,d on o .rocd 
ci, by 5©uth Akcg bc•ed on on ,\g re |I E impoll' / 90/ lot 1/4/ Induslill range of foco·s, which ful Jnde- few 
reporton unloekir•g I,•e 4IR ialuslorSouth Revoluion 

mair dimens,©is. Is•ot ivsf about lec•no!¤gle5 It re. ior. irfros•r•cture, 
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Women in Electricity - panel discussion 
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'en·olely. meoninq Ihot Ns,ling he sre ne/10 keep mol,vollon and /thus,osm for r"/lu+inn mighl decrease 'he iurrber of 
becomes Ie55 netes:afy This offers ,oven the /6 in hand high. /6 morIL[„liec oppl es Ic both no e anc 
th'Con•en'enceo' workir.3 -rorn Ilum oker New monogemenl sryles which employ le„lule empleE, 6 ponelis# sold. bu 
ber,ring their carldren coaching oid mentoring rolier thcrl -bile ihe pub ic sector a•d some loge 
CC•,evanderW,•·ri, rv·oillYmcepoec,[x][it inon,foring unc controlling .,11 be requ red pr,vole#-owned componies rn,ghl reduce 
cr, Ihe panel. sold tho mosk p.oblerns i {1,1 Slrce•omen are gener/1, *ong in Ihig orea. the,f E-af· headcour,f. 0"er <>Fportud ties w 11 

I =e.....le o .0 groucs: »ne" one con aperl,0 'ee moreMAer. er,ployed ciseloi sri.'•seselined b• 50,h men 
Problems or w,cked' p.oblems Tonie ¤•supe•Morsoic monogers in 5uch sellings and -men 

Women in Electricity - WiE workshop feedback 
Punk e Mo,olo, the choiroe=on 01 Women reg,slrul,u i, liu,ning ow /eoss.gnment o· vost & Ihe tra,nir, centres arourd core 

In Electric,1, 'p,El »Ic #e oud,ence ihct wart„,5, ond =cree. p am,rg. 05 well os competence (30%3, follo-d by lechnical 
Women,n Ele,ince,oldworkshop/assisl oddre55,rig ger,derbased d,scrn·In,0,1, conpe#cles (21%), 0 rh the bolonce 
worne.•vor<Ing„,/ae•lricit, nduslry -he which Includes sei,uel horosiner# being mode up of sol skill• leod®„h,p 

i.or•thops Eeek / cocument ord or'. M eness and Gon ·eioJrce di.·ersit, and manogeme/, business cdministrotion, 

'Pec,hc chal enges women 'oce oid to wor<shops cornDuler skills ord orgonisotior 'of·wot 
deve'cp ¤9 0€ non plan to .ie W. and Ic/uoge proliciency Moio' said. Mopla soid // 71% 01 iho.e irvited, 
..... o ended ·le we//op In oll, 149 A h galight •05 frevisrihe • o ine, mode to 

ene<win, Eleciric,1, is i' fhe *cess women from e-hek-In, ond neighbour ng Ihe Murcy Primory School. 1- ihe Sisonke 

0· deve|'J OI ng ,rrp'Frner lorio, ploris for murlit,poll],e•w/1 /ms@nt ior the workshop ond Jolob, Hih S,hool, In the Eostern Cope 

N¥0 0: the mgoriscl,04'5 pr,Mrommes, Most of those *reelecir:clons (46%) uhefelevpresenidliolksontheimpolance 

viz , .he de,elopinenl ot lechnix & 610/ lollowedbylechnicions 3396), Ican©logisM cf science. technology eng,neering ond 

wn:'includes guidanceor,prol€56 0®| /2/lord en@neers (99@. molhemotics to the leorners. 
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Panel discussion: "4112 - Are we fit to 

face the future. 

Thecor,lerenceheordlhatiopidurbonis•lor 'Tkere Oret.v©worlds in SA tle Have,u d conne -0•}inuodo,rglings,n·nosomewoy 
demQgrooli,c 0,11 - chonge Junole ncve·not5, " 5 3 Prof Dalle Plootlie w. ond chonge is oftcn .IUM Whilc thefe ore 
change c. resource sccrcir, le:hnoogical tec,nc cgi should be uzed lo bridge ·le Iume putki iii m""1" .le "d, 1,1, 4 

breakll rougl„ in Ile E.r EME, heclor, und gop belween le educa·por, and ri ale,irl Ltilites cie ,/u€gl r,g M change lhei· woy 
econonic shiftsore ma,or dimptes ir 50ulh ad:*ges eli<>bed by the haves, 0 4/ Il o[ wair g 
Afr :¤ 5 e,iergy u,id BOUU| 6 ru-1-6 the have·nots Ne- rechnolcg„ f „ed Deco/onis:tion means •shg cleaner 

Incorre:1 y w,Il en•rench povsrly Pub|K 
tnelists DrWiliede•eer choirj.»alhon generohon technologies such as wind. solar 

investien· In technologic' Inno••,01 m• Ccwcod, FUC, Chrislopner Forlee. Versa; and MT fogethe•¥,itiso•e Form of st"ge 
serle tie ertire Fiction, Prc•. 

X01 le Plogi,iss George, SAL GA, Nells,we Mogubone. or gos+Iired [rather thon diegel·powered 
sold, Es Jhlitesmovhcvetorethinkl•e korr. Polelo woytile Mpichlele, Cily of T h•·.a,e peakers. The idea o{ deceilrclis©Mon k 
dist-ibution 

F. systems /re noicged bul Abindo Nia E,cm, PT¢+ Coriel le Moolpes, relolestor'oflopsolc·'Vsys·ems'eedirg nic 
should be wil 

F//ceard'//Cornm•sion, ing tockollengetieitolvsq,0. eleor= dist,bul,or grids which were d !// 
A,ondo Noah rer,nced le conference nor locar yp„werf-om ocendrol 00, nilo tEn I Itip e Erergy hos alwoys played wimporanlrole i 
to lose 'ighlot•he factthollheelectic al Ind,5 supply po ipls'[10]Innd ho•colwoysboer o crated 10| revt,|u•i[:15 I sloript] 6, rrk-Jig 

from nduslr, exists to gerie the publ c. S l,clt,lefer in Ihis •c, The idea el multple po„16 / animal power -0 steo. power.,ch 
t•er 00||asr,10¥5Jilthe Jtili),butnolnecessorily supplyond nult,plercirlbollondisoften o ,•ioied In e cc-ric power The digilol 

Ileubersolelednc power. This calls// 9 ser,ousc/Ilerige.Innunic,polul,lit,05 Altho comp„erage ind weed tie tnird r*olu·ion. 
4, elheager!.dific,ol mind shill to solve customer problems and solle *irre, dig to| 5alior, ad[M [rte , I -.i wa,i iii ge•o enibles 
higher level• ••f .Litomallon. doto processing preve 11 the lour/ induslrial revolution from dolls # ngs # ch 'nunicipul er, •loyeeb rri 

Utlilies •ie likely lo see 'ewer becoming nohirg more thon I pipe cream fine 
end robotics. aourthG 

lich & Role to deliverthe exoected m /. lorge vole genefotior p.oiects ¢5 Flexible he panel wrapped up the r d,scu,5,09 by 
srnal| sccle embedded geralullor becomes While cerloin r, wl,IL,pull IE• ilay be geu'll g buying liut we ,·lus· rethink Ihr municipal 
Popu|ar This w Il reqL,re I Ig!,er level ' up c ber/,1 {rorn 11 e Fo' r 11 Inru51•,cl 1,1,1,19 / 111,· full,re T le, w Il necd k• focus 
inves,ment i, d 5 ribu·,un lielworks lo nioke revolw ion, Pole'c Mpllutilele sold, •11,1 or milling lici, cijAmors chcod o• Ihol· 
Eure they ore Ile,lille enuugh lo cope wirh change: ore nol spoker, 06001 enough processes processes mu· 00 desigrec •0 
„dden clionges in lead end sooply Employeesneediber*31,11€dtoer,sure hol eller e•ce|lentus·ome' serve. Thisine,]ri• 

The fhey co n cor/ve to odd volue as tech,dogy ·hol even w,/ 11 Ind J5*•Id d iolkn,1 uf a r :,It-,1,5,11,0,1 Jse Tech,lology I ne# 
makes iobs chonge. she d It moy he Visibility protaiorrine, ili, cuslorne< r,Ji pilille·5 51•rnild irivr'l " 0,16 [On '0| rn ir. prove 
neces#•¤I governrren lotokeo Service ard red•e non lechn,col losses. 
lecd Ufilties in ge•ir,g ·he mun cipolit es should right, 'e use mocern technolog, 10 
said. addirg 4/ 1 munic pol,1,85 will not nprovecu5to,Twrse,vice dronesc•nmor'or 
be lit enough lo cope vii·h tie chclleiges 'he tronsformers u•id •el drone monitcring 
'unb nduslriol evoluhon•il bringuitil•ney •Ctv,Ce9 
get the bls. I. 

.lit ther:w 0,1 X01. George 601.· 
Joncthan Cawood scid *at,rterrwionol People should .precioN •/lue of deto 
reEearch show• tict mo/ municipo JIi| ties New lechnology c,• gother and onol•Le 
in m©5t counlnes ore concerned obou, le 

dato ond provide u•ilites 4 #ends whic' 
moii chollerges which accomoaries the m be mode!]ed tc' he lp 111,2 in to moke more 
fou/ i/„ riolrevolu·ici: deca bonisotion. 

i/ormed decisiorE in Ike,rolonni•9 fr an 
de:enlfolisalion and I|. digitlisctioi. 

055 5, ir le mol m .ilon of .Ve;le 
collect•n To ireet 1hese ch / wges. municioal "ilities 

Neii, ..1 '.11 ?Ai 

elm- a 

DrWilr:ede Bee, -1 A./0,4 
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ch ./ ../.... 

Regu 01 on ord N gislcticn should support a nd be desig ned and whal changes migh b 
:.. encowragethe .eolelpilri, tyh |1»paic nere•'yloexislinginfi:·ruclire 

aic should be used 1/ proict users mler he municip# /ility b usim model ,•i uy,iee, 
thon lin,tlher,1 Socie=, leeds,obetree t/,se to chcnge, bu·. accarcing to V/gLbore, 
modernle:hnoogies. 5uch assolor /4 59/eh South A•rico bas tie intelle=1•al c¤pitol to 
bul M* out having k comply will, con/cated make Ihe chonges necessary for ·he fou,th 
rules ord ·eg'atio, indwt®I revo/tien '0 ber I Ihe ccur'+0 
Xolile Geo'ge s,id #cl •or<,5 beng done l e,ihorce tbot cop a 10/her. she wid 
to detie #e exte/to whic, tne in-roduction m©re ,raining ond educolior /be neadi 
of the 4/ inc /trial revolulion wil o{ acl k) enco Jroge 0cl 5 Jppo·1 irnovo• 00 al 
01Jricip,| Ill,Ilies workstroorils ona how il rr•r!*01 01, Ihe 5 
canoFromnrci•I•dloassist-oboisiefu Inclosifir. Cv,Forleescid!11•vieneedrol 
murcipolty's Morces. TI·e study will olsc :hoselhete/nologiesofthe foJ,thinc•stri•I Aor rin01 .t 
conside. 4ct impact Ihe :02 industr al revolution 1/ we should seek Ihe ben,i,•5 
revolutiol will bove on emplymel f g. res 'al new old de.elopng 'chologie' col 

humor cop f.1 - ir'In,rg - ani rrodern,s,ng and 'e lype, 0 <rk /r•-ri befigs .,1 de in brag ic •be couni• •Le, f imp/'pm #tose 
their nfros' pudure to ':Cormrnoa•le the luk ·e Tie lew neW fulution will, ro doubt, ele...·s o· le larth indusff .I I./.hor 
technologies or d £,slerrs hove on 'Hect on how i,ew introstrudure will which fil ial 'eeds,r:He goid 

Closing address 
ladies. genfemer ond disling vished GJ€ #S, I The.'EUsecretariot.ihic'.¤I/ai•, 
I om sure you will cgree thol we hod a var, did c sterling ob in puf ing Ihisco,i•e,ii,or 
successlul *EU Corvention 5tonirg *H wilb 'Oge,•1 er. vihichasyulco,appreciale IS 
c sports day on Sundoy ard cu m nolily iiol oil eos• msk. 
in excelleni keynole addresses, pcoe, oic , The offillites. os alvie>s, macie n 
presontlions From the commeil' I hove le,id//5 contribution / 11/ 5 JCC8S5 
heard from o number / delego·es./s wo5 of lg,s convention ./.clule, tne 
one of the oesl con•eitions in respe•t of ·/ ihibli on creo ond sponsorirg '·e 

•er,2.' P.Pers ord Presall'01,0415 thol were vo rious acliv ties. re•clons or,d gifts 't the 

I think Ihe topicol nor're of,he 4/ thene I olin wc•ill Ic tie tlis Opporlunl/*honk 
also helped in ar,hon, I the value·add of YOU Ihe dplegotss •or ¥our comrib•lions 
+e conven·ion As voL *Id have ©ls© in Biking $ s convonton c succe„ Your 
noliced, le goeokers wh, preser·ed come port,c,pul,on b, the numberof questions vou 
from c Ilere i,1 back / con ds onc wi & d Feren· fielded d Jr ng ·he vor,Ous sess,o,i• wo• 016 
uperiences. The •irne ond BHorl p,1 i i by flolew/ril·, o.c coprecioted. 
eoch of Ihe speaker5 w•s clso noleworth, I m/ point out tlct the soll¥,Ire o op Sll DO, 
and con· mendable, wllich w.e used lor Ihe ·Irsl 1,1,0, .as o Refik,eMokg•si,mEL' awirde, // 
BeBides lh' speakm' o nuilber o{ orher 5Jccel # * wl|| cort,nue in use the sQme 
sta<•holders 01,0 cor.Ir,bu led 10 Ihe .°,i' Fo•,ordto field "es'oris sui , pis 

of Ihis con•ent,(in I, 1!16 le·.pecl please Hoos©In, Essop cr,d 5,/bu 1,10 C.qw,f·de w,il, 11,01 s•Id lod es. gentlemen and 
allow me lo thank the u 1.... people and ie rest / ·he loca orgarising dist ngulshed gues¢s, ond with le pc>wer 
on b/01 01 le leodership / -he AME u • or,irnillee *6,1 me l now declare Ihis con•·ennor 
• The keynole speok@rs ond Ihe nipr duly cli'jec Hove o scfe • iourne, end 'ove Th/Citiof/ope Towndil,ooderful 

5¤eakers. s/ely back hone 'b and o token of oppreciolior •ill be 
• 0,r hosts le City of Cope Town, h¢,ced over o• the end o, the convention. Re·il.ve Me<gosi, AVEU Presiden! 
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Low cost intelligent outage management 
by woren Mo/ers. Cir,·of ExurA/en, 

The Cily of Ek/rholeni (CoE) Is the induslrial hub of Gauteng, contributing 8,8% / ihe nalion• economy. 
Streng,hening ils induslrial compelitiveness is a priority forthe CoE. Africa·s largest and busiest ai,port ols' foll 
wfthin Us bound/ries. Ir is home,0 opproxinna,ely 3,5. million people, w/h T 0.7% /,he appro*imal//y 1,3.million 
households in CoE being informal dwellings. Currenil, there is a bocklog of 115 375 inford dwellings /hai ¤re 
not yel supplied wilh electricity. Supplying electricily te :he informol settlements lorm, an importont componer,1 
of •he pro-poor focus of the wrren term of Council (City of Gurhuleri, 2019) 

A rel 0/e distribution net,vor< is ¥1101 t© Dis<ussion monito ed -,Ihin the M ing :oitr:ct d 
ensurirg thQI customers receive o high the renita Me•en•g service provider 

Ac•ors 6/ ndo·d / eiect„.ty suoply with i,•Nuenc minima / cdopad s: :1,0,• 
Suilo ole 0,•en source soliwaTe, For NI•Ii •1 11/ 

po•,er outoges. Ni rrerous chal enges ·¢ The ce.e.oce grovided oy the Instal ec bas. nocesscry In house skills la develop ] s,slew 
achie.·ing tnis e,list, which ncluce, iner ciio, of melers being re notely reed was learned to geographicoll, dis/ ay received powe< loss 
.ing ...rucl•,re ond i[Iego[ conf}ec ,= to Le oucep!01./fof the inlended purpass for e,ents and to log received power /5. wd 
ve'looding tke nelm,rk An in•po/07 ,•etollowingreosons p.werretufieve'lwos'.Polle collpone' of wiging the rel,ob,ily 01 ·he • Ke, cuslorners and lorge busin- distribulion ietwork is to be ob e lo jeni'i Power losS •' re*urrl eve,·1..,ng ...ers are /11 me•Bree rematelv. 

tenticl pr/lem orens and trecuently loilin B 
:E • ...$/ com/le'es win bulk Currert|ye'll oil 0 72 3, tel Mou•rcnequipent 
I con,iectons Irprelpied fomaillywlild' melered Of the50 5:teS 1'53 :reequioped 

unicipol #„ners aH„ted b, power Will proide nolificotions o[ ureo o,loges . Ih modem E c©pable o[ jerie,/•rul 
cuta+re nego·ivel, inpacted in severcl in res,de'lial creas 'vrro'ncing the notifc'-ionsolpower|os: orid '"91 even,9 
wa's ranging Irom revenue losl b' busine'ges co.,1/xes The distribvt,on of the reno lei, inelered s,le. 
Irowgi ' le i'conveii.nce of o home • Modems .4,h the copobillty to gencrato ona il'es with mcclernscopable of gene,11.10 
wilhout eleclrIC ly Mun,ap•libes a(50 /5e nolificalions 01 po.e· loss ord ·efu·r, nolif,=a·ic/s ol Fovier loss end return evert: 
revenweove·'heduro·iciofc poweroutoge evenls could be ret-ofilled to siles to be betiveenhe nlne d,stributli buslne56 unrE 
: re.... 3 power OJ•oge cs soon . 
possible. 1 order / rrin,mise downtime, i s =ED 2,/ 
des,rabletc Moveoutonated no,ilications of .Z. :0¢0 

poweroutages Addi•lono I¥, re,oblestallstics 
on power outages con be 'sed lo ide,1,9 'Oct 

circuits experienc ng Irequen, outoges go lhQ' It/'Titi-•/ 4 -t iemed,01 ac·,cn con be ·aken 

#1*#litta 2 Supefv,sory conlrol and dor, 0/,i"lion 
(SCADA) is o soluNon +hot con. in•er alia. 
meel the requivmenisdlescribed in the obove •N-9-•R•n«•4M-.dStm -1•nae.••rs,vithP••-IGI«*<1•<*0™im 
porog'ph Ho,ever, SCADA 5 cos·ly oid 

Fg 1 Disir,burion cl ren·01•y n•e•e·e• 5,ies cid puwer e•en' no'IFcolio,; for cc*es behveer• DOus. So/h African municip/Ines faced with 
a hig' comond to exind *.ce delive" 
customeis lockinl basic services expendilure 
©9 an,te' 01/,5 no·ore con be seel os 0 Meteringonline Alert ¢[MOL 
luxul 

-he reed For o COI ellecli,e orid efli• erl 
system for olening s'H fo powd lo, everts 
so Ihollhey con be rapidly re/onded to, 05 
well osdisplaying currell MOLRee]-the powei oulagesGid followin,aler, foracc©•nt Tenco •lu• (Pty) Ltd Feeller J 
loggi•g power loss oic rekin e•eots (Gatuwa,94306) * 

•wer L•, at 20*D 08 •1 21 ·44:22 idenli·ied Irrc by ihe CoE's. erergY deporimeil 

The ene rgy depurtntene M gfigcled the S, t ' ..• 7rgahll.4 .I 20 I I ./ 1 .In 
fe©sibil,4 01 1,1plerren•"g 'Jtometed 
notil,coiiong 01 power outoges, c5 wel, Fy 2 Emailc,nien+0..weiM=notlic•.ion 
05 raird,ig of power o.,0,8 5,01"t'<5, 
using exi/ing modems used + o meteri,g 4.1.-#ie. 01 u.lan- Ilit-™'-I 
comm•n,coi•or, medium le· femo•e ele•er ng 

•3221 Morn,nim In•,nup¢10•1,®ti: Ln,W.An.dintEr,u01-cl LV in•MV arcultilha ar. toge/er with open 'ource 'of-cre, ovoiloble to•.r•n 3 *bull- ·•ir or,qu,Il' 5 - shall be cli,•00 au mom.nlar,In•u,ion. 
ot no C.st 4.322.1Su-I-Inlarr•p•o•, Unpl-n,dint-•MiontcfLV-,dklVC,-Ibl•no®,th,n 

6 mi, ihill be c»s••lad 0, luslmn,d in•H*= The implener,lotion 01 the sislem, onc Ihe 
benell obtalied will be discussed in the 

following s.•1•on. Ag 3 Unpl iledoo-8,DuiegeAsi.40•bosedond•,ahon{Eskcm,;0071 
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(DEU,)witi,theroE·sonergydop„Al·,enlis Thenatfic©hons ore received bythe remote Ililic/,0,1 5 Ane*ompeollheconled 
shown in Fig. 1 * ing servce provider. woo b sends ofonenolnoli{,c,toniss,owninFig 2 

ilie Following nol•hrotiors . hc energy -lie moder15 insialled Gl he . I:„_ Ix· sltes tlet cre ironsier prolorni •HITP' pc5' 
depa,trien•. Mi,ilijred 6, Ilie *m con provide a ' 0$1 request fc M energ¥ de/lnen f hy,pe,text 

911•P no•ilic'ion, before pnwe,irig ,]¤wq, of / 5/5 notifications to 'aff whose ce preprocessor •PHP} server fo· ulner 

I powerlossevent// has occurred. When phone nuib" hove been Iluce© in procc,551. 

I pewar /1.1 event occurs, ·ne moderr Is the not ficohon list. Disp•gy urd 'ogging c' pOW-F |OSS ord 
powered back up and provides rotific:otion . Email no·ilic/ions to slo H wi/„ email „, m event 

c.. poler return evert odd-ses hove been ,•cluded in Me 
The disp /9 ond logging 01 lie pox lo•5 
u id elu n eveils is accomplished us.rg c 

Pl]P server logether with o script suoplied 
by Ihe remcte fretering service provider 

i L." to process the HTTP pos' reques. ser' To 

Co[, 05 well 05 Ihe lollowing open source 
software. 

1247« , o A 69·greSQLdotab]/, on open source 
relational dotabose pos,gresq·.org. 

=. 13 2 67*,•4 3 2019). for tne preCBSS,/g old logging 
of the power loss ond returr e.eits 

recemed m PHP toge*he d Post/'5, 

on ooen mice spcril dckbose e'ender 
for po„g·/QL ID eve opers. 20191 to 

spct,/ N enoble the Po/gre& QL dolobase. 
I Ge...er, In oper .rce ger. er for 

+ sioring geospoli/ doto GeoseAerog, 

2019), to publish Ihe spo·ial dal 
Fig 4 Cuirer,1 powe• uu'. • Le.He·.on oper ./.(e J...'crip¢library 

for publishing ileractivernops l.eotle,is 
cow.2019'.todisplo·hemopshowng 
current power ouloge5 

212 I ././..-.. *I.- *I -- 

La m••!2'11•••11••%1-•G•v U• •001$7•• W. •,a••k--w,•,r4- 79e k-TP pei request porarre*e.s ore 
-- 

•11 I]/10//:m[»*-1/ I ...' processed by the supplied FHP Kript residii€ 
-- 

... -- cn *he PHP gef,ef ¤nd the stclus (00*r loss 
11 ./.1•0.11:=0.-1... ./*I -- 

./4//0//All-,P.•il ./.el /• return o{ the s,le/s for which the even. 
"1 -- 

©ccu•rec is 
/1 1 .A#,1,•w••*.._2121__.- -- upootec wit•in •he PostgreSQL 

dalobose 
./ 'wer **k#re••r•Ficry 

Tne updote triggers o slo'ed proc/Lre 
whic• Ihen logs Ihe %fter ossign,ig 
a sequen·ial (per Elle) even' number jo 

M;*1•4U the even, old, if c poeer reiurn eve", 

== = =4 -= :44 coicuioting Ihe power oulage durotici anc 
Ao. 6 Curre,d powef o *ses cio. FYIng lie power autige n occordance 

will Fig 31or Inte*lon dwroloos Ic,ger 
tbon hee 5,conds ind os a voll©ge dip {of 
inler·'ptica durat ans ess thor or equol to 
'reeseconds. 

Pit(315 is usec lo odd spahol geornetry to •l- 

the ·ele·ioni tibles wi·hi, the PostgreSQL 
/- do·abose thus cllowing ihe do,0 0 be 

geegrophicoll> locoid The Geose·ver 

publ m le soal,al do,0 4·ough 
cornec·ing ¢0 ·he 65/5 dolobase vio 

0 sloe und using yrios ·0 contro ihe 

e *.aronce of Ihe vorious geospotiol loyers 

Powir Oulgi 14 0 0 publisher. Le'tlet isthen ugec ko disploythe 
•*0**' • Trap•n a web ser•er. 

I Arnop ./ef.... IFig 4) I•the currert powerou·ages 
(o.erlayirg Ihe instolled b e rem<Aely rea© 

41 ®® melers; con be displaved in on, webb·<>,ser 
from w Ihin •he CcE ICT ne•ork us,•g an 

Ag 7·y-c'isor,•orcuffe•pDwerourogeswilh,i.0;3D-p int.cnet URL 
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The curcen· po.ver oulages con /0 be 
"'74/ spofill? mihin Excel us ng 30 
maps(Fig 7 

1.1.1-11*. Business intellige.Ge (81 6.4.'re, is o s. 
use• foder,veintor•aliontromt,edolo n 

11... 
h form 01 doshboa-<ds R oviding read,I, 
lai,]ble 'Ill s.fions 011. ./.motion 
to empli'els to locilitole p./.Ir' Inc 
dec,s,o,i m©king Sirce Ihe ICT di lment 
hos ndicalec tioti,in·ends 10 Etando·elise 
©n Microsoft Power I as the Bl soltwore 
tor Co[ bver Bl wos utilised for lis 
purposerolherihon oneoffte opens© wrce 

---- olter•at,•cs 
./ 

Fig. 8 shws 'he inverrupfion rorkings 'y 
Fig. 6 f.de-p'•on ionk,ng by I. I-numblerol i••e#pfibns * Te•rls 01 nurnke. oi laerrupion: 

60·i, 14 Dece,•er 291 7 io 22 Augi,51 2019 over •he period SinCe implemen- 
14 Dece/ber 20· 7 ./Il 22 August 2019 
vhi'e -- Fig 9 ghows Ihe sorne Sfo*,slics 'cr-he 

C ®E®®e .1 9.- /*111 / June 2019 ag¢ins, the bo kdrop 
C 

of rhelotur i,wber/ irterrupturisover lie 
-*¤11/*. period n Fig. 8 

Drilling dcwn on ihe in erruption forking 

ill••IM--_1 
5 hown in Fig, 8 show% the •n-/•0„ 
ronkings by si·e {cuE:one') in 'ims 01 
norri· 01 late·ruphons over,he period since 
implemeMat,05, 14 Cece•bef 2017, d 
22 Augug 20 9 THe resul·: ore #ov.0 ir 
F•£ 10 

le crl·er,0 lor /1 nierruplion for<ings con 
be based on ani neon icful measu·e eg. 

./0. Ed-1- .... .El the ink r•phon rcr,ki,gs co. be bosed on 
tke ,un· of & oul©ge durot ons persite wer a. 9 kller*:onronki„g ®DBU*,•numbe,06•enuphonsin,h,ne 2019. 
¤ penod iatier .. nurroe· I ir•erruptions 
0•ero pe»d In{ormoN©noflhlsn•lurelssist5 
in,denlily,ig D.oblew ofeas ond frequenllm 
kili,ig dis/ buNon equipment thct altellior 
need'/begiventc 

lili.„UP- R-1.0 
Fig 11,5aspolil| .,5Jo|/ton in 'wor BIn• 

b...Ii--I M 1 :ou foge tha,ocerred on 6 June 2019 
£„, i,I• /•.**/.•reNJ 
pi,wer loss 10//"n 

A linl,lolionoll :y··em is +hail/ 5,•Ill 
cnn·,01 rl,sl ng6,5h belween unplanned or 
planred power inte'rupt,©ns as 'e only 
noilticction is •c' le obience or presence 

„*24--'-•-%'"- '' • 1,2£28;tititif.*8•*g*£*,1**Bill ulgo.ef 
Fulure "hance,ranls 

.pc'ohon c' Fecelied /01, fiu•+Ions I 
4 10 ir•er,WP,ion re,•king bysr» Icws,©me..' b nu,rbe.0/niei•u,A,iori5 

4on Id idM Decembef 20I71©22 4 RE full eg e" ol u,1 or,30 i,ritage Augus, ®19 
The pesibility of *i,g ovoi![]ble dato or 
'Jbsiolion zonesloge'her -ih notil Reportir,onondbugnessin/elligence every f rrhor,6 ve minutes .'20 11'e spre¤dsheel Is 
01 powerIC•s event5 loni frompowerlossandre*urnevems oDan. The modemslocoted spreodsheel m le,1 be used 10 
/ check melers on subslot,or leeders, anal,ge and repol an the dolo Reporlirg on Fower less and ·eturr event os we I os developing GIS based feeder 

Istoms'chwedus.IMS£'ce] Fig Si. Tne Asepotleworkinee,wril,r"Exc'lolsoinows con'cc·vi y n,udels 10 0,low power |055 
spreodshal Is ou•omcticclly updoled,hrougl· de,olls of cur/,i po,ver outoges Includ ng ond iclurn e..i / In< custome·, down/feur 
ada·/connectior 'othePostg//dotobase file dole ond tme / 4. :,ower kiss ond Ile of {eeder uuM]ges b oe ·eliobl, uqqed Is 
when the s/eodiwis opered (Ind upd:leo ouro•lon / the curren, oitage (tig 61 beir' ir vest g£lied 
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to subsint,0 ly enhorce le volue deri,ed 
® £ ® ® action_titanip •- -- from Ihe s#rough fulhe· inno•clion 

0 oid developn·Brd. 
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inf.structure projeas eQ 

e0 
1 4 1 

1 '' 72't 
1 '- €4:..0,,a • 1 1= 7.J 



I 27 t hAMEUTechnical Convention201 9 

Relevant skills required to survive and 
thrive in the fourth industrial revolution 
by Heino var Joo ,·s•·e/dy ond Corrie ,¤n def Wo,h, M.*er,g Dergy So• .,id 

The fourth industrial revolution is .haraaerised byte/hnologies whi,h ¤re blurring the lim between fhe ph™wl, 
dighal and biologi«al spheres, -mmonly referred to as gber.ph,sical syserns. The rapid tahnologital innovations 
associaled with the lourth industrial revolu on will change the way we inierail wilh Ihe world ¤Md revolulionise 
the vely nalure of *he work we currently do. 

Wit, tne ircrecsed ut,lisolion of robotics 2018 

autima;ion ond aftific,01 intlligence i 
,Humn ch4.line 

is wor#h noving '10' in 2018 'he g cbol 
unenploymeat rate fel tc 5:2%, Ihe low••1 

Inlum-•a.Kd,1,•e€--U 
level,138 yeorg Ill The stror@ correlogion 
bet•een the fed //// revolulion and look.*lie<*,el,- 

«1•C,m*on high emp loy,11 ent roleB 5 hou id I ne reig re , ishl 
a senie ¢· opfirnis. cs .. ..ve •owards o P,rforn,//91 

./1- ...1-1//Illf,7 
*when •obs wl[ be n'ore acce sible, mc,e 
fle•,Dle ond nore I berot 4, 10.T.41(01.3.V.J-lot 

•lf„In# r...IL.......5/7 

Our ability to nol on|, su·•ive, EJt fo Illrive P«f.... gle'l..d 
during the lour·h ir'llol revolul,01 s m,MI,•wal I'll./•7 
dependen· or the lund/•eril ssue to 

Wrn,•-• understand ,·ihM mckes uses hurne,s diferenl 
fron t-log, Tnis moulds the core f•rn 
whic• ovr eno•ions clnd <now|eage 5tem 
|• iS eSSe/,0| / Lidergiond lha· •echnolog, 

.dle/- does not foste, o need for -|. nor does 
1.855/.neern. lons 

In on employll,enl londscope 'oils rapldl, Fig / Rn•ool4willui•noch,iexrk,1Dhourskr20'8/ 
eve|yirg, t,5,•roo•ort»understond•holn¢ 
coly /6 gre ©90 nging, bo't 0150 the requirec 

talls +0 240¢m &*e /6. lt,t 142300 c mener unde-sindirg 01 ·he pnrcip / / heel. cheln,co s „,1,1 elef Ificit, helped 
C(uc,Ol Il ot we prepofe 07 corlinLcu. lefourti iDd-lf,MI revolution, il ,5,Inporal fuel produrlion Inclucing mo55·prnduced 
moving c•r,elves *hrougn $'ro·egic skil g 0 under'©nd Ihe ·istory onal Ihe Ing ns C .0,1:Lirer g0005 ord -eooon• I'l The 
developmeni 11 e oiher indu·/ / irwo ulionh thal Pre,c/EM, 5econd industriol feve;11,©n wos chaincierised 
I, Is ine:,loble 'lot w. will experience ihe fol.i. hy Ihe „ „id grow-h of /,es, prom,nence / 
fundamental technologic' cnorge. TY public tm„pod ord Ihe nuinbe, nl facto ies TAe firsj r,duslrlo• re•.o'.,jio. 
chollenge bower will be toguideour Ihol oc·ions begail, people's Ives becolrigula:ec 
$,0 mure *he besl, ·nosl inclu»e ou"B l oe first ir,duslrlil reve JI,or is choroclerised by ihe clock ra/er Illon Ihe 5 un 
0. 01 by the shift from our i ilice on I. mols The W ir,8.9, 01 •er,03/ion 

human eflor end biomoss os p-irror, 
Background souices of energi ·o ·he use & fossil fuels TIle :hil d I lows'rio revolult/„ bege, In lie 
The word re,oluion• de'oM' obruit 09d uridtne r·,ec.micolpower IM,5 enoblcd 131 19605 Thls */'on $¤[le,#rele'redtois 
rod col chorge We cci twe;nre soy 'hal, Me€ 9.nisation. sleam and ihc p.olific,cY of the computer or 0 grol revolulion because 
vanoosrevolwlionMoveoccurred Ihroughoul %·'cler powef occo•e 1•e orde • t•e doy , wos :0101,sed by the developrran, Of 
hi5lor' .ien new mchno'ogies ond our dur ng Ihc lole, 5.nges 01 1,8 181' crnfury 5.rillcond Jaors, rlail/Do e compuli,g 
percepl on lie wor d./. red prolou. Thc fl·st IndusN /1 revolution spanned {rorn 119604Oersonolcoripul,rg•1970sanda0sl 
cho,ge in econon c wle,ls and soool Coproximorely 176¢ 0 1840 [21 ondt•i,}e•/21990s) 31 The,n·o•al,or 
struclures 12] lernnology I T) og,3 w,19 Ille devel•:pmen,of 

The secor,u r,•du61,cr 'Pvolui,C„' dig|ta| 595+prli•, =01,1·ni,rice" 
Tbe ond ropd Il pribund shift in 24 / 11'i,19 he jecord ndusli,al revolu·ior, oaurled odionces in compuling power enobled Ile- 
3 iele.red ki c. ihe • re,40| 41 ca between Ihe enc of he l 04 certury ond t e 'voys 01 gene,ofing, prOC/55,9Q ord 

Th,5 sh/rmg 
revolution combned rbe Ans o I · .0 decaces I tne 201h century 3• Thi irfurrr,/ In 41. on,mol, wlt, Ihose / humors 4 ihe 

indust·,01 revolution is seen by ·non, 06 the 
purpose 01 prod'chor· ns'clot,or anc Tliefoudbi...I/*lulron 

perioc ,:„ch inTroduced le mos. chonges 
com.unicaton 121 Th. lochnoiog,col odvo•cement /,ch led VA. M In 'he imp'lon singes of o new 
TD· ilgrn•Inn revolulln,1 - follovied by o to Ihe secoir inM¢,lol revolu-inri unlocked ind J,Irial revolu'lo• Ihol ocmrding to Klous 
scfies / indupli ol F,wol/,0,15 thai oegor moirirb.mokthio,i /115 In Ihe foim/clectrici/ 5/:wob (founder & Ihe Wad Econorri, 
in 11,F wr„d 1,/f of Ihe 18!h cenlury. Fo. d 5 -riburior, Ropic odvoi,us in the creolion Forurrl will not iusl change wha we do 
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M.ch..1.0, o,motempower,gourm|veE,o llirivein tne 6,2050121Arotnerpowedulderrogropic 
Fields foih ir*trial revolullon As klim M. Irend '5 the over' oging 01 -he Arld's driver, 

•There has rever been o ti,ne el greoter populoun. Ageing,soneconon.:cchallenge 
Thein•emetof Th,igs (IcTI p,•inse,oroieolgrecter/lenliolper,IRI,etic·thalreti.emenlogeswill/velibe 
A. ficill,/tell,gence increosed 50 that older *bers 01 socie) WI· lelhalcatho weore 5-ill o le beginning 

DIgi,Ol Mocure leo·rl r,g co • con/,rue locortribu·e ·o Ihe .mforce. /I,I• Iges ollhe fourlh industrinl revolutio·• mer•i• 
Big deto •11,•lills,nipos•,ble to know tl•e prec,58,inpol, Soc,o 

four Cloudcompuling key impact ore 95 sh m Id be cws, dered. 
-ech.,olcgy and Ne fouil h induslriol revolut on 

Autono•ous.e•cles ....jogr willcon:inuelochargesocetolvolues Mo•e 
Ph.ml 

SD //ing Sorre thon 36% of ·he worklorce in tne L,iled States of /8 te/'ologie' thot will shape tie 
loulth],idustriolre.uluh©ioicdefiirle®* of Aine•coc•,reili#*•lancers 

Gonctic elig,peering 
C.ical genevion human enlorprise. connechvily o. 16·.The shift ii sce ele I values are ohen luelled 

Ne•rotechio|ogy Illestyles cre al-eacy herer bu: have not been byoulonorn* :lexib 'Brondoddmonol income 
Tcb•, 1 >4•0Jogi:,/ or:.es *A sc,led •o everydrly ut lis,tion his s due -0 h Mlimcted Ihot withir ·he ne'len yell 

i.*.*Jlrion18; tie.futtlhullieregula oryenvi,or,lentlegrl molitic'holiafthe/,lericonwc·I:forcewil 
coni derations ond other issues currenG, Le Iraeloncers The 5ocieil shill inlroduced by 
,•Iweigh Ihe benefit tc ,•now [7. #e F©unh indvs,ri,I revolu*icn .vill therefore 

and How·ied:. 1 i v.,Icnonge us [51 Tle ie de,0.loprn-fs of digi/, phisical, nol onl, cligike k, we wcrk, bu' 0160 
fouith i i. i J•triol Tvoluhon is •ho rocierised by 

ond biologicallechrlologie• ore three ho,vwe in•eroc•wth otner humans 
tecinologie -lirch 'lurs ·he lines behyeen fundomemal technologicol drivers of lie 
the oh,5,cal JIg,/ ond biological spheces. Educalion * pro,4 lounh indus/,ol fevoluton. The basis c- he 
ceinmonly referred lo os cyber phisicol lou& Indi,grial revd /,op & r{}1 only ves#o The le:hnosgic/ odvancemens oher, 
6,/CM: •31 in new breokfirough ·echnologies „inin le assccioted w th the fourlh ind/Mol re•·olunion 

Th romple, ty 01 these +crhnokx.]Ies ord .espectimorcus 01 •e,linolom, but a f"ion .mi impoci our 00,4,7 10 "ca" training 

1helromergen'nituremokes,r'Mospeclsol with coch other Tliesp Ih'e }cchrinlrgicol v emoloymenL Educition Ind lining , 
thelour,bindus] i•Irevoluton feelunfonili/ di,ver:ores•/morised,neolel[8) d,•ctly correloled lo aonomic grov#9 Gnd 
and, 10 I :,rly Irrr,ler,Ing The cundolion will Ilierefore be one of the ·no,or dnvers for 
oillip Econorrk ·echnolog' 91ho fourlh industrial the foudb l. trial •e•oiltion. We /•e a•. 
revoluhon is reliont 09 ihe infrodructi,re 01 The k/ indust·101 revolum .d hove I migroling fo a s,stem where itudents gre le' 
the /receding U,5/riol <evolutions Th,5 monunen,climpo„ •n the glebolecovm, intere5ted,n stcle cumculu'ns •nd keener 10 
revoluhon w Il howe,erreorese,11 rewwoy5 in / which le effect *Ill ho so vost end .nke shorts, 5kills·based troin,rg tict s more 
which technology becomes embedded *Hhin mulfiloreted thai tr,lakes It dilf,coll toe,cm,rle relevoril lo loccy's w•,kolnre The ocquir ng 
soc elies ur,0 Fprn n, r h unnan bodies [3 I individual aspects There cre Four facom of of 'on·denon/· skil s . 11 become very 
SOMr of !1 8 most noloble leahne/gies produclion }tiot fuel ewrionnic gr, h lend. relevont lich will allow err oloyees 10 0 dop· 
nopirg Ihelour,h i·,0*ial revc J,ion indL.de 10['ou'. capdo• and ente ·prige. 1/oy, ihe to Iheif 'ang,ig roles and responsibilities 
gno ne edit /, mach 9, infeiligonce{Al) f »• world is /•tonirg 52% I its enlrepre ieur al required by emplim ID ensure th& hey 
nole,iols D prin™ 1,1 emet o{Things Ilor, capac 4·, and 'fus r-ber s declining iecr re.oir nolonlycompet,tive, bu·relevapt [6] 
04 dota blockclialn, genchc sequenang or yeo, MI 
end snlne·Ir biology The lechaologies con Future 01 lobs The world's populolion !5 10-4 1, 
all be 'luirid inle 'feeilisin I Ic:te gor / apond to 8-billior b¥ 2030 2/ 9·bilor With each newindustri/1 (evoluion ne• »s 
44 4#db*dke 162 
'e·era</0 cyber·.•,is,rul smlems. 

The ourhind,strial 2volulion 2414 16 ohen 2022 
m cg g 461.' con:ep' wth moss"e 

eHum.n ch*h- 
digrupli,e po•ential 11 Is however o t.ue 

refedior ofcordes,psondcho,re•loshipe 
1,-on,Id./.c-Ing 

I ..·4.... 

Potenlialim.,to#4IR /1«n-011 

4 Indusir,01 re.olution is gene'oili P-r-•n*-1/4-MI - 

- 40% 1 chorade·,sed by •dvonceme,I ' torhnology 
'hot,; opplied to im,Drove Ike pfor•ss of IUIr#K-*1*.Ilt • 

111... 
produ'lion Te 106" 1,•cluili,0| revoiution 
&;wever hos the poler,liul lo be 50 much P,derni....Indrn more .nu.1.,ork .mi• 
IhQn lus, some· Inpro,•en.nls in o oroduction 
process ./.1,"10 

Wit" ever• Indus,riol revo]Ll,cn comes re'Ining 
sh'llslosociol, cconorr,ic, env,ron fren+0' ard 
Polllical S,Glei'•6 Ihio' ITUI, Olter •he ut ccue C;OT•e,0 -D•9.- 

hurnanif, I/I li is impo.// lo under/// 
1hol solno of these shit ore forMeeni and M-Ill....•m'. 

Q••el ore completely ilr,loresee,1.11 Is Illefe•cre 
e:sen·iol that we locu; on Lipskilling Rh ihe Fg. 2 Rotof humo,·mcchineworknahou,sio•2022;9.r 
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ore :reorec and old Iob5 ceslroyed A much 
oeboid fopic regording le lovr.h rod.f.fnQU RESKILLING NEEDS 
rellion re'll/ oround tne ieor thot with 

tecirologiccl odvcncerren-9 ond i,craosec 
10% aulo•otion, the ·ovrh inc•strial re•olution 

n· Dhf incr*ge unemployrr,· signif conlly 12 1 --.0 
Com·non ·0 f,85e recent deboles 

ts on awareness /4 as technolog col 
breeklhroighs rupidly sh,11 19/ frontier 
be•veen le work tasks performed by i•mors 41'rest:n-,d 

....=.3 6 
ond /05/ performed by moines one 104 
olgorithns, g oba labour m/efs ore likel> 
to 'Incergo mi,or ·roisfor.cliors. The 
'allenge le wi-hin the mo•oging of ties® 
tron•'crmations ·o eisure good work, good 
pbsond rr,p<oved cuolity 01 ife 10·011. 11. fl•1 ti•i!;:!. 1. ....3..ft 
* crmat ons are not monoged wisely. the 
fourt' incustrial revolulion pose' the risk I 

r-41.- 
.·4dering 5,111' gaps. greate· irec.lily cnd 

13% brcipolor,sohon Inmon,ways. thetime 
toships·hefu" c workis now 191 

Fg 2 .*.... 
According 10 Ihe latest Oucnerly Labour Force 
Sur•e, 1/ LFS j resu ts released b w Stolistcs 
South 'frico I51ols SA), Soulh Afico hoc 
an unemploynen/M ' 27.6% in the first 

boBic irs·inc· 1© wri,ve As we expanc our thecomplete,nhegraliorof ouremolionswilli quo'er of 2019 •101 Appro'i.'tely 60% 
knowledge, *e o the e/ablisktheaoilitytointeract ourkrov,ledge Counlry s uiemployed, coi't have w..te*posing our$/Ive// Iheshorfc Iso· a Grcde 12 cerlilicote. 0•d those seeking Skills 
emohonal development weakne%s# f'rther educition 're grovitoting 1:wards 

Iii ..1, u 
) opidlg evolv ng busine/ /onomicsandsocio/ces[11] I R es se itiol tho 1 emplimme,i w, unde rs10 nd th,1 we, c 

/-0. 0·e icndscooe, Ihe obilit• 10 ••lic,Jole Endcmerm;ly 
t,•i• 

dill/1 !·om 
" furlier es·inotec 1402 6, 7020, •s machines Hun·(•5 -1.vacceordingtolher p-opoie For •lure ski||s ·equ,ierreit•, 
mon, os 80% 0• Ill fwlure locs will recull consciousness,whilstinnireson,•ped'Irr '013 conte.1 * Ilie oggiegate effeci on a STEM /ience. ·emrol©gy. engineering -*aratouum.Ourogronsarebasedor ."PQyne,il is 11·re•Irgly cri·irol lor and mothe•,1+ics) edwdion Illl. -ne /owledge and thwhre h perfofrr bi.•riesse5, governrcerts ond /Il,1,11]|• In high uoemploymen' rote of Se,/ 011ions 

Alrica, octbvities 0% per •heir cwn int/1 pence In ©•er to 'ullY seize Ihe coponunilies oreserted ociparied by 'he re even· lo• leve cf dlict conifos• 10 1his, mochne' aril, hove by "se trends ard to rr "010 rde die educolion ond ·urther lock of inlerev in S-EM 
0/cio intelfigence Mo,-themost' riking ourcomes 12] 

educolion will leave c signifiwortaelict,r Ihe 
differerce be*een humans©nd machines I es Perfoirriurn,e ...01!or 15 Ine of le couhfo's ski!iR re58,¥e. 
inourcreoli•,4,whick •lk- uslodoon¢hing •©St hloononl LJ 1111JI•,calion tools or 

A commor treid of the icu/h biduitriol ovel hie=moch#con'10<+0•038' 0'0n,5s·,05'conue I'"Fi-nce-ba'c' 
revolurion is disruf*ion. Disruptive chonges to c creolive skills creales oworencs5 .rourc ke' slrong 
bus,ne56.nocelswil hove/profoundinpoct -he foudh ndusm e:olukion wil Jsher in ple·lofllonce arec 5 alc |ess :trong orea i. 09 11,2 luIL 'e 01 the Gcull· A r,•or emplow,art 0, em vihere machines wII eploce human cen Le mproved on Il ols¢ €nhurces leom landscope It is es•imo/ lhot *e disrup•ive 

effc + inlegrot,09 ord *onie 'a] n more aspe:Isthon everseen befo *e nolu·e C le #cur·h induslricl •evolurion mi 
Ilis inporton' for ra•ge Trom signitican' 'b us creolion to ,ob u J Jerslord wiere Employers surveyec lor the lure of Job 5 

displocemeil, and fron heightened mochine ,vo'king abour hour' will replace human repor· 2018 est,mom "1, 4 20)22. nn 
*crkin. houi. productivi' Bute•einiureimponalisour to widening skills gaes. lesslhan By 54% c ¤Il prrDI<>ye/5.Ilre•uire one 

pc>Fulor eg·,rrole. 6560 / children fuidamentol unders:andirg e•er,ng clice*plorolion significort reskill?ng ord ups<,11„g Fig 3 
p.ma' school loday /1 ullinctely end oftheospedswkcrerrachin..!Ino,reflace show'ep·opoiton'femploYee•rel-nllo up 

wo·king in co•pletely new iob ·yoes 00+ Iheetfurlsc-hurror,5 don'· -hes. ore•sonki»ii thescopeof re,Kill,liarequi,ed[91. Al•hough 
exisitodayll 2] becornecriticgl for oursurvivol Figs ' ond 2 / grapt sh* lha• 46% i,1 oli amp•m, 

illuslia ebrotioollwrion-rrachine*king w,Il requit no reskill,rg, 2 also sho.s Iha· 
Mony of Ihe ir.demo•d ¢ccup/ions or houm 10.2.18 ord 202 0 respechiely ¤ppromotely 19% cilemplovees will require special ties 01 todo, did M e,]51 te, veog 

Frorr ·hese d con be seen tho/communicolion, resklling,rexc:e•oFsixino,•hs t,•Iherelore 00,0, and Ihe pace of clorge 4 set fo 
ank occelerole h lerelore coord .senl,I 'ction, 8.cnirgond decision oi,ciol that emplowrs Focus 

' rn©<ing Ihei. tenlion or 

unders'"d tho/"re ,"s will irirreosirig, Mummalnrosks heovily'elion·o,hurncns 1 Ihereski|Ing c•"le,rerroloyeestoens e·hol 
req•,re complex problem sol.ing, 'cill. ,5 055ential 16t we underslond Illatlechnclog, ler •nolc,gicol disi·Jil•lon does n••t socri·ice 
peOp|eald /'lemss'|5 con be used lor •he benef t lili nonkind icos 

yhecioj'apge Wj i. ·e. be Toe•,brace The ,/c,200 k . whcv cniechnoogy Triumph 01 mankbd tecirolog, bJ• r,01 -0 become it accornocniec by aulo-nollor poses N 
01.r • r'I lor Kno• edge Is vesie' Ir ¤Irr N is esserel lat w. ider, 4 frese rele* question vihether c rol roonis wm replace 
enol,-1 Ililel|,gerce tr,a• srems »Tl ouT creasvihere we reed jo develop our skills }c· hurno i beings While:eis lave •oried #ot 
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1here Wil• be c 7 "crease 1[1 lob ou•on ollor The eisence 04 Irode,hip Te.'Ive· r®und '95'18,ng in arde, 50 empovar ourse'es 40 
andonficiolin elligence, spec aligogre„/01 understonding'Harre/FrnlobeBok·ed'.h/t lokead.on'ocrol·/ nrovolion/lheto'Mh 
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06•olete [14] It is howe•ie. imporlart to required ·Cye l.p probem. On yoli. wy Nelsori Monoek foilousl, said. No' ¥our 
urdersklicthoUNreoinceAo,r445+hot••Il tobe•omingcleader,t,50bcu•¥ouordvour 

r3I 
doices rellect •ou, hcpes, nol your tears, 

04 In "porlonre os le¢hnolog, beal·les ,-cesses one· ¥ou ou m leoder. A is obour 
6.bt< beei o line wiere we had to 

ore influe,·,0. The following h c Im / the success85 of those oround '706 
mike nio• impo•ant cholces•hor ·•e prcs©•t 

Hot.lien developed will form , polislic 8u•,ness./ Wrell hovec choice betweer ·ec•lor»hot-Me 
c[ m prlonceleve whichi: Rquire /00/re·s fvture old'ec• nolog =01 od v('MO. ellm/l thech,Ilengesposoobithero,lhlndusila| People, procu/,prolands,7/emsintegraton 

hring, orhope hulll,ro•ghourun,que d 
Re.010110/ Repurposeofdeveloping bvs,neassk,15 5-, 

s<Ills we con embrace Innc•allor to (re,•le I cre'le 0 - iness m ind set, ·oc J#ge¢ a n •,isici, 
Cr, f co "i'king Ekek belte world br oll 'n,5SIO,1 st-C- structure and securing tie 
1 see,he essence 0- whcl ne#s to be £" Relew' busine/ /s *ni o'ow On Relerences 

resoN'ed onc t.c ul]I'ty to ieso;.c It pi,hu,Ji inrl,•Idual ti' kee, rl slmple orvi undersii,rd the 
[1] e z.e„' How . lob·piep tor Ihr nel 

I deloy Crit,to' thir<ing skills re{ers k> le vrli J€ ond :091<i/fion cre.er/ mple.ented 20 .grs'.11 luo, 2{ 19. *e•110 
-4-,Ccl Oollity of o person h lol€ 11 t© *. i ....../11......'... 

or,rier, i'c reievors d" lo see ine b,gge[ I .... -The &. l•du.,cl Revol.. 
FiriancoJ 'kilk 1,ted .....om'ouse, UK 20,7 
Relers t.he elfil enlona rllect ve mon,]gleme' 31 Warl N :cono,r i, Fc ri m 'who• ,& me 

14:hur.cr ./indu•al 
sh/' •ev.....luor, •016 •recne, nsu:harn"ner¢'toacce.plish ew w•f.. niviger,Ini'2(•16/01 /•I. 

/per,or prn/,Ic, le•,1,col solutions k i e obled!,es Of Ihle ownisolon hnoric,01 thn-b, rth· ill,kin! F'.l/* 
-med nndords ord needs Tec,r -/I skills skilk 6 10 hse skills requred m 4 [4] Hi,lor, •Hcv. lh, 5eco,d 1•dv51, ol Re.01•kon 

all{}wyowlobe,hemosterofwir•,011 These score for the compwi in Ihe most bendicial Charged Anwicors Lidst 25 Joium 9019 
w•w hlit•rvrom•n-/,•cond indil.il'· 

skill• refer re knowledge su!·Porled b> relevon, wcy, wh I51 elsu·ing clean, legal and wel| 
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docurre„ ec systens ond pr<xedureE COD- I ....-%'0•m »92,80d,101/e 
lachnologi<0 -evol,JtiDn'.9 Feb,un,Y9015 

Proler• 04.veond wd 
mon:,gome,1 5,5 ..• wAr Im ..&-/flf,/ 2n' ./12/h" 

Deli •o be icri·© 0 5ucce"ful pro,4'ii •/prO]eCI 5tort 'wore, oclive, 0 .8 c.d porl/Filing yo,i· reody·forl'r·!r'hnclco•r•!·rpwl!!!01!•n' 

to ..h, including ser.·icing I Ilfecycle rriock:ewing comnia. D Forbls .... I. Fe..th Indu•/1.1 re ond wi|| IT is 

*Ildon .lm.cl•g,k.F•+UFell•. 
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and closing ·he work of 0 ·ecm lo 0/1 A pemon with dn' aic .Il is energelic'lly i.dii/q|·ri·yf,!!•r:on 9 imoodino 'he 1, · Ii' 
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B lri ng 0,1 le besl In people while ng=k 
echievirigtoge·lher People skil screolet••ing 9, ne·„ pal i/©g'es -dh cis,vi>t,ge 'ciufe 

lai • ro I whi• 1• will clinge the vicy we er<. live *d '4 Yu• Hou oid A,2•i / I 
relallorNF„/5 ·ha•do not disc·irn,r (/e In tarr,•s ·Fc* Industiol Re·.cIJ|,al 1.i'•Aol©gical 

inieroo wil en,hc-he· Tte choll€,ge Isto of ge'lder. race, cu!"re, polit,c5, religion drive·s. -pac' Ind coping •c... 
enEJfe +• best irosi inclus•C Outccmeg for Ch,9es. G....1./1 'c ./1 27. 

(° cly 0/er dereot,pin,1 Wei develooed u[ monkind 1-.wa'.A,gu' 0017 
Deop' skil s ensL,e tiot pe'S©10• needs do 19] World Eco,om c fcrum The Future of Jobg 
no, cor,prumise orcf.sioooi ·e all'. The-ounhinduslMol•wUlonisofterseeras Re#®le·,5*,miond,Cent,forthele.• 
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Thi Ot;i,ly to know, under•bic o,c m 'noge As we enter o new re'clu'lor we will 111 Thin. P,Der.' -Fl* n• le STEM /1,• 
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1, co, •I, ondexpressai,e'semetions, The f[)Jrth indust'iol revolul,i•n Ls os5OC aled 1'21 Wor•Fc©nomic Fnrum· -T•e Fulue 04 Jc' 
ond / hand einterpersono relotionsh," wifh m or le:Knologiccl 'dvorce•enls * me•t Skills ond Worklom. 5liotegy 
iudc,cusly/'derloulhel,colly· for ·,0 Foilh Ird.il,iri Revolli on 2016•. and lhe increosIng relio•ce©1 in•hires, 11 Swl»eriond Cenlre Ic• Ihe Ne• Econom, 
Monsge,- els/'4 i, /&58,1-,01 tho,we unders/0/ Iha' wei os Sorie'le"IC+•/lell.... 

humons. ore {Jaurnemolly diffe·enl from To ['31 Te'.0/0../ion& Ppi,Ir.•nr, end 
oel,v er I•,rough people· Moncgcme' no/Ines Our 6.5, fcr h#ledge !3 0*d Deval,prle' Aw,re ne56 Frogromme (PDAP, 

Siills ertails 'he underslond 54 n 1 iateg rolion, I Oure•nolional intelligence ./ .em lom Revi'ionlr#.16 
Plinning, implemer,Igfion monitoring ond l141 The Sk i PoMil· 10 FiteAbol / 1, fo, ike •u, cosic Mhne•0 GUTVI 'e 
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•kill,·4!h·•nrlii,Ingl·r,·•I,•,o• 4,n there ore cerloil skills ih¤I • Il grow in outcome ir'dic[/" 
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Electrical master planning for the fourth 
industrial revolution 

by P k 89,7,10740 and Siyn, GLS Cons/,r,9 

Smai cilies. driven by Ihe fourth indus/rial revolulion (411, I/). seems I be the buzzword I Infrastruclure 
development and procurement lodoy - but whot informs these decisions, and are we making srncrl ones? Exlsting 
melhodologies ore outdaled nrd not sullkieni to address long-lern, planning for Ihe ever.changing power system, 

A moder methodology for eveloping 
a ful, 'ser plan: from Ly 10 HV le¥/ i' 
presenled in Ihis pcper The moste' plor 5 
developed 12 0 modern sob*are pockoge 
whch combine5 ed consolicotes several 

dolosals in•o one geospo·lai mosle· node| 
viewer Load ,nai,sis demond pollerns Ihe ... 
new/·k model ond GIS ore cornbned into 

09e •001 • cevelopo comprehe• rn.* 
plon usrng .cto .ggre.* o.d ©nol•lics 
Loud forscol'ng cid anal'ls isdone'hioug' 
g 45,5 of ·he uti ilyJ, bill ir,g 5/stem and IDs 
and AD,•.4 03 a re 11 us bo m or The utilit• 5 0*n ... 

dolo. E-h slond in Ike ul,lity is geosooholly .- Ii,ikea to o s•oply poinl in Ille ne-rk model 
-he m•ster plo. is Iher finally presenred 
1hrough on outo·generaTed mo M 'lon eport 
dh pro,ecls ond cosling of sold proieas· All 
of liscon be, -d oronon lireweb vie 

plotform / ch enables users to nlerod •vilh 
the master plon, inslead oF 11 iusl oeing o 
E niplislic pdt docurnert 

The 4"· induslrlal revolullon ... 
The 4·h induslrol revolu·ic• IIR) cent'es o. 
the cornmunicohon, processing oic ono|ys,5 
of lorgedolosels to ng <8 inkprmed decisions 
The power sys•em 01 the 'h IR is one thot plorning only bowl% master plor,51of the ou / 18 and online dok ink common, 
hos consiont fron,loring vio internet c· ¢hings powe systems 01 the 'ure shou d cons,der inher,nongeoble dobels [ll Maner plois 
M di,ces. ond s sell-heo ing ·hrough mon, mcre /jors -hese i/lude . /.ure should ul imo el• ollov. us to 
sper,isory. 0/ control systems wili, bJ t.in • Luac k>recosting Ircrn o relic ul./. level inokesrnorm.de<,3,0[15 ©lourinfra•lrur fu·r Inlell,gence Fli•lier,i•re. Inllie[Llurepower nprrntic,1,5, rt li i|Ii,aficcond up0.¤rC5 olonning. 
5,5-In cons/me•s can 'come prosumers 

plonnlic The World Bank througH Moll·scole embeddec • Operational on< main·eronce repoled the 50>u,h Africa generolion 

inili,gen· control unit, 590/ 101.Ing ./.ructur.lenhonceasse . r-ked 109lb Ir (SSEG' -wh .world n terms I 
lile Illetier,[Ig !5 0|60 be, ig rolled gui to b•lk· ge·ling electrcity' in ·helf ornuol •Doing 

credit gicprepoidton,Jmers¥.Ii,chall- •,1 Aiset monogemenl plors which BL,InesrreporIFI Onoverage,illukesabout 
for "0'e rl, c u,ule con,uniption· and demond i,•corpor••e Ille ulderl,ing moster Dion 11230's fromoppll'nlion lait, Inski|| •ton tor 
slolistics 10 De m ated dninaswellusoddl•ici•Qlosselloitureond urleweleclricil¥(:]Iinechoi. Thisisirpodd'e 

Ille cycle infornotio' about he cgsets. I •. I.of foc .ing 'rocessesondsyvems Thes#fus Fo is I9/ lor,g··erm ,owersysten, • AEsel ·ep|O'emer,1 prlor..cl plar> 
olanning, or •ahler plarn,i,g is borng done heren.lhuslhefolowingoreclotcoic/rn 

which look 01 the risk of power 5•sterr 
0¥ I'll,5,rg 'crous Irdepe·,deit syslems k cddie•E in •erin5 0//ste, pler i,ng in the 

infro6tructufeloilirgond the coisequence 4,1, R a min,mol dati inlegrolicn be·ween ofk,kre 
I. do,¤EIs These riocesse• over Irr. • How doweensure ·noxirron beneld {Im 
rouse •eve,01 dolose·5, uaoted f„r d He'en¢ • Re.er.,e OACI,5 5 anc anhanc,men'. thevonousdalosourreswe'ove• 
purposes,toberle.elopedosopposed»lhe [he obowe I.l,m·ionad luclors or ouiputs • Wh,listheci,limolbalon"berweenrisk 
develoon-1 of one %·purpose cen·rol orecurfent,p·od•cedho.·1••orillynrid,101 on d funds *iluble to u /,d and renew 
dolabas€ Thiscreolosnuoricnwhe..10 f,0 m t.p 50rle Jrderl,i,g doloset The *, IR cur exisling asset base g u Ing lor.,ord? 
onaitics can or.1, be applied to a linitcd go, n large emphosis,}11 do,0 cen.ulisotion , Are c,Jr :urrcnt load model:lell,rg us Ihe extrn| un CJffell ploo,ing dokset 0·d Ihii should ba Ihe r,•in dr yer beh nd f. 1 pictu'e ondcon ive plonou·ne,works 
T./ionalk mas'r/lar'irg'osalw,kni71 11.p mastci ,•In,is o• the future The need rrore elfectively wi•h -ore •0 •d more 
0• lang term power „slem infrostruclure Iher,Tore ex,„. 10,10/ls tho,centrolise both represenlolive, da•/ 
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reliob e power sup' y le thei• cistornr•5 
T,pical.•.nlyplilemi 64 omord, Ltilia need loer,dure Ihat 
Widespra•dimpaoll>250002*r' 
Uv,,ihe•/,0 A..$ Po'-on,k..0 Ludrje•s cre o.im/' ollocoTeo I.. 

High gfir=Ii • Aqgrtrrenlion 

• Asset oferatio,ls Ind "cno,ce 
\Ul 10\20 1 3• •/-q/ T,pcal......Ily,Im 

I Assetreplocemell priorilisctioi ARP) Li}Dal mpecHI•orna• 
- lig'Ikelhol"1105.- 

Tr•d,1•0301 muster plons Inl, speak to 
Impact®ons,quene•B 

the osse, cre/·ion ord ·c o degree, osset 

'Dgr•de5 05 we|| some refurbishrne•t 
How-e' 9 hol•stic view el 'e reploce,•enl 
prio rilisolion thol sho /0 be in p M e 10 guide 

Lcy'V C>Lt High ccpitolexpend,lureis .ce Atecknique 
Low to de•elop o reploce,ler,t prlori& ri/ inde, 

I.= ..... 
has bee9 developec The {sse' replacement 
pfio'il, index 5'cre 15. Fig. 2..poll'/'i/*# I 
where win• = EN LF x QF, [1] 
orn· CF,or.:=Ir=JIFixer, 

This c5sel re#cene' lonty lexis Ho-ho• Irx•T• 1 C.-m. lil, 1 

informed eBUm•o 61 vonous w•gliled looo• 
accc·Ging to the relotive seve·ili of le 

Jf fom. Some iniluen:rg focters include. 
• Plontcondition 
I CJrre'lcading 
- F.-url /0/ ng 

• Thh 

• Fc,lures 

• Cost I replace.enl 

Asset operolions and mairre·,crce M 
be done niore occ'rolely orce oil 01 tne 
osse· cond tien irformobon is cop'.·ed i• 0 
centr/lised syste n * th o clear plar on le 
mainkncnce reaJ,remenls 01 ·he assets. I• 

¥-B*ic¤,In==10 
exisling •IBLInci• /1 6,5-ems c'e in oloce with da/{or le 
asset operotions anc nia Me,•once,Iken,lis 
suggesled '02 4,8 0&M sys'eminlegroms wilh 

43 Eregypm•,U•m•deoinpe,o;DADp,•id,n•mcd•[7!· themostermodelindplon Theoulcomesol 
fhe A# me·hodolog, provides a risk malrix 
03 54©uninpig. 27. 

' dow de we r/,sa lle lunding for rhe ·3 Inves' in·o one con//Idcted moste, model 

lecewor, /1-5 01 /8 fullne, wm whicli will den] d mi>u plonning reeds. The ARP risk scoreshould thl* Inforn cnp,i 

consideTIng ih•t IDe •kilo•att ,our Mihcdvencemenlof technolog, Iher,crer expentJa 01 upgrodes. refu·bis,•ment or 

bus r,ess •,6 0/ing? •ocals»Idalsoirterocondinteg·ctewth re»ds Forlheu¢huverooredelermined 

/5 pape, 'ims'O 4|orethesethenE Jnd ·or,ou50•s,sh·rr•5 Fore;:ump:e,lhernoster Plarning oer,od. This, howeve,0 canrof be 

In prir,culor looks ot how the, ore iterrelo fed model mus, beoble # /por' le fu , model or done in isolotion oile noster plan as thetwo 
porls c· the rrodel in-0 0 foirn,11 thol con be dolowi need to ric m each /her 

The mas,er model irn™irled ipto power swerr .noly'ls lool' cs load modelling and forecas:Ing 
A "sier model cogbines 011 our '"065 N 9 '. Ul'irriel¥, I ing,ter ulode< most 

doto sou• wd ,/egrates inlo w'OU•• be r, d,9 tal twir of Ihe reol world network nord Inudel Ing !6 on m,oblished oroo 

45ySten E oscroulpLT.Tnernostef model and /0,/ include le LV nebyor: #efe. 01 research I ..h Africo wilh vorious 

promh 'Ins roodein soflwore 04 406'yrihe (]rgestchongewrehopoenirg mcior con'routions tuh os "e NR 5034.1 

50|ulion !5 Q Q geosplal •odel which Ordwr'I conthce lohoppen h fli• 1·gh,orilie JeS,dertia, h'od mode' ondie Her,70,1 'Ic 

15 Gmied wilh doto sourced .crnlho unlity c,isel of SS[G. method [4 -7. 

thro..1, The vorio•5 iniero, 1,0,15 The moste, de: wn ond &. man/gemen' planning plo,Irm,g :0+ networks ore 
·nodel in•M u t,notel• pull and push done cgto with The g{ter c,versity ma„mun 
'forn r•r,d • or o•ls c•he• sy- /0 0 - 1,1 distr,bwl c, ond ret,c•lotion demand 0[*,ID) of o lood class or Jscge 
mosier models ore -reated in d Herent, Detworks ore f,„Fly aged and in moi coses pup TII,5 ADM-) 15 -undo n-lo to ihe 

unconsoldoled systems, rewitng In Ou, 01 nesa urgen! upgradne However. utilities sizinc olthe looc ond*hus ho, o sigi, ficont 
Ir'r do¢©miwilh brn,ted benell] U,im es need have In'lied budge'& and st I ' ave to ensure Impoct on Ihe l,r,01 38,9, onc consequcm 
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funding reg jired .c supply tie 1©ad, The 
developmenl of /e lood models has oeer 
/'ed an a pebot'l,st·c 'nethod:ner' the 35 

ADMO of the load is es'i/<]teC based on the 
estimotedene'gy con'JnFIC'of c panicular S 

lood classover J month, Energyconsul,plion 
is reo·ed c demand Il:VA) 0, shown Ir 

3 Fig 3 on; 4 (7.81 

-be currenlge05*Ncl lood lore ast ng (GLF ve•strong 
relan•n. 

ine'bod ip is nol c|wa,j os o c' fate os expectee 
...'Pont·On 

/1 per I91, out becomes mcfe acct·/te wi, h 1 ProfilearHi Mean 
finer spotiol //imions 9,10] Modeling 

06 

on o perslend/erf 306,5 is the rrosl granu,or 1%- 
aid consequerlly .052 occ•rate 5001 ol 0 

s'bdivion. 0 200 400 6.Or loco 1•06 1„OD 1¢00 

cllu-*In •Ar.1/0/.1 
A proposed me·hod dlin /e demcnd / 
O cus"er In o fle/vork s r,0- presen'd rg 4 Cor,lienbe-en con,u•p•on *Wh) cddemond'kVA) I. 
& proposed ne/cd is sumfra·ised in 
'ig. 5 krgy CO•RumptiO¢1 15 metered ot 
o house or sind level will either credit· or 
ond orepoid me'e·s Credi· meler, can 
give o clear indicotior of le consurrotion 
. r, en I montily bosis, 01 c poMicwlor 
cuslomer Prepc dcustcme's'purchosek stor> 
„ onolrsed over a /·iod of 0/ minimum 
¢wo yegrs lo determ rle Iheir ave·oge ene·g, 
mge Theoverogeonnuoldo p COns,mpton 
(AADC) pe, sionds colc.lotea -0 obto n o 
bo5sarergy.alue loro lip,col 24 nourdoy 
8 customer Ave oge lood shooe librores 
from Ihe G_- Stgndord 15/ 41. Some of 
iheodvantoges©Fus,iga ulilii, oill. s,s,em 
dalo/se is inal this ly"cal , 0160 provices 
voluaoleinfo·lotienguchos 

i Lord us"£'he regis•ered / 
• Zon,1, .Ft'l iegistered erf = 10 
0 15//cid/monditother./li•semie 

suchiswokr 

Al "e onsel of the forecist ng model 
popile•ion, 60<h sing wilin 'heutiligs'opl' 
oreo is po,via·ed with on AADC ..lue ond 
looB class *,th 0 9·ordo fd 24.hour lood profile 
shape osgigned toeock stand. A key d,Herer,ce 
to Ihe slondord nelhodolopy is // w/re lixed 
oppiren• povier S) Ik 'al•es ore ossurned 
fore/ch lood c....el//1.logy d•s n.t Fig SiGeospo•,0•6Gdmodejh.p•,ce•s newche• 
a,sume opeck,/|ue pw ood /lox, a:•Iliei, 
cclculoles le peak volue fo· po' Mond, in 
relolion k) the oddresm this A slond's The corn/5 te ocual, o· lg/gated load inele'e,1 new impo•ed sol,Nor prolile con 

-r,q, 

consumphon»DC)data -, e. by empfu, ng o sio/-10-9,Irisub ther be iewed / a rn n,sub 0, nlhe, suppl, 
rro55 referencing leoture. vinich spolaly po,il la•el swilrling Elohor, ubs•/c9 

-he rrax,m . oemxd *DI b ecch sind inaps -1 1, Ad I i" 0103" milisubor M wl,11 Jrnproved occorc y i' ·he looc 
5.....pertheeq•otion. Mk' Vlrodo.mar. Fig, 6 showsare=rple nix representalior, since e,t,Inot„>,1 -rio• 

AADC (kWh) W Iii. 'pch/ ,i,op,inG 'chniqueopolied 10 Infroduced byeslinolingthe repiesentation of 
MD (kVA) = - 

LF PF.24h I ninsub Fig. 7 shols a r elwork VF,V of Icad cla•es in a brood nec s reduced Figs 8 
Ihe ..ilmopping 01 %nds lo min,subs •nd 9 de·norstrole ·his cggiegation concept 

"jilic/orproblem wi'hEou' Al con V A very useful axjens clof the capobilit, 09 
ne-Fl•,ilhe lock of e letwork dulo, 094 Ihisfeorwre, islhcllhe same cross·relerence he last slep n the derivot,on of Ihe nctivork 
comecuen· lack 01 visibilry in .V is lo cclibrcte I networks rl opping iech liq ie rnrldell,jd Je con be MDsand ADMDs •oplieN on 

Ne•ork bLDs nie 'ypically o.|y 'aphircd Lv nelworks, n 'rder lo nop eoch siond aggrago/3 Icad profile Ill. Ihot off the 
I MV/w minisubs, which in•su,Ed peak load of #e to newor< up ¢0 - le,el It5 THe neares· IIiosk This promoles le 

Ihe ietwork .heie leave, uncert,Ir.10 lood doto as +0 /,ch sknds ore copobil W to model ond peftc>rm lowes' sludies poirt ii „ 

supplied by o porticular MWIV' 111,1,sut. W nerwork5 r,ieu6uremen· 5 typico||y =loble, s al thp 
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STEP 1: STEP 3: STEP 4: 

Mount the mounting Plug the first unit into le New-(Den Repeat steps 1 and 2 and connect 
Plate to the wall ready board. the aecond unilin using adaisy chain as 
3xammscrewiplug· sl•own. 
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on v""9 levels 01 gra Jlcclly, Luc' 9% h ent"supply 
ione of oll IVMV distribulion s'bstat on, the suppli zoie 
04 on Mv 5witching *Ii: 1, -he 5 upJ|v zone /0 min,5 wb, or 
even as - 1,]i as the supply z09e ©i an LY 1<icA 

Thc ore.uing ib doneofier esfoolishing ihe nerork ME)5 
and AD.'05 * Im=,pol spot C' de·,e,cpmen' 1,016•,erk, 
growthl•:,os cioar Flcollon·,hous,ng·ardolkerplanscre 
al onol•,sed ond £©r,whcgted I" g spi lal loyer /,ch 5,-/ 9, • ..ty Is supeimposed or,to ll,e '*Isting nelwork incde within 

: .4 ..4 0 GIS .'viron//91 This allovis ole ' visuolise T.U..C 
grow,7 porke. All future developments are ossignec 
a commele.enT Yee , a develop·nort d„ation, or 
associcted gr,ya curveond o correspond,r g lond use and 
k)00 .53 Fl/fher'noie, I solvrohon Ker,gric h cons-I 

# where ol sta,05 wl!• In or oreo isocxupled The fo.ecaslis 
done or both out,1,111 dernond os viell os lu"re proiecle' 

00 6: Lo•I we'*oFSPO:Joi =ppi• of -ds to ¤ mrn,Bul .....Implion Thisener./.*liscrucalloir.. 
Ihe Ending of 'be moder plci cAd sisteni maintenonce 
into the & 

•*24,11*ia/4441 
MoslerplannInglrom 
the master model 

... 4-'. 'i. 409 11 Ibe rfaslor mc£le introduced eorlier in ihs paperollows 
•he creolion 04 cellrol ·ed swem noster plor, fro• one 
cons.Idofeddolose¢wlhincieso-relsol Al necess. 
inlormal,or i-n beeasdR /yered tierned, visiolised ond 
-iy:ed '11 •11,5 •Del. Fulg'e pqect& ccn & slze© irom the 
f"ure de.ejopmon! geospo·,al 'nopeFiLh,ch alsoollows 

/ p#A• 0 'f!*' ''••24 +• orelim,nor• seritude fequiremen!s i,1 be ideil,iled demonstroed ir -ig '0 70'k>vs ma/. pl¢,n books and as • 7 1j , > t.> 47. .. 1 spohcl drow ng, wi, be gene•ted vi/,e. tool. ct/1/ 
paftcula,Leriefil tropemlionstec•,st9*eqJ,revi'ibill 
ci /9ere infrii·,liudure or .se·5 ore locote. 

/?g. 7 Ne•,o.k•,ewoi'sp.-*.I•*/ m•n@Jbs Funding the•ulure 

Mo•o• plu,s liuve ttdl, pa I> considered and powided 
o cooit,| expendit"e p|On However, there is very Itlle 

11 Lifi inlorm,Y where Ihese funds •vould come from, considering 
the .aricus mir•,ls ull|INS are focing 11 te,rns of revenue, 

-0 -9 Uns//ption Ircrids 'co/5 the c. untrY have 'hown lat 
w omers inip le56 ensrgy due 10 'he hgl, cosi of energy 
-he 2.20 cos! olene rgi ond unce'o,n/In reliobi, ly '{ supply 
hos .0 sce, F,nonclolly o'ole cu•omen opl 1• r•vigole 
Iworos 'lute. renew¢'le41/rgilechiolog,es 

8 mask, 0,1 den'!fies the cood' expord,1-• pdor in 
Ag. 8 G.pha• e=rpre clombined Jood p·oide I. commor, ..4./1 tern·g of cd'on' Jpurading, ref•rbish,nen] ilild renew¤ 

of nelwork mts. Finding 01 this *peridlluic plo' S|•[).J|,1 
be funded through ·he revenues Ihe utilnes collec in the 

/2- ./.Verlaus.2[lui,%•.Illeof .- ·echnologies 5Jch 
......Ind price ela/,CI+¥ s wlb, om Idered lor the 
e51!moted revenue over the p|oin . pefiod Ir the ut |ily 

U¢III·iescan ill ufford lo lose re•·enue . Ihey I oie •opcsed Is I 

..au 6% MES,• -31. collect Ind thls mokes loss pieven'lon, 0, luther r"enue 
-- 

=rol enhorcem« rentpol lo the usicirob,1,3 u: " 4 
- - The same uncci Ying deta thet i,do¢·na Ke Ilind ·nodell,i·.g 

Fg Q Ex••ple+deaggefea.ie»lacomt,te•.prome or,d lorecos+Ing con be usec /0 ideqi;fy loss recovery 
©OpCnun,IleS,15•ellas f•luietoriffrequi,en•eiil• Thelo•d 
k>recastr due'oial,(]tu•e wl'hil 'h;5 Ilrvi In'rgral€[j woy 
0. ....irg 'of lili·ips, wi I f..cal le patel·il energy 
consurrollon m " *ork. This QI % for •Inou• futJre HV/M'i d,5 n/hon subst-n, where 5· or 30·minute iesoL » d:• 0 5 1/,ccLY 

•on®fed Thel„odmiond ¢heo#Mude c-the downs!.egm IQodsore/er scerarias to beles'ed wilk variovs /·iffcumli,i,utiong which 
speak fothe f urding requirenenls c· Ihe ulilit• FurlhemkHer colibroted lobelonce-ihlheact,/Imeosuredprol,le Oncecolibroled,aseto' 
his ,om e [,1,C!,/ ;houid ide/,4 imp+ove.men, o eos ,no, ADM Ds foreach 40 dclaa i wspecit:zo De is ovc i ob•e Thiszcnirgcor be dore 
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the u·,Illy cull loi.k ct in le'ns of feve'Le 
Ccl.clior u,id rii,i,Jin,so loni ..5. Pg. 11 Futw,(SDFoe@¥) 

E.•·A./DK'k 
deno,istretes the use of n +he-ed w/strol 
inop fo Icert,& stands will- rreters bu· no 
Consul•plion ord var JuS D lie• onorna| 4 eS, 

hesel.Imedmops nnke,Irri•ierioiden'l¥ 
|OSS •C•g. 5,nd allows fo, 10„t•d raven. 
Crn¢ncemen: irlerventions. 

Conclusion 
2=-- 

• 5 poper /5 iooked ¤ r•0.·v ul way obgor:>irg --- 

. ex,sl . dotosell we have and has Ii.= . 

Prof ose•10 Fr•,sier gen5pnilill il•udel S©|Lt,0• 
for,#ferplonning,ithel'IR The 4th R 
will requ Irr integ.oted "brn•and plonning IE TH. p. /H"miuUU}16*• per puls loward or miet re,Incemeit 
prioni,sullor risk %crre index wl,ch mo•es 

Fig 10: Mo=,1 Non *Dr n,£ imin- det gn c•j k d 'ro• h Useol wirous i.·luencinc Ic-inr•looSR 5'•be 
$# * Tle r lir,Illed budget 10'655/ 
i e.ewls ond upgrodes, oplillolly m.r 

A - Swl/ SInd. re¥, ./ Ell/**y. Stands modeling melhod '01 uses RE le,81///7. Eletirici•, 
euM I •nerg, consump·,on I users 1. 0 
Ut,1,·y , et,vork is proposed The net'od No Dala 

SE,nd• wi•hfnete•, u•es no<OnsurnFIM blling 5,•·en mor•,ticn tn ielo•e the •t 
(Ha&-•rqons#on) 

energy consumption to ihe obsoluie de 0 0 s•ands whf, me••F. no [•1,5umpnon lr • T /0 •04,••, 1 

cin stoid. The Icnd #se ond st//size •5•and*asJ•,nome,e.{H,i 
45* =,;8™Cll./.p# 10 11/orm the load class olia stand 
ond a -1 5•0**h.-ury nolne•r loed profile i: •hen oss,9 to the 

stanc. In lurn, ihe 'tal,05 ore thin lin<ed to .Developeds,and••0Lrea.u' r lt·r .in. 
le :loses! supply pon"hro'gh the L•Se / Ir,lumal are. 

hOoticl corrplo,ion -he lood pmfle5 crether, Lo•,or-mplion<-5kW•day 
f mid up I© highersupply poinis In le Merefedcon;ump•on 

nelwork ·.luch - gi.iehirg Ors,1.01'0115 M Grou psupply 
The |ood forec:os, • 1herefore bosed on 'Ds and I Deemed 
ADM[ls thot ore delved from the L·ilit¥'5 owll 
dolf Fig ' 1 Consump,Jo ./ %• •* I o Phemed cud.ial Te mwp. lutured-logmen' ore gli,ied 
in o slopefile 03 0 loyer to the mcste. node"o 
Pointoutwhere gro'/6 .illoccurialkindol . Ling Nothernottcalconstranl-oce'lo 141 Fikor• Holdings '[)GL 34.1284 Ne-crk 

9'044' on,1 how fos• thot grow" w,11 be. The collbra-e 1,8 erefgy cons'"ption' peal: pl.... luid'Ine lor ge'.spe I.Ic 
fll/'oblig am /*d !5 10 / s'°Ids derrard ond profile shape of Ihe stand forecoling," 201. 

tobe'll['CCIp,ed Fut.el=cs. ingL'len 60 ds i,• o zona go Ihe mccs ,(ed i,storic/ 01 SAN.07.1 2037 ..03•.1 2007. 

done for bolll ublule [ler. und ra, os we„ m prc 'ile o nd peak / ·ne zone's load h Ig Her *i• dis,nbution _ . * Ihe 

. ir the netwark. prov,•ion of e.rlriril, dis'i. ion le/©Il 
enee*coi,surnptionM'h) 1, ie 5 idonlinl nie•5 • Stn••,fd 5 •outh Afrl€M 

mon,3 doil, 2007 A . Cal, i,lalion of fle peek nlo•ier plor, ,5 theldevelopeC 'am Ille 
•°f·wure wlih easily +hemed d.oviris end coisumption o.peok mor*hio•sump,io• 4 De*•menFof .mon Setleme•5 The 

on,i u·• •hese 's bos•s {o' tne enefg• Ne,ghbou••004 PIc·lnu.g c•© De%lan O•,de, 
maps clead, sh-ing the Intes rucjure 

inodglgo,rg ·oA·.crd. Southhfncon.ver,mer 2017 
requi·elnelis. rlon jous car be gcnercled I71 'Heurisand,M Dekeno, •Moiuclfer E.. 
805,4 4 ease cf m by -he elecricitY • Mochile •eoir,4 m be used le whonce di,hibu•,eg pre elec•ifcolion to. DPET" 

tte algcrilhrn lor the replocen•er• OPerollons &.. ECH Enr.eb 2014 or pionning trom• .ic -,1,•01,0,1 1001 181 S'll.• Dol.es·cco.Imphoroidderrand 
Inev. Odditiort¢:/sterploi L&0(Qpcsed .....#Il ....4 OT ./. ' Using w"lher and micro. es well wh ch Icok at where the furding lor /he &.14 

0: macro-econinic dita ·c enhance 
ne*ls of ·he 44 IR will come from h 

lofecostng c• Ihe load *5 /r 19] M b 'Quord,luli• Assessmer, Of 

proposed uddilior is to corie.•cl Ir ercrgy G••roohkclfiosedlood be us/. Fo,co•-ar,n,que 
al ../ •0'suni]·ion Di...ill .rec..roi lorecost ord u•e i• s as basis for 

Ind 
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Energy storage on municipal grids: 
Why this makes sense 
bi ibul l'meuJea, C,/Power 

Any cost-conscious electricity consumer will always be on the lookout lor ways to optimise Iheir energy use and 
reduce Ihe money paid lor the service. Driven by 1// structure design, the real com have olwoys been, and 
remaindependenlonlheprofileolthelood.Themore 'peak,·/heload,themoreitiosM,ose,vkeil.This,501,e 
of the few plcces in the world where a •flat lir,ekl _ ¤ h bad profile - turns w // be a goodling, ¤s il is iheapef 
for,he electricIN dist/butor to senice. 

Tho lood prolienown 00/ve,s oneof City ihf,wgh combning res,den-,cl lood, ,in rev/ti¢ncstiere.Goneec oprepuielorthe 
Powerssmoller ES!:orn;volcepo,9tssupp|+9 con,l,ercal orinc•strial lood connecled to orciestroteddigilolcon·rolofcllo•lhesfored 
•nareo whe·e tierehas been ropid reidenhol eoch 5Lbstolion. ·c Fl©'len t overall tod energ• locili-ies across·he courwr, 
g owt' ond tie necessary upstream Mides prolile. le 'eme oft,s poper,5 to e."re Ilip value 
gre p|onABd, bul st Il severcl •aors cwgi in -hingshovereollyclcng/overthelosliwo odd oflhe vorious ipf,cotions of sorage. 
le Eskom pipeline // o res#. ·he inroke de,•Mrs Thepricec'eleoricllyhos,nireriserl trom ut,lily sccle 10 ·h, oggregation cl monv 
poio· 15 5ub,ed to Not fied Mo,imurr Demo/ b Y over 50096, und irip'ovBments in energy smll 5 to ]C k/h systemE for ndwidua 
Perolliesardoverthe 2017/181,rorcial ,epr efficiency ©Ftions Is well as allenotive house• os•vel oslhe dependence on where 
Ihe */1 wmounted,0 0.6 m,r,on tor#he dislili„ted elieigy „LeGs huve. 61.HI• ir ·he electricily disinbution value cho ri the 
yeor, wi,le the normol· a,nipor,ent of rhe renoikable. Suppl•,nsecur,lyfronlcer+rolrsed slorage Is ploced. In on en,ronmell where 
bil wos grund R20· In, hoi torthe >00. The ger erollor hos /!60 injoitul.0 ely clepl Ir,10 Men¢t,Cacl /ne.Ction induslry mc, 1/ho,e 
peohylerefore inlioled tie orice fo·ihot theFc!Jre Weho.eoddedmon,mthouards OaeoJolerese™estobconce-he'•tenoc·ier 
intoke pc rri b• nore thai'0% ior,he ye0r of LI re' pe04• re„der,1,11 consulners to the the coming Years 07¢ Ihe proooition al ielf 
Thi, infl/ed cos, is ovem/ pbove le higher re/vior:s o,d cl! ihe while, .ew techno ogies di:pr]Ir ./ renewo:,Ip r·re,gy sources .... 
cordueto¢he ·peck'v" 'tihe,jac. have noh>red ondprices iullen, Trioanc·/4 inno 14/ /id Ticreoses. /0 inklchor of o 
In yeQrs gone by ihe firs·©ctio' token Ot the rn Me cos· cl p,lolcvnli,rs oi'd of energ, 'igndicanliwoill'mof energy'loragetir@o 

sto,rgeistem, perl.culorly/orogeat•wl, ily o long •o, tov.ords managing the rel,obili,y consu/levelwoud Deen lononoge ped 
scole' Whol in le pos! seemed not wc Qi orld cost effecliveness c le demo b, sched"g 5,ste,T ecuiprent start·up 
'e eNort cr v.as 100 comp!,ceted' to do, ore hmes. This wos done n response to ·he How o Heel c· storage osset5 cgi be growr 
todoy imperot ves for electric,7 cistributers, dis•rioulor p{•Ing on, und opilying 'elf ir cn economicoll,i viable ond mutual ·y 

own o•dtior.1 derepid LI·uigr• nn'c i e Acress h globe, ilorclge ,5 bmnil depl•ed Uerei,clul ri,u,irier is explared, os vion as Ihe 
consumer Second was to Improve energy 01 gr, acceleroting pace, not only k) improve odded benef ts / deplo,Ing mi 51¤ro@e 
efridency anc mirdli Ihe irip urrle,ilctioo of Ilit. n.n,lobilly lur.lor 23{ ier 'wobles, bu .0 0,• plrl ••f o -H s [] e embedded gener,tion 
powe' loclor corection equ pine r,t to ovoid . solve I hosi al elecli cilily deli.,17 oroblerns progrorn 
reocrwe elergy chorges• also pas/ 10 -ihi,tors {oce. •Cleon k·=c 1 2019) Tcdow oil e e"rici' end CUS|Offier5 ore 
Ihe consumer. These responseswere ®65 ble Th deployment of gergy $"ge 0- scale inleresled il re"CIng '111. car of »g 111' because Mere wo, millgo-Irg lechnoloi 
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.elchvel, low ord Ihe rethrlniogies we ·e 
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downsfrecm on Ihe 'nurlic,pal d,5 riou•or s 
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1]058 COSt eenergi. i, is 'r ™>re dependent A• the peok is •e alively flct ord susloin/, 30 05 ...·energY s. gn .le, ·educes. on'hepi,£ing cifier€ntiolsbetv,"r peok and a .ommerclol or 't wl|' industnol customer .·.al soo, be•r,T- 4,•3ble ·crexte•001 parles oil pe' per,ods demond reductio• .ill be 01 0 lo ninimum provide energ, 5.roge of 'orb troge WHere Ille lood cu- 1. rns" •p"4· as,s So# 10 Ihe d g·ribu·or on • loilor inoce *,ding N,MO pe•nj•ies 
the cose for res,de,Iliel Inedb, Ille q,r9tcr ibe Erit.rgy/bitrage;/eenent™,5•5 Iflhesome Inil„c,entthedeclafec noiliednioximvm 

&°ral| derrandreducliontheene,gy///ge/Ten rnodelshown,9 Tobie 1 Iwed In,4 demord on /,In/ke point is exce•ded 'w „11 Je oble to deliver Ihe fore g .an 5torage copi,ol aol in•eresl i••le 5 corverred to ony month, the first billing ellee isthottne CODOrd, 
I 'fole of re#' .:' l./.or c. ls set to onnu/,in I.·2 wpooty ,AUC) 1,gu·e I.Mic 
15%,as *cn as t,e ce„/slorage reduces .he higher,©corded Yolue. -lie AUC Iskept In genero|, the lood r/,iction coplill/on 

I tr $160.'Wh il -Irrornes o vicb|o bu5,rless •, the higbest •·olue recorded cve, I rolling erergy sk>foge 50*em en be expre55% OS 
/0.05,1,0/ ME,ng) *elve montn penod, and itis the AUC f igure 
From tho muncl/| acounting /rhpe:liVer 130, Is used to colculote ihe ·romm The peak on on Indus·nol or commer•,0 



• 2 7 th AMEUTechricalConve ntio n201 9 

lood is u5uolly „9·.ined over. business daY 
- •pic# 4 For six to egh· hours. Ths peak on 
res,de.Nol lood i, usuolly over o three·hcur 1400 
period. 1,/cony between I ?hOO I EChOO 1200 

NMDDGDolti. 1000 ---- •2=Ch- 
-Winler weekday 

ed is o more likely condida fo· storoge to adiusled 
elfec•ve)yo•oida•y -0=d winler 
For the KI,pfontein View 'MO perall ..0 - -7 
mo•ple e 2 MWI·nerg, stclruge l err & : PAg . -. -St•age 

ecopel-4 Vwhcouldhaisbeenused/0 0 
evoid Mhe 42,6.rrillion paid ir penallies 0100 over 

le yeor. Th,5 trans|ctes lo on odded value 
of R·,78 per doy per k¥/h for *e energy 
•oroge swern . I b-fe '9 1 24 
Energ• stQ,oge 'stenis ./ id= ly gole 10 -zoo · -' 
so ve -he problems 01 intake slolions tho 400' 
Supply res,dentia loods thot fypicall, me Hourofday 
exceeconces of up to 20 % of +J,0 5:fe'g NMD 
ccpoci·* perhops cily n •he ¢hree win·er Fig 5 Hywrhe#cil odiusted joh•ineshurg /4 oir.e wirn 
Moilhs / "e Yecr The polentiol odded PVgnne.JMOn •d At 3€l,e Bmfoo"adde• +0 fAe mix 

vings 0,0 * 3pecieI * win be be»veep D 
inimurn 0/ 15 cents/tWhcnd ·he extreme 
1.78 per M described obove Ce./·4of•eenergysioroge•ystem tocd reduclion cepccily = (2) 

Averoge dlur/,On orhe bad peok 
Proje:Nrg $ 'CO•0111' ard enhancing 
#hesecur...4 

bock denond response scheme thot Eskom lifespai If o. energy slor. E,5 em was CL#me·s ka•re,nves,ed ir aresel gdnemiers 
proposed lo irtfocuce 0- Ibe Heighl of the instolled ot the e·,0 of the iesder 0, ot ·he M hove o hig• cpercting cosl - Iypic'lly looc sheoding crisis. In lhe cose o{ 141 buy- mid poill oF o ring feeder. i¢ could be used RS/klh - fo deferd Ihemse|ve, agoing he back schane. Ihe re,ull ••os o sk>p/ge e to oe·load theteeders at timeswhen /e lood wk / rd //ding or o.*it oubges il o ponion + l economy In the cose le 15 /*C/55.0 4/ customersc06'd nove oeen persLaded demondresoonse prog / r usess·/red er ergy 

fo ·©therlo irves•,r or energy slcroge * n, A||t®lis required is o to simple con'rol system rrollge t. rese.e..... *here ,; no 
le slorage could howe been used on a do y thol me•5ures •he po•ve Lowing /0 ihe interrup//to the ecorom. 
bosis io reduce /.Ir eYe 011 ener„ . CS L fe eder 01 *he Boorce, ard is ot e lo •igno I 
oid slill provide Ihed/,red /// / /e Those companies ll,o. bve 01'eody insilled Ihe /croge system when ' c'orge ilsoll ']nd 
customer UP'unt Jornjeth/'94,®Merimirruptions requi'es wher rorelease/cs"/"egy/Ekinto 

arloireocy re•pirghe benefils of ho¥,nU A dieselgenera·or,%0 he=,stem. Th,·directioqof sunkces•, i powerilowlt'•c 

expinsive Brergy 5tor¤g® Using the oroit.ge businm e.0 01 beleeder wil' diange. ond ¢1·e ellect to use and i, Inlyever used menergency cose, O& mon, cus}om ers ts possibie d /, be I redic€ the power Paw -,i Ihe source· 
-cdoy, on energ, storage sislem muld be lobe.n•ormed of us,rigenergy storige 03 0 end of,heieeder 
o for belter choice rot only be:o.se it c• n bockup on d convinceo to inve't In sysierns for 
pay for ilsell and deliver N GO,ingS, w Soutl Alrica hos o '70 oill on le,iownpurpose, ./log (De 
becovse the changecve. frorn foiled grid 10 Bocr. 2014] 1,• disl·,•ut,01 ,/ro•lructure 

In the 1•e case o d 5-ributor decices I make ul, ity sto(oge s•5tern is sealless, urllke Ihe Mintenance. It li eslimoled 0 1·,Ird 
1 5toroge:nvestments, the bee location ./J' inler,up·,09 th'is ex. cao when (R23·bil ion) of 111 5 is fo, distnbution rehvork 
for •he focililies .ould be 01 the cus,©rner's 

'e grid joilsond me G reecec Forthe diesel streng•henirg, Dlen needed -0· eri, shoil 
premises. Modern in•eners m becolliected © genefofor t© *or end ,·/ilise bebe ir can uroton peo'< loods .,ch slefoge s•lerns in o wo• Ih/ e®ble5 the sys,arn to 0/er„ OS 

0/ jood, A - aes be••roge compony runnirg ily lilli 
on independenrpowerislond-,frc rrinn ind 

boill,ig lines •or exa,rple would be•efit rnost contgurolion - + provide 5ecure powe. 10 |Jpgrode work inpolves the phygicol fram this Feolure, theparticpolingcu•omer©,pe*eng rep|acemel of euslng Oi5tributlon 
r,{ The Seornlm 'Mgeover ols' suipor' disle-'10//erlcusiomen 0,·ruclure 9 in'Forme, on,1 cob ng, or 

e'per :ive ang Ibe portic,potion Qi t. cu•oner Ir prcoe' di.,ptive odivi 4 8 Aninter® bencloihedl.,bu-oris,pal,sed pYoblem 
derr„nd re5porse schemes where instead s i instroli,19 properly developme'l in 

.,hefe there is o reduction Irl ·he nel reven,le .Iricipol .•s, 0/0 .ecting .....mic ot load $hedding, Ihe disiril),er couidratier lost to einer unforced Coyefloods) ord developrnent request the d 5"'ch of le energy sloiage fc•,• ed (lood shedding) outages In ·lease 
bysems or its *ehiorks k> ichieve the 5/rre sloroge,5 „501 10 fed:,ce winic overlood The life o{ agir/ disinbutic, infrastruck,re 
eHect. oulog¢5 in residenlio[ oreos,he VOG· oi lile Is eklended whe.ir Ille nlatworks con be de 

revenue /,oiction w,Il be de,ennlned by le s'ressed ihrcugl peck load eductior A A,sumcient sccle. sloroge is on deol ant,dote 
f•equencycnd duial,on 01 tie 06/ges „uilly wpll placed /bod shedding, 4, prdec* j}ie azoroiny by ererg, storoge con permone,14 
e:perienced on 'ot specific lie»,ork avoid or solve o coN of unserved foirshore of avo,ding . ihe5e problems energ„ ond 

- pOIi.|0-|v since '1 Lonalieoc• pay I hos Ihe cdded benefit thol the d,/rit Jier olso Pre5eping over,ooded disTribu,on 
helt from joil, 0,6,trogs sovings and the doe& nol m:perle ra ar•Dets c> revete &5 4,4mor·acture i,•til e•ke•+Mi fts likesPQM 
co·reloNon of the .ck loading ond 'he to•iff tosupply,ler,vpti©•. 

Repented 5Ir€5•ing one overlooding 0- pack per od pric ng i e,lods .,11 li.wi,11¥ be 
-h,& is dif·,rertl/•he oeslructvs Dower bu,· disfr,6/ion •ae/, shoren ·he r oper/ing very ilronq 
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Optimis,i. es' in rerewobie 

ergys•Sfe N•, 

The ,=/dion of m e'ef : 'crecsing quon-,ty 
o phc-ovolioicener'y ontolh'Joiciresburg 
g id mil alle- the INd profile in·o o sh.pe 
.Ir|. ]Lihell.'ro·duckcuve·, with' 
morep,onou,cedrnorring and eve'Ingpe' 

Rg. 6 Ere.•s•egeraci'»bce,donjhe EsMom#o,viT,5serne•o. picile This.wil v.orgntheloo' 10:lorolthe 
EskomsJppliooil·lic-11.reosethecos 

L 
o; bulk suppy frcm thew 

4-4 
While photovoltcic ener'·i me, De cheaper 

8 • then gr d pcwer ir cost per kWh lor o 

..09 G..irie . * / supporling Ilie flow I 
M 

e ellergy dhin the s,sten„ erraills with the 
disli,Lul,i•.Thed,slrbulo niubl'lil Joytll€Ful 

. 7 ...'edere-sm.G. for;lifi,5...041hemuireold,Mirib•.•nek,ork coa lo opor•te t,€ gid du,Irg pe / per ods 
and F.sure bcci:upcopacit,lrom Eskom I 
co·erfo bod solor doys Includingcne emert 

0 0 c lo•age w... rene..ble energ, Iye. 

61)_+t• ff'•Mt /FAM 1'••••••••• 30 thgirof ·he energyt9e orefgycor be 
reecEed dunng Ihe Deok periods. will osir 
14 distribulor ln,licar+ly 

1•0ion A /1 E.d Ir Mhe cose of C 4 Power's ·es.derho 
Con CU,Wnler customers. *e SSEG feed in :or,H is subiec· 

101. /ustorner migrotirg 10 ·he Resid.licl 
Time·01.Use To'lf· n Ihs coie. irclud,ng on 

=!ra 1 -•Ir.... eler•en+ of sk>roge oll©•s the cvstorner,0 
®fect.ely remove thenselves from 'he grid 
during Ine peok oe·lods /e toriH is designed 
so // Ihe Overll cos! c the bolon,e 01 Ihe 
energy consumed +rom the gr d :5 lowerlhan 

$ 8 *ggeslarof#Fe-i.lino •»10,•onc'con...mereved/reile-sporoge the f oliote tor,4, 

A lei of the ·e'dertiol syslems 'hct v.ere 
-0 ng lerm 0¢nnifg h(s got to Deg,1 T,w problem •an bo solved by ins,elling I ins,alled Ir ·espoiseloloadshedding/ready 
<**OrOg05,Slel,SC•OVioble energy Stof.]085¥'tem righl ir themiddleol hove an elemer,1 of storclge b,Elt ir. Whol is 
r•ion to co*ne disruptive /1018 neh•ork *e or•posed rew development tosook u. 11eadeo is for •hose custorners to respond to 
JI]gr. des Dicir,6 'lion plonning er,gineers ene z¥ v.hen Ihe overnigh· or midday Icod 13 the M./ sigrolsend use ·he sioroge 10 reduce 

orid relac:8 the emrgy locally when le ore 0 5=ei,lica| |ot, who hove .ti| low, row .he,r ecisumpron c· paok energy ond be. 
(P..pswil t'irreason nevertruvcrge,ser .0 kneeds to be 5erinced No upgradek> the 10 De,e from Ihe meroll cost reduclic>r 

con,ro sys'rns forexcmole ·c pell•onent|' oulk infralrucluie will be ne=. 
From c [ily perspeeive, Mor. e con opi,•ise 

SO|ve ,Islributior oveloods Enpi, stor/ge EHeclivel./he·.reigy.lur•ge 5,5-nicor be the use & / the Folovcltoic irstoll•lions 
Am5 wili be Jrde·tie d,rec·con!•lofihe see• osanew killuol l.lukepoinr tounlo:k or hgrid bycompensoving crlhe ie/Nve 

dislributor ond can r instalec olsepjarote. the develcoment U.lock,lig Lle.plopmer! eftecfs of Ihe d'ck curve It would not 

dIslributed voics o ON 'e offected 'ced,rs· br n*5 with i· odd tionol role' revenuesc: well be w,weosoroble te consider c polic' •<3t 

Wil, sut// di///ed em* 5tofuge as raw econo n,c oe,v:4 in the area, Ne. requl es o certoll qua 11 I, o{ storoge be 

Nlled •vilhi• c given pov.er network, it rrow ser. CP £ (]lir•eclions "0 bring an ircreose In inci Joe: 05 0 condit on to garigfri "sion 

also be possible I© deler 'e upgrode c• the ove,ull.olume/k/hsoles, scmethIngthot forc,9-/me'stoconiect:herp/sysierr,10 

•20)fr niake o<In·s sur JI,Ing he rietwork, Jhe gee=» indum dewerotel, needG 01 tne grd, Tne bendls ore mu,uul n aa co•5 

rn o permorefl· basis. There ore mory custo·ners who do noi have 
Exaclly 'he sorne pr clple opplies where ,1 0 5ui ·]ble rooltop for 11 eir (»·in PV sysmin' 

Ul.lochrg proped, deve'pnen.. !5 des,ruble to imose #e hous 4 densit, -hereareols. monyware•ouset,pe bui dings 
..;•r#ing ¤ens,fco·'00 4 w,1]iout the need ·o go thremh o cos·I, bulk have on /buidonce c whop sface 
The prows / lowr•gh p development bul w locd bcorsumethe suppl,•rid ierwork upg€de· Cont•iner,5ac power Tiegid 

,on eosi|y Mnecl the b 10 ge'le v.,h o requ res M sumcion, hulk supp|¥ Ccoorily energy sloroge sy:,ms ore lhe norm. and 
be available /0 suppoilhe development kir wkeel n ng or ofise·I,r g b ill *„ Ii,i,v,ding co' be vinced where necessa·y or even 
" le slice 

0 96 01 es i de,i l „1 de,vel o one rlls, B l•oug h re l on ted i le bulk :JpHY irfrastruc·ure is 
eneTgg maybe Miloble c.er ihe Bod of W,upgraded T s will becomeon irrporlon· new revan u e 
u doy lo suoply ibe ene<gy needs from ihe slreorn for le 3,5 r,but,on,licuslry n ·he 
ex/,39 .....•re, but the Ilk supply 11 Lould even be lhe cose lot Esk©"wrs new·u·ure. anc .hails beal",ng :lear 15 
tronsformerard disM Dulion nciwork copoc;17 Ihe ene:¥ foroge futi ily (Ind oparote: il 05 2 0' 1 wilierge for ,#sporting Ihe energy 
4 / ir,5/kient 10 Soppoit lhe evenng O virrual Es'om intoke point to boln incroose ocross toe grid J be dependerl on Ibe 
pe,€ 19,01 is chorajeris,ir o{ residentiol "le •·clume [){ Eskom sales anc 0-1 Ike time thai the fra·,sler toies oloce. Energi 
deve•opme,•5 munic,pal,P,•ith©eve!©pmerT flowing behind lue E/om nele, ill r ng 



I 2 7thAMEUTechnica l Conve ntio n 201 9 

al:loron• u.pd -45,0,Jolihe.ec..fiule•rda, 10'll,111'WhIr,r. ueul·,01-r•,ko be,arcind 

Plantperorneters •egall•*•ariN•pplle•11- 

' In. poinl, ao Rond9uio 

lb,hnelelly•41•'" Units Value Operallan•1 .•SPe.1• Unl,S Val ene,0 

Cosl rlil- * SA·. 295 .Vdisii,billorsv/l05// 9 4.00% 

Sloro•e *I,in expected iy<le 1/ Numb.r 7000 MV/LV d,•iribullon I 3,00% 

.•/yo .•liddichomet'cle % IiI ....In•ereverdge.....ilmor CA'.'* .46,84 

.I•e of .mmer eveninc eneig• 0... c.w. 54,29 

*10*ped; Units Value Lois·lessove•cevolueolcail,a•bit•]ga Uky,* •02.43 

Rone 10 3011'r e•ctange rote Ratic } 4,61 Aie,oee de:iy r,• •0 re rho•e c.:' 5„ler' 43,72 

I Locol co,f of 9Drage Rikm 430995 Cyce c.6110 overcome /¥51/.'A"n'ging |05.6 ./4 .9, 6. 

Capitall-/4ras·rell I. 55% C.,1-I n• due ihiP 01 oss=•©wlof peok 0169,* 3.07 pi C•pll'loclm,n Yanf• 10 Ne..rgge.olueold.anerg,aib c/:.. 98,94 •Ge 
I·I 

Coilcf hnonce Mkwh .1309 

...Inced/1/Irle PAW' 5613 Operelional ..paili le*rk und de./.d iosti Units Val-] 
'I,e,Metic/ *n'.6....b•el l 'de/do• len, 7?,4 Peok?••i•ddirr·oe' hoir9 2 

Expeciedoper,lirn,Ilifesnr. Ye•,is 15 .rd ./,1.·enhol pei k. 9 itcrug€ kVA 

C•*'dischargecycle. reculroc Numba, 4696 Mol•i•I•,le•orl:chorGepe- R/*/ 7,63 1 
Sla#oferoli•o•osM R/<wk ./0 M:•i'I.........0/* R/IVA 28,99 

UMO,ord *•0%01cop'c,cos&• ./. 43/.5 .,1191.0.•,ndder......1/pot•.ope.len ..h 
duri,glho•rnualholf•aulpeck 6023• 

To:gl¢oil ollironced inc molr·olne¢ pl©r· RAW' 7481 

LCOE over e0pc·ed r'Ant 14 1 shol per doy ukil, 159.37 To,0 00-enliald,ilyarD,wogevol,e¤11 kwhilo. .M._i /Wh 159.17 
T•le' Thea•ueo••4••ben®,gy:1,©ge!©0,1••nicrooidl. 0, 

·-1-16-init..... -'/6• This ineons •hat the slo.og e ./. con 
•olenlialnumb. k *'-'-- 6,.5•25, .'.. I be ploced either ¤"he irtcke 'ubs,01,01 

IN,m 0, Parl'•lpon. . * (MW,1 or•nr·.here de.e•ier intotl•e w.twork that 
Ild.•Ire•de'll' 1 FV wil co beoefit f.om peak looc recucfion Pro su·rie. 3 U 000 300 
[,Wh' Rpai,Inhon oF lie ioduslo wil be needed 
Secticn.ille •esid.ni,ol ¢1•Wh) 50 55C0 275 • ihe locilities wil need to irclide cc,lrol 

* *)r5 100 kVA loc 8000 5,"ins ·hol COn r€5Jord t irdeFerde' 
1,gns irom le gerier/ion and Iransm,51 •n 

Kevcu.mers>1000. 1000 300 300 
operotoc (rat onal con ro]) os wellossigno|s 10.1 1675 
frcl, 10¢01 d;•trioulion con,rol certre•. This 

Ta/2 7.a•ciof,ni,od.„1,359/W'I,PVgene·,•,ooond250•*MromQewr,h typeof confrol reginelll Foril,Illederriond 
•+ c; ,690 MWA 10 •he Joronne* * response porl 01 t• 'uluis 5moft grid. ozlivel, 

dispolching le /Oroge 065/sas the need 
Ihepeckperiodw,ilbechorgern#nlnwer proces-bfonsior,•In£lron,cone·to·mn -ses 
role I encouroge the use cf ai power lype 01 network to one lot has nore c o Where, in order I f.,1, rell Se the '5-*ked' 
glner/·lon - such .5 1·on, wid /1 ./. peer·to·peerorchi•ecu-e benefits oid Ihe .tcrie assets m located 
gtori':E, •y... -0'the rig"tiner thal wi l One of Ihe key ch-M cs J g gric Is 6/ind +he [s/„4/ und /90 /1/ 8 
fedJEe rhe need 100,•den.nd or,Eskom ihot oF lood di,erS G which, oosel, eq•otes ca led grid edge', the cpportunit pre#eni 
•] •r,i g ilit· peck Der,ods into o kind of o comm Jrily in which the grid ilielf For fke dislrioutor build Ite oc·age 
Does il molter who owns 'he dehigrie[5 onlY reedtodes•,9, forthe ovem/ loc lies, wilh flegolic,1,0....'u mers, 
51......sels? requireine/4 of usm of the grid ·other Ihon 01 11·air premises ord / provide #es. 

the no,in.Jm ihol eoch moY require. As cusioners w. secure siondb, pcler ,. le 
Even as dislrib,tors. we oftan ·ake Illa lor 06 storoge isconce„ed, os Icng as Ihe eve,i of o network owlage This.w se•ice 
*arti/5 01 11·e gnil fo. grantee i]•d 'e.<d •peratior, of choging und dischorging 01 wd re/nue source im foss ble because 
tothi,kolilossimplyor Irifinite.ourceoF all theossets onthegrid car bedone in o tock]Y': energ, slorage systems can opero'e energy & mosl importon, property is /0/ co.ordinaled ·norner, il does not mo·terwho 

in c,n 'slonded or"micro·grd' mode d , c network. where whot noppens o· oile ow,·,6 'he foroge ?ccuies {13 Ihe "siern o. c 
nodeollhene·WA hosonmooctolother v.holebenebls (>course, Iheownerof the |1'Keosse·50relcroted slil furlher into Ihe 
nod beh e!. & |0€0|,0,1, bo l h m, ove rmil tle,k, v, 0 65/ w Il /Iwc,s ber,efi¢ tne rros!, b Ji conn ol ne,0,0-k - i nd t ie municipol distrib// 's 
/0· pc nr Uilh ty ad·,e•t 01 dist.ibited realize onY apnpfil uithowl alsr, bene:i'ing inelor, ori,]F]F>fop,ictetinieid,H'.r.r.lic'p•llorfl 
energy SOU„es the grid Is al.c in the olher5 wit•" "es,"m con be Aedlosignal.hen 'eslored Ine'gy 
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should be relenser oid when lhe / emn pinsuiners. n lh,s COSB lhe sloroge Is self· sources ond sloinge {oulmes Into their 
snouldre,home A rid, g when used for orbil.ge aid the networks 

;•e / 0 coininon grid tied nveler for bot. Th' elearic vehicle will Le o i lood •hol Most Import•/,4, #ed/·,b/i,or ,#8/6 
the ranewoble energy ond •he stored Will enefg,; imp"ve :a|e' 10|·•,r}es for dis-ribu·ors. need s lo e ncouruge 11 e w N•lesole upm <8 ot fu, her reduces the overoll cost cf these While lila, ore em, 14 mblle energy energy 5#. * s in oil fc·ms os i· wi I 

Stcruge 5„·em•lha·wil! rotlend Na bu kof s,ite,1,5,/ deli•ers galuoile berefits lo the be key tc le susloirobilit, of the EDI in ·he 
theirelerg, boc< nlotlieg,id,·he, con be syste m os o whole 

corr no -(11 
shopedi,tooschedulobleblocko[loodwi·h Thecisirlboto, en•,rormertreeds,o be 
inle'llgert Reference chorgngs,5tern. to f,I Illel<)¤d op,·leduplooll fon·•54,Iv,obe•echnologiesj 
prolile vol cys, cle .ps I Itteluturemake nriuopplicotor,50{ ene'ys'roge,incl'ding / W de qeci •Mo:„bonce bock,/ impcc· 
I cont Lblition a. EE 'blishe. Avc,loNe to supl|ylilg erle •i .C|110 le o•sels o.vned by -he! dist,ibulo, Ee.•,cedei.e., 

wl e•re i r,- 
grid fi,m dur,r•q ae•.mzgtamdca,!fikailan- 

ccak pe,In{1% s uvi,loble. oil Grivo·ely 0-red st'·oge *!rN,minten[In-,-b•rkle•mole 
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Price parity of solar PV with storage? 
i.. Aradhno %.dcrum. Eskom 

Globally, fhere Is currenily M installed capncity / approximately 140 GW / small scale wlor PV. It is anticipaled 
thai Ihis penetration will inrrease to 1391.9 GW by 2040 

B•©orrneT' Ne• 6, 4 F me 18'EF 
$,com 
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2 5 -- 
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liinceos,rgly'Hracting//inicreslofulillitn thesecrerepiserited,nAW. 2•51· of pro,/r lion 

ond policy inokers gno 'hea ore'Min As·he cos, of Pi ¤rid slaroge coll,lue Methodology 
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,f,d•• coB; con·oonents thot forrr •n irg·ollec PV 

In- s,stem, oe il res,de'licl, comnercial 01 0, Ily 
ReL,Ing - scale sy/em is repre.entec n Table 1 This 
Vili,90••Il ivcs colculcled using coslcg·ribu·,c•$ fron 

*I .¥i,-,5. Un,jed Doles l Armenco ./ So" /im 
haidw- Ii,Irriq·•le• 
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The utility of the future: Distributed power 
generation enabled by the Internet of Things 
by DE Cod-, Ackering, A.*rwuirl SH, Afric. 
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Powcipon!@ ond ione require·non/s, tne distr buted 
model wil provide tne correcl fov.er all i€ 

Vo•cli,mil• loT d.,ces 
Im 0-6 Mobiled•k,i S•C10. wkere,·isrequired Theintellgenlutli/.ill 

.Ille,ni e g SCADA provide d,/0 mic coc boic / ing ocmstnes e FeD,1. 
generotir g .& % orid e,•0 Me tull r... 

POWU, gla'115 
loT *.5 oplimisotior encomIsE ng thedi///ion 
Conliuls,SID* sid and wsunption monoge/en I 
Commu..lors 90..crki %!cu, fil/•• 

**'. .••/6se/rad.1-1.lic- bform,11irr cio Jd gmpuling -01 ' The in ellige, ! „·,lity is er·/led by 10-. fibre 
Colon.Ir • p»dom,ce u 

connectivil•, •nd clo• d.based digitol conlrol 501.0//.2'ical'/5 
Se™ericnd 5.elr. ser: cest al cuii'fo|, mor oge'i"d On/'selhe 
PP•,1. informotior coming •rom 'e enlire system 
POWuf ..15 Thesysten,salsocbleto orovide intemelond 

' ul or molfuri'! 0!• of 10••"• ¤ 1.Td.n.e appii:otic·,serucest©con5umerR b"ir,esses 
O, •,10. Conlroli,Slem5 

Feuu.%0gvn•.1, Fui•ualrmc•**lenn«/1/%tem end indus,4 S.hore 
n af g wil-,re -Inerchili• Co•dwrice'roi,de' 
d,irl'll'rills.•lze,ravidur• SmcM meters Inlairn,t,©A ore nc· Ihe ©Dly loT devices tiot 

are utilisac i the intelligent v/il, Devicessuch 
1/devi,0 

Commurlitul,•9 nah.ork 'le'lid 5/le/g ossurveillonce¢omeras remote!ymon,Tored 
Poweisup Y Conlrol •,•emi reol·kine sensors f supe-|•07 control centres 
SUPPO• /™L.' Cor••mu,/0/=neW©ofk 

on. smort de•ices cre I 50 util Rec. Theie 
V,0011 01.ula.gnd.egJut•n•/ loT devi< devices ore stro,egicoll, ploced n /9 00.ver 
I./.of .w J..ri/a•uill.r,cncl Clcacompull•lgi. le,• 

Inf¤,ni•tio generolion and cislributio' 5,3te'n'r The d¤,I 
POPHOOFR,rE.I,p•Fullu.£*,meed Con'rolgy.lems con,l,unicoton$ '*ork, und I'lhe Doirl of 

5*,a,andli™isis **1 reuill,-9 consumption. Thege devices{ead dok Mo *e 
Po-e. plon" dowd.bc,ed digitol con/ 1...dev//5 s™em, wilch also 
Peoole ho. loT cevice. for monitonng o.d secur .g Naiuicl 

El. Inm,ental Conl,ls/lern 'e slate of tie cloud i,fraslructue 
Commul'.0/5./.0. 
Uot teirre, Electric vehicles 

•ore r Ah,Ir,or Hweo. ••,u, cor •Hed 01 d. irws A rrorkel i •te ligen<e repoll wrilen eor|ier this 
yeor brGreenCope so,6 tnol public t c.sporl 
n South AInco gives the best business cose 

aPpllcolion de, 8 -*ually feed dom into 
and iqwiremerts •I the The loT srno• for eleal·ifico·ior, more so hon private 

a•c rliseke,orea•ore ihecloud b,sed g'Id ma..mertsvslem. 
l'on/// The coah Agicor bus rroke, 

This inhirmotion car be onolyzed In ·e, 
I ..Cldrespors'Ind moke, 66 coi'Imefene.. m ihdlere desigred i, South A{rica 

Nine to provide aolomcred con•rol of the eR,Cier• forthe local n/tet, Howevei, the loni bus 
.i. lorexomPI. Fred cll•·e algor,thr,is • Wide m. el is cur.ally {lai the reoor clles thct orec sitvot ono .wareness· 

could be bed to Increose or decrease monufoc-unrg I'lell•genl. electric buses b • Dislriauted ene./ .scufce. /e =we, gew.rated 0/sed or predicted prey ' 0/,·i¢nc 1 senices %913 be o woy • cle'qy /©rage, demand I he ®wer rs gere'oted *th of cchliving 9 1·re54 4 the induslr, 
. =lectric tronspor/On centrolised po•ver plon·s. iupooded be 

$ the current cenlralised a I grid 5ystem, N..0 rk communications reg,oriol power piants o•d home power mJ•icipQlily wth 0 10<ge e a¢ ric b .03 teet • Ad'/'ce d meleririg i....dire o ant' Both .. eleclricily glnerotion 
would ®ve Ihe proble,1 of oacing ·he grid 

• 'islri.:lion grid Franogeme.1 ffrost'u... crid ihe coud;nirasl-•Clll,F 
when tning 10 €lsure •Il *e buses wee Ivlly will contoiri loT ce•ice:end will be enabled • Cybersecunly· chorged ot ih€ 5tori o• the doY shift The 

by rle 1/L 
•LI• intelligenl vt, iry ond decentral,Red v sion pcwer of lhe irtelliger· u•ilit• er,con· 0055:·b 
thesp key oreos Md M Whough· of Curre,1 00•er gene<Ohor 's locused en gener,lor prow deb 111, solul,u,.s ,„, 

as 'Wo .Il.*nected sistern; '91.... lorge ./rl hwe'l•ne,1•6 wi. l'.11·ne wobler, the revita,·.t,40'. 9 t. leal bus 

4,„mic Power generolion ord disir bulion /.f,zons, es nle ilioned pre,fou.Jy In mcrkel Is /sone exon pie of }he #pes / 

6¥tlen•, []le o d,•tribu ted clnud·bos/ /id SCJ'h Africa, 'hc current cen/ral Red po•er Il,novaton•ndbusine•opporIJr Iles,Pa, con 

m""emer,2 37/eir, - bol enabled b, loT disriuu'lon by Esko m will provide tne com or be : i:/ed b, tlie Jilel,igorl utility 
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Key consideralions lor 
implementallon Adjust and Control 
Secur,4 

Ore/·heke; oreos nle NISTfroiiewor< 

I. 
61*boll;. ·he powe· •eclor is ihe most Streami•g feeds Da:hboals Monitor Outcornes 
frecuer y targeled seclor & 'ber c-,rninols hinloTdcy,res Scorecardh Appl,Jucgement 
C,bersecurfy or·GIs -hreal. /power Rea time,ystems Benchmarl 

grid, enlemes, cnd consumer wices Enterpedal on 

a ne/rl, cons·Ill basis, puling voll/ble 
digita ossels, p<iy,·e in/·motion. 1,4 Fq Q /0•4•c#/.=./er.* 

corporatesecreisoirisk, 'le 'Isocorring 
the poten·,/ for pkysical ho- As loT 
Irch,oloeics become n'ore Fopuler, no. Rehob, 9 response and consumer energy eHic,enc, 
threats ve cppecr ng cnd the neea 10. are ke' reguirements lor " Melligant grid From 'he reliabllit, pe,nt 01 vie,vr ./res in 
S.Inger loT sellm, ircrels.5 03'owing The inlelligel gric frusl be able /0 scale a cer'MI sed dis/ bufion mode con lead k 
odoption o{ loT de#,ces ard ·he s•s}ems tio f to meet consumer req'iremeils. decl ./h blockouts o flecting 're05 as 'rge as c c.un' 
support .hern is increosirg ·he n,rnber of bursl locd requirements. bo ance doinestic Te recent h|'C•OL• in Argenliro in JA 2019 
vects/s c nd surlocos for cyber«or ty 21 Ilocks anc left le /01,3 0, irdustri/1 peok reguiremert:. As Defot, eic 'ibrid A·ger'i,wr nna Pa n• 
again" ul,lilies and ©"er enterpites. ortif of Um cio in/,gence ood odvoiced onoi©CS ¥ Ind Porogicy without .ovier, In 
InSouth Africo,ocoseinpoin· istherecen· esli..d"million.oplewereollected in h the cloid.Eased grid manogemen,/Irr 

[Ju• 2019) J.hornesburg C,4 Povier Aug..0·9' lorge ble. koutoffected pals coroe Jsed' prediclexpertaaemandson 
rorison™,ore 01¢ock .hia louk dr. 1 Ines. of Englond ond Wales, offecking neo·17 0 2/ the prove' c· elocri yaccording* 
of Ihel, ¢,Dplicetions and neN,ork 080/ ng mill'or people, cous,retrcvel disruplons ond The inlorn/,cl, from th,5 ano yws also 
c05/niers' •bilitylo ouy piepoid elearicly Iropping peeole Ir trains for·;ENB. houis A oss,sts decision. regor¢ing ccst·scvings ond 

dist·ibuted generotion model, wi·h it, buil··in in:reased produclivi·y. I.competilive ·norke¢s. -hese ovocks ore p•evo,en• wc·divide - in 
redundoncy !5 inherentl• mci relioble • opt,-ing the purchose Ind s. . powe March o .0 or US 'lilit, exper enced O 
/0 1" bure & one power plart :¤n be bosed onligfullonecJs pncing irifoirr„Jinin serious denial·of·se. ce conditic. . and 
con·•en•oted b¥ olfier Ants 1/ me ...·k offeis h'lli lor ....r d.01'innercic benefits i. 201 5 on ollock in Ukraine left a quorler 

of Q·mimon residents with<u pewer for lorge powe· Monts require lor@e //0/3 Agon example 'mort melerdolocon be u•ed 
•wo doys line5 ord power sle/·dow/ so /01 the w'ect lor locational ood ferecasling / o resu t. 

power 5 ci.tfibut/ 10 the rele:ont electile,W „iiar,meleralu becomeslhe 'enobl.J u/hc 
Al¢nough these cltacks are not necegsooly Jers Asc rewll, 1•e powei = n<*recessorli o jornolcr dist·,bul in gld. TI,sdoto con be 
vio loT de•ices. re3eorch slow& 0• increcs# generoidwhererisneeded.whichmeanso used I reconcile lie octivit, of -t·nlicble 
in le 'mo'n· 01 cyber·attoc' 1/rgeti'g foilu.e in one por oftie dist. bution neiwork devices 'goinst Ihe ut loT Ii#': cbility ti' provide /6,ces os tie number cf loT devices 

con polentolly cflecl o widespi•d oreg, 0• Ihe recw, red c(,pacity ¤nd odies· th„ cai,ocity g•ows Ir /16, in who· is Lioin cs 'e inthee.Impesohove be.g supplied aulom/,caily biggest dist ib,Id denial of service 0/ack 
Re'i/,/, In *e Lt/Ngert Jt,4 4 3 provided / dute, hockefs *ok cont'oloilhousands of The In,elligen' lr!,litY ·node e,compm'es bolk *ed'nam,c powergendi 'sterns loT devices ind bagh, dowi a E.rapen 5moller, .odular 5¥stems 
* ·he clouc serving regionol bosed grid management 

wa hosk Since then (20!83 0 globel IT communi-y and 'osider,tial or *m With Me 'Iding irlelligeil unli y model, security firrn repors¢ho'the nLmber ©F cT m rerne,5. Thismode 
srnol leod,10/ep,/in]I er. independert s™e,r,5 ot regionol, 

th,eols haia doubled. Then<fuly, nany SCO|Obilityolll•e i ilell,ger'l iJI,lily Email ho·ne com,luni-9 ord hwse or building level con 
oF these AreaM l.se p·edictoole knov., 0, • nnlrr Jrity conl,9Le to opero•e when Ihere s,rems con c Jicki, be inslolled is ¤ oower 
tech·i,q.as to cornwornise device.. ele· 05 dewondinc.eoses failure elsewhere on le re...,providing 
targeting weik creden/,ols unpotched tkerequi'ed,-el¤bil•¥ The obil t¥ of ·he disft,hillion gric f Ihe 
#Inerobilines or bole As c esul# mony inielligent ul,lity / 0110. rwo wo, di'Ir,bll Inn the viti 're p/yervable by ©pply,19 good 1 loT dev ccs cc,1, iu'lly f.eli dota into 

cloud·oosec of grid powar IT=& 0 5•no[[ home solor SYstem 
cybersecufl»procticcs r:.iwier,i:n "slorr -his 

i,10'.ailo• Ild irtc:.Ir]/ 5tOIS foro,•c. con providepoy.er bacKtothegrl,111 ex: el,!. 15 
-hs inlell,gen, u·,I,4 need5 -0 ha·ie Ihe re,evolt ,nd genefa.ec This|eodsto IJrthe'scilili,1•I,i•,id con •Iso be pu· •10 0 machire legrn ng 
sect.11, s,sterns In p|cce, •th for obys,col and provides Qn ince,11.e •or I Iw,eL}wrers *in d p.... Thes/sllern..nide,•lilypioble,/I 
IT/,nloim/ion reloled securil. Th,% security balre they hop/en by .ecogris, r g toilure 1. power-gele.lion ossets 
gnodc not or,I• decl with known secur ly poilerns This dcto con increc6e oworeness The cloud based gr d morogenent syslern Is 
#Mgondvulner,]1!lines. bulo|sotobeabe ofgridperformonceondccnolso Je used/of *oscolable, istrunBoricIDddlechoology 
to deo with new /10#05 the cybercr,111,1 / preo, Ive cliclylles, Further increasing s,slerl' wl,Irh er,obles r ni·ostructure to sc/le 10 
develop Irle,15 As con be 58®n N}n· Tohle I, relabilily and red„ung exper™ relofec / nect demands For example oddilional T 
the sccui·N SY#ms reaw:ed & proAD 6 mcintenonci ord autage IA "45#Cture car' be F]r[•vihi[]ried te pe/rm 
intelligeril .,4 {t• cyberc,t+ack5 ileed to mon•I, b,I Ingrunsoldther dc pro.,loned Scoj©6•y be mull: Iry.rec ond protect Ol] por·+ nl Ibe eller the billing Ey=10 5 romp e·e, thhls 
Meli,gen,v/|,1, roli„·11!elordevices. Asldertifi/ n ·he N ST froinewo,k, rhen,ind fiphmizing-hecostolthe IT,nifislructure 
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Role of le munrciplif e,able,to the nu,ici/lilies fo-<hicheve• es 3»2.Micagfddeplu/,epr 
role he) cHOOse 

T•e I[)col m•nic,•ality has Slep o ,ery impo,}orit b Mondsthedeplo,menloitne oilot, 
role to 1./, ir „e ntell,gert uhl / They Challenges usirg 'he lessons leorged fram le pilot 0,2 
e m s' ·heir comniwnities lo becorre T• phose bcuses on e,pinding the m of 

Wurld.,de ihe utity/energv sedor is risk 
sell."fli, crt vi,14 1he po•ver ger:-iled bv thes© ulion toill oreasof o sno I tow,1/ruro 

Ims. New technologie5 Jnd syslems need 
I'le reg.nel, comm•nity ond homeljased areo wilh O orger numberof 'T dev,15 -his to be Droven befo w U-i|ities will adopt them. 
sistews Tiey m,Ill':velle folio monag .9 phase also fj,ther deveop' lie Opel.]!Ulll'| 

-lie inlelligent ut|il,i cc,lprises i,rov•tive Ihepowergenerationonddist·,bulior 3,SIP[T16 busiress plor 10 ensure I lul Ile soIL Ilor 
0,/ogY which is enoted b,+ /. THeSe 

edled by lei ond the c,5# buled c ovc· gener//5 0 rell n on Inleslrr,in. mill •Il 
new or,/ Innov/ tel.logies ore Dresen• 

605ed grid marogemen:syste·n Thev./. social obiectives ond does nol become o 
Ir, both pors o· #e system, the ipelligeni 

in charge "f ensuring thi' th- 'orred 'vels 0 burden to he municipolily Operu ie ,• 
dynon,c power generofion ord dis/ bunon 

C- seti .ore in pl•ce. b©Ih ohy5 col und crecesigled fotest heobilly 'Ille 5,9·er s,sic, s a„ J Ihe dIstr,6// clo,d·bosed /d 
9'ber. nild of ensurirg op/,coble regul„tions tosccleunderoperolingco,•diliti,isi(' 8!.M 

„•urogBm. Isys¢ern Integro#ih legocy 
oro adhered 1.] Ihea55umphon5 of Ihe business pl•Jr• Ile•5 Isono•herchalle.@ 
A d sc.„m paper commissioned by the b,w I the challenges are 'echnicol, SlepS such Region¢Igr,ddeplieril 
Sou h Africon-Germon Energy Porncr5 lip m val,dit ng '10 'Sti ,€ 1,8 rew technology The Ihird step 'Mher expands ihe solution to 
in 2017 .·iewee ihe 70·io•s L•,ine. borne//echalle/moireloted/pe©ple, deoloyrrer• 01 *e,egional grid This ohase i,ind•ls lh,Ji ·njnic palilie5 con odop· 10 and whellierlhe,orewilhg ondobleiouse ·ocuses on tup,ig operal orm oil w benefli Fron· 14 op/crtu,ities provided tlie re,i syslen·• Jnd accept the .Inges .//ert u·ility, 1...luous by i.prov·emil co·nestic .er,ewuble energy, while olso C ufrerilly mony 'Ah Alricons hove 'rnal ond deplovment of new ilir,ovilion· ond·ho 01!rmis,rg Ihe imm 'oled r sks The50 

melers. bu· Ir most mes le doto // These cortinusc 'evenuegene,orior• 0, Ille busess,nodelsc•n ir,lell,ger,I 
beopplled totherc'" snoil meter5 provide, Is nof being ut,lised unily BY th,5 siep / mun,{ poli,¥ inve// 01|. mul cipolily,n 1/irtellige,1 /1| I I its fulle' Typirn'ly the colo !5 lily being will hove deoded /0 roll t w. p I. „ The ·he 

roles p o,ed oy mullcipo illes con be used for lili ng porpo'es lid rr•ch of the boken inte|ligenl •til• Grid w Il have fir•lised Im dowli nto three closE,I,coll" 
dolo prcv,ded by rlese devlces,ss,irpl¥ beina bu-ess building Frode , Inducing developmen, of 

gene„,1•.r, cop.c,1, procuring disiuided. Hinvolm a mindse//arge toloke key comnerciol contraas Alsc. &,litotlen by this energ/ sige 
the n.o,lobe 0/0 end use t for predictive Ikea * Il be enougn ti,re ord doto 10 p.. 

li Ille ./rlopQI,ty los he role 01 Eui d ng ur,01/ ¢5 ond Al prposes here ore ols© fe stobilily ard re ,ob. i,t, c: ihe network 
ger,eroi,on copoci), me, will 64 |d regululory d incncial imes !0 6 token 
(Ind ow, the regiclal ord Iummun,1, I/n iors,dero·,ci. * 4 'llegrgl,or wr;,1 cer,Jfu' 5ed 
ge.cro·ion :"5 By bu Icing ·herf on gene'l'. n ./9 dis'/6/'ion s/'len 

How / ge slarled and re# sleps muricipallanbd muric,jol bul|dingB, This is Ihe lin/l phase whici inigrale, le 
*e, Con moke eveGue fro' selling Ilie =•se.flord 'nder'un" 111/le verv d stributed powe generol co sys am i,ith 
Ae, ge'enTed li they hoa h re' really challenges ord follows i proven thccentral,sed po•.ergenern,m ordpo•·ie 
'rocuring er. g. then thi·d jorties I'lerne,tohonmethodologyto'itssolutions ./ 'Lili r,inleN' rol#/g the irtellge' 
(,Ic udIng IPP: urld Le,rrrunlly growl onddernori/otk>nprieds Ourrnethodology /11,1, syslam This step bulld, Incorporo·es 
Wiliti, dold own thegene·/ionsyslenis. ./lesint.tons,derotontheob,myopeope /Kperieoce,fronilhe[i,5,/rres/ps,.cking 
•nthethirdrole,aslocil,la,or, tiernunlcp,]111. In dorgriso·lomtcacopfoic,He:bve, Jse o,proprate chonges to complete I p 
will orccure elect,••,i' trom ·he owners 01 'cw I/olog, Ind incorporiteS 03 ogile I3,elligen·'t,11,7 "stern. 

/0 regional, comr„wity o id home "sterrs ncron®n/l relec" c,cle w In yolid.tier, oid 
Conclusion 

0/nrisell /.CLS,orem Muili,pch/5 will 'efoclorirgolsol/,ons•5-quired Firrelore. 
°|Sooperoteanele/r.,1'slrogefocil"I" * r inml igenl utililemental,or foliow• • his/operhascescribed theirtell genl / ,17 
rn,.n,C.Pal ... store power when lere phased, 0..:ep modej of Ike lu•re. The Illelligen# b tilit, 5 mO0a 
IR eAreSS SUpP ¥ a,id sell it .hen le.' 0 SieD 1 P'10'demorsft'roidep/Flnenf upif intellige.Idyi. lii. ·Dowe· generalion 
sho loge of powei ¤r • 1• fne of high demand. and diskib /,on wsisms. anobled by I..T 

'end plas€ ' imv e, ienwier c· or. 
Addilionall, Il-, moyprevideserices„cho, and nc wgec by o At buted cloud oobed 

Intell,gert itili·¥ ,61•edeployrile,•tof • Dilot 
Ins'o|lirg Ihe comnu••iy anc home systell,s, gidn·inagemen·6,6 ·en,.,1/ 0111'cre:.5 rnJ demo£11.lion /'ter,·. The pilot system 
Pm••,ding moin•enonce ser,·ices Id soon percenige o Ihe Dower beng genaro·ed •5ah On the deploymenl, ronfig Jro·ion 
A business fromrenewa:,leenergy-ou·/r5 Rrel thot I. [loprop·late for [] ind Ir t,0 terrolole• implemen'otic' oflhe 
10'Ee muillcipolit, will noi neces,rily su t o b has covered 'hres nielligent ut 1,1,10, ke' consider'lion' lor a :noll conmunily„41 h o 
snoll one The vorio- mv•,cipal ou•iness smell number of loT dev'ces In the /Icon mpler,ienlotior securil, ./labilit, and 
r,lodel. prov,dec by ihe irMII,gent "lily Lont/111,6 'smol| comr,u•01' oud oe a 0'•al,]611'ty Cybe•securil• urd ,he risks 
g,ve =ope For 93 nul,c,polity Ho der Ide collect.,1 of ho·neB wthin municipclily a mving loT Deo key ullenge In tne 
41[. role be/1 H ·hem 1he mun apalit, Jr, :ers, 7 compus. asmell neighbourhood „, Ints|ligent ad iii The intell,gence in the 
C°'Ild choose to Implement a comb'nullon /1/]lig€11 c goled ul, i. commurlity cornes rom Inoly'ilig The 
c 'he ... ...g ge,erctiol conucity I. dalo being led Com WI.e Ic,T fle,ices cnd 
Some ofeas ond '1<Wing o tocill,mion role A kmy Pcrl cf 'he Dilo· depl©irrenl is the per•or,ning predicli.,3 l,4,csond ormiciel 
In °thar areos, The Sou•11 At,knr ·Germon developmen-of on operntional bus,nessplar Intelligence predicl n or tlid doto and 
6" "nersh,1 dscussionpopcrou,Ilies Thisplr•r includes a 'evenve-bmd /nding using lis inlorn·at on i. ./micall¥ .Ilust 
corkeph thot uic,P/lies should com,der Inodel k> ena,re 11·01 tne sol,tio doe, 901 

ana cortrol Ibe ,•lellige,i• i,t I,1• 
when de:,drng wh,1, role te loke 04 Tlie becone o ro•·burden 10 Ihe ·nun,cipal,1, or 

'te,J,ge,•ce Provided b"be sys,em •Il be on olber Irvalved ployers Co/nued 00 Pege 59 

•,Alam••mmE• 
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Public lighting: Lighting the way to 
smart city development 
4 8,orn Smid,·Herr, SMEC Sou,A AUG 

Eleerk publk lighling wos in:roduced imo the city londscape as ecrly as 1870. wilh Yablochko¥ condles (eorly arc 
lamps) illuminaling the Avenue de l'Opho in Paris. Since ihen public lighting hos become an glmostunnoliced 
senke which is implemented in most municipal masterplans or town planning developmenl sir¤tegies. 

So why has this se,rce become so impolon· 
totne paintlholilisi,·Illool.ohone t 
imple"nted? 

Public gling is one c .enices lot i' 
mos, visi/# seen by 'e generol public wit,ir 
o city Onough It "rros goes unnoliced) 
Lighling orovide' o serm c. visual sofely:,2 
sec•ri•. This,•p.oved sense of salety and 
security will "e' lead 10 07 increase ond 
firt"•er promolion of •oinninit> .clivilies, 
evei•s, spoft, #ode incuitry end commerce 
to occur oe¥ond noriial dc,light 4ou s. If 
8 0 service t,01 has the powe• Io ndirect, 
prorro•. s./.lus into pol.il ecoromic 
gcwl ond slate / welle ng -hir o 
./•ic,Folit, 

Allough fubic 1,#ing .oy assist i. 
ge,eroting revenue Ind,reely tor o rr J.,clool,ly 
,; does ood 16 Ihe ele:N.cop con,wmo, or f g I I[,bl©<54> coroil inc• nJ A.e•up Cle Ii-]p*ro . Pa,it 

unde·ihe E*posm•• ' ana A;ve·se••e,I878) oper•t onal costs 01 0 mv' cipolity, •. 
which o b,C|ge 2 needs to be re erica This 
snould include ¤ bvegel for ncin*anoice 
anc mprovornen.5 or o '80 5'stem whic, dur'rg low 119'1 cor ditinrs wh os sloirn, an:irorqients The purpoge Jnd inlport,Jn(e 
may need . expond as the commun /'s wealher), of Ir poorl, 1 //led spaces <such 01 /6/,c l,ghring,S to ill J/Ing/ publ. ploces 
derrondsgrow os turilials) In uu/:pinces oridplui:es I.ct toollow•hegerer' publctocal,7¤uttosks 

thege,inialpublitrnihoveat -51,1 Thpse sofel, obse-eondreoctandlocieo-ecsoler So 10„ car o .unic,pal,1, mcinloin or 
insiollaNons and systems form o connected r,9/ ·ime en·. on,lent for the communily irrpro'e ·h,8 mice M the generol public 
liblrurturellifouqkouEa nuni• ipnlity Thus, Ihroigh '41,01 se:u 11, while moking Mony while reducing ©,eoll erefgy cor'"mption 
pubhcligh•Ing•ould compr,•e. pub ic spaces more us¤ole ana e,•,o,oblc lar andooer/Noncle,penditure; 
• by Theiighling ofslreet"d foods tne geiero pubic Fig 2 Iluskctes 1Ills 

•]o• does public ligiting oeccme ¤ sou'ce c in·Dorton,r In canjunction *111, the • Areclghnrg of developeo cilow I 'reossuch os 
reveruegenerohonoppolun,·ies; queslion· WI,!ch olleywoy !5 more inviting lo re: de.lia| afeas, p •blict/ ns po / nodes, wo k dom) Would secuflig and improvi,g the public trocng facilties, 
Fighling ser,Ice deli.er, improve investrrer • L:ghling of porks, zoos and re:reorionol Wos ·lie onsm bo'ed on WN ori 
cpportunites ink> a nti,cioo|it,2 emotion? venue Take nolp tho· the crily foct 
With/lhe,eques,Jonswerrnild ogre,hal • LIghing/fornenitiessLChosom•ric,pol Drevide¢ isthgl oneolleywis well Itgh·ed 

and| Ihe /he riot Nok-5 parloin,19 10 public 4/ling should no longer be consdered stadium 
Ihe Incotici, i rine do•,slici, gove,ning I. -Ingvl·ser'ce, b"snould,Mherbe'lewed • mier,or lighling & inlinic,pul bu•dirgs, 
nor munic,po, operol„ins copobil,hes lor aso m/ disciplire service. tlcttlwough smo|I mun,clpalholls. I,brofes,cl,niso iheetre 
inoinkining Ihe• lighting instollolion• were in,1,* Ihe publ : lighng Ii{,s·ruclure venue' 
previded could beused Ic tionstofrn a ml.·,icipol 4 into . Similar ligkling in•k,Ilotions 19,1 orp 

o nue sustoinable ond #cier· ent 4 thot n·oy ne:ess/7 lor public pieces used by th' Altio•gh p.6 c ligh·irg 'ims /0 provlce 
belter 5erve the general public general public procticol iilurr nollorl 46poces, Is 

imporlant &01 tiese 5poces are illornincled The Imp//anie / publk lighting Public lighli.is c *Ic€ requireo by the to illumnal/n evels n compliance /11 generol public ord communi.5 ml'. th' 
Ab ic ligh·irg Is on Impolan' service /0 s on dads suck cs 

m/crpoli& Dorknessconc#eosensec 
be Implemenled and n·ainlo Red hy o lAo|ction ¥,itnin comnua•••as ard •ewlt • SANS 10098 Pubi,c Lighiri (oad and 
m unicip/iry Bwl // i. public lig,/Ing? in buslness©reos becoming de5erted 11.rough sle. lig/ng). 
19* lighting is 00 ghhrg ins•ollotian 7 the Ixk o· pa·ron•gr d Ihe ousiresses • SANS 10389 Exie,1. .!I.ng 
s,5-ern ·hol orov:des illum,nalion / nigit or Ors situa,ed in dark un/maive * unsofe . SANS ' 01 14 Ir,enor Ligh•Ina 
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• Occvpotional lie.!Ih ond S.tet) Acti ......&/.Ill'.Il./.Int. 
199• En•,Frnm•nt,I Regulations for 
We·kploce5.1987. 

The •.gy i ih ch these out)lic 'pcce' cre 

umnoied 
. 

b, lighthg •hlerin ord ho¥./////1 •t'•#Ul 
ese *rns ore r•la·• Fri, opercted alc 

3 aink md mo, mpocithe ·,isuo! pecceplion 
and e notionol wellbeing of 1 ie general 
p.*...ho'-0(+5 

10 eduir 'lle 1,2 9 publi' 4,&'M'•'IM, Sys'emi 
belng pecce,Yed by 1,2 genefal pliblic os 
Pogr Ind,2/crsci w. cer,cilve·, s a •1/ /1. 
M d occcu,1 06!e "mi'les In enonogerner'·, F'J 2 Wh,rb u"c, r.c, i rorr , i,q•'r,g 1. w7Ik fle)#1 'Dero„•„¤, moin·ena•re u,id in•tollatio• 
pro /13 o public ligkting 5,5™ins should 
be developed. These strole, es s/(],1/ be 
implerne:,ted efilclent,y to prc•44de sofe ond 
SecL, quall-, (good•lighilng, litol Iiecesso·I|¥ 
i•!oro lighting 

hrough the respons,b e co•rol 01 
these oublic lighting syslam 5ti[]leQI€50 
I ./gicipolil ./' toe the ban/LI of 
pers//ding the enohooo veilbc 01 g 0 

cornmunll, and ous•,bly,rusroving I•-5 
orld visuol oercep'ion ot ¤ m JniCipO IlY Thii 
mar fufllier re•01· In o n,unic,Exl[1•y oeing 
more invil, * 1©se 100*Ing to reside or 
in//w hin I m.'c.'I Fig 3 Fulher 
6.8 this h¥ com"ring the night tin• 
•,SUOI Perceplion of twooreos locoted * 
Ccpe T/* 

Pu blit lighling,rends 
As munIC:palties love developed und 
expanded, 50 hos ihe dernand for service 
dellver, mc the nood {or the Nociated 
in{,51[ucture . Ihese ier•ices. Wi-h publl¢ 
ligh,irg being I vi•uol se•,ce provided by I 
Inunic,polily. c, o muniC'Pal'+9 dewelops le 
publir lighling Infras¢ruclure shoulo expoild 
'Tox>Alon# w,·h ihe demonds ono needs 
of growing com,11Linilia fop Zon,#emo&/ om Cepe T-/*Ar· 

40 concerl,5 •haf could hp ossccioted wili 
rver·e'pondirg sm,ce ,/rostructure ars p'omole fe•enue generallon end may ossis' provices a cost·elfedive, leos'·pollut ng pd 
i How Con 'e service 'Los'ruclure be in Ilnproving 'lied'Ii,eryof oller sem,cest¢ reod,ly·ovollabl"rgi, resoureavoilo•1" 

SJSIC,nob¥moint6,•ed? 'e gencral pub c a muiic,pali'toposs,blY re· ive•intc revenue 
I ./ gene*g op'<Mon,·ies This initiolive also Cal ·he se.,ce ....urture mel Throuch lie irrplen·er,totion rif o. energ, 

the demonds ond needs of growing emciency inihalive. eie.gy eficiency could misM in climate change rn 'igclion. The Soulh 
coalmunmes2 er nonce Hie coir petitivenes• 01 econornies African Defement / Mrnerols and Er,Prg, 

1 "re gre Iwo ¢re,ids developing in pl/iC while helping to a||©.iote enefgy poverly OS (DME} promolesenergY /,ciency ini¢iotim. & 

'Ighting//mayoneld/t..·wocorce/,· encigy b.ccmes r·©reo'clble .,lin I orlt.....T'IMEreciesled.uni,ipoli/:es 

These. 4,4 ore iden/ / cs muncipold, Energy F'Odue,•i·, ancs ,-, to submil prop©50'5 •or furding considerain , 

• The irnple./110¢lor c· energ. /H lient I-.he cos i lor /0 econor,y as o whc'e, 'or the 7017/1 B E 'ergy Ef·iCLIFC, ond Dernoic 

lED /,ght em / ing diode ) lu,11 no"es. el nonce,he 'rergy supplysecuntyand rroy 5'deMono•e,n!([EDSMN•%'anne. whirh 

•educe 'e need -0 deveup gources / inciL,ded new ·ne plor,nrg ard mfdemeabh•• / 
' 1•roli ng Ihe gia ity et lighfing erer .suppyto 5ervelose .ilhout occe" energie'fc,ent'treet]Igh/lum,rolleh/1,•rew 

¤·ions 10 "dern end gy services lor health and LED Iwin,naires on hig, mos'S 

8011, Mese trends promole o {amm/18 Bducollon GrhoncemeM Acul'//led energY The basis oilhe eilergy •ili,c e, cy in,¢,alive is se•Ice i 'lroslruc lure o no cou d adv•:•ce ihe efficiency could olso cre¤·e a·trud 'e graen to replace existirg noi' .-ficiert luri, ri••,i- I//*+Ure 10 0 "'Us acceptable for loT ,obs Ind businesses .f'bin o mur1,¢,pollty 4 mocern 'rergy /,cient LED lumino:res l|P•rmet of Tning'I sy,lem i'Plerne'·otion 
*leg·cticn T,ese advancemen,5 coupled By Impre. rig Ile enere¥ efficiercy of Re d odd t, on<0,4 11,49'emen, energi elicien, 

Jif·nrrle,re5 rrito w,Ih new public lignf ng g,sle mi 
k>- s,:tems could be used fo lurtner public ligI'ling ,/railiu•ture, 8,0 irirtial,ve 
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Q.clity energ, emcieil LED lurr wires hove Should u *51'inctle initiof!'idS ihis ·isl: Ac,5 01 thell on d va,colism w le 
]©nge' operational life th• existi,g non· be inplsm,n-03, loT &™ems could oe irfrastr•cture could be afribites of po€N· 
effc,enl luin,/.Ires. Ihus 1,e mplemell'.r imple•Bricd and inkgrolod inlo the oublic crinir,1/1 octil lieh IIi' reqJ,re duln- Dr 
cf Ihese LED lumino,res would res'In I light 'ginfrostruct're 1. irt/gration.ould raolie the mole./ I. operate, lon,iiurily 
|clge- |05# cons,slent ond offordoble further prornote the ""inobil N o· Ile uniebl, il game plcy- by ch,/reli w even 
public ightng Inlrotruct// wil recu•ed irfrosk&...ile pro... In oodlity lo [nort,tunderlekenby•orne./... 
mainler,nnce ond c•wroti<)a expend ture dehvt r ddi'I# se,y'ces, 01.,icnY,gnhig Comml.nit cs cr9 e,cr OVO %01[}g . crl 
» lucing the in;pod ot //md vandclism N• c.„,i mur hes wil}, 9 a ·nunicip'lly the service delivery demonds & ihese 
¢0 thege I sl It is ms'incted 'al Sculh communities. Vy,cus risks ir-luence o 
Africon,runicipoli·,esroulds.el·lea%.. Sustaingbilily.publieligh,ing 

community ord Gorre of 'Hese risks iroy res' 
clhe ·otal e*pendil"o peral"n """i] 1, i. p™,ble I[J iroinhl•,i the cuolity u p/ ic in Ihe Dublic lighi ® ner,ics being ollected 
to ike e„5ting non €fliger ./6,£ 1.... lighling w,+I e red./. ene,g, consurnptio° by U :c·nmuni4. Unrest wilin I ccrnm'nily. 
nftE,ruc:ture by rep ach• the 0# w *8 1* *perinlilure, while •|emen,9 01 cuiruphcn, ulle,10|C¥,re 1 
/ cieAt lumi. es wJ/ •ergy e#,cient quo, 1, generaing ooss,ble revenue opportur lies? socioeconomic 'blus, educal,or, cciss 10 LED 1-,ine,res 

Various melhods Inc sir egies coLIc be sewices, c•imeondsenseo"eingempcwered 
However. le (cncern -th le eiergy Implemerted I obioint„s. Theserarge from ore sorre ·actorE inlluencir·g :o·nmund es. It 
/ ciency irend Is hol tile focus s on monucl methods 01 •esl ng to aulomatid moy be beneficial IL c nunicipchly a ililli 
energy scving cid no! ene/, ming while systems ind con/01, garily ..f assels, a cencir 'pe ligh·ir@ bul t may not be 
- nt©ining quolity wid comphonce to financially feasible end efilclent erergy benel,clal to trle wele, g / #e Lon 'luilly 
luniroire end lighting level sk/ords Th,5 and mantenonce /addes. commurlity in /„1 il isins /lie,i 
may result,n/orlightlinstolations, Ihus ,„glwerneol, pertoone|trairingondmors. 
le.dingi,seifto·hesecordtrend. he public ligling inf.5trudure sonJy os 

Oneollhefintsleollolokewhencommercing good iso murmipelily's obilil, k inonoge, 
-he second trend. improving +he quo ily of ihe ,©urrey lo custoincbdily M }0 idontily. operole und mointoin .t Illus inGuencing ts 
|ighting,nkllolicns, MA• to fhe imorovement understord 0/I mi/1- Ihe risk: tho· service /0 the pualic. Some /4 IN ·noy 
of 'ne quolily ©' illumnatio,•, r ierab• improvirip fngy undermine cod ihallenge le e•,slug oHect o nnulicipoliky ilay include Ini,led 
•he 4,5. 0¤dir, OAd percepliGn o; the generol aod 66,e delia ©1 the Public Ming ·inonciol budget ollocol.or. inobilit, +0 20, 
publc. T. ·re"/ consiceis iiI Ilum,notion service These rls,s Ini' pred,spose :he for energy. ·naler,/ purchcses ord other 
demand; ond need, 09 public lei·•liA@ sys•er.s public lighnng 45 en,5 aild rrunlcip./ le·• fo expe / re, having limi·ed or inoperoble 
Of grewir' ionfriri·e' and :Ins ut li•i•illiri reduced .i inpo red service delivery More 10©'5 equipmert ond ploni to carry a ihe 
Ihese bycte'Ing o solerD,ght I,rneenvlronr•enT IrrpoftantlY. /'Mic •Ict reduce -11© sa• r.· wor.6. nof h• ng odeclick 9 Irni·Led ard 
;Or »le comr, J,litles u,1. Impro•,1,1.1/*. t•e genera public ,i public /ace, 'hewe skilec personnel, shul[Iing c ....ge,le' 
d ·eel• 4 0 cily, ·owi,nnd municipoli ,. Imundembned put>Ii, igh/ing IAS,clla·ic ·,S due ·o le chor,geover ol lexlersh,p which m 
Improwing the cual,4 01 public liGhting nrc pres- resull in / e changing of directives, occurocy 
ins•01]olions ord In{rostrd e could. ' Irte' of Ihe asset ins'lled, voricJs 

Wilbout firstly ideiti{Ying the .isks d 
• ./mote'he ./,e /5/01 opens.Lilly */ *%*ad o· noin•er,£i•,•e ord 

understanding le ccum of the risks 
Moning positive wing Jse of open fe®lf FJ,005GS; FOOf CJC|ir assels inslalled 

Impact ng pubilc ligh.g systems, Il is not 
sooces and possibly,ncluailg Ille woyli wh,ch Ille 

poisible k> i.*emeol efecti•e slrctegies 
I .......lking, c,cling. publiciransporr monogemenl, implemerlion or' Ipplatior,ul ...... the lowes / lillie "45, to I piocesses „recomed ouf¢ n Avi, ad and sofe. d g Ihrough quoi ty lighting 0,10 doy 60,6 *inools le:el •here the risks could be 

prov/ing h ler visibilily. So.ne ciercome and Ihere/p 'mole o more secure mo¥ #ink <h¥ would il be neces.arY to 
, Pm/cte the •.e cf open lc.·s b¥ r nd susto,noble hoss from wh ch fe rhorge whe, 10 specifi,c #'sk has been Irri•o•e done 

portiolly ilgh,ed persors ond inprove thec/l,/and efic,€;loyollhe public lighting Ii/ yean? Yes. Inis wcy ollhir<ing 
fhe visual {ocil,4 b personswiti universol may QI|Q *Of SD,Tle losks However. if ·he 
access desires. public [tgktt. '(re•luc/re 1, I evolve 

• Reduce -here gree=emissions •rough i' possible linurcial gain if :one wi+h changing technoial·, aid ·c ciorg ng 
'he r€*·cescould be u•i fully understoid 'se 01 lewer isec or wore energy effi• er* community demond, M suine melhod 
./.ires why ·he pub ic lighting in5t¤ la·lois ¤ e ./ing cconot be used and le e Is nc one •,ie fits 

adecied Kno•.ilg these cous*5 mo, red UCe ' Promote urb"4/01 orld oeslheliE all 5/luhen ./.rmorc.,f Ike public ligk¢ing 
oopeo! b, sh„cos,rg .rbon featum. Ihe cosii, exeicise of con+In·,i)us ¥ rep•,•ing .Mro",i,aur. 5 To Merge .14 307 *slems Oid oid replociAg these /Hected in.to dion, • Improve s.fety and 'ecuril, thrcugh be used to mist in Qrowi,i•, and od,iur c ing o 

of 
qvclil, ligkting improving v,•uQI 061 ityof deve'll. Inld implemen,Ing 

more .un icipol,+> newslr•egiesoidplons£iould 
s'Reillorce and ·25,510,11 11,13 secvre lighting nslallotiors rroni¢o•ing sitems bede.eloped or d ims|emenle. 

Ihot muy bocome mofe d,//· and I f»note ecoronicolly .slo, i.ole cost Y I ghting 
lorn'intmr Cont nulr•g the loL,r,•. 10 Il•/ 5(15.,90'il N ol 

assets ·ho•o,easyloin#elow tepublic ighting„ir.jictUre,OlrL,1 'IpO|IN irainlerince ·equrernanf5 and are co• Elemer,Isof 'ellond yondol,5r, behoyourol moycorside.develcoing a set 01 su/.i,Gble 
elfectiveover'heliteollheo,92/ rommun,Iles o•d ·Ill? cbility 01 rnun,clpolilies pub Ic Ilgkting guidellnt,5. Alt9oug• •Ir, Ilo 

8,1/01„'go' lurner/ieloping Ihese public lo operate ona rocirloin p,6·Ic lighli,g guidelines mov e, 161 within some'unicipo ties, nfrostr,.ch.'e lig"lig Irends Ilrough the implemento·icoof Ore 5©me icaM•,hoble risks. 
whe•• some mund,•ies have odop•e,1 1he 

susioillr,ble 111,1,01,veg o null<'Polli shou d I Is not possib e lo ellm,nole o,+5 0: //andl •commerded procliceguidelines/ARP )35, 
be•le,00€:ome'heosso¢,oteariskbord yar/lismthotm•renderibeslale'saw/ i•remainsc,Li•,01™©tlhesegudelines/mid 
deniandsolonever·exponciripuLiclig/ing noperoble, outinalntoi,inbleini/,alivescould evolveondsup[X>,ta „/0.noble intensfy,rg 
senice in·rosl•uCtg•I Le Imple'enled to reduce le muses o Ind progfessing public lig'ting in./ruct're. 
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These gldelines sh; cl5¤ coi&,der :he 6 9.,ding ovid inunicip/·¥'3 de:,sion des re; t ngy wprove 1 9/ visibilily onc 
voricus cemorids / communit es,,•ich ve,Y nakin@ for pJblic ligh·ing ir,£ allollons so{e• of *ions oid safer driving lor 
•ron·•mun•*ornonicipo" [his livolve:acisions of where ard moi nicion,•. 

when i}Liblic I,glll lg ,5 'eqU, ·ed, and il so, • Sel" asgets und When implemenllig/,9 deeloping er revisfig o set of wh-* .Ight,I•g snould be irstalled to irstolloticns 110, consider reducing 
* Yble pllbl c liritl,ng gl, dellne5, Ihes: oest 5enc tie publ .me g·.enholse e. ssions Ind pro..e 

guidelines sliou d cons•der incIJdirg /9 • lie guidel nes 9,/uld Os515t munic,-1 •e env ronmerlal consciousiess of 
•Ollu.•ing significan, meosures 4. light,19 des,gn consullonts ond recycloble mie, ligh, pollvi ci anc 
• The *ivera I aim oflhegui(le i,•es should c·he/5 .i 'oris,sler,1'.'...ply ls/liable sens,"# biodiversily 

be to e ls,Jrc tho· new and e•,st ig lighting ligh,rg print,ples lo new ..lic 1.h·Ing • 'orn©·etheccqui,Nonondinsiollo·ione· 
IE -1 er. efficient weil des,grel, viell Ens!•lor 11plemen/tiCA, replOCerrent ccoromkolk susto,noble q•ali-, assets, 
|ocuh]d ond ·hot il comp!105 w IIi Ihe Sow·9 'noinleno,ice arld rmir inilo·,ves to en'jr ng thottheossets con be ·nollooed 
Air:cor, 5Inrdords upplicob:e to ligh•ir.g exi•tinglightinginslolletio•s sus·a nobl, over their lifetime. T•ese 

. dellity, Jrde'slond anc r,li·Ignic ·he ·tsks 4 Develof n design oricess 'r tee Ilgit g Mis should prorn'+8 01 eflicier,Icirculor 
affect r. lublic ./.j ./.clure, 11 c- puble spires Ths gideline should ecolon¥ 

nponont mat Ihese :-roh·giesinc ude assM m•9/0 //0 deve,Jp bids ard • Idellf¥. nvest,gle Inc se ect urbon 
conslu it revision on,1 ievie• so •slo keep locosilve:/Litedesigr,suid 10 *in,iq feotures {of ceslliell• heoLI,|2¤lion o 
abreos] r.f 'he cho,•11,10 risks for ccrnplic9ce Slow calsing , i a,1 eflii ent ord sustair"oble 

• <now who the ligh'Ing Is lor , Irive5Hgole Ihe opel. 3/oco• within a wo, This -orm of public lighting .ms o 
Commurlii ntion Is u vitol looltomoln•all, ·nun 2,polty tho· ore accessible lo fl·e imor©ving the look and Feel o{ Q :1, 
puni/10,4 .0 communities B.,Id generol public during the do¥ &,der cr municipolit, • I le pole'll I 
end muln'In cornmLrill• reloticnshic>6 oromotingtlieu5eof spoceR 11hcove•ing i,provng corr•unity walibehg and 
Informung, invol-g und ecu=o¢Ing if r•ne//011* corrawld ecoii promoting iives'ors, 10'r gs Ind new 

o Curni'nity noy assist in 1,11' -OVI•g . Assis* in " rig 'ofer, ih -ough inhabilants 
'e securit' 01 g lighling "oni, Is /I illum,·rlion ord proodiye slri'el||once i Idenilly the metiods or 52*rns by /,ch 
in·piementing efliciert. relioble und Ind iior to'ing to /* / sole· night the public ighting inf.st"ure is to be 
-sp•.nsive col| cent·es time 2,1. onrienltrthe co,lmunit• con/led or n·or •orec Ihrough m,nuol 

• A .unicipclily shou lid nc 'loin . I Use Fubic lighting le pro™te wolkler and cu"oruus felemonagemertitems 
c,]rrmitineill to susioirobilry Ensu·ing qcling, ondAut i=•fofispertlocililie5. Tlie #ese methods and sys,eins should oss,sl 
conn·mef'I would promole se™Ice quo ly of oublic lighlirgi·i. oriotethe 1/ risk mihgat on, eflic,el· n,lin•enor,ce 
de! ver, secur,1,01 Ihe service grid use' 1heselocmtesbypcri,ullysigh•ed scheduling ond 1 Irock,rg c id oudililig le 
mOXIm,5/ oolerlro| Financle| =Ing5. * ard persons with univer50[•Gcess elfic enc, 01 0•sel• ¤r,r] ·,i•erol,or•s 
Conlrnitmen, no, olso os5i5+ In prorroling 
com,T*el being 

I Developerrev E'audit'blemon/genert, 
implemeniolion and oper. ..al M 
proceSSes The oin, is to en5ure 'e 
effic,enc, Ind cuority C "es€ Processes 
are upheld and pre•ent n bocklcg 
lin Powering service delivery " mcy Irrpic 
on o ...Fol'7's commi,ment i. networks 
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Early detection of impending failure in HV 

cable terminations 

by Sar,c f,6/ CA,g·,ndo ood C/be• Ny„,pcporgedeng 4 Umver'* 01 #le Wir#o'e sand end Fo'Fick O" ki#or/,Ir Cry Fbwer 
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7lhAMEUTe chnical Convention2019 • 

roteriol 5¤ecikc p.,ametm, make 'p the 
rritiemot,col aeler,nii,sl;: models. Wher 

• Ther,no/mechanic the degrodctic, mode:s ore comoined wilh 
-/1- Galianic corrosio. 09 stati'kil hmelo foilure dc /,an/"licted 'e 

--Electro4hermal renoining Ide cflile CCO|e term,ralionscon be 
08 [T--er,11 reliabiI.1 - model' .Furlhermcre,onir·elligeit¢,•ributed 

mullipnY„s 'dig,tollwn'15] can be develi.ped. 
8 0.7- wc•|d ollow le complex synerg./ic 

$ 1-1 1 1 degr/Mion mechors/s to beobs/.ed ir reol 
hme Tke reol time ope. t ng condition of Ihe 

Reliabil ...6- 

- 4 

cob|e Im,inatiors MIl 05s,51 tlie n·ailler•ance 
engineer ord inAuence k,ture 

05 ces grs -- 

1 Cindision 
04 - 

le failure modes a{ c lype I " / .PC 
power cobe terminalion hove beer ider fiec 

0.1 - - 

Ircugh brers,<•nol,sesolk .dlermr. lons Data Deaign Life 
s•ow 111/ nol ' 

ion 8/ - \ The lore,•1• Invesil•·alloJIN 
acquial 

001.rs) 
degrcdolion neckonisrrs time con be idenlif ed 
Ih'oughp"/disc""'ting Anin/liger 

0.1 
digilal N , soluhon hos *er, pwoosed The 
digitolk.in solwionco iibisil e 510|,Ac]|time 

0 
0 5 10 15 

20 25 30 36 
I 

,b tolailuredolo meo,u,adope•i 1gpor:],Rh 
T•ne(Yearm) and real - ile mulh'hy'los slnlulolic,•s IJ iribnii 

maintenance on d design decislois 
F,0 6 The q,epb•le»rese.Neoffhe I.!* ..... 4, I obw5+e•• noholl uneier 

•her,momeghon• £,w,in•ermg/i.4- co•00 1% Relerences 

[1] P.Holloill C./ studysite./ir·ell'. 
eng,nani.' 2017 

01.Ril Mod.1 sio [2] S Chlri,Jnd. ond C .,on,up,ngedenqJ •A *r-•O1•lon mlinbilif, •imen' model for on o• door 
88•v KLPF col .min••lon,' Ele<Ir. p•,ve, 

1... 5,51 ./.0 177 p 1(5979. Dec. 2019 hr,mele' 13] G Mon,Ii Ind I ./.incro: •Aa:Inced --- 
Thinp-u• / M... \ .-ro· ·he·rnal li6 •™d rel„blit.rng,el / ligh 

•oll,ge cohle *•includ ig oc:e,se,iesr• 
P•5SU.e D...1 33, I. 3, p. 17-2 5, Moy/June f tie/-....11....1 ) r......7 
.i•t 1,1©del [4• I,Gr»ve•:040././..1/iAConcepl *th.tihal¥, 

04 00 6 pal lic- - 
.Ii•ae Imin.110,1 19] D...1.S.o'moler ./.er'i.yrich, 

LE,i__d P knne. ond W 'c<. Intelligeil Ind i St,tistle• Tin„i,failure 
T.nd / d,5•16•led iolvinq of n,ult,eh•5,c• probkms 

cncrdi,•1•' h• soh.voie a,eni'.- piesented. 
. In•rioNor.1 Col.,ca • Age. gn' 
Anifir,01 Mur™dit• Intelige•ce [IC.% 2018, •018, 
vol l.?00/07 

Co•·oc• Sarnontho Chirr Jndo, 

41 ki, :ge'dek#-mem/emen.0/" Univergityof the/i,#aers -3, 
./1717·72]3 .an@sorr@grnol.com 

121 Ew,pe"Urionlencylo,Ne•orkondlnlo,nal'rS,CJray(ENSA) 
Con*w/0/poge 51 Goo• p•odke. ier 5ecuril• 01 Interne, 01 Tiings' 

I] 50./.ricar·GA•·no..9/*./.ewrol....th AFF,con 
•0 poper di,cusBed ·hu· role ©T rhe iniinic,go|M* in tie iqe Jige'l· munl:ipo +Ies . reniwible energy · c tvie•. e *nes. mudals 
4 fumt:For•·,crd be!,e•tes Thal the .,lell'gcq• Litility effers nla" 1 dhzuis./.per'.Morch20!7 

6•·,e·Ils 9 G,lon,e•DI·Oplirrsinoeic,§?-Ihm•'9!nelecmingG.y·Boil.odel5 
o Ihe muricipo i»5 ir Alrica 2014 

Pomop B El.lr<Vence;9019//In#ellic,enRemor-'QM.... ole.ope n.q«,1 E-B,g Fri."PHIES·MARKFT·!NTELLIGFNCUPPOPT 
110' Clpi •Ity "Id 

/8 m ve 0 80 M'nifies Ovailoble for •nlarested on 

0· uni/rsity 'rather irteres-ed poftyllowork .11 " on c PI/¢ 161 Mos'wel'JoS 0/ck i.rne- '45000 backed 'Tde,ices ... 

dernonsfrolcn deploymen' wi•| No• On,y t}•IS pilot Diovc he heal,ence tr-•09 'an,/n•v,9/Infilt!•, 11(low,nnrk hain,v"· 40.- 
11/cl•zill_.- 

SO|01!OM. ufilit, of ihe /*isc•oiloble 'f "I•| demonstrotath,•ithe 
10"y ir' Afric© ·enobled b¥ 10• cod urre# cloud ii,kos/ructure A, knowledgemenl 

'f /uoeir,•ere/ed,r,h/ping//orgovwtionk//rt/lifle'ding· TI•,spa/rwosprepored withl]•aossism,<po[,90/Dor'im, CEO, 
[ eloils F Js,Forword Group. 0.• Carla '004 „noile·ing Communicohons ecge 1,10· ve, jlease CollrlaCI w +r} u5 on *e provided co·*1 

morage, FuseFon.ofd Or©Jp 
Reterences Contod Fuse Forword 5outh Africc. Tel Dl l 575·7609, 
11• NISTFic•-lond Roodmupforler,Grid IA,a'¤peil.. ccth, pickerifig@lusefofward com 

----2*ZiL__--__----------------- 



I 2 7thAM E U Te chn ical Convention 201 9 

Challenges of planning future high voltage 
power system networks 
by Vasu {Chejix ®Thek„in, Ejectric,V 

Sleody growth and development in Sou h Airico hailed to increosed demand fo• electric,4 and henge /he expansion 
of elect. power nelworks and an evolution to the current power system ne,work. To dale, there have been several 
planning challenges, both technical and non-technlcol. many of which still pers;51.11 is predicted thot there is ¤ 
likelihood of further increased complex planning •hallenges in lure, We are oware that nehvorks will chonge 
but Ihe difficull questions are how. when and how quickly tese nelwork changes will mur. 

TI· s poperf ¤Luses ./ tne p In'Ing IF·/ture 
Curient Generajon hi.I• •allage Fiure Generaton i,•\ por,e, s,•=·ro·/w. Y . footprint cities. r,lun -poliles Ind large fc,04,rint ..41 power Leri, 

05 0,81; 08 9·nolle, corrmunitip·. cnd ruml 
netwofks The increase j electricily loriFIs, L/l' i<limer 
lood shedding, int.uouction o· ienrwoble 0-,1 enegy anc 6 drive lowards"=leon energi• 
,JL,Ira m o„",iu ihe ke¥ ospacts Ihot *I I 
impoct Ilie 'rergy sador. pdky and reguls* 
diongeswill ./.rs,gi ilicor·I, .€* net*or< .5/ I- 62€ise 
plon'ing :onsequently eod ng /0 ei/er o kry-- 
p•,tive 0, neill.e .volulion 

South Afr,co is lorgely iuppled by p,wer fig ' *fr0/ran¤ fuh,feg8•e•1,096#.rw 
EhorE 'It ..e locoled In %'pvmlcnic 
p.irite T|•efe •5 0 chonge o Ike su,=aly I 
ererg• 4 '0 n pa'•iers·o•ion.wilh Ihe,"duct or 'clworks are rgid unc ·obusl end r .0,1 considerchon I ns 10 80 9,"7 ' ·he ""59 
c//rone,ableene/,r,/9./prtpower cases with N 2 contingewy 131 These roods for·hecon/ructiorond mointenonce 
produarlREIPP) prir,immeininatedny the hne "sured thot lionsmissions »vork 01 0,48",idsubsiohon' 
Depalment 01 Ene/y (DIE. Tlis progrcm remcin stable 6,•der -hecarrelldemoid,ng Priori .c•truction. appro,iolg need / 
has procured oround 6400 MW I line# cond,10nS be scaght from The offecled 06thont es in 
frorn 106 independer' powerprodum p r The ·Imefornes tor plennirg construdion /12 ui,u In su ne :cses. ossessment' ard 
[2] 4,ie,obleenerg, isgeneroledch,elyby and con.·nissio•g oth,gl voltage networks dud,py nre inqi ired. An exoniple of this 
wind ads'Imsources,n the '"rn Cope, con range frE„T, 1-„··e lo len ve¤rs. In the situotion is whe¢ ! nes and subsk,1 Ong 
Wes// Cope, Ind Ihe Northe. Cope As plonnirg pride, deloys con b. Cxpelle'lcd 're ir, Ihe viarily oloirpons Ind fligh' 
p{]rl of the intagroled resoxce plul more inihe cnvirclinenlol mprclo5sess,neli (EIA), poths where opprova 3 0·e required rom 
re•eloble'-P i.·ound.000M•N;....' woter use hear - onc spooal,SI SlucieS. In me Cill| ovialion o Jlhor ty -inielro nes for 
'benlroducedi. her/ten/00 Fg 1 el,v„01 Tlantall,lpocfc5se•men•'(Els),1'e tae:e processes Mut be loctared "10 le 
prcy,des I gerefol overview on . . rrer I publ c is al owed to commen, en tne po,+ proied deliver, sched Jle, co,sideing #e 
orlrl f ;IL„e AJolpli'll o• power genefolion in onclisarequireme/lhot//bliccorcerns poss,bliloldeloys/nonaormcreofihe 
Sout-, Alrico. we.,/1/•dordy addre5sedbeforeoprovols rems ne,il, le 
The Soulk Afncon power swern cor,ipmes are gronteo M ,/fost'ucta 0,0 d vie le,ge 
Idrgely 01 'e F'knin owned ,]nd operated 1, met cases ob/c,ions to p•oiectg ore croun, of lono 11,¤t :5 d,11,cull 10 -gulre n 
*Mism net-/ wrh wiloge levels roised 61 res,dents in mevi r tyc /elyolec Lill no cnvironmenls Urbarisalion require• 
ranging fri. 22. 10 765 k. These leoding to implerren/tion de/,3 Land O glur. rehoole n,id .e,ilien sour•e 01 
networks ;Jf,PI• mo,icipal,lies, cities acqunsiter, 1 0.50 be o |ing-hy process p.we, 9 order lo susto n developmer,1 „•io /#/ rrinps. lidus•r;es In South Afric' 05 leodng lo ludher delgy5 il ownen ore not 'he futu'e The px iects are plonned with -ell 05 neighbouring counwies CountfIM willing to sel lind or ser.ituces rights required t•pplv ce.loomert, br e mini·rum of 4[' Such cis Narnibia, Bctswor,0 2,mbcb•e. forpro,ects.Whenrequired,theexp·opria·ion ypo -5 Main·enonce ord 'efifbishme,11 of 
M„zur,bique, Swo,iland, end le,grho are c' lond con de ay pioiecls if there a ·e len/tny in fros,ruc·ure *d wc take place as and when wdly conrected '¢ le 5outh AM<an legol boHIes. required after cor '*ructiol ¢ror mission grid. Ir an eherl / ttde mofe 
powe,rnoreir,lerconnecla,1,•plfir iedir Ihe The *truction cl overhead lines n oodit,cr, componenls wou d need to be 
loicle,inplorbelweensouthem Affround require5 35.45, 55 m o1 mitude for reploced osthey reac, ·heir end of life 
.ghbouring courilries 132.275. 400 W respect,el, 90·,he Ful' Curren, plain I looks o, Ire m. ecoshng 

ler,/ of Ille line Depending on the utdily, o when chocsing components Mo nten- e 
The high voltoge planning process s ngle ar double ser•lude would 68 required practices ors now moving to o 'con/,hor 
Realen:highatageplonningphilosophims fo· the ne•v overheoo lines. Subslations based mnienance regime ·eher 'hal 
ore based on ihe ·rar:rnission grid code, requ, fe be».een 6400 ondl 60 00 C r,1• of •hme.bosed ' •eg,mes Onlire morilo, Ing 
togollier wim policiss and codes of proctice lond The cos, 01 land vonew.Japerding on he equipnlenl o e 0150 becorn ng commor for 
001 are :pecilic founhiles Asot-cnsmission 30/·use. * ng and·ermin Further co e,ul bme volueaissts 
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I Gre'lh ard devel©.men! i . Demond Drill. fore,osting One ©1 the Ings· significunt -1 0,9.5 In 
osplonned the powe indu* 's li•s •*•io' 

In Ihe past luiernsti' .os carried " 2" , Goverrr.lenl o,id rr ar,cle'lir" d•yes. of renewoble enera, onc the drive to 
hIStor,c Ircnds ord know·,/ph rined bire 
deve Dorner,tg More iecently geographic Tbelorger"rionteint" re•U|•i" cate,thol Produce c eon E,nergE This hus 'ed /0 

lood {creco/ing GL J s oe•90 coriled oul F·lOIO{theveorof Die footba"Wcd/C•o •01'rnere,cl. indus,riol, and (egide/,01 

by utimies and r,iun ci,x,lit es I- al 0*. in SAJ economic oulcuk ¥005 rr•Lch bighler ' u•Drrer' Ins#01|ing generolio• bnrts w irh n 

the..... ·ne p,od.Jd,Cl 0• pOwer 
mdellinge: Icacsnccordii//4/mond 'bolipre?013. Prcinastorece« ithernilig| 

to e..use or impor In,0 1·,e network 
curve .uc{Is con be doss,led os Indu 5tricl, stl d, did nol loke ploce as plorlned, bu- .vhrre 

Indusino cuslomerBoreroviobetogenergie 
comir)crcial ond res,der,hc with eoch iushly,rg ··etcrd oul ove o longer per,oc 04 lime 

po*· ·rom exishrg procesves E venihough 
a specilic dle,·innd loud / ploiling purposes 'Thekwini Eledricil's cornoanies o E :eeking to become corbor 
GU hisioneollood ne'lr' 90 Me E /'diclion lines ·here 61.&' prol rQrrs require on eccnoronc 

hos /0 be a ous,ress cose for th s. Srr/ de•elopme.·pers:,eclivesi./. be corned The efeas of Ihe global recession /7008 to,redi'm:us·amers hove beccie more ©Jt pr cr M •he modellirg :, dent,fies reluenced grov•In in SA Losd sherlding 
soci,4 e'Brgy eficient ©nd ore us,rg less where und ·0 who, *Fril growh 

oo.e 

H hegon a.ou,d Ihe some tirne Deriod 
will,ake *ce Thestud, Ickesuseof oll drove Es/m'/Implemon ¢emond s de Tie decreose ir lood demnr. [3 ., beel 
%.'01//• 01/ns, 5..1 on. 1... /3 manogel,enT (C'M) b, •rn„Ing as a regull{ 

ege•gy 
Plolls OS wei :s olher develop'·ert plori elic elsy Prl,ects .ch li solor water • Increosein•orfisby[5torn 
he p,inglot,on statist,col dI'tr• e rr'om,c he,•linq incendescert bulo replocerrenis. ' , cod /00(ling 

MO |or'C·use da•o is us/ 10 *// 0 ge,ser hme" energy effic en· sbower heads • De-nord 5 de in,liot ves and Cure·ner moce lia educolior on savirg power leduced the ewa,5reS' 
Tt" dab derived from this m,de| ore direr, bad demands. Customer Pove ol,0 rl „ved 

The electrcily ·-Fs hove been ir:reosing 
*Jts»the G/pogmm. Theoul/dotoof wwoy lron Ilie electric /oves ond healer 10 steodi y f om 2008 to Drese,11. Yeaf or y,·u, 

'emcdel dependsontheinput/ror,ie", gis xywerec oles 
terefore gooo ilual,ly ula I' required The 
reSl,IM of ihe i, ©de!5 becon·e tb¢ keY InpUts 
11'e Inosler *nn,ig ess ond iS .Llt!/ 
In delermin,rg 1,e 'cop to bold' P'°wro,r 
Howe·ver·he Inrge· 1. ni,ig t,•e |lile5. 
greo•eris Mle uncerailly in the fofecost ./0 
/9 2 indicoles i ie 110's,ire of unce,}0''ti 
09']"SI ti,i'e Tie cre' M.in th' red ellipse 
ind, o e. 11,0 plor,n,ig period forlhe nelwork 
d•elopmentplcm /Dip), while theblue '5 [°c 
le r.-.ork mostefolon I NJ,AP *011 d NMP ten 

...,he unce...ircreoses....ne'll'& '' N. 

In p ./nina high vs'tag€ °roipctS, pionnrig 
= begin in e•cm o{ len yeors Briar to the 
Proled oring requ,•d Hegce. forecos' I. 
gelerolls -*.0 on currert doto % *./. 
le,e .4, aways be folors of Incer. i"y 
In {DrI,r,g. Plons ·,ove tc be reviewed '0 

iegulor, oic :liusled i• fec'ired 
/Thekwinl Ele/r„ily's load lorecas' 602&.ac,E'u•:00,7,A4O,er#ir,••4; 
eThokwiri, E e f !20, comple,ed ,·s firs# 
forecaslinc exer•,se in :011 ihe results I 
which ofe shown in Fig. 3 4]· The F orecas•s 3500 - 

were 9eer •o be higher,h¤n whol •.os being 
exparienced wifrin •hc nchvork Af, up/"f 30. - 

theecoromic developme' st'dy a corried 2500 
oul,n 2015 and „bseqUe/, the GLF r?,odel --- 
4 Updlitec ge¢ordingly This prcces' WOS 

2000 _ 

com/leled in 2017·The resul•, ore 540Wn n 1500 ------ 

e•unge 11 -he FOSLJ • wr in lhe gropn 
below. Moo - 

The W·'i, dicale thottherc is o SIgn,{conl 500 - 

di'le·ence in tr,e forecast,i•g be.ween ike 0 - 

201 1 and 2016 lood nodel•inq· Faclor5 Ihol 2015 10•6 2019 1020 2025 2029 1630 1035 
In'luence •nodeving c,e 

GLF2011 -ILF20·6 • inad d./0 used. 
• Eclion'/ devell'rnenip•rspelill - Fe l ihe 20 i j ond 20 J 6 GLF ./ rewi'f, ,'4J * St/tis·,crl dot' tc€/sus d./1 
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increoses hove aried behieen €95 ond decrecse The SOD|ar irrod.chon rrup, Fig. cre/sionhe istfew ,eorsopal / Eskom•s 
26,2% me laner being Forthe 2009/2010 6. incicores ·h/ /Icng Ihe east coast RE PP program 
financiol iear • o,eroll increase o{ 59% o SA, Delv.eer, 1700 anc 1900 kW/m 

The drive towards ·ene.vob o energ, wd 
m levied over the Id ter yeu" Fig 4 rogidion is recewed Th,3 whe' c.•mpored reducing green'ouse gases 15 likely to see 15 a plot c· historical load doto og/insl on to •he Cerfralcnd .esl belween 2100 0,6 
S·cum. S.cvriesoreused Totrenc bodsover a change n Il·e current power sc•rces. This 

2300 k¢'/m·, would oe gener/ed onols lime accordin,Ii. a load reaches Idit ono a point would mean that Ike c suppy c'lin 
mivole·t k> 20% rro·e Fower T'us lof r.r,Illiatio• of transii„ on lines and subslotior mold 

tke Gi•,lar capitol irvestmert large scale ho•e tc be recon gured. Th •is shown in 
Bewen Ihe years 1978 ond 2008 1/ 1:08 goia, plon· gre . / likel? lo be coi ctod Fig. 7 wk -h ore Es/n 5 proposed corridors 
curie closel, fullowed /8 S c,rie. Si i e ,• Ihe Kwa/olu-Notal, Jnless for reasons fortru „mi„on Ilriesgoing ,1/ heltura 
2008/2009, o deviohon from tne S·cur,8 0+her +har cbtoi'ling the noximum retu·r 
is seen end tne•e afe slig# increoses c nd on i,ve•tmenl, Thus curre•tlylhe, ore such Municipolitles ore gover,ed b, Re 
decreoses in eThelin, Elecl·ici•,06 pea' pbw iho, hove been ir opefotion n Ihese Municipo ities Ad [7•, while herso ig•lates 
Icads 

Embedded gener'In 

With,r le eThekwini Munic polily embedded eThekwini historic load peaks 
genedon hm takei ,he lorrn / phoiovellcic 4500 

(POS•stems Tbere 9CS beenciircreoseir the 
4000 

nurroeroire„dsrtio unilslathoveinsilled 

so|or PV ir Ihe lost 5 yeor• Munic,oolilie• 3500 

aresl,1,9+he prcess of reguluinglhe ins.Ilations A new larfl scheme [5• nos 
been in#roduced th,3 yeOr I: hoS Irl,roduced - 2CD0 
a grid conredion chorge lo customers who .5 

g It00 wish 10 generale power ond 5till wonl to be 
gncconnected T•woildioveon affedon 1000 

fu•ure /1 insto lot onB The new tgril' g ·id 500 _3(: Y•LK- 
conne/,on inc·eases 'he poyback penod of 0 

inslollolions ond m,ght Dct us o dete•# 10 1951 1961 •71 1•1 
fiture inslollolioris 104'UN:,r;"121:u,Iri-*8.-02051 
Fig 5 i/lcoles -he doily v,ogs curve of o 89 4 The Hi•10. aemond 7oph »r EThek•,Mi &0,ic,• 
residenlial customer. shown in block. rhe PV 

cu•e „howninpurplea.dindicomscpwk kW 
gene/lion & middo, Thus. m °V Deiet/,01 
incicoses,lherewould be or,increose,n me 
amouil c power being gen8r•led b, Erroll ---·Generation(Suppl•) 
scaeen,beddedgene(ation 5/G) \ - .6.e (Demand) 
Howeier, d sig,il,com omo•nls of SSEGs ors 
pregertin tie ne'or: th g w/d increcie 

the amm / / power,n liose oreos. SSEGs 
would im on impoo on /€ amoun· of 
p..er being re/'ired From ./.cm Es/n 

6arn 12•oon 6pm Tin,e supphes 10 ••nic,po|,ties. TEe ·esult vi,Ii 01 da¥ 

be 1®1 Ihe Ir¢nsmission grid load WOJId F 0 5 .e dod* ked cun,® ... gene,v.n 
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-v;e• geil. n'/ eu f•• andiegil©trA Cunent Inffs System Gape Futute Ps System Iciesold reguloholshove / 6. pul 
in p oce fur Ihe p, irchose / pcwer from SSEGs 
end //reererolors Eskom Iwmn.Ilted to • DINIcultto Integrate Flex*ilily 
DU'Chose p••wcr ' • se ra•e5 lor *0 ifs -he DER Robuslness 
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lock of cerloirty mckell •crd to find 
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4* c Irller / ir SA are boih tech,icol und 
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ulion Graccs'. 

PInrl 10 19] high ond med ur• ycltoge levels bul clso in 
-wa nee dtadic more or],velong. ,€. , Be 'rore compet live wilh Iheir ovcro I irfer,Tintion end commurimic.fis rechnology 

6.05ting 1,1 Drdef to keep up wi'h the seclor The W'orlo Econcilic Foi m'' Gric 5'Ot8•les. ./.„hepo,·ersys•e. network, There/re 
""0510/ors • Pro.de beve, senice Edge Tror5·orm Jt on In,•lotive develuperl ·he 

Ihot olla/lhe •0/ forecosi 
Ich (lt POP·'Inhon gro•·A c ·ld migrotionr *e • 8811 ermon...Ihei,0-. following key f 'ings I13] 

--I-I----,I-• 
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• [he fourl' ind,5Inal ....... IS incomederiyed froilcenl.cllygermoted embaddedgeremliorwilb<enowblee, g, 
*storming 'he electricil, syslerr b' eleclrons 4 ch ,5 compensaled 67 ne' scurcer •€gUIOtorS tic,ve to adapt lost- 
Ic.ls,1 gly rerpel,live distributed evenue scurces ·min re„ dis/ibution to change, involve fTiore sioke.liolders ont 
e•eraY Faso•rCe' llike gene•o'•on, cad *i/er# ces •rc kide the 11 /0 rogulolor, dirne,5,or, 0,•lo 

Minge, cniciency' demo# o Transfer"oilariv,d'brrignovdve vour iheirl,ode'5 
.In•gernent arid EVs 've mecome creQNon wl·h oppedJnit, lor Cir'Gnor 05eclorerroroce the iew reoli•n• , lully 
widely *.1004vering cuslomers cf $23 .ior ol VOIL' I, 111(.Ustr, d 0/, a ifon·mr enpo.vered •rcnsocive 
lo become aclive ele,rents of tie and society - i,icreos,i@ reILnbilily 

5,3/en SysiernS 're becoming full, res lionel, F[lic,el. Ind osi u•ilisot,•>r ....1, sy............ion I 
CO. inei,totle A I sto<eiol•prs rrusT deplo, of ine overol .mem, i.ducinrl dil//Tiorners Lon 4.Ve reCI· 

hine i.,uroc+ions, operationh con bp tully ern,55,0,15 0/ crechng new services encbling ialru: ruclure 'hn¢ 15 Er'ble. open 
lor cul·[1•ers However, Iher/,5 0.rel orc nter coerab le Consider public pri·],3 wmoled, and capc/le of rraiqrig 
figk for,olve d,35trJc•ion F h systorr /,tref5hlp510 buIC encM ng in¢rast'ucture 

'exible crid .obile resources fails lo cioue le volue of dislribu!ed t•ot is rct Yel comp,crfluil, viable ano 
• The ru esolt·,e gorn. £,reci•riging •nth energ, '€soufccs. ooknliall, re•Jiting in ·equires iri,1,01 public intenelihun 

blurred :,ouldorie• DeN.€Cr 54€|0,6 d +mded networ# 1./ 014 =unome, 
'Ing the ./r· ch'll ord 'cre/51[1g deled'·n Big con. rroch,·e lecrning ord ,rtific /1 
the re rilplexily o· systen· govcrnorce intelligence shnulc be ,j,ored 10 5DI',e scine 
-he re:e 01 le nc-vicik evolves Conclusion c.'lhe miging challenges ind be .i I (ent·ol 
beyond 5Jpplyii g e'ec rlcil„ beco•,ilg Pol cy ·noke s m is' re·dos gn 'he regu itoly 10 111' plor ling operation ond mol i,enonce c .1.11'orrr ihat moximises valle of 
di'tributec energy resources /e Iraliewo·k Gdor.7,19 : pe. repenue ,=del. of Jitur. p©wers,lems revenue model see' smilier sh'·es of Plarl, rg rke Ne:fricdy sys ern •c freida B /'/ Rd'st, al revo /,or 5 bkirig F'ace 

mual"'pr *or ,he hisl •4.ee, ne"cb,4. 
re51ienl, He*ibily o·e Ice, inr pucces' 
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Making smart grids smart makes 

smart cities smarter 
4 Mortin 'b...p, Siemens 

Today's energy challenles are causing modern .lias 10.urtail 'he'l dependence on 1,/dilion,•I energy sources 
and adopi smort grid technology· 

Smoll gild Id the e¢lective dig t,sol 0,1 01 'ield 
asse,5 oild respeclive ccm,#ion o¢ cn 
eleclr•CL•| grid anc woler inlroslrliC L•1 0 I 310 0 
cenlrold,gitol inonogerren systemt9/ 
• M. no'el g ' cort// sisle/5 ./ os 

lolecllorl r•OVLccs .vith 5CADA. 
- Mol•oges lood/coniumplion 515 1,ms such A.*04.8.40 4 

I: power.Jail meter• ..rnmerciol ano 

51,0, ir,Mer-i• MDIS ..1·The.•ec*told-/.il 
• -haillirgiallonotle//oveloeffectivel'i 

uniFy d¤ a cninmunicction'dinologles]Clltoe'orce f.+0'rop foraigilonub'mrons 

AID>.5 lood cofo wil e•clole 1 4F'ICEI 11·8 quoi lY ond pe•ermance 01 urban se. c. Hign •error,nonce pre·etticn m¤B pow.r 
SODA.r• guch as energy, //rtion c id u'il,lies to unoerstand lai orofiles S Jpily/ture·pro' Ind '5 assent / {or nelwor < in order to ·ed'Ce f. 50#e (0,5/mption, 
" in o 'Icct'Icol dig,to Iwin' s,ste,1150 tho, cperofcrs. NectricilY s,/pliers. and nduslricl wastage end overo I 

cos'64 • 

ur.eces/1 overloods cor be o,oided 05 entcrprses,·,cvery,ectci 

an ecir,ple Snort cit' el{ed,ve ' um oil ovallable 
*Im dota c vologe cr e'lic,ent and Op•,inisoron / power q.rc4/ 

Smun cities will use smort grid doro •0 Lid,OrO|Ci4 heighte The •,0, obil ly of erergi is obviousli or, n oofiraion nor[]geine it of ·hc 
Smor, Ci•y a:•• provide leorwre rich do•o for "5mll grid" overview irrporlontconk vioitopowerc.,clily bul,1'5 
Ind•/ zones, corn•ercial zones. 1// no•tne ci|¥ ore. In adc,lion to Ibe quall 

Srport grid ((In b"crpreted ii,flereritly rion Ii'd coi,iumer se,•ice. quoli'of votoge Is p"culorl' cruc,cl Im i orie provi•er 10 111/ rexl However i• is 1•e for o. efficient ,>Gwer qu•Illy. 9Jre Il on 
Unlied /gort,ne and opefr•'lor do,1/0/ efferl ve combir/lor 01 focwd oreas in a €150·bl••ten l. C]lnul| |05*I 'Je ID 
asploy of (101[1 in o •smart cily vil I enoble . rol 910 CE *. down·ine, in producio• and IT con be e«eclive m¤nogement ond eHicler,clas, we•• CE • ...tion Outonotioi, ornledial, Ind 'trated to poor v. loge qualily Ill Elrore 
asencouroge cc.sume· bellu: our ord t,u' GmOM c©*In,Cut,0•5 exc'ple 
"Snnall grid•· vs' "smort 0. • Cle ooerotion Ord .an•rol Smo·Ycon,run,co'ion 
A 'ricr' crid is on elec, col grid which • Grio opplicitioi is ond o.zil"s 

Dig,tolisaior dere••ds corrn·w·•,ccl ./ 
14' ades 0 viriet' uf ope fo-ion ond energy . Gr d p}or,Aing onc £ 9.'ahon 

Pyo©dive response ·© dig,El,5al on ond ·he 
./.5.6 ,#/r' smo't me lers, %mort I Inc Secufl·, decenlrolised struct'res inanergy'up,1, using 
°PR' orces. rene.vokie·Fnelly resources, ord A shoff de30•iptien 01 illese fopics o.ove col end./ e/ +/|0(0•11•JOICi'iOr retworks 
ere,gy ©Hicien, resoufces be i||ustroied 05 tollows. for Ihe dig tai gr d provides corr QU,113 2 OD 
Amortgr,d ,8 ihe effective d'/5/ion cf SC/fohon 0.-0....../ * 

solutcis I. ransniss,or and dislrL..r, 

fle d as5eli and ,v.••wt •we commn 20!©9 441 ¢ 05 ill as •0,/4 /ea 
s•cr• coairluJ,rc(r+Ons 

40 Allie 4 c ceillol dig'/1 opplicrtin.1 
710*menl rlo•iess oporc,lo• cl 01 In¢r'o gi l a,• 

s,ste,11 Ino•· 
,ncreos,.gly disinbuted energy Iwimi Gild op.mion ana Me 

I ....6 grid c....1 'slems such I. 5 le bosic p.requill 'r any n.work 
er./ .lectior dev..i'h SEA[* Dig,/1 3©11¢n and decentralisot,o,re 

ca€rctor, e'ectri£r•, supplier. ard i,cvs!•,ol transforming the energy la,icscope right dow,1 I Mon./.lood,€c,isuniption57//*./ erterprisetoday 
2,3 pc>we' rrelers and :orni,iercia smo.4 lods ieN{oundotr/As e•d al Ing••i•g hpan• 

nie•ers with M..3 Subst'ionou»ro,I,or S.crt solutions help exploi' tie bene' I 
g·id oper/2©rs by • cgi·olly er·obling products. 

The,ntegrotionoithe,bo,eloeifeci,ve|Y Tudcy gxpwer s"m ope.allor s becornirg solu'lons, ord services ·hot en•Re Ihe 
ur,4 do,O more •nd mo,e diliomic - which requires 

9, Smop, C,4 is o designotion given 0 0 Flexible. loi]©red S©luli©,15 for "99: Operohon of grids ofir, slze w tn voiuabie 
informalior•ihis woy en50ring econom c cnd 

4 ·hot Incor©orot,ts informolion und operchon arderficee emiec, maragerne'. ene/¥/.oxg,wel/,1,ordies,rierit. and 
ohigk'degieolsuslcir.Elily 
• 4'iclogrjas Microgr ds conloin ull lie 

elerre/-5 of ¢cmple. erierg¥ ....sr 'hey 
No,r moirtain 

• •„Ws://en wikipe*0 org.,-•i/5ma2_gnd h balance be•ten ge neiol oii 
.. 2 SCADA •16/S#*n 5upe .tg•Ce··ulo/[•10 al' consunipt,Jit, uril I.y :,1 i operote 
Noh, 3 MD'.115 MeM f Dolo A,0,:ogerner• 8.9- on ond/or oft /8 They ore ideol tor 
*(p••,-#****•#.•ir, 
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supplying .wer to rerrote or pooll. helps D,05 0 id '[505 mo/ ihis chcllen# • C,Jdd ognosfics. Grid o agnosi llows 
developed regions w' Do corwor in,•s erlirev ond 0/ 1he sorne t me cre'le Ind dctitobeprocessed,ronspore,•Ilvsc 
10 0 pub"c fe/3, 11 ©d/on, mole added /w tirc/h opt,mi,ed efric,en M rea Mis tc g'id cor,dikions tellove /, 

anc more InG Js¢rio| 0•erators a• u5. torspore ,gy, ord e lobilit, more quic<ly ord 'lann ng predicti•e 
wogrids loproduce tie electricily theg rnomince,$•icoled 
need cos! eflecively suslo,robly, and • Cria ...Jcof c.s Decorton,3•tion • lyle· secur,4 ... t'e Insia'gl of 
re,obly Micrwidsuseo.0.1.Ty dener„ decefolis/or. aid digital,•otion are 

digit •aiion. cpe· securitv hos becorne m xes, inc.,ding pho ovol/.ccrd wind· moicr f./+Ir: crivii ·he evolution 
a canial planning ospect to any grid. powerpon' as viell c 61'211 h'dropo:'Bi If ener. sys €ems. Utililies, lie'y 
Cyber c#ocks cor happen direct# lo tie and biomoss-pov•er plen·s. Biodiesel providers aid irdustricl plovers 
centril sys'em o' via lield devices :id 

generotors and emergency power inits, all over „e world need ic odapt commun,cotion infroslruclur' 5•,aril s·or.ge rModules. ond intelligen• conll their lechiological bose as well os 
cyber security ig m sy'Ierns ensure Ihe securily / 5'ppli their business pro•esses ·o ne rew 

• Dism'wi:on curool*.· Keepirg requirements ofthe * wer@Y sector 4'01'ged 3-rvices In oil IT systems, 
,our 

saecial,sation ard opplic'kion exie'len gr ds up 03< r Juniig C)•stribution • Gr. d or.,iyFia Grid anal/5 bu• h us ore very sough· cher Automotion moroves ....ly he & ;Unfo.... reporling ·equires o fas , texible, utilities ore rehablity ¤id 0.¤ilobi con'Trolied in it, 0{ providir' power 0/ dire:1 4*. Fcs' ono elli•ie•t 
distrib suilaN• quQI,fieo engineers tra ned lo JI,or grids. The fu·,cliorolit, m p foult monagement wis previously Douid 
f•or, Femee nonitocing ¢nd control 10 mon¢ge or¢ opercle th€55 corrpe. 

to le control room, b,1 .ill// 9.emi. The cuefic, iu'l,culoma·adopphcorions becomes con u 
md SCADA *em anc 0 11"Hord notto ergogeir [l .011] ged 

• Dig,Pols€c Subs'or ors. Th- energy il p.55 ble lo send faillinlormit on 
- 

serices con'ract' 
s,·slems o• the Elure cre inc-singly inc udirg the loul· localion - directly to 
decorbon,sed, dis/buted, c/digilc sed the ri,0 Menoncl rrews, without *he need Gi »kgr ng or,d summilioi• 
This IJndom- nsforrr•·ion I, in forogrid cortrol M er Theres'll islho' Fic. power gen,ralon 'll Ine wo, i. full swing ond poses g wide rorge of fo•lt mess•ges ore encbled evei vii·hoit 
chaleiges for al stokeholders. Only distribution. Pme· 5,stams hove never been .co•trolroorr orcompiex Thordware 
d 9/"ion -il Ollow is lo roster more complex thon lodoy and delriIinds ore 

- mok,ig i, 0 mobile •nc surpris,igly Hlesecholle,lges En•ur r,g Iholtne digi' conlinuously r,Ing G·id operolors or/,/I,r as cost elfective olternali.e. 
Ironsiormalion succeeds i• •he energy require po.e'ul, fle, i/e, ard in •ilive so/,ore 
secer re,Lires dec,5„36,1lexibility, • Dal ...lics The Ine·gy 's·em is tools, experise, Ind global e*per,ellie /0 
end ilelligent nv€gt•enlsinsmor•igitol ching,rgd•mohcalk- ondihis:5 005.99 con·oele r, Ir,is dynamic er¥,ronmen, •r'd 
technology Th,3,5 ·newlywaylo manage m. '41|erges buto|sc ne# oppo'unit,M 

slnpl,Fyi- doll m. Itelance Ird cato currerf ·/5ks while crechig ercugh to dislribuNon g ·id. Trc 1//reri oboul 
exchonge. ¢1 well leev./.0 ocnvel¥ shcAe the fuiure cs generallion anc plcnring .heud: bo•h consurr,tion, costs, and 

WIN=Ive n lechnologies po.vercwality, ore becoming n technical anc bus,ress 'rns. 
reasing i 

toca, crecte futu·e·ofool power grids M*m resvil e ls 'hskrowledge • Power *,I collsubw. P.mer s,Sten 
lor•. er,50. cyreliobilil, ef{,ciencv. ond that will 'ove the .ay for moking the curls. Servite5 ronge ocross lecli,i,cal, 
susioi•abili4· I. J.. er•5 needed I oph. se grid eccnom,c ord ragulclory d,slipl,905 

elficien. and suoply securil Roll ng deli•erirg lower 5¥SI. Btudie., 1 eld Grid epplici a r# 0 an od'onced rrete·ing,//slriclure meas, =*ce investigotiors, 
Mee·ing the growing demond for po.ver of i, co/,7, but now the +Irre hos come fo 5.g pod evenl n,101¥sis Po-· syslem 
w globo, increos ngly digital *,el is o create volue /rom this meter dolo. The c:onsu|lirg Dfcy deg exrcit soll¥,fire tools 
chollenge 01 le oler hanoi dgitolls,+Ion ke, to ¢his lie•,0 oncl,tic•. 10' powers,sl em S m.|02,00 an,1 07/I" s 
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SMART GRIO DIVERSIFIES 
Opportunity lo expand implementations en a broad scale and contribute to the .T.LISHEDSMART ./ 
S.art City ·114DUSTRYEVOLUTION 

Ill · 12. GENERATION 

Opportunity to reallse economJe5 of scale and return on SMART GRID EVOLVES A 
investmer,1 by sharing the conlmunicatbns network ·COLLA80RAtlvEENEAGY 

NARKET 

-COMMERCIAL 
+ TR•SFORMATION 

Strategic opportunit• to :atup a 
communication network that can scale 
to future requirements 

SMART GRID EXPANDS 
.ORKSHARI•,GPORS,8,LITIES SMART GRID EMERGES 1 NTEROPERA•ITY 

*EFFICIENCY & RE.IABILITY -SCAL E 

· MONITOR#IG 

.AUTOMATION.CONTROL - 

Ag. 2 jCTiA.•efurew,Nbeokeye•061'eicf,mgles. 
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Ieveroge sm¢1 data to rroximis•cH, pc-en·al 

04 0'r noicgerne' 

City ©ir rranagerrenl is desigied 'c help 
conurbonols 'Lce air pollition It gatners 
emissions 6010 in real·hme unc simulctes 
rreosures •hat improveaircuolily-enobl ·g 
decisior.make·s lo renedy h,gn em 85 ans 
using reliable dato Highl, accurote oir 
guild? ·c'.cois 're prorec'ed lor Ihe re,4 
five days, ,Bing o sophis/,coted olgorilim 
bosed or hisforical do,Q. weolher InpJ 1 o id 

Sm/&/.*F cuffel'Cx,to te'» /17 air monoginent tools and cm/'ng 
help cities,dentlly 

G44<•4·'••-i 
merkads lo over '00, 

D r qualily in the shon lenn ./ a buld o 
strolegy for longer·term lech./."I•. 
Cit• 0 f 110.IBmen, mini·Mond fooosls 

49/4. /'c....sim.1/.%10/5 rlot/c,tyror' 
toke i.*he shorr lerm to oved breacies / oir 
quo ily sndords or,d lii,it respiia// stress 

•g 3 Elictne;*onduc'ermefer,n'egrored,n'oocom,ruirc,ho•i,&0Ee,cfu• c.....stvulnerollecltzens 

BY erE.,ring dok)-driven clecis,or, /*ir g 
cJ·,6 ore ... 30,·e or 008•9. moxim 52· 

• Dowei sys/m s,mul<mon cid mooe// reed to underslord how products, systems, effic,ency ard ioeer long·ler. 0,· qb•liN 
„ uidity i,duatry s unde.going a o„dsoutior5,1!egroteM//eprocessescld irrprciern crts 

trons·orrr:al,or. gic alili·iesneed / odopt people behJTd Iherr and howpeopeinleroct 
/1. business prccesses undioolsinorder wilh hern. From ihus. complex grid/cyber Siory Cily C,gik# nubs 
•© cortinue / achieve ••eirot,ectiyes i. scu,!4 9|003,/ Is develoged ·o maximise Smc/ 4 *g,/ hubs 'suslar,oblewo, Powerg,stemplanne,s Illow 125euicliers 

cier'll sec./ 0/0ll le.eis 01 grid operotio' gaiher doto ord deve op s ¤ lulloils „1 111. anc Ite operotors requ re -4/1, "Rib e 
anc monQgement anohtcs ond smcrlinlroslruc.um.The ona ilinveso.oretoo|slo 9/ supoorttleir 

dolly grid 5,r,1 J/vion ond or,cl,6 j .// "Smar• clly. overview airn? To c:reote o lechnolog-em t•01 
will bei'efit smoft cities,n I ihe Ele fu·ure 

. co] dig ' lin D.,0 is .I th. ce'le W')01 i'll f I I ./. 41/8 5mc. Lily s. ulions 
cl Ihe po-r gric His'Kic.ge' oe#Mi conlribute tc the effecti.3 -/ical •morl c·, d monage·nen, gr/l ®bs digi,olise !15 
o Icrge ouo•Ii·y of differe•t software urbon infrasrrucl••e of Jrbon os nbch ]s 205•ible oreos, Improving connecl'Vity, sks-ems / ch enob es u·iliries to prcoe-ly T•e dig tawion hub b•ings together d,to 5.,skinobil,4 ard iveobil,1, Across oil nos pl". opvole. and mainfo n their gric. specics+50 soltivor' eng..., 5//ion c cit, lile, techoology c/ doto are used 

Ul.Ii·ies cre spend ng 0 10¢ 0· time ond 0·chiteE s oid domain speciclisls +0 milo' to c nolise and op timise / ncflon /ifY cod 
resources to monuolly moin'in, .pdote, d gito| innivotion• 

efficie ic, thus enhincing ovicomes ond 
and exchonge Infornction cmeng di•fereni imorovequal,lof fetolhoselivingirthecil 0/or#b#*s//ous 
systerri Incorsister,fies duri'g dato e'c·,c ·ge 
andeventnelackofdmexchorgecon'eod D,mens,ors orwriort, wdeve/prien, Connected nlobilit, dotc, oid Al d·iven 
to di-// cot,sequences, ike e,ce.ive opplimsondselice•creaByeoped cr 0, crle,con Inue,ogro•,/unp.eceder,led cog·s 'plicoted looour suboollmol system on ever smorlermanogerner,1 of reed-rollic 

raks *ve o. Ili;ng in on IncrecR ngly performance, ond even s,slern wide b ackol,·5 ileelm:h s/,kes ono intermocal n.obllity· urbc' world Pow do .e garage Indu5·!7 t·ends (such as disk buled energy, The woel ist 0/imize mobilit, lorcilize,•s. 
reneubles, ond d gilolitation) 0·e o•IY envirorvenil Impoc·. u'ban //nce ond 

mes•/ 'eiu.Der'/doh. ,Fijsiha•need financing? Differeil dirnensions of smarl cil, D giloj b•·dic. orFpols 
to be considered lo achie:/ opt mol developmenth©.elhepotent:oltoguidecihes sy.tem 4 ic' indust' In sinod c lie; fic i ilrte the 
pel n Iherigh! direc•,cn ©,molle developrre•·cffufu·e·o, Brted ololyhcsand 

On/ockirg Intcrietof 
In Ihis le polenT / 0?cilies Th,1/5 new alcilolworld, dloi c,curacy. (loTI '01......0/ 

oilines, model comolexily o•d outol,olio• are Ihe corgo seN,ce providers grld ground 
How con wi improve ti·• life? The quic' honls. loundotiontong 910,noperutionolexcellence '•supp,/IM,0-9 foconlinuolly 
anne is daio imoro·.0 il and rraximise future mes·men,5 Tiot s A e passe•er experience, simplifY 

Siemens hosde,eloped Ibe Electi,col Digilal Cities, n ali her.orple, generole ilge proce=es Ind inc„se pficie,cv 
T*in, JIi|tiesore ableto horness,He vc power 'nes of 1, all,helirne. We can us·h"e 

.....5 
oft./sporang'lla single 50......·h 1.h.to op.Iset/esystemri.t'u'.rt/or 
fordctoocross·he,rent,·eul,4//landscape Jrbanlives-fmm#,5powiono,dheath Tnevor,{1 5 rip,/16 ckng,ng. DIgitoNs¤Non 
(see F, 4 to energ• consl.·nplion ond 5afety And Ille58 wd the In·emel o{ T'ings rloT) hoi' 0 

are reo . ·ang,ole ch¤nges: b, u·il.sing doic, tier,lendous irrpic' 0,• our world lili 
Grid securdy ' poss...c cbviou Mot improve emeigenc, resporse o gon,s'+IN need 10 :dd iss 
C,bmr secvily ,& a hghly gensitive a·eo IQI times. reducegr„enhouse •ke issLe ' gos emiss•ons, C,/ dig,101 lr••nslor•at;on, •e• few 
denands o lot 01 liu/. -schnology provicers 0 coil<reip irrprove commules Dedicated have 

6/whons help slrotogy T•ose thot 10/8 
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dg/ Ir./om/ion ond loT wil be ii Tha· Ihere ore 0 101 of,In Ilowle, between • IP rele" enylhlng ·eded locompu,Irg 
e. dr• of iomorrow, shaping le .le of 'mae/'105 0/ s.lit .ies fechnolo„. Some exornples ofe CRM, 

ERRoldemoil. 
their induslries Howe•er. t 's cleo' •ha• s•art riti. w,+hou, 

0 fly 5'norl gf ds have u l„lited filne-lono Ily • OT: Gortier relers to OT 03 40/wors 
0'4 •dorme'lce •00's and bene·,r. ond 5.4/0'e Ihct detects or causes o 

Ange over ile world, cities a·c shaped 0¥ througH 6 All difecl nonitoring 

Sma,1 grids e,force sr-1 64.6 and/or con,h·01 of physitol devices, profound lorces. their pop,lotion, ·heir 
¢eclrologies ond their ,ntrastruciure• her, So lo w,/ lue of picoonio• doe5 the processes 0/even-g in the enterprES,• 

'*mples of IT ore SCADA 
1010>,lheselorcescollde,ordurbonisallon •smortne·sE•Ofasrnarlgfidinakec Some 5morcily 

s·no,te,? The answe· is siMple. c snal grld ICS'nd'.'15 

and clin,-c chonge will spur drorn# 
cho•ges in rretropollion oe Cilies need provides o <I re' t '10 00% Irope,lion tc the fors w /les, smort nelering I, ihe loles 

•fr•ortness'ofaS[nc.uity 
'po•elhewa,fo•cons•le.o[Jtioll dgitol buzz worc to 6 1.e techn :cl ond revenue 

te-hoologies gre becoming,Acreosingly 0'lbrneetthc!-Iso•0 6·narIC,-, ir,supporlng divide. oul s ,· 1 nanciolly v,gole? Well 
Imponort ord u rban infros•rue-u'es and asuslainoblelligh quali•lile#e forc..s' Ihe recy ques·ion is if ATC&C losses ore 

$*nlorgrk TobiddEmorlomes dramo build// req,Ire a rrofe effirier* 0·14 tic,Ily reduced by inpler,le'nig o 
crthe f.,to·e, .fornatOr ordcomrnuniciliois 5-In 6,shlr,oble mere'ing systen, con 'e utilily offord se;up lecholcgy,nf•strue'fe Mil bel keyelabler not fo hove :uch o robu51 ond proven 

1he'e chor'!ng erviron,lents :/ 'ree 1 and strategic choices mode by 'ti|Ifie5 +OdOY $,5tem? 
5worm of u,6% clu lenges· Developed have- powe, 10 »sfo rn sccelylornorrow 
.leS'.Ins·.91,Bne...cusorcullng ./ F. 22 'Sec.,-1, of re,89.,e• iceds „„Flj 

co•bon em'55'On'r Improp ng ellcie,c, I -I plon,irg old sm-egIc unde.I•nd,rg, butf 
-Se€urily of revenue" buslness Infrastructure and bu Iding'. stimuiating irrolemented well, con Insloo ly bnng in ing•h 
modetforsma/gridsand smmi 

0 ./rke, sh,1, 10/ords cle.ner vehicles neeceare5wits 
cities 

ald more eflic,ent ona en.,ro,rlen·all¥ Sin" grid vs. smart (i,le' - why 
'reodly 4 " tronsport"loE At the lecu"ofre.™lue'l,]powerfullemiardis billing is imporint 
6.]rne hme, Irlf·o•tructufe quoi ly in Inaly o bg fccus o. ut lihes In ..... Afric' 
0('vanced economes 15 dete,lor°+Irg. Ind•heworld Technology re/IN enhorces he 'smol gn• 
Looking 4-„ord 10 2030. moie Ihon po·Id 61 -he.1*l iess 5 charging IDIroducing /e con•ep' .I •£11,1. 
$501·Illion w,Il r,eed to be inv,35¢80 In bi ing. ... smaft cites sil. s 'ic 

. The end·10·end ercrgy busne56 value 
introsfruc"re globally e keep up wllh GDP chain 15 offelled by ..le only th,lechnical end dig,101 -iouemeni 
and popUIO•lon growl' *man grid, bu. ,Tioking sh,7 hot ·he 

. Techrolog, c. C op. pl'll o huge 
Cities n emeigiog mor,et. on „9 0/e ole 'modem,sallo•wilfi' #elid"11 rr.'ce'delive/locconsumeroicthesce. 

hond face iSS'Je5 such as Oower outoges * 4 'he los' 10 to !.5 fears" 4"e seen Sysler,-c'Tne loncit•er oyehe feoluresolid 

and,nocmqualepubllcirinspor,ond foods· empiging //,0 lor,•ltrendsloc,sedon bereflts of a %rng/ b lling h Js,ress r./c 

which Be·ferscfv,1 delive' toercbleaccurocy offotabilly ea/ occe&1, bioke on growth ord de,elopmen· 
Inf 05#*-ures conno be E Jilt 'S· enough mp.oved sys¢€·n opcroton iri.1 ord 'Hicia'cy 

'° 9"p pace w,ih economic and u/en .AG'©•ercush*reice•1743=>the Exc.Ip#es of I tmo' aclrici' o,id wo'e· 
developmer. in •ime• of cons¢.0 ned Energy Prosurrer• 

fnefeMg inhas•core 
budgels cit·y leede,5 reed to 'de,1 11 Big do. -the Internel If TI,irgs licT) 
their AB 3 shows kow both ele/.:,ly ,'graslructore Inve5!ments Corecully, or# i,er 

In todoy'' wind o Int 01 ctill¢res lelaclrici}y INers oze degro·ed '10 0 ccianicallor ensui ng Ihol thei· inve'tinen"ddress •heir woter gel,n Affico [,fe 'truggling lo moke In•rati,uduTe so thol the "MS .< eves en.iron,·ne9/ Ird .Lonomic p'll erds ireel, bloming sle/ic ty/w•ter/goslheD 
Teclinclogies ·eed to be ccepted to c.c •non.achnical losses" INTL as o main bot,1 3010 0110-rg ter -secl,·il, c· reve·11 e 

"rie local needs fc ensure ·hol the fight contrib.,tor i iheir negot •e Inonce| asuo' moceli ""g c single hock·end system 

lechnolagies ore (80 ied in the r,0 lis hos o diree impcol to a sm,m citv incorx>roling x>•• elecfr CIty orid *8 

.,iroimen/ *.ed ·0 ·he specific .Secu·it• of revenue• Is faoll, a le.n ihot Con•lus•on 

chrirocter'sliCS /,he ird,vicu'l city ensures moximum re•en•/ TO • Ut,•t¥ is le buzz word 0, 
gacured ¢echniceJ, 1..smon ciN", so Il of le oggregole Is c very 

$*ieolc,tleS commerciol ona collecnor, lolies FATCIC) *r,cole, ie:hnical./aconcept:odelivere 

popwlot'°r growll·, rapid urboii,zoncn end s m nimised a-,1. profilobilly on, firan:,cl ne-heigwenedthelevelof effic,ency human 

•"•ale c•Jnge put our urbor inlro•rueure viobili', ©flhe Ul,lit, enh¤nced ©nd envirolmental benefi+, c/ ' f inctioi:,Ii' 

urder thai Ins'lls positi,e behovi,Jur nno liu·:I Ir th' pressure Siemens' techno'°0'es Con1 Tc .oke I 3 0 re'lll¥· the ./il leaos I 
help new citiesot hefuire citie6 resp(]nd to I- /01;enges will: tigh'cr up ils udmin,sli•iti•e •d technical 
Inrovative In SO wt,O.5 ond our expedise 'e depor,menls s© 1,0' even, Ce'f s Occo•ted To moke cities snorl, 'he ·eliorce 02 
nreos cf eleclrif coion, oilomotion and lor. Adrn f n :Ir/1 ve]y. 1,1 & is ec" 9 do, bul d"/t,09 Inc tie effec ve non¤garreT+ 
dip /'i'oll, I./.#hi' l' I rn'ior cl·allenge otdaros juciet 

ilaking smc/ grids sm¤r, mok" On• key poin• rs tlial r,lililies ore moy,10 Smartgrics contribute b this model Iniok .f 
Sman opet.. ..Blog•I ce,i·ric •ilies .MOn . smarler 6 Ut, Ity·BJp D|yefre$0ectiveservicesnode r 

siroleg• tc on IT (inlorri;a,ion lechn©logY TI dwinched/Admislololl el•ciert-, e inw,t 10' d . one, 5 papef IS Or• intelst' w strolegy- Thr5 mean• ¤ huge sh/0 re'ource 
• Oil intherewwoddl iminedic"'40 mirid come 

to - 

rocus and no vage,ne' 
•'•n'SmcMgnc5srro•on,wOY2" Co•a/Me•in/nlacor,5/rr•15, 

y 011 652.2231, 
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Evolving 4IR technologies and digital 
substations 

b> Slocrf,•.'ichie.4 6,n,4.Q 

The world of ele/// energy provision is Ironsforming / ¤ rapid pace. The convention of centralised generolion, 
transmission Ind distribullon is fast <hanging wl the ever-increasing adoption of renewable generation 
lechnologies, battery energy mroge and new electric appli,clions, suih as eleciri£ ir.nisport. 

These ckonges bring rew challenge. ond • hervircnmeni ondenergy ek,ency 6/ bs provided by Ihe proteclicn ED, 
©oporullties For Ihe operal,01 of Fower reg•lat ons slncelhe measurements'redenvedfirr/e 
nehyorks. where relobildy. the securid'i a , In:reosedcopoolvo,//•14wels s•me row dok, /is rot ok,ay• 0,0,lobls 
SJPF ¥ Ond coil.e+lecti,eress rieds t: be A c!1 /6 /// Ik is Ot /Is level /:(]t o • Increased stokehoider i'volvemerd in ·he 
mainlo red pfci,fero-i¢n of rew devices ond %enson ofe deve|oprren· c· 1Lture requ re.ents 'or 

neacK 'o filltiegap, ncluc ngdevicaho he need 10' increosed v sibilil> oid grid infrastructure. 
co irs d,ictly to the In•eme•. moriogement 01 00*c. net•ofki. bn' The. themes require nel wol o• Inillar. 

lechrili olly ane con,r, eroolly. con be ·nel ond use 01 leclrology to rrc,noge elearic,4 Pewers™em cperct,095 1,ano gen·er·toke' 
Ikrough d 9,·al lech,10 ggle' Accoiding k) svsle·ns of I e fut're. Pouer uhlites hoip t·le P•oce in 1•e conk)I room n Ihe second u 
the World Econ¢•,c For.8, the e ectricily coporbit, ·0 be wore cclive,• irvolved in minues hme frerne Applicotions inc|Jde 
geck>r con reolise w„'cant< Je fron· digild[ 'hc nloragement 34 tlieir re'works ond to n.QI Jol powe· 5y:fer, ©pe•hon b> operofor. 
troistormol,on, / ·he emncid v/up o[ OCCE,% new c:ornrnerciolopporlurl,+105th• are ond 0,1erat on, i Irlven ty a g„.1 hrns .„ch os 
US$1,3·Irlliort'Icbolly overten year5 's ••globlelodoy d stribiled ener. ...le monogenel 
poper /*plores 'cme of the concepts ond lis herelhcf t" "plic,lion o id,Li o 
tech•0|00,05 *1¤'e ova I:oble locchievelli,6 From le field to the boardroom Intell,gerce (Al car support Ffe de,-•won 

The Anging dynami,s 01 Eleclrl¢ power ty nekv©·ks© re beccrning ,•reos igl' making needed to monoge lili power sysmrn 
New applications .luce net•vork on/4¢,c5, 

systems AN 'R 5 0 need for losfer decision 
Iheft on¤litics ond ou·oge on gl, ics making ard increcsed 6•• 9,S 09!Illy This 

Up Ill I nc. the genefotion of e|.Ir,col roq Ji'©5 greo/r visibil N ond outor.1// In ne hou,9, dcy'. ord weeks tin»ame power ho. beef, naraged to neet the 
m<magerier,1 of 14 power *OF|: is ... le .cinyanonce Ind essel 

derrpd, wr,(]fewr il m/ / A 5hor·ie of mo•ogemen• opplico·ionb gre *ed 
gencrolion copoci*y resulls in lood shedding, Theoddior oidigilol •ecirologiesislhekey Al 11, s eve. dcta is u•ed f·om mory 
which !5 c blur, ·001 / rn,nage demond As tonchievirig Ilieogil tyo• ·41€,ed oFd/•ision differs,il 5.urces lo n.in,0 n ond improve 
#le Increos g 0 1,4:ile i „1 9 Iewal/.trergy moking needed *rog & enterprise For the cssefs i. lie powei ii•twork. Assel 
sources i i,reoses lhe unpredictaoilil, 01 I'Nreased efficiency el uperotions ord *he perto n. nce mon/gerre,il (A.V• Inclytic' 
genera·ion, rewwoysneedtobeirnaleg,eiled 1,1proverentot ccoltali beemployea. the idenlife.p'oblemass..0/outomatcolly 
I noroge demoic I m.. Ihe ..... In/grolioro{Jig. lorm....ano¥,cs liliateS correclhe ./., Al has o .le 10 
ele. c powergereroi,on ..053 Ihe thielir e of opera ic.f.s $ essert,0 pluy here in the aiolysis of he dals and 
The core 'emes /01 ore seen,n loday's In Ille fisld Is ¥.bere reol Nme me©suremenfs os•essrren' on© piediction of osset,eolth 
chorging alectnc,/ s,stern include: lowlce Reol ime de,1¤ o tamilisecond Tfis proactive grid ingnoge•renlimproves 

I. only 1/ • B dii-liginol energ?Ilow leve os 00% cus'.er is v592 fof ·uncliorolo such e'perieolillie 
Ic.0/ 

• Then.jorneed/©rillormiul,Ine.change :'sle,iprole....wirchisimplemenled,le efficielicy to. 
subslo ici. Thesome devices *implenen' • V.Dre Dowe e ectronics, for Tho boord bo,h ACond roon· 16 where long lefmdecisiong 
reel·time Fulctions I DC 5/ p,ovide Iheat' hol ./.od. Thesedecisionscar noi·,bedri•en 
is 'eeded forlinge. t.fgappticoli[,115 |f 1, 

• Sloroge br grid smoili·, byl!,eogglegatinondonulys'sof do"over 
mportont to note '40, ihe dok needed to 1,-ne, whichaioids Fle reed fc. lengthy ond 

• Ne.wu,Mdesigns,fules©/Rgulitions drive oppl,corions ht operate In o longe, co'llymonual dalago+heringexecice' 
i Newg/prole/lorconcepts,rorde/0 1,ne froine isnolnces&¤rilytne /10 /0 

coce,ah,hachcoceis·/scirene•able The key ne 'sp·*ded /,odoy''recm,ale *.ices € is M ihe,i,&/01,or of doto end 
gen'roli/, appl,Ections Devices e•omple is cond,Mon shoild be mon,torng coto thol seleeed :]n 

Iheir COpU./L', 10 pro•.de the i nreded 
for applicollor5 ocross t9e time {-cine .r 
exon ple, a prolectic , IED 'nou[:1 prcv,de 
C6rdil en monitoring in·orrrat,00, such 
os t I fcull breaker trcvel lime Doto f rom 
Iraisforner gos oro ners shoe d be ted 

12 e X nto or APM * cotion, where It con be 
nor 'ged ed Inol¥5ec ,•operly Il is not 

,i•i,•h,rl.•., ..111.-1 14,1 I, scclable #o Res web pages onindw,duo 
neosurement devices o' ieod whet is longe' 
I dolo into i' SCADA [Superv iory Cortro• F 0 1 * arion lirrer 9/ Duto Acqulsi•ion] system, 
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Embracing Ihe fourth Indus./ 
revolul•on C.fltrnl 7Ar'i,•••ihdil•:Wt.di-lrol „••M, 

* wnplt T Digil 'chro"ogies 
••-in --..m=-r..1.••• 1...1 

Ce,}rol,© Ihe ·heme o{ ihe lour,h industriol ¥0 
An.i*& i-nt 

e•clut on ig the opp'!cohon 01 clgitol * *ing 

te""log¥ to integrate lis•oric oll• 50Ic•ed CO"le....1 

co nponenls ard provide new oplillcallions AM+W 
ant: new.clue ric• T50 C*R •.,91•1 MI•ile, , elum•• 

actad 08 Te/w'g es such os the Inlerne' Of *2*ad«-'-ade 
T.Ings [loTI, odvoi•ed ....Lrilcolle/5, 
E ur.lordiso*icn 01 conmunicotion [irO•OCO'5r 
o lificial •telligence {All, blockcha n, the F,7 2· I'lor'rin, rruhli/•e.•' 

digijoll.i ,ond'yoer 'cilecloudcmpUILI J 
Ore '|I laois t,ct are moilob' 1(, realise 'he 
connecled ai,d vi•,he powergrid. 

®8 ; I.lot,rot ng ilstor,c•Ily isolcted syslems such 
08 SCADA, moin.Ince monogem' rl 
workforce monagemenfr CJS'Dine 
....lon 5ystems limeler,•g 'ste ms OS 

N.rUI./.-I 

51.' er f;g. 2 •noblts * crection 0/ 0·' •4- 

apolicill. I monoge util-, op.inliens. le.. 
Ins,chis 01 unlocke' tirough ./I/• 6 ord -L 
repoMing, sucg B outo,r./.poding fc' 
.ulu#equirernwnts,hat,ov•eauu,·ob|e 
..rrin"r =" a :7* +E 83 MT[El 
Bn 'lls Inregrcted lordscape, it is 0056!ble 
to irnorove bws,ness cortinvil *hrougl le Fo : Cfussfuld,"/ occess loinlormohon sy:tems, peop|e anc ololylics 
** *ourc;·surid illeou-amot,(•1 of 
....• /. le•ge 092 best prcclices A 
1%.**e *he rropping of an expeit's 
thought Focess to moke knowledge and v.,th nplwork e*Dons,or and refurbishne/ sun ,·radionce ord loc/ volk,ge Hmve.-f, 

problem ./. 0. obew dely activifirs Beingoble!"00/lis" "bs·'ton these operok inisolotion /0 Le res of lie 
in/ron hep wl'h spoce pknnir' ond ne/o•kanacgnres/tinnelwork instobilily 

75'Oer'Ing d,9 '/ ri .Jghh equ pr™,rt in:c •inr hon anc oot,n Ises •he Adding loT gives the copobi ll, to re,role'¥ 
A useful way lo visu„/e do,0 ced Insighls dc, ision mok,r,g process co·Irc ·hese,nveriers This allows real ¤.c 
olloted reacr 

fro„ ibe ep©wer'obernonoge, mon, dilterpri, sources 09 commal' gortlt commercral mcno.ro visu,Irsolion of 
111(]t in ·eal·me. exisl mereb, ensu rl' +he u•ilily c•,idscope is ·O uce O Ing f" slabili'> efargy sold 'golrisl ene·q¥ consumed ouer of 'e conrecle¢ nelwore Mp·£d view marcre' RotheF tho9 nq 1 5,I•g scrC,3,}S linlecon k ghligh f ihe siteclivenessof revenue 
Ill, th. I omount of 

sterile reneKE. rrneratiu•' I. iorms, o mop provide5 0 *. inallce,ner' '·cilvities ir diterer,1 're/S con be 
ond g,uilive w•,• for • conre, ted c u humar 10 =m dati notvork Remole 

4,2 ike orgokic, wd r„uke i,1°'rned * 6•arct on5 e,@gileer con •ee liet•ork Cor,lmi,ko'lonloirveneriollows tie pushing 

decis,2 Itisonidea way / reclising 'he /0//mance ond d€94 •reo5 o{ ccnce·r c JI of pew qi,d code 5emings to moroge the 
.ere •et•orK rein/1 cemer,# rraec' te •ake griC Cccord,Ing la :uffeill i ondilit.i 

dig,le, /„ / / piwer ..work, which /7 
Cove"CCI,•lie5 ocfcssoll stogesof Ike nelwcrk pl.ca The game concept con be oppl ed lo the 
litec«le Fo• monoce,·,en, the inicqrnlion of do,0 manage'renlole,aciriLvehrles T/ewing 

aero,6 tne ofganisa'ion irit<> 0 "p·basea ¤f elecinc vek,cles coorecled vic loT Lgr• be 
A [noin,el"nce worke' con occes' t] view „ew solves „ed,lerrma t,01 toilt , ,uch monnocd to ·02: irtc account the ne,work 
C·'te niwork,n the as opera·ed o reol. inforrr Jf cor,to,9ed 16 ma·•y on d,Beren' is con d hors This / witiggiele need o 
t•nie sto•o The heo'th status oi c ple•e 0• 'b systems re Irce dist ibut on nelwork' *3 tuke 114 
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loT based smart grid communication for 
metropolitan electricity distribution networks 
by Gerhord low,1,64 0* Cope Tow, 

Smart grid te<hnology has emerged due to a need for ele/ricity grids Ihot can accommodate changes in the 
ways humans generote, tronsfer. distribute and use electrical energy with energy efficienc¥ and reduced carbon 
emissions in mind. To ad dress this need. /ililies have to shil their focus to wnsumer participation, renewable 
elearkilygenerallon and storage· accommodation, Bsetoplimisation,self.healing grid,and resistanceto attacks. 

Conveni,unal grids ore developed wing o CONVENTIONAL ELECTRICITY GRIDS SMART dRICS 

c./ric Ipprooch I. cor 5 9 01 re ¤·ive|y 
feiv, very high nulp/1, generoting plonts 
inlerconnected by ironsni"ior s¥s-oln5 
5UDPI' ng n•ny subslotions, 1/' in turri 
•upolv a huge i.mber of dist·ibi,lon points 
-his appri}o€ i relie5 or centro!,sed Cesig·ls 
where elearirily ile,vs u,i,dira•' on•Il, ·hrough 
tronsm,55,0 i•:rid disinbution I nes f•. 00•er 
plarts to the consLmers 
Grid 'In irid ir•forinotioi is/1. concentrated 
in :e ilrul :cohors and oily partially Ir 81931 substotions, while •onsu,ner equpment is 
tofolly "alve A new opprocch Is needed 
fof re ,¤We, ile,le, effici€lt, econcmicr ond 
5eture electric,17 Jrov 5 OI, Tli,5 iew 5mait -m more doto ord w gric oppocch Jses dely 
Nis-Fibuled intellige,0 embedled in local 
eleclfici" producTiol. I• moles /5/ of Iwo 
wa•eleL,ri<tyond rilornatio•·low5 enabling 
•oic poelcipallon and [olloborolicn For cl . '·Conall,0•01/6060•0.0/ds.¤eg./. 
gric usefi a·,d lhorefore depends a complex 
•wo •oy:ornmon,collon i.*.• 
*ining powe' ticws beh,een ink ligen• 
comooperts, sophist,coted computing und o en /5· as col·,p'ex os ·he grid t supports 
in¢orrr/ion fechnologies cs well 0 /lvan,/ Male, chollenges toe·efre exis¢ ir design 
IMILhopplicclions Thed,#ererwbaii mple nentalioli, ope•alion oic n ainteier•ce 
ton,enl .•r,0 eleclnc,4 g·,d5 cil smort grids of sri[1-1 grid Infornralion comm Jnicalari 

lu"ed in Fig, technology,ITC, "grks ho' ho,e 16 be A - 11.11 T.41 
;sed ov furlker re5eorch 

S,••cM grids elle opporl,jr•it e. f. l'ties .tm .M,-- 
to lever'ge'he benofils /new lechnologies 9.0/gridde'5,9,1 
5•4 0• Smort •ensor•, Ienewab•E' energv In its fundarle„gal form, o smo/ grd design 
gene,/tion, ele.·fic,1, storoge. electrE 
•rerspom]Alor /1. odvanied ·neteung Canbepresenle,]0501mme•.orkcon'I-gaf 42*.90*omewolodneed»PL 
in|FastrJclure •AM,) nore effeclively four luiersoUbs-ed i Fig.2 [hu-ayen 
rdemenling$morlgridtechK)|ogiescomes orrin·egro/dtowork,nunisenfor¢hesrn•1 
-frionychal'•ng. w"ve·rmost.lwhIc' grdtopeY•crmorinall'. 4lic©hor,b, rep.esenled b' Ihe lop *,er of 

/ 5/ramewark rem fron Me foci U =,t grids can be The arerg, irfrost 'clure lover represerts 
clossified a#orrple. s•slerrt i. syslens A more detailed e/.le.lce orchitect„e #egrid ·echnolog, regponsible 6. electricity 
engineering lerms [21 E. use 14. ore ,•sl lor srnort Irds v.0, develooed / /e gereroilon, Irensmission, distribunor und 
crld verydy•amic GEN-C EN ELEC·ETI sin 4 gild coo dino•lon ult,molel, consump-,or. It 04' i,idi,Ap' 
Dma commu• cntion is ·he cornersh,ne of group .31, Their ieference archlec-ure 

11·e dev ces /0+ generote and use grid *cludes /. sed grid arch eaure nride' ogy smarf grid 5,5}c- Jr,L 05 n·01 doto da·o to perlorrn specific Uctions [ne ISGAM) presenid gere,/,ng devices us o •hiee dimens or@ ure odded to -he g•id. 
communicalion i,fr¤51•/clure .yer s trorrework wtli file i.eroperob,ily I(]Ye,5 moa oppoitu,illel. emerge for sm 'r' grids responsible For tron,le,n,Ig, dofo ir ihe smo/ on the v axis. fi.e grid do/oins on tex·a„5 to use this d/0 n specific oppl,Colions 

These devices con p ovide do g /01 con b- grid 6,•er nelwork: usir, 1(7. while the Inds„grd 2/res on /7 axis ord 5 sh.v•• 
•ed to determirle ener[17 prod,clion, grid 'ntorniolion tecflology Ic,ye, rrore,enls the 9 3. 
emcienc, osset end,lion ond consuner elerne-ls 'hol ceo w hile 30,0 +ructunng. Ihi, frameviork / dE on Ihe lo,f loyef 
behoviour For appl n Ir 1, to hove occess price"g ond '·coge. Users .1,1,5. gri·' fromeviof< by add ng o /7 I.,er colled 1118 
to Ihis do·a, t hos ·c f o. to vorious ponls doto ordinformaliontoperlormor o.le,note bus,ne„ Ime, thol cons ders the obicct,¥es 
in c nu™N ve com.unic/an le·work 'al IS ceft'ing.c fullior,5 usi•voriou5'mortivid I 111/ sin•fl grid . 0/ eam.!c on' nil 
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ionsider the business ob•ective tc mor,for 
le condition of /55et5 1/ 0 distribul In 
grid To nert Ihis 0/.jivr r, si•,or grid 
design should M/e / ron,lorng 
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C+Comple*dehiglslholr,Quir• reguir review 
and clonge os 'e o.'ec,i•es on o,gin,sation L --Le 
Glinstoochieveevol.e. --Ll-L 1•2-1. 
|t ,5. lis reoson thot o 'mon grid s./Lild 
be icslgied tc begs 4*ible ond cdoptable m, L.. •97.7 -1 
as possible Besides Ilie energ, ir,lrostruct Jre, 
WhIC 1 Is usuolly 'Ireody estoolishec, ". h 
Ce.nuniculion.....c ../.&.plex 
ond ccp,lal in·er·: ve Doris of F nw snol 
grid develoime,1 These comn·unli ullon 

/ 3 'GAM 
S,&1Fms lorm the cruc,ol links between smad /7,ew.n I 
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COn.Murllcal,on in sman grids Fig. 4 Shows 8.•IRII[n./1*I 
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... : .el .... oftic ./f' ...OS. Ir 
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ne.ork in,0 'ree sect,Ins I WAN, c 
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TI„1.-1,In Ch.••*ic. 

Berowe c ect·kity g·ids M spfood ocross - - < 
Wide geogropll,col -,pa• he, moke 'se 
°f ./ IIi| •-8 -8,«nt' 12 • €47 1 croo .... .AN'I 10 'Onnecl 
0.•..is ond irons. I.,0,1 ne'o'ks 
* *•n nelworks ne WAN usLally t/b J r-*M 843 ».-,1 r f 5· 4] 
COnS SIS Jf 0 'igh·bondwidlh bockoone 
Ccm"nuniC,1/lo• netuork ·hai halldles long Fig 4 •d·b·endyncrygi:dcorrmuneolionsmodef' 
di•ionce dato trar 5 n,ss,on in·ellccing w,·h 
ver,OUS PI" r",ors. 55' ot networksr on 

45 ond o ul,Ii·y·s LANs Electricity ond -crnicnenrs 'he distribullor le·wcrk ': similof nloruichical top©logie' H 5torically, 
•strlbution rlolwurks cons,Ming 01 NANbr ©[Mn . lorgesl and m•51 complex POA o' 1,lese 'le'•ork designs lo,Dured aed,coied 

EAN•,E•s•rld AMI ne •rksmoke •••i .**•In,•ulloiloe-rk Elecricty wired connection5 c.er wifeless technology 
0 ®ckhou nelwork •o inlerconne/ networks d,5+ribullon grids voi fron Jocction k 'occhor, reu l,rg in orio oes:gls •·,ere p,wer cobles 

In d//*n sussiollans, m,crogrid5 Ind os crid designs hcve Ir,loler forlhogsones ore ofteo i. li• with cc,„pon,In. 
disi, bu·ed ale "05/ly c|.5--rec in Comminicollon cobies IM"y weircoolor. genernhon planls lo the 'mod of "lorner's ihal c 

grid -- -rnmunicafion ne.ork ,vhile I tov,ris cnd cities os well 05 11 ose Ir r,Iral /1-clricity d,El,loul,or g-ids 'hererve hove 

Cuslorner sect,01 Includes HAI'·'5r MANs ond creis w 1111 elly 0 /.- widespread c ust©mers exisling commz,colion, Ir froblri -lure in piece, 

I.Ns lor connection of customer applionres MelrooDLIOn or cs 'flen conto,1 'e m©:· 0/Oug' some / thase Inslallntiors mo, be 

equiprnm Ind dev,M. Smart meters intricote colle:lion of d,5'il:)•t'09 /,d aesigns based ©1 dated ·achnology nc· copoble of 
0 ihot tend lo follo• I hie,archcol neN.ork rneeling Iherequirenell' Inr some 5nlor, municole e ther ihroligh ihe dis" DI,ti< 9 

nel•.Or<, 0, cu5tomer 'ewks, deiking lopology -8 man „bsiolions ¤T 'He top grid opplic.t ons espe, i. ly thcse •ho· rely 
andsmolle !©coliseddistribu•nequipmerl 'no,gda·o 

Qn o ui,Ii,y S des gn S'•'•dQI' 5Jch oqc rn r,i·hubs#ctions, 'i•g Inoill Jr irs Some o[ ihe ... The oregs whe·e these 
conI#A, r,etwork in on alecficily P. • low votoge dislf,bufion Done': r•nventio,ial data commun,lon .1.orks 

8'4"bl'lon g d ods os o bridge bel•ween 01 'he bo#om foll Eho# a e rel.voi, 
0 manogewenl aid 

Ulll *•s WAN and !11 cusomers' .etworks C,•r,ve,1,0,••• ••mmur,cot all net.vorks /1 security In ocdit on ·o grid ope,ot ons, /0 

COUMS:•,:•:•:•.'.,f Suppol elt,Clnco d;efloulion opplic©lions commun Collen peeds to be l ionlio ed 

$. 5tlng C' mO•y S•b·syslems. equ prnen• 
such os SCADA Ind SAS o,en follow regulorl, 10 ident fy anurnnlies end tc al O. 
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net•ork .dmin .+rolors to do fau t o»sis The Internet of Things (loT) Building or #i<. some standord re ice 
and cclelion, pe,forncnce rn,nagerne' frameworks mode s svch .s ple In•ernolicrol 
on' ne*/ provisioling whi e confroll ng Talecomm"icolions Jrior s NU s) loT 

Rop d /*ces n ·alecommu,ic,tion, IT *e quoi 4 01 service. Administfa crs OISO referencemoceliho•nin/€ 5 acclsasevice 
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5 8 kwo 12 PVDG sisternsl and 8.7 k/p customer breoker) in'reoses le o#rail 28.2014.,p 1 7 

(3 PVDG systensl, 01 obou, 7 /p. would hosting ecpocil,©f the ie·wcrk This is Q AS#yn, A RI. Inie/i/hor ir"Die Ads 
more /01 the NE lia of 4,6 kW of disi,ibuled p,r PV gerlictlilli e,ecir,col 

achieve / ·roliors up M I 7596 ' h 0% househol disic,butio• 'ride A .,n Town i.,de* 
chonce of violction bosed or a 5% risk) neh•or•=,68$•*209 

Volloge rise|,11, Accordingly, the reminded uptoke • W 07 'ct:e I/im.5' [3] MDekeloh ood 5 Hewn,sr ·A lood oiolile 
nicer:¢·reloted volk'e rise on MV 0,3:tion mo••[ Foi .]¢enhol con.,rel 

perh':sehc d'Ovoiding miligatin meos'res le/ders Ene*c.pp 46 49,9010 
crne»,ork re nforcenen•cosls. forthis feeder • 45.- 60% . peretrolic, F 7% IV 14] S·alle•h,sch •Jniversity, LInlver•,+• of Cope wouid bs 7 k 4%'p/Mousehold Howe« I 1•, 0,•J,Pmni,M•i|n•Jnke·*NT,c.,ietg' vo tage 'se %/o.ed (limit ng LV voliage Ci4 04 C•pe Town ond Esko• DI,Iribu 0, 
plots in Fig. 4 fo· •he 8,7 kWf cose •,ellow r,v to 796 000% nomir,cl, Illows for Wes'rn Cape, Potell /1 v penelfution 
trocel olso sh'w that o penelrolion level of up cor<eloled,VV voltage rise of 3%) . / . Ihe Weslern Cope, .rk ... 2 

F,nol RepoM, PV UpT,ke P*,iliol Tech•,col 
'21056„0.'i*blewilhminim'Imiligctic' I 10%-20%P?penetrotionifolly 496' Pe.•r'rran'Y"//8 
measures, Ihe am being 05 0 resvh of the rise is olloved 

Contact Johanette ¥an der m nimal exlent o vielotion Xmoon,·ude of Mer¥,€ • Some possi'e feeders ore ""dy 7 021 444 v,olaton 8382, vcl,¤ge end curreo·g ond ·he density ove,I••oded alid nol JI DO Il eviotes 
or.Ince olocc•rrence. cierloading, hui,tdeperds on ils loc/lon 101·one'te·vondermer,ve@copelown gov.zo 

. e ... 

ED £ ea 
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Solar PV investment decisions in the 
residential sector in SA: A technical analysis 
hy Nikk e Kai q fer, und Korm Krtirger, Sie#enboscb C·,iyealky orrd Carie for Renewoble grid S L",se sfoinable Sch-'t. Orb" Enefgy Siudies: opd Fjxures 'WER 

The traditional model of energi provision by Sdh Afrimn municipalities is being uptoke ' cholleneed mall scale by,he increased embedded generalion (SSEG). mostly m the form of roclop These solar ph/moligic ins,/Ing,ions ipv) insiallonom. 
impact ihe ex.i/ing municipal ele/ricity business model and it is 

impor,4 for /0 understand 'he bimming municip/lilies drivers for the increosingly 
investment clechien behind 

order ilise 
lo ins,allotions in respend effectively 

-he imma On Lhe 5/J#I Afrkgri mul»gl 
/ KI,ess model, pole·11.01 sclution:10 odcress 300 

t.'/ell/5.ui,cip/lillei .e:nlhelocol 
rel•ewoble er ergy trons 1 " hcve been 
b Jdied e*lens,•ly I. . /clor 250 •or, repl' 

'licles Ind ton•,eice papen hove been 
published 11 al k]C JS or, 'he resultort Ihreol 
I [lorn Ind 200 municili ele/ncili ...me 
md the Icom inf ·dent. .....r. Merue 
& Merwe. 2018; Joi,sch, Euston·3(cwl & 
Dorchers, 2012, 150 <orsten, Bint. 'e'Nos, & 

I<rlizin/r, 901 7; IN, Ra•·, & Alki, 2014: 
Wie W·,ul. & Co,+er.Brcwn, 2018r 
Magembo J,orsveld. 100 &Everl 20173. Inspife 
of thisollenhon,+he.eisstillinci ao··c/guide 
to lello• lo toe]<,e Ihis 155ue. Over or d chove 
MA,gue relotec 50 to the iu m' 
above, 0 m/d // be becouse c#ic'a' Fe•• 
cie,whelned b"thecomple,7 /theproblern 
thol 

0 
ng no 2012 simple ord implenentable fliw 

5/lulim, due to Ii. inierconnectedneMs of EIO• .02 5102 inor,faeois to 9102 ZI. 8102 
Whel iS k|eaP !5 Ihot rcottop PV reduce' 
electic,iy sole5 c+Ihe u•lil, and th•sthe Fig 1 Acfc'i•,;ol Foo#op ..."ed in Sou#, A#= ... 8 '40, •Rfe 2019) r.orn€"ricipalme'derl,ef....s TIc 
6/lenge. how,eve·, ,5 14/ this recuction 

ccr, leorn fron inter,lrilion·,1 
In income does nol nece-I, go ·,und best unse, mkers v.,cl ,".4 1.ons •ney could 0 10 
in hand vil ur, equol,educhon,n Ihe ¤ppiopre·e I. fervc•fioi•' mighf look d Re·ent develop desired e, ergY Iroi••,t•ons sit·noi,>S 
rosls Of n 5/ulh ... 11 ...... 'leclriti* provision Mo. 50/th imporlon! (....1 u./ 204; 5DM has III·lonolly 
Afficar 20 undersio nd ·h 5 /roblem mic,Fo[INes /2. responded i i to ihe occ I been w,ed m marY sfud,es fe underbiand the 
this cl ollenge by implerreni ng rooft©/ u. lp/ wnw o, 411 os *c undersland complex *r.0.,/ in·he energ, ondelf•circily 
PV roolloo,v .,1,•les. ,rlvestment Incluci•sIr I ceclsion·making str0urei, rom „clor Wl'nod, Mal. Mullormod Sukk, & 
to ¤ccomri,ulale rooloo PV owners foi ihe Sau#h Afr con F eciricil' coosumere kkor, 2016 
S Jpp )Ing e Ktric,ly 10 Il/ /Id a f d ot the Per50 ect ve 

Background 
kine timeto Bofeguord nuncipal revenuc ihis popercon/,bues·/ p•ting leno•iledge 
W. ile his pr-des some operahong by Electricity mooping ou ihe Sout. Al iron energy cusloie.s in South Al. co 
re,r•on ipdoes no' ade,Nc•elroddms"" lans N,01, L.ciscd on a hoceholuolop 0·e / iric·enE,rg ' i.·.eiting in •coN>. Py 
h.tu'e impocts ot Ihese instillolions wl·,91 in·,estmer survey, condicied by Wma (see •ig 1• This is d•• to o combi·,otion 
-oin o pressi•g co•cefn to mukooldies *. ler,oxh Unive'si•yin 2018 of (Kors,en, foctors: le fol,i·,9 cos, of the •eclinology 
Inlernch<>nally, /,Illies hove loken meosures Kninge· & 5/©11=. 2018) with fsee Ag u sYSIern .j, ... rising lost ' eleclricity 
" toth vocilitate dece,11//ed renewable dyngrrics m¢de ling (SD Mi 'opi•x••Ii lie (Guccioti Gim. 2017, /Im & Meade. 

20 13) ond e,er@, os well 10 'ofeguord Iheir owr Scul' Affi= cose is ccilexlu/,sed rominued /02 sc 54/ad,ng (Kof/en 
f'nonce: el 01., 20 d I 9; The .5 Il:'f che•ges to wnter conpored '0 ir¥es,nents In roollop PV o5 dsruplive ./Ils of *a 
'he I. . 

•egati,e 'incnciol impgct rolog¥ on o : Nat•0·147• #11 2 •he ejec·ric,4 topll .vlronine,r 7" rob u M a Ir nd pied, 5 DIe 
elec·rcity gove·nment oo,I·o/s of ut,M,es under Germor> Glven Ihe a<N IN D- SDM ond sYsem oic we•1 known Aou•11 
AIr:co Func,01 i m.Micip/l les who streM ore, 0{course, DIscpossible paill,c¤ ly cou5el loop dloggns •CLD) ·0 oro re.Donsible 
I 

4 Fr•:er} iheir:Inkiol collap„ Ho,vever. enbonce ir,-def·h unde·sinding of causal .,onoging e.ecinciti, se,•ic:e delive. or. 
in •eelil,9 'h"/h 11e Affcon context 'he mun,clpoi rele'lons wl·h,n compleK sys'ems, It cong.,uences and is on scme 01 Iherr 
corcens ore cifferem Even though •e opprcoribfe mefliodology N, illonn pohc, nove to•er me.5ures •0 0·ey•, po'£01,. 
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regrne islhot electricity sa•ing os well as 
400 Iments in energy effi' en' eq Jipme' 

aid roo·/A FY are c liyel, dis ourcged 

350 f Fig 3 provides Iheaverage electricily to/s 
n So/h Ainco ©nd Germany lor differei 

300 mon/l, con•umptic, rates. 'rom this il ,£ 
clear Ikol low e edncity use·s in Soul' Alri:O 

250 0,• 'urged ¤ lowe larilf tho i in Germor, 
In Gerncihihe se· charge and ihe oc·iva 

2C0 energy ./le ore re alive|y constont. resulting 
in low eleclric,19 Jsers pit subs"'/9 
more •er k» fran hig 9 electr cit, users 

150 German kou,ebolds /0 have 0 5, mber of 
electrcily pir..,ders •0 cloose ftr,•. leoding 

100 to competition ' electricili tonHs 

Slellerboach cole 51udy 
50 

Th,5 &* is clearl, demonslro+ec ,ihen 
one looks / le do,0 from jillenbosch 0 
Mur cipolily a well.7. mid·sized munlcipali-, 2009 2010 2011 2012 2013 2014 2015 2016 
inthe WeR·eriCaol 

-0-Utilitykale -0-Rooftopell Wit,u G,i nje(cicieitof 63 50ull Al,iro s 
regordedos onsof" e 05!kiequolmuntrie: 

4 2 iCOS 650..# -ikA/rco, 2009,0 2016 4-u#,J,•sca•eo,?dioriommercilrui• ,9du51. in Ihe wof d •Wor d Bcnk. 2 018) Accorclii,g 
(C& ! i©*p inse/,ion•. in 05/ per MW•4 (cdop•8 4on, Do. 20T8) It]0 StudY G. Iductec by Orlholer [2016) Ilie 

6/,ie' 10% M are 'rd 907. /:'ll wen' 
ri 'outh If ic' .h e . Foore't 50% ..r 
onl,oboul]ORb of al irccmeolcdon'lown 
frreasurob,eweolth{O/ofel, 2016) Tllis 

=., result„n d,Ilerences in economic p,rchosing 
poierand offects Ihe eco90. c occe'sibilit, 
. asic goods sJch as elecin/,1, 

IntorMis of Seclion ]52 01 -le Con•itution of 
t e Republic 01 Scull· Africa, 1996 (R·.. 

t .... Aff,co. 1996), mui„',pal„,- kave 
0,nondcte to en„•e the entire ,o,YIT,uilly 
wh lISiulsdic·ian is serviced,r Mii,ii,il]|e 
inanner 'Herlodolhls, ie ii,iwipoli' 

,R'§•,i,/*§15//Mix//28:#immall hos fo li sure il I. nilga5 its /ino,ceg well 
-LI•e•e,monlh -6 is doc,rnenled in the V.,ir ripol kinonce 

-•.gh& -Galm-r M ai•ogemenve 56 of 2003 IMPMA• end the 
Munic,p/%,demsAa 31 a 20DD ihe cork e Ag 3·Ave'.p *hoM eler•el/%•..AA,oc9dGermo. 
e keeping 'p to Ihe mondale I •L,doinohle 
sarv ce deliver> is weakened i more actors, 

re-ue ercs,or byimplcmen}Ing ·00'00 PV use leocs to a tallaclous beliel on h pan r" po"/fly hig' elect/clly consume·s. o,e 
toriffs (1<orsten. Blent jebilos, A Kill.inge. 01 :ansunlars ihm Ille, f Log •0 *e lild,ly beco.ing co proc Jcers of electrlcilv tho· i' 
2017: Kolzei. Rowl Atkin•. 2014. !5 acco·dirgly reduced •he. Iliey u.e less used o gerero-e fhe revenue ·o po, thecos# 

elect,icily The utility cost however. is not 01 electndiW Se-,ce and| tc JosR 5 Jbsidise I,i While sorne fes,de' / eledric ly c:usloners necessarily reduced inline wil le lower turi: tor o,i incon,•con5umm i. 50/h Afl. cre 'norue' moi' h Y .4 octive ene·gy use n addition ,he u·ility chorges, Ihe bul, cf lei· eleck :,1, 0,11 The e:xlerl ot both is 11.e c.]nlrost In . 
hos iric,ty to provide g I cuslomers w,11, elearic,ty made **rerg,charge5 *Wh) conSU•D+,an Ind &.:•q, /+ riri55 
when ond if dem¤ided. Whe. c, higher sel Il 5 also quile ccrnmoi n South Africa ubsidisotion requ red ore tor,Hls demonstroled cnorged, w,lk on occof I,qgly lower 

for m unicipolities to charge res dentiol, 0 for o mmicip/it¥ such os cchie Slellenbesch ererg, charge, I limils le obi il ot custome<s 01 cn inclining block larift IB T]/ i leconsurner /'Micil:Qlity S demonstrcted in to reduce the elecl,iul> b 11 by witn low eleciricily users pe ng less Ihai Tebles 1 end 2 9 
enel, effie or roollop PV ai d iligh¢ I. Mbles 'sw Incy the 

h•gher 915 34.1 CJ:lomers ore also foctieid to highe• differt•ces in electricity c•,isumptior average und moxinnum 
ofien provided 04 fre€ bosic eleckity, -hus, e,en tho, gh c higkerse'rfu•rge m gh' 01//1/, consump lon Der ne,/boirbood 
ono cre charged ot ever lower roles lof bc more. rost reflech-8 ¤nd econarnicaly 19 Stelle,60'ch. When looking al ihe 
.ir eleclricity usoge. opproprlo·e /0 0 01 lity electricit' larit overuge pre po d consummion in loble 1. | 
Te proclice 01 chorging electricity evcke o behoviour •esponse The me57- 2,1 zens living in ..mandi on, u•Ing on 
culorne ps largel< for 1 11·Ii wh·e an- 4 received hy cust©,112,5 frein this lorin average 156 k'Wh Permom, Th,L slunds 
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I s•or• con'./ I }Ilsehejds ./. In 
Unlepork or,d Karindal who Crodit..,.De'l consume M*.d...•„.,4-Ii- 
1071 .... .. !(Wh .rindol 1.67 en¤vernge Table 2 Lhows 1071 975C 9080 79103 44550 
¤n even sto-r con-init in 'Irctric,tv Dalgigon¢Brgndwg••11 1045 .3 7725 10895 71 3C0 72 998 
20,15'motion levels. 0• the [60 mete·s Diu •Dordond P•ro,ivgool d81 10924 15774 locoled il 100912 76 503 .riepurk ald Korir':/Ir 106 Ir,•rPopegu*1* 726 597 8032 zor•unle more thon 600 kWh per monlk 50645 36379 17588 

*.•Idan Demi 0 e <oyon·onci 51€ 0 having 1287 meters 3!17 0 18 786 
enly 1 9 0 f fhem cors•me more thon Idas * 6E3 483 4512 3796 40283 30247 
ECOk*lipermontli I oeie'l e 571 242 6678 2612 2529 19647 

Understanding INa comple*14· 1.//Indi 492 156 1'96 2679 ..3 'SQ. 
•0!e T 

The [][Doer ho. olready /5/0 Ihe coroolexily .4-rogea9dilo*,r,!im[O•urpt,ing,#erenine,ghourno:•5»wene,U.20]7) 
o{ the problern and wk' mere I. 7 01 4, 
whi/ /dmingshortterm evenuecoi.rerris, 3 hbu"di-I•. 118¤,icity Con,ump,ion Ikwh) 
.• 0,1 'deqLJnte Icng/rn rc5.1,52, Ill ihe .In Ah W 

400 •,¢00 :·2009 >3000 >,1000 :dOOS Ihi.- booQO 
nplexily relates M•increose of privafely Unie./.rd.... I60 

- 706 73 
lf generolion :i Ihe pleenc-,Sfrem f Which ?S . . 0 

Dolrit nnc Bian*.•chi 3lroc 169 Jcesc setof vroobles./allsov.&the 95 . 2E 9 . 

umb:·ofnunl:,polcon!,ol T!16eureexp'o,re• Dresc•.dandirod,skke' 549 340 209 67 25 / d 

inmore detail//w C......libel •39 75 73 1? . 

The Welge.o,den CO •s' r·}lationsh p between 546 258 'orio Meg il 63 0 C 0 
Ihe * ic poJ /le• ·f]Ci•y syste,11 15 depicted 1,10:Ve'le, 346 118 34 . 7 0 C . 
wi'h a CLD In Fig 4 Endoge'ous •orio,1. Clce'*in'le 728 .7 S7 ? 0 0 . 0 
$01 irfluence the 'doplion o; rcollop PV os Ko,©=d 1287 39 . . . 
weli 0 os 'he v.·,ables •hal iri Jocttne obilily I Te*2 
Ihe •unlcjooJ;4 lo dri.ereJeci Nurrbe.of.L'§,hWdioarwbur.4•,Ihop·emidmemr i•:I#,•ori.& :ciyservices •led,£,4,en·,mp#or. (1<cNenel c., 20:7• n the 1.4- are represented hore 

R 1 offordeb i,9 "p 
Rooflop Pv is bacom,09 wre 'lordible 
to houschok, Howe,ier, cflordabilit• Is M *t..1=2 • €) 
4 defer,rined b. le cos, bu• olso hy l'ic 
aN sictus of households. This is " 

*enous *ioble iho- connoi be i/,enced 
billiE. 'unicipol' but,ko, inllurcesrooti 
/ odoption However increas,rg inve/men' 
ir, roottcp PV cor reduce 'he InslolictiDi i ost 
inaking il more •iffardobie :a moie ..le. 

™rl•„d•,F," 

'2 aprice gene.•ion Joop 

4 e )\ 97 i 
' ". pr,Ce Of eleclricily gon5 u., It some 
Doirt holiseholds will redbce coriumphon, 
wh Ic, In# Ihe ·nunlcioolity loses sole5 0• 
el. Ily impat,ing,i• revelue, To :cunter C-•X),lop. 

Ihig, ·he municipt ih'willinctosell'e electric,-, 
toriH in or ollempt lo compensole lor·his los' f124 
of revenv Ince/delectric,7®CeSinarn .Dpl,1-roo•lo•f•on.il,ku»J;,es 

|eed, lo reduced electric / miumption· 
/4 4 /' re*.·exe jeop seeking . reduce '11,•,f e•ec'ric:ry 6:ff. 0•e R3 qu•j,4 OFse•ce de•ive,y •cop More convers' on' ./ people .. hove ·espe.9se,5/ve.sli/*./PV. 

Roof,op Nodoplior will leed to fedoced ins•olled -Feols fcasfronger'onfinnat,n Moking sense of •he 
*tr,cltyconsumed frcm ihe munic,pal thor,ke,nstallolle,offooflopPViswon,4'e •omple*14 

gnd, resulling n o loss in rearue for the recding'oonincreose,n)'tcpFUdopron n F,6 5, o SID ispiesemed diersnom ine 
rfilinIC,pally Grid.no,ninance and new disruplion "reohoo PV could hove 

....ire•erence anihe ro°' 
Inve5tilenls In e[ecircily ser.ices,her becr]Ine 'Jecl.icij? b65•re•5 •odel 'lin cipali'ie&. 
horder to uslih, Ilion'/ly, leoding lo tie 'Vorp rooflop PV lisiallohols ir, o Electncir,ccnsi·ners, vilioused, u....,bule 
quo tyoftemirede#ve'ber,gcomproirisu regtbourhoodresulaina'"-/041'Inanon '0 rouri,2.761 re/ics trow *cic,4 suls 
"his "duction in the quolily 01 ·nv,1!cipo •hot th,35"'Al ore v.o,th investing In. •re now generoting electricity . /.ir 
services mighl (eod fo 'he .lecrlcil .d 'wr use, redJc,n• •ne kWn A6 ef/ecr ol 0/ec.r,CJr/,?Jice bouglf en odop,ion irom 

becomirg unre ,Qble, reswhing ir hou5eholdz . .er.,cipomy. Ine fool Gelf·generonon and 
fvs,Ing in rooN' M + becon·er,"08 se'· consumplion al elacT ·,Me by hou<ehold, 
5•Hiciert ir •I el, elect•ic,4y pr[D. 4,or H,gherelectic,•,pr,res le/$ pomore people reduces 'he abil ly 01 ihe i,unicio/ity 10 
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increa.ingly Jecoming unrelicole, expen*e 

Ibilir>.Dr•over•'•'••lk and inaccessible. Furthemlore, even Ihcug, 
rlsirg eled'Ic,1¥ prices mpoes the wor Ille 

31 
I Inillirn'n 

-*i#*il most •he¥ •re excluded Irom Irve5frnert iii cl•,ti,•Il,Il.·1»Il,1, 
rocto PV. and high elect·icity prices m ght 
even ecdtc••erosubslilulirge]•ctr,cllywl,5 

4 4 40 ctier dor,gerous ond/or ursu,oiableerlergy 
sour<as 

clc.Ir}i,[i.v••-I F'Bquent lood m/ing al,0 n:reases 
0-lit, clo•rk,4 IMents in rooftop PV as hesehclds are 
iemer all•r' 

see<ing self-pro•ision 01 *lecfr zi,9. Al,•ost 
7096 0 14 pecp e * compleled the "unium/nul¢h" . 

/ 
F]-rkil> i.niumed Household Roohop PV sur·ey boti liose 

1-/ 
6 6* hove rVIA5tal ed gno othersl 
ir,diccted 'aT nol trushrg ·he gove r·ner,1 cr 
Eskom is q • sc· notivalion For them 1© seek 

al·erictive ond Sel,r- ndeperd// w/;5 01 energy 
1.1.11.11000 prowisior (Kerste. efol.,20.81 

As peofle are irleiced by Reir sccial 
Fle 3 R.ofhv· . / I .fINVe fw,2 1. mi Mip'll'r/cJ/ •rwre en.Ir©nmen 8 (Kirsten el|. 2018),/s 

could leo¢ Ic o clus:enng / rooftop PV in 
.unvar -ls chhe plparicily =vice In order Tie nui, 5Ji.gy coric|usions ware t|al Ille ce'lain neighbourhoods ed a nol linear, 
ko ·ecove·the cors d the eledric/service the inveslnells ore minly ·inonciall, driven, mush.on,I ng effect or the uptoke of le 
munic,polilyneedstom•ke •uielhotenough co•ole• - I foirl• strong inlluerce of the Mchnology This uill emonentioly increase 
revenueiscclledialle/slb,okeven, Ths so:,g envronme///epotent,/roohopl #eimpoc·of roof·op/¢verlime 
could be done Ev eilher gelling more elearicity .vestors The high u/reit CCst•O5 indicated -he 'foremerhored blend cf locto·s 'S 
crbyincre•sirgthetoriF/existing•slorrers. os,hebi"es·finoncollimiting{"orfor·hose Wa, leclridoswellos go,emolia 
Enough revenue is also leeded lori,vestmenls 6 hove nol „ivested in roof op N yet oid Inip|,alii -r,1 {clr,de{ Ii,LI|, 5erv,(2 pr(]•,5,or 
17 grid upgrades. Ihe possibi ity c saving or 'uture electricity for m.,nic,pol,he! in ..h Al, Co In 

bil The r 
cosls 5 ig alectricilY priceg 're not oddilion to I. Il·ead¥ menioned a mnicipoli·% hos on elecfr g Md le 

c,17 ,•sue 

min /ive™ IMfencoce. disinbution. asimpon¢11 /5 idica,dthotl/tures/vir. of nor·alignmen be.ee' & cost of 
etc) de s not Is Importon, os fne u... cost 1/ le nol necessorilydecreosealtne electricit, provision Ind th- red/c·ion Borme 

in•.05'mer' deci,ion For M os tie de=(ecse in electricity sa,s 10 municpoll'les, 'he n income due to dec·eased so es. ·he 

cons•mers with ..4op most im»lor+Ioke·home irsigbis P. systems .s ¢·e lost elec•ric,4 Soles ./ tc .... PV 
is occo.0 mc R.od cos' 01 ihe clectricil • W'en coB+3 of .. come downf rooflop i.* tions in 50,th Alricols moiniy fral 
ser•·ce cre pold Lhrough charging rri,ily PV i"ke will ircrease Rising electricil weollhier e earic ly cons 'mers ," Hr 
varic ble fa·ilfs bc,ed or kilowatt·hoirs prices plays o lesser ·ole of{ord theu,froit costs of ke rooftop us age 

by'hpconsurner Moreover, the highupfron' i Thesocial€nvironnren his,] Inikart PV inve"men' These consume·scre /50 
influence and /ould be *aken inlo i,05• often hgi electricil, consumers who iIiestment cosl• 01 In electricity network 
con&·atior for •ecbri:ol grid ccnsume electricity 'higher tor,Hs a'd i, o·ler, repaid over decides A reeve·,09 
iur'gormen' 06 geogroph'col LINrir' subs'di.E·' Ihee tree bosic o locallon lo in Killwo.·ho. r soies will lirri• the ooll,h 

I rolop . Inslo lotionS % 'he g- 
to recc'er historic and present costs. n 19 indlent ho•srholds For high electricity 

mos• luely consume·s. i· makes sense lo reduce adc,tion. t,villbecome hirdert>iustilyfulure bign 
• Ord,25%0f fookop/cwreaindicaled 

invermentstoscfeguordonodequ¤ eouoliN electricil• usoge Di Invesl ng li roof,op . 
Illal their electricty Drovider is gwore of 

o·eeclacit) suppl, Ihal meels the cemand •heir i•stall... -rhe less of h,gk eleclric,·y users n ·he Soith 
11 Alricencontex·hasimplic/•iors Fi-St|v. 1,gh 8 phencmern, known as tie '/1 i 'cith •.,loreover. iriestrrents in rootop FV arerelion f 

beer wei documenled. elednci y cons•mers ore often spire ha, respo#le However. on ·he obilily k) Do, ·t hig, upfronl co„5 for o highef share n -evenue gener/,on context mailers *5 merhoned before, 1/ coding to investmenis b¥ households wilh a 
from ·he residenflai sedor Ko¢zen + c. 

Ndeath Ep ral• i. de•·e oping ccur•ries is ligher disposol· Irlf™ These hs.sehclfh 
2014) 5econcl, mi :ipl ®Ho,15 to kee. d,flere91 ·rorn Ih• in devel00/:ounties. areols© most©flen high electricilycons,ners 

wherethei,301¤rgermiddleclosswkornignl whopai higheractive ere•grc,orges.lt•,11 plces low for 1.- ./c·ricil users, mostly 
I.neomi 

be oble to *serb lbs in:re/ed electricity thus / Ihe ho„eholds in the highes) eledricih consurners. ..ugh incone 

prices. Civen lhelock 010 'kt'inthe 5," m i. brocket who *ill First inve„, as tie in,/ a Bi-, 're row compromised, The Bi- tor,fl 
ocoun·rvsuchos50*co, m69icipolih,35 nve·mentcomisnes©imporlonl·olherr evolved fro m in i,lerirn n·m A I© pree 1 

reqummchmoregranulorunders•nding This/Nonencnis/lioseeninpractice the poor oga nsi the 5teep e|ectricily price 
increises trom 2010. 

/ Ihe d.Ivers 9 bu,h enst ng ond u „re Fri ,0,0 the high i,come Households w,111= 
in,85+ment ir household m./op FV h order invene,1 b¥ the miodlec/3, lorgely 3'iven THe Bi- 01104 4, cross.subs,disotion from 
to Ind...... Inves......Ins of PV .,ncreosng elearicily prices. Pecple whi high eleck ci4 use,s 1© lovi e eancit, uiers, 
owne·s c. polenlial l o•ner' wilh' the con•01 afford yhe technology 're e.luded and is /'s uwd m f icnciol mechanism to 
South Arri •r conG:0. I nctle'cl hom/Id frorr nakinc the inveslmen, o,c Ihus Lnable creele moye egoliloriar occes5 to € ecirici' 
s,rvey .vos conducid in 20 8 by W/F·54 toaccess,he lorgiern finonciol goir ondore (AMEU, 20I6).I'lhel©* electricilyp·ovim 
a•c Stelle,bosch Unive·sit* de'tined t. Li·r electilrilyirr'rn hr /,d Iho¢ Is co.I is •ot cbsorbed by increased i·iffg this 
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burder 01'glt JI'lilly 'Mtoluwelect clt, 
con, f rs, die •0 orices for oil consurne, 
ircreas ng e,8M moi• bsause -I' 
households ore o•ing ouf of the cwmor 
eleitricity grid 

1•le•entions and uninlended 
Cor•equenC,$ 

1/ I der 10 'Jurler lie ./.lireve•Je Revenue 104% 
loss ¢nd urfoir c*1 d stribution to non 13) Fized tarifffor 
PV o#.s mun ..illes cal iMplemEnt municipality solar PV owners 
decoupl ng megchar sins lo orsok Wir€ 

beh,een •4e recD.air oj ul,J,ip's lixed cos•s 
ond Ihe k'/n sales 4614 S·cft & 8/den, 
1997, X20, Irtiv•rif /. "b, /'en & le,oer 
2014I. One reverue deco Jpling mechank,r 
ix the increase 01 fixed Irl' forroofic o / 
c•!*m Zertoill.... In..po|illes 
hove o fixed 4,0 charge lor higH 
ele,1, 49 , cit' coll'urn,r•g Ircuseholds "ly f 

such hwseholds reduce reir electr city 
cor,burrplion (for Inslonce b> Insl./. Unregistered sy.tems or 
rooftop °0, tier, tle municipcliN nol On• disconnection loses from th. tne •gle of ilie h.gl•p 10,1 k'7h sc 3 

ber /30 k e i.ier,1,7'y se; feas. MD:! SOuth electricity grid 
Airl,_011 m.JI•,up€,[Ili. 11.1 •ove on SSE' 
forit'I b. roollon PV ow:ier5 icve :ntroduced 

FT, 6 6*95+In'e'•fe/r/·in,pleme•.•innoF//*#61 
an eitrc morlinly sel •NorQe lor these 
households,sometillesoverardabcve·he 

oredy e.*' sel ch¢rge So ' Aricon -be iriuijc,pc' 00¥erions"F j.leclorl·• see·r 'o· " •i,o·.Js" <}' housebows w,••i rnJnlopclilies c|5c Irpicclly hove uitier'. 9ervice ¢eliver• and & f'noicing snlen· rOQftf>c/,5 forremoved f·emil'•oni'of 0,•d Mepufo'e|, meOSLred f•Tri•S . *I 'h.1 workerl well Ir Cleacies is belnq 'Ke n,uricip.1 I• this JrgwoolY rn,w r,01 be Ike Q•c eis,oft 'E electr cil¥ for nO,JseholcE #h d srupted wil ng<Al 0/5 of ./.Por cce. In h. 7, le 'w•,nk' •OO•oppw of Ihet:opertes 
I. Iho+ cha I.... Ihe governerce I· •lie 're depiend in I ./an a,•grom 

Th...ductici of o f,red rmon•My fee . r•nic polity C. ·he foc. I it li seern' 
rochop PV o•,ners night howed. 11·id 10 05 11 •he mu·,ic poli·, ard 'Ousellold,5 •. 2 Frorm lh,s imo'e, I is quite cleor 'hol Ihere i 
win·ended coisequences Thc Ho„jo/d ro©hop PV have ver, di#e// wor./ u ¢graeme.i· on mos/seect. -he +0,0 Forbes 
20,90/ PV sur.ey shn.ved 1,01 orl, 25% c resper, 0 ·004, PV 11is,serrphcs,5/ 1, alreacy h"e n rlrong :ommon g.ound 

re:•londent' Ihol h"e -1,0-lop FY .110 the oric resistance to regisle¢ hol.5,1'old roo lop ·]r'. .voil,ig o fechnical' stch,r Inc sofe 
.,/ conse. Jerrlf' ;moom . • f,•00.. P. /.rns 01 the m I r icip/ ' lly er"d I . 01 elect·ic,4 5,ste,1, •th no p- e f nie fruphons 
electricity 0+ th* new ./ .•e I•ove Tg,5le red dis'rus• from xoth sides 01•ing'abese.•irnovative, green old 
their mle n will, Ihel, u lily -he c•her 75% The C ty of Cope Town goed'. go©c g.•e,i,/nce:,,Id o I. be.' I.Liched n. nitiobve 
Cf wrvey iwionde•rt5 Irrlica· ed thot /,f M 0-lheend of 2010 1'op PV wr,ing roo#oc 'V is oof of Ilie tu-ure T'•is o.,ers 
ul,lil¥ Is 9.}1 ..re ./ r.... PV *16. 5 gr••nd to register liel' Swemb wil' the re•g cnri•rn•r, Inight Irld,cote ./. 1101 
I./.In,..pl ./0/ Ill -his 

*:fl< C.me W Pk communij a s•ncr ici, including unde,slanding 01 wcirifng mIght indicate iho· roohop PV cwne·5 H Iho· loil *e ng 4 'rooflop PV and reg - ,Ill the eoc lo he impod impodor.e 
d ssi,cded ng •o reg ger thei, sysfe,116 by A·4ci cotof rom thee.....rido,id./. 0• re.licrs migh' #.8 *elr,rfer in 
thp¥ conce,•e as o pen. ising S5EG IcrifF hne e[ D,er R6000 Al·hagh the initionve I more Inli•le .cy lon w. ...B. 
se'ling n Ihi' ciser the nl 'duclion of 0 

received a eos-IY gro,1 response, b¥ files. Now might be ·he time 10 'lari , 
fixed WA der re¥€ M erosion is on 

44 20; P only on 4, mal/5096 0, 6 0/ve prouno 'e cemmon Tiourd 01 exompleof c'fixes "t '01 or//,pe (see A#Ids w 11, 44 *led roollop le 'worts' 10 1,10 le "how' lot benefil F,9 6, rAe un•nlended c•frfeq••er•ce of Ee 'i'hodo*lied tolhe Cily lo reggerthe,r *birly 
f,Ke?d W is thct roohop PV ownerE ovoid 

s,rens. 
regisirction ond when forced I: w g sler, The, Conclusion 
In glil discorne'lim ]Ne grid 01/le'. ihis inillat•e Ig Dercei,ed In ·he p,p55 os 

on Inriecessory Ind This paper '* oggre"i•e lie urioLe Sou•h 'clionr 1. oddition hous....113 roohop P. Aff,209 irrmlemenled nuii*€r,vic·,men• -itiout in Ike €ortel i iclusive dialogue or tol,!d,r, The Future ir.dir rn,n.7,/ond I Inforn 11 401¥ houehol r©040• PV conmulle'ing ·he reasons for ineolla•ns orld 
sa colle<li·.ely dism,nect ·roni tl•a m•nicipc leir oirns 'D ....s ]B•sjll'slech, 20) Jrderstand ·he 8, C.bc'' ir,ves#merl decision· 
grid Th,6 w ou & regie islonds in snci/ in mok 20190,6; Keli, 2019,51(etsher rg 20191 . lilli licin the household 
.•Arch ho.:ehold: 4,„be ece,]omic,]r-r pefgzlive Mu3,•,oalitiesonahousehads 
ccnina•,inpri-electric..rier lionand Knicipollie• one citize,I• lunch¤r ir 0, oliks :,evi rooftop PV os o g• good 
clislribjior Municip.]lines .]re IN,1 le# w'ith eni'im irn•ep6 .418• sus•oinabdir• i"x,gerng Jocal i nd susm r,laole gl •e r„0 tive 10 VIe 
oconsurne,lasetbulisiessote tccbsorb *etronsitiontoorfores-inaL,le -[cci,ci» remole gene,alion of F,<cn'g cool bote/ 
higher electricty prites 5,rem li the end goal. So. cllhough I may efal ricity 
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•4] Bu,inesg·ech Cope Town reg den' w[ 
have to regii.·solcr..1.· Insh¥ Februll 
7019 8.ine•, Do• 25 Jul' 10./.1 
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K-ping,I,1-li,Njores, Al'inbul•,1,•tic©nop PV•pail•Ihi,•iu,G Al¥.3,-vic//.u-*V Am 2019 -5 ocle 
5-r••= ..Var•10•*lk,- [5] J CcDoz Cape Town .v u$e aeriol '10103 

Gooe. vam- •©%pot Unre#Mered •olo. po,el. in SL••• 'nt 
Bosines•Iniic/·30 Mo, I.nlirel, A.oil•ble 00.1-'/ve 
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2011& 
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el. 2019b 
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w..p,pinv • ,rir Ili•,• ./•,h,70,17 

.•i'Yf#·Fne·gv· i·.itl Nrir' 

However #e·e is lit-le con:ensus how EventhoughbothniJAICipaliliesoidsociay 1,16 

de-,clised rochop 'V car, SJPPO, 0 0 lorge ...1 loculised rerie.able ener' 18 ./.82 DI.,buld cle.: , gera•1,0, 
8.,o.il Anoncisie'pellcvcon¢,™./. wir wns,tualior forbolkrnunicipclitie50. thet i .liable, lere is. however. no 
and */ u•,lines PolicY 49 1¢4-1'5 houeho ds In k.ct. the individl ol lincocio corrmor underslo,iding 01 how Ihis -rons,t on 9017 

go,nolroottop PV o•ine·sofien does not #auld be in„irleriled,nc f,nonciallyond [9 T!5!01,&'Meode 7-mpodolainbule 
co,ncloa vvi·h o I,nonc /benefit lo the lochnicall, sustainaole mnnr,•r hol be·,cliIs p•efe•nces69cdoplion•irri. The<cEeol 
w,derpubl,c. On-he contrary, In the currert Ihe cn·irc commun,17, -il,In Ille mill,• Del /0,0 •oltoic 1PV2 soloi -ellg 4 9*. 

So'h Atricon tor,Ff re@Irne •e;:claing creo Inoperadireclmolec·oggress,ve .!Ilrlfirlt,o,iM.r,!tion Energy Polic, 95 591- 
specificSSE'tanfsl, tcons':thecost sto«0-13 be,wee• municipliTies 'id 530 

tomegreater socle,y,beneltting /ose,hcl rcobop PVowners'ihispapersionsouilining 10 A]arl 1ck MEus#&*.&.lo 
con atford Irlves*71 1,1 PV 'Ysterr 5 cver o process of open ciolcgue polen. oct of emcienc• meo,ure• ond Delween .0 

&tedgener¢• onon ihcge thot cain/. This confi,cls ,vitn •uricip,1 eled,ici• ·he porlies [w,0 olrecd' hove o common goal ravpn•le ......mies.nddioth•prol•' 
South Air con const,·u·lon Mot deterfrines ond bu,king on common 'v.ortd on how (62,,2012 

M electricity Fro,ision Is o launicipol 10 impirment Icc¤' rene#,]e energy' I Ill Keli ·E5EG Iug,il*ior in C.e T•••. 
.•noote wilh no eorr b proote secloc linanciolly i a•le, tech•,cclly stable' Wrglern COfeKbe* IOnlirel, Avoiloble 
engagement. In addilion. municipollhes safe rranner. w•worn•n•hilikfn 21/ni,!hor/kal,/ 2019 
b a respcisibility lo service a I citim •12]NKorgtenrACRen•,A••bi,59 KKr·?inger 
n a fo.r and sus·a noble mainer Acknowledgements '9e irnpod 04 reticemial .ol·op 50!0, 

Inle*,ationall¥ governmentboil·ds, sub,icies & poper loria poif 0% in ongoing gudy 
PV o• Munif•nn| .-. Ar, 01.- I 

•Iallanbosc rn©I of Ener'Ir 'Jlherl 
Ind elect..1• tar,·Fregimes v.ere oflen conducfed by Stellen boich Jnivers ly Cen·re usea as /*/•9 
solubons to loc dirote decentrolised renewoble for Rene *ble Susta, neble Energy Sidies 13. N 1:-Icm K Kritnnger, L Sc+Illi 
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Incorporating embedded generation into 

municipal ne#works 

by fconom Lwichmer, Schneider Eecfrrc 

The demand for eleciricity consumption is expecled to increase bY 57% by 2050, This pose% a dual challenge There 
is c needle meet ihe increased demand for power while at /he same lime decrease carbon emissions. 

Gnver--prbmuro le v.9rl' 10'e no/etdrivers ood finciciol in·01=1,0,5/2 Alcicon Investment (compM pannerea 
supported the Por,5 Ag cement lCO' 211 nunicipaliles It als' ooks ailhe poisibll #th SCIA o company locusing on PV 
wlin .ornamon yollmit'he g•ob<,I f se•r •uNI©rmu"c,poli•,·oredve•ke;,i,unc.,1 cndsrorcge,o•u•,0,•s,fohnonceo. u)•d 

te·npercture M below Iwo Degrees CALrus inpact coused by priyctely owritN. r, ic,™muts 40 MW 01 Solor PV orross Ihe coum' 
obove pre indus·rial evols As n ies/01 ord aenemisustomoble re,8nue In ·he (_,Imerswil poy fore,e'gyusaged,recly 
A, Ircre coun-fle. file moing lowords prow vio PP'. -he proposeo ./.•e From lis 
renewableeier# as o corbon f.ee alternative Slaw / embedded agreerre' ls expecled *c be 2056 cheope genernlion 
/0 providing ele'fric,1, Acco/'g 10 0 .pi cornfo,ed '0 E.orn alld n in Soul Africa unlcipol roles 
6, SE ele, 1·N lt, generotiol• Ir,cle¤5ed by 3,7% [10 
belweer 2017 ond 2018 w th ·eiewal}les [lectrcity usec 3 50,th Alricc , tler••rotco 

Ckirle9 AnatonQIondloColpolcyoreOIGO accoming tor o „ird in 'he ner incre,2 predorrinant¥ g Ihe ratioel li, Es/rr *king ,1 eosier for 
followed byco[,luridnuir/ /0512] f red ccnpo.ie' to via cenialised cool develom powers¢' 2,„s The 

ond oiier cu·...•Ii' S.*/CJ' S •ar•icalj• /1·•bedded genernlion s•lutions k> 
Alorg wih theie chollenges colle' end custoner' 

ntegrolec with l,vriC,0011-ies pu,LI []sing oppoflull·Les ior Irons·ormallo•. The 
eleck,©ow E/orn 0/ reto, ir-nd The Inicq,oled Re,ovrce corvenionol Irls I Plon oow•,/stem (IRP) which is evolving 
cuslorne, Municip/ines occount for about ,5 the energ, I I convent./ pawer 5,5·en. Dowe·,b bILewint For 5"!11 Airin 

ger•ro·ec •sing •i*lised lorge.scolepov•er 'clf 01·he,noilonalenergycorsumpton I71 mokes pro,IN,ci foperrbedded ge,ieatio4 
-he dvel pon,5 ond dislritiu ed to ihe end user or, h recenl Years. Ihe ccunlry hs JRP curren,4. m€ikes „„ an pravi•ion for 

th. demord side. In receni ycers !11,3 model 'creose n Ihe m niber (11 200 MW ented(led In 2 Mar, 2019 Ibe mir ,5fr, of 
s chorging because of new te,_Inology ge,lerotion Iristollot o·s mainly attrib Jled energ, spri• o etter •c •lie No ional Energy 
advencemerts In tnewoblos. the re,C For loihe increase in demond for P,' roof top RegJIoto•c·50ulh Afr•c (Herso gron-ingo 
re•,11"I, the cecl nlng cost of dislfibuted /Ims 18]. n 20 7, there were 92 2/ deviclion froin ihe cxi// IRP lor licensing 
energy resotxes (DEN ard new „M 2/ rool top so[or PV prciecls ns·glied and *.Non or gerier¤fion loc,AlleS rong,ng 
dr,4,6.31 Globoli, lhepovierincis/1 comm ssioned tol'll ng oppr¢*Im/tel, 'r,m 1 MW 0 10 vw, With o limit 01 
6 10./ 0 1.lormolion ·/words I frire 18C M?/9 0•lih odrl linnol Ap 067 pro,ects 500 MW ornuolly oppli• oble for owA use 
dece dlised arid decorbonised grid iden ifiec bul 101 yel comm-oned This generchon 1111. 

heeconoric,obilityloriv/:01101 forms/ is o signilinant ,·mip Lor,puled lo Ihe 35 Factors Influen<ing Ihe in•rease ereigylikecoolondnnurolgoscred/fi,ing MW,rg·aled,n/ 6'8,91 Therehosolso 
in embedded ge"rot;on Consurrers ore lookirlglorol·cricteforms 01 been an Incre,35E· I i porliershi,)5 0-le-g 

cregyandored'Aing,Dgelernielherown embedded geaerclen to end cuslur,ien /01[ectorsure Jil,,Ii.growlh,nembedded 
eierqyle, con,umptwedhencebecoming WS,rg po«erpu/ose ogreemerts (PPAs) ge•erclioninjou,h/rico TI•egeircludethe 
prosumer5 lil Hcving oribile wenerohon is In A,gust 2019. Nedbark togel/er vi / rising electrici • prices from the cen*rol grid, 
des roble for securily of supoly flex,bili' and 
Inoviri'• Ii,wo•iB o greer, economy |5] 
This trend car also be SM 1 1 South 2000 

A•rica. Cu•reltly ihe tall'g ,ost For solof 1800 
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Pori! 00·eement ard I,os cornmilted to odd 20 
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Easy and intuitive location! 

The ferrolux audio frequency fece,ver comb,ni several #unctons in one deice, such as t'e locating 
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I Plan view of the line location 

I Excellent resulu, even when cables are bunched 

I Location of joints 
I Modular sensorconcept (plug and play) 
• Multi·functional system combines the mosteffective 

pinpointing methods and puts them in one device 

info@megger.com and www.megger.com Megger. 
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covering ihe,r I.,e of Inese cost. To er,$• 716# k/kwh elect'icily bili. Expenence suQges' 140! i 
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le turA ore too ura #ve, Frustraled 
cu'tomers ,vill bed wen lo investin off.gric 
sol Jlion$ or connect their SSEG I.stollotions 15/ 

iUegaUy C . U,•voil•36:8 6usiness 
00&* for©41©merb 
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B • Re.lue .B elf 
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urde.4.005/SSE'toril#•luloting 5 
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5 0, 
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u•fovouroble pa•backl*t•S 

yeal 
. R-nueregallil'or Munklpol case'ludle,: resulls .n 

I *s•ertial gus-er6 wilh sclar PV inun,ip,lit¥ 

-0 iniesligate how currer, SSEG ·crilf 
approaches are '·lecti'g municipa iles 

F:g 5 M,pocioiSSE'In#solie fourn,u•,clo,ies·re-»omres:dell cuwomefs reve-. u Soul /,ccn muncipaline• 
ho•,e been chosen cs case studies All ·he 

o.elyses hove been do'e using puilico ly 
o,oii¢ble doto Tke c¢se rudies ore sepotted Uncer Metro rs tonff., le owinas :m cow,led wit, thee·/nadet·om TOU expel 
into residenhol oid commorcial cJsionis / residentol =ostoner$10 9310ll solcr PV Is ene,gychorges 

Ihe Ioriffs considered and discussed ore o I 8 to 12 years. M because ·he SSEC * iff is Thebusiness ase 5 poorforSSEGc'stomers 
excludi,VAT reve,•ue·neufrol for +he municipollky 'i' Col in nter·ned ,/Cily 1 - voword 0115 yecrs. 

& considered a fair bolar:e bet.veen *he 
The lourmuniop.Icase s„ dies cover d,Fle·en• Howev er. . ime 111 . mu,ic, pilit, o Hers TOO 

interest,01-he munic,polty and c'storrer. 
citi. choracterist cs - /0 ore ·netros ard " energy :Harges ond TO J b port M fs, 
intermed,0 cities - Gs wei as rlecting an Mer u 2 iphu'h 1•0<d I ng to consume 0•1 of peak time• 
aray of differe. app.ocnes lo S5EG tariff is encouraged •.h,ch is likely to irrprove the 
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exportkri€ 01 100'1•Wleons•hot·9e me·ro Fg 4, shovilne selecfed tcrifls o· four SSEG tariffs therelore oppor to be biased 
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n,unicipolit es which were ed in t•e case towards le Interes' 0 1. municipoll·y 
electricil, 

studies. The revenue impoc of cu;tomers over Iho,e o{ le Customer. the i.lroduclion 
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1,1,leencar©gerren· forcvs,orrefsloe•por #lo-ions. The x oxis 01 the ig represeMs increo,ing electric,1, 0,1-0 -he grid Even tiough ·he fized 
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cutorners "011 solor PV on ·hel, curfer I loriff Since mun cip,1,·ie: p Jrchm au' 11·e ri, drili Ip [,;,4 con purchase electricity 
SSEG •Hs e e,gy/Tou ·aril. se I,ng elec/,c,ly/TOU ·rom Eskom lor much aegoer han 04·0 
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Charge Fig. 6, shows ille cnrnmercic! fo.!it 
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for Such an op•,cath m.,cip// shodc be core-u not / resul'. Howe.er, 5,11·. 1/ purpose of lor,Hs 
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fixed *e could be corsidered 
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the,r day/,mede„on d reduces. outwhen & e tori IS. 'creose inequities 'hrough cost shilt,rg 
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Leveraging open source technologies: 
A remote monitoring case study 
hy R Singh. and G Nko·no. *Thekkin, Neincir 

The 18111-certury' seafaren who conquered Ihe oceans and invaded the lands,o seek gold in a region thal was 
orke pivotal in trade route economics were m. *h a humble force thai sow Iheend of morelhan a <entury.old 
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to of foreign drive b·eaker mainteionce gric cor.ponnes is beginning to /0 develop ces, an open soirce moniloring u• t 
surFoce through di•Jphons .hetherlhese have ,·1 trcnspclotior // ·rippedon lood, under peets he requirenents 01 he conlrol 
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ec,c•ics, i· recuires th# lecdership these io assist operolors in uiderrondig 
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business pse 
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code reviews Incir global ard oncorr of 100 000 £,cles, This • g Jre im•roves 06;ecli•e 3, /,/ p ·he co•1 
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1.velling w iques thot prevenr cord5 fronr W:rioe. parlicip,te ond cortribue towords jandscapep 
pre n,"fe luill.re In 'he manner in // Ihe OPENDNP3 soflwore appl,cohon Ind A costing comparison wos cond,c·ed {or 
this ini· is des,/ed, a weor le·•elligg SD othe· rele:oil c# scurce .chrclog es re.le molitoring 'Cre...re sult!©I 
d is ecuinn ended, 1! 15 g|GO flOt J dificilt reloled 10 Ilieli boecio ist bidE 
•ecnric' procatokeep a backup Imcgeof -hecosting Fo·*e OS RTU is based cn presenl 
le 50 cord, This 5 D carc con / replcced 0401 2. Wbor ore le M iechme morKel voke p#. Ths ..proximate costs 

che/jeiges ossoc 060 ml Of wchroJog =1 illust•ted taro vendor sDecilic u/is drawn eve=eors,1/1•Irilmurnc{,51 
and ho. ro o•ercome •heses •rom receit public lender opening pnceE in 

1»rperolure ror,ge 2015. Severol This soecilic vendo· Fodud was the non lechi,cal cholle,ges exi#/ 
Whil5, Ihe<e is noe/cioi ooeming include the resource cons,o,nls to ..ble cheepeg * mos, tectinicoll, cornpl an• 
ler, periture of Ihe RPI. ther·nol lilloging such Mi,5, the ovoilibilily of socres ord Table· 5 dep,cls Ihe ccit cor, porlion 
01 'he de,ice under heavily looded Of go,„B Fl Th# ore discussed below Fron o cost poir, 01.y evi. ilis clear thor 
condition5 reveals that the broidcon for smoll Human stolions ./ c low signal COL/1 resourie •¤nstroinls 
chip tprocessor) rurs 'he hottest on the the 05 RTU ,5 ve y (051 eflective. In 'he 
board )01 Tel,perchures above 80°C *it Ifo.n the techii,col issue· 11'ereore olso M of 'Thekwir, Ele:Iricily who mairtains 
M shown :,grifiCOnt performance "Am¤n Bir•e cc·,+Gias thol need ro be opproximolely 15 000 MV osseti. Ihe 
degred,t,Dris ord Ihe sys,em • k lown to conisicered •semb Ing o phy"I device sheercop,fo cosl•ving5 •5ed or vo|ume 
Irotlle pe•oirn.1{e . 1.1/pe,r,ILJ,e5 (].VE, reg uires e ort and time A business case Immed,atel> worrants furrher considerolion. 
82*C Pieal sinks ore ovoiloble iho· con be aid pro,ect plon will ieed to be *oughllully 

conslructed. This however. remoins wide Frorr ar p.,al lorol co•1 p Oir t of view, •here 15 oitoched la the b•oodcom process/r #ip rio the flrloric,ol commlimentlo a specific Yendor RP! is c.·ailob e :rom scope of ik s ooper. The system •nould An industrial grade be aesigned lor eose of mo,rtlenonce A: regording supperl Support,savolloble w,/ n 
COMPULAB 1111. This seppor·, irdusmal Ike ink ligence of ·ho 05 RTU rosidesor /6 0 virl ,/ online ecosystom {rom o global 
grade opera•ing 'emperctures 01 up fo 80 C 

5D cal D simple clone ollhe cord 5,ould userm,Ke 
Sohwoie be keot 0 0 5oore Discussion 

o Raimblan operit ng syskem Spires Mllobilit, Theo,iecti•eof thi:resec'cl••0$10 nvesligote 
-here •re no known issues rewding le Deped,g on the commn,·, deeelopment Mle,ker open source lechnologies -noger 
stabili•yohkeooer¢·ingsystew -heoperoting boor™ctisc:hosen, 1,1•ovollabili ¥ of spore: a technicoll, appeoling and cost e'learie 
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,„ enh" 0 deperformonce 01 Ihes#ern Biock, Ine unit is aeod'b e from •any 1¤|5ogcCEO• .investigotelbeno•-lechniccl 
There have been many 'Ations oF 'he wppl,s locol, Moreom, ·he *gle'©ne ctallenges in implemerting suck lech"Egy 
Rcspbion/*tings/mwilheoch teration Hardworeisb•iltiromopeneleeronics This Ahnowunic,Follorld.cape 
arovding peftormonce 8-onconie,ils The meons hol •he design 5 DIJ•licly ovallable 
fewei hordwaredevice, alloched lo,hasys,•r, tor mod,licolion ond lunhe, developmerl The reseorch i,dides •hot oper sou.ce 
improves the overoll stabili'y fig'res. Bulldingofthehordworefrogthegrownd·w huri•wareond•fiworetechno'ogiesexistin 

using Fe•dily o.al able comn,on M Ihe shelf tne pliblic doma n ·hat con reel the rermoie • 05 s......p|,cohons 
cornponents stancard proce&5e5 •c open mon,Ung reguremenls 01 dismoulion 

According to 0 20'5 Open 50,0 surve» Mrast•uciti isikerefbrepos,ible 110+Dng utilities The OS RTU pioposal /; lorword 
78%of compon,es ©Ireody ·un open souce deve.pment cornmun, d bui't orcd ihe n th s pper offe.s o compell,ng option 
lechnologies 121 Siondardimpleme//ons concep•oflheOSRTU.therew.Ilbencreason The tecmic/ melrics imesfigoted ./cote 
& O,1 oper source applicat,¤,15 will •o be dee.dert 0,1 ©ny 5/clk supp ierfor Sloollity C./open s.,r. rod. Ind 
inlorovetheoverolirel,obilil,of-5vsle. spares overall syslem Quesre Howeve'r |• '5 
Cuslorn implemen·.·io•s run •he i,sK / the recon·mended Ihot SupPor, 5tringen1 immuni• tesM 
chonged code not being velted by third ng[]in/#,F IEC 61002 5 /ndord is cond,cied 
4 indeoendent sources Ope,1 Sou Ce S.Ippoll is rece„ory/roughcul le opereional os O design imperal,ye. 
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Competence in an ever-changing asset 
environment 

ty 7 0 Beovor, Pegma 

How many times has it been said lhat people are our mos/valuable assets? Typically assels are defined as 
items, ihings or entities thal have potentiol oractual value lo an organisalion (ISO 55 000 delinltion). However, 
organisalion, ra•ely realise Ihe Irwe value 01 those assels without people. 

Thus poper .vill lock 01 tne imp oct of +he is necessary to pugh le bo Jn<jar es of en,i rormert thct =cn provide leorning and 
In·emel of T,ings/Incuslry 4 0, the spreoc leom ng, anc k> create the awarele£5 0 knowledge to le emp 0/e thai is relevoil 
/ lechnolcg, ord Ihe impat] Il 6 W..Ing or uncor Nuous licompelencebu-wher used it cvg loole orld odoptive lo #e,reergono ised 
people,nowwetrainpeopleor,dho••edme need,tobe•Ilowedupb¥smoIBrleorning requr¢•enls. 
co•petence,n ourpeop|ein corto achieve inler,enhons tnot ore ex·remely informcI Solvirg•$*6;emsof•odo' 
hevolvepoinholofourassets, So, lei's 004 suppoftive 
h"eg looka,hese peoplelha-,ve rely on 10 A *lir' po n/o 'Iny orgen sotions 

Challenge 2: The modern learner delivertie vo Je s 1/ e.*e that Ihere is on ./prup,i/!e 
Jo# Bersin laer,In oy Cekinel cor led ou- orger,sal onol design andl slrujural 

Challenge 1: Closing te exlensi e iescorch on Al rle caled 'Tho clorit, between Ihe various role players 
€ompelen•e gap Moder' Iporner• H. describe' to'.fs U 'f'r·unolel„ there Is no 'scre' 'eupe 
Every orgonisal on foces Ihe c,ol eige er,plmees 05 overwhelmed di•tracmd end lo solving orobleni! thot cari nppl, 
/ on oging workforce // hos skils ond ir,1,/,ent T,2, „chung»}leum andwr. ccross indu/res ond orgon,sollons. 
exper,ence, -d yuLng. ent9uslostic, tech logrowtheirskillsord,·,heiremp!07€rwon, be #e crgarliotion€]| 5yslens •st be 
so.vy peoole entering Ihe worklorce but kelp,hem, lhey •,illeove. aligned w tk /8 p.•rpose ord :b,ectives 
lic<ingtheknowledge""perienceir of ·he mar, orgornsolior Further, rolos und 

-cd.'5 emplovees ore unte·herec - they 
weas 8,f ever, more chai'Inging, frese mws,bes mi, f bed/4,·,ed according /0 

frequeni y work somewhere olner than 
ic Jr• people use *chnolcgy th/ often the a K rfa-ri, Irespoisibil·, c:countabili·y, their emp o,er's locchon, end Ibm ore 
eging wo·kforce has/· k uidersfold. Now consvlted, in ormed) 119/ clearlv lis/ the frequen !y Lon lioctir@ or •reel ai•ir g 111 
I' saddonolher ngredertleou(cfollerge Aicable orgcnisotional mc.agemen- 0/•r to accommodate 1hei- lifB5'|8, They 
- me conce' 01 incorroetence, whicf con proctices ond Ihe impoci of Ihe role gre oc•e•s ng Infermet,on er, dei,laild 
be „bdivided into b prom J highligh m Here 

vio leir smodphone collobool,vely Pom competence gaps exist forlhe indiv duols 
Coosc••5 n.pelence I Knowl don'l Know peers ord col Bogue5, 0,0 ofle, no· trom in le role. TIe :orrpe/nce .. con oe 
'is Id ir ///1 rle 0,0:#'/1-s me thetroditior/l 'roining con/91 b *Ilse tlie used tomonogecireerexpectal Dnscndset 
Uncor cous inconpe•e.e believe that lecrring 1 content 'c E ·0 be useful ond rele,ont torgets + per..0 de.elopn·en' 

to •hem n 'heir Imnediote sit•lion K,·stie truly know Borne-hing and coraquenily moke 6 be on sgnil,corte•,0„ of ,/gemenlir my,08. Green, 01 Acidol need n har on »Fc/1,9 this, 0 ere need, paper 

people certred e·lecining Ihotthe overoge enablne •ecositerr• Icr leor,ing 'id 
leorrng and de.eloprert 01 people orgoisction -acceg io per$on gives o poge of content 'round developmenl in the se'en 

enlering Ihe wo·k·force iscril:ccl 10 helping secordstodecided,tIs foT them ono 70%of kin,rg rroter,al 60- 1, easily ove,loble 6,0 
themovercomeleborner,to cc Netence. use•: w Il le©ve F ii's nol *imised For them sma•hooes, ordtieuseoffechno ogylhol 
In 2018 reseorcH by Do.ia Perring of tie wd their needs. eniblesemployeestooccein/"lor,1,0 
Feswey Grcup showed rhal lea.n,ng ,; is 'eje,0,4 "d 'yoiloble in ine mon.en, of 

tbe emp *s ols© ore 10*,rg .. top reoson wh, peop|e -odoy'' wail need· On p in your top 01 thot #e con·enl needs lo 
['ture. as lob roles become more fluid and c·ganisoli©Morl,·eM Thenskisihot, by bndue The sevell se: 8 4 beco m it is 

focu••og on Iha kaditiciol Iheir wo, of lifes'le leorn expec·otic9' more Hexib I, le' eflechieli curoted. ng 

(le s xii it cromming - becouse 'ree are gokngout for·hekindsof ikills·ho¢wll Agoin. do Il,ern well ,010 *e fulure. Bers,n stated technology p *,des le /gor,sation 
to 4,9 doys or iMMersion i' new deos with the Jnitieh n Tie Moderr Leo·ner ·hal Ihe •alf·Ide Oppo'IUm ty k> sel up com m o 
ihouldnt be col ed anyling elge), s more cl professioro skills .·05 between proclice Ihal .111 enable 1.0 Ind earning 
likely lo res' in an incre©se ii uncciscious * mgh on a hilf ond 1 n·enloish p 
ircoloe.... .e yeors inc employees the ,ob ever,ence, ore 

progrornrnes, ird colloboration end consiontl, look,9g forinteg•Non Detween 
Pe/aps our solution lies in ensuring Ihct knowledge sh„ing be,ween pee•s Tools #ei· eorn ng ond d - lie, wanl the 
'hose people •hot reccg"e that they ofe such as S lock. L n kedl Learning. learning tabeosrelevent Degreed, ond /0, ,„0 n. 
incompatent are provided virh tne troining ond 

le,r A*clify, elc oss,st •ork in pro, Ag, enobling si,uctio,1 05 '05 6 9 
and access ·0 learn ng malerial thit allows ....ing learning. 
then™fodlhs€nawl,·(lgethol'heyneadln Tgc,tble-oftdg•andronoriow Above / Ihe mocern leorner -ant, to 
grow Ihelf vollpetence, Whi W hos /lways In m¥ mird we veed k> solls y Ihe shorl ODply 0,0 be con{,de,1 in Ihew opplicction 
6ean Ihe gool of Irainirg it 5 going lo foil termchollengeolorevid,ngouremployee, 01 learning ond th, Is hwe nenlorship 
in,5srubly f * kee' pushi.g le cranmng will Ihe Nlls ond co.petence / meel Ihe progrorrmes ondgrooming 6, Ike ekperls of 
1/h/. 

chcllerges W today while olso linking 11.8 posl ora neace,1 ·a mwopod le mode-r 
/ us 0/0 ler.ognlie Ihol {armol Ir' n,19 01 he long term and creo'inn o work 'e¤rner in Ihe wri'pl¤re 
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So&14'he p.@ems /'omor,1, spatloir orgcnisclionol and -ilirol hewo, werecrut, developondreton:<Ills 
boundores gid compete,•rc i. ·he tuture Hagei. Browr and Wooll Ilelome Insigh: 

• 
iii Ilieir'rlicle '5<ills <liurige, butclpablities 50/0/ ire;ligerce Jrcerslorciog Wil·weiled./stisperple.*hle'lls 
d -4 on now Toyclo is compe||ing r•lerpers©iol :, lorn rs ald beliuviou·01 or,d copobilitle: hD be ¢ exible ard odapiel]Ie 
r# emplo ees I buid irolor con by kon d impocls oi hv•clions n o .1 changing ernploymenle•,roi•,19/ 
from scrotch be{ore !he leori lo ossemble . Se•se·MokIng CEIing - need cdopble |emlig / ozess 5upport tne unc 

the vehide or lhe osser,Illy Illie The modefn Inlenl mearing out of colle:live lecmer on¢ experier,•el mu need lo ossess 
ik ens' I thol tkese employees drov• whellic. upop pur omer,]sohon is nuluring ind , Crircal Jhink,·r' Anglybi,ig, evoluotinq 
their imagir,•n, creclivily, proo|em Bolvlng encourog ng g·"Ah in those s<ills ed 

smhessing and reconstruan•11 
and expe•ir•entation wpobili rop¢J•lille50lherA,68¥ou•,esJre•o •Bs so •hot .ney osettlem iilorrr,Olion 
coi ask Ihe iight que· i:•ri• wher cor•ronled Relerences 
byon kraseen prct,le,Irddevel©F • AdopN/e '•,••Jig ref Recogns,ii: 1•,3.4 

Il K rslie Greor," Elwridol #ople·ce.¢red 
solulions, pafterns cid coplyq ocnems ir riew ele,]••ing 
Ala Nme when Ihe skill need is cH on,ging [2] Dc e e ild....swo, Grous -Revolulion 'ing 

the 1•Mrn,rq e.pera•c,•. more q Jick %, tiere is o les on fult'<Ag F cne con'ders Ihe ski & and Copoolli ie., 
Bl N:k. 

uiderl¥,ng 9 tle Com. €5senl ol li•rr¤n :cpobi 11 es lhey ce,01 lew, Ihey howe Ootil exisl In oll o[ ence us we 

Gup! Aepirlig Y•Ling Piolclonols for ·,e thot will M" h ind 4,60| cdop·able ic rieed to nunu. d reward ther, baw" ViI 'crc. 
the choiging circuin/o,ines. Iloge , Brown lus w Il be ·he mo# s,slo,noble woy lon·.T [4) ]©gn Hogell John Gae' lown ..gre 
*Woollproposelhotorgon,sotionsof·/ lic0wede,ebplbecrl·,coll,osE·hole,wire5 ¢,0,11,Dek•,re :ng,Q46 *lge, bJ• 
f.'ore lili devel/0 1/ follnwIng skills ord our orgontsolons sroble +nese u.pih Ilhes £•plihiese•ul 
rooebil ties to tk'Ive [5• 3¤sh Bel 'in, Baisin b, De oille, • Mral Ihe 
• mldnm eorre- 0 ie",oi,[]' i..'I£mIce LJ.derst./.Ing 

Con'lusion 
other people/ emoticns orld Conact T,in Beav•i,i 
=per,encesord howtheyshope hurnon 11,3 curth I id.51,1/ re,0 u or, 1, arner Pragnial 
i.·ero' c . 'h .8, cr•fic,01 ./gence col IIi fhe TWO21 943-3920, 

• 16'mirg Colloboraling eneclivel¥ ocross recent a:ak"iii fechoo|ogy 'll i ionge *in· 690.44@pfognloworld ne 

Conin•ed/ro•'pogel'I 

wili bel focusol munic,pa 5uppol gorg (10'ge·• while offe·in@ ver, low expoil lon#5 Uelerel,= 

lor••¤'d. for e•poree electrIc' • ] SIu*......Embedded/an.Foll,n 
v,ork ailises . 11006 sen, Tg should De &Trcrni ecl 55[3) I Soult Af•it/n Mulcleclitle' 

NERSA'cost of supplylrcme SALGA,2018) 
Ike cost 'U nethodolo. which ./. by cosl of supply ine-lion, on Interl. I /8.A Consil•ton Pope- ..... 
For o surpl•s 0- 1596 cn to·o| cos. 'PO•00ch .crires.Ii,nosens,618 SS EG lorill T©,ff G Jidelire, Berch./.Ind lopospd 

thot bolonce& minic,Fol re··enue Interesfs 1mellre• ·or •Y 2019/20 inr|b•,ve of cre ccs·5 Thls opproo¢h wi,h the *·omer business co•. The [3] There.envetrrpodarelys,w'co•d,-ed ineuns thai •her cu51omer5 corEune |ess 
a./.,5 01 le comler.lol seclor revealed using • . = leveloped 'Ge,ie.,• 

cioctricit¥ after ihe insiollotion 01 55[Gr'he l© GIZ and 'ALIA The loollso able 
141 + srobuslinthetaceofSSEGdue,oths or 

municipolit, los®5t•e 15%scrpfu' itwas ..·h#Ily"9M·•m .•'in./0 
'eodye x,5tlrg sepo 'borcflixedne•ork Irrf·on'·i,v•ni•· m.....r;fi 

rece -2 from each unir sold Mlh cosi o id ioricble energy c"g Metro 1, v.1,<9 
refieclive SSEG torlifB ,• pioce munic,00| 41 MIcdel Glicellnes evolloble ..hne· cl"ely "proK moles tne recon·rrended 
rn,·enue 15 •LA,4,•il·li lly prolend In 'em nl·ni /,»w •1•r, cra m/,·,r·••* 

tarilf aoproar ii ·cr the res dertiol sec cr in"/20'81'17-3 Air• of 4'48.'·11 ccs recover>f butover/l revenue,117 (fixedchorgeoe'len.....00....n 15] W. (1998,ls¢,006...ii.. hitni•/,m.v 
docm.0 in Ihe ,sngey lann. Mun;: politics export lar,H tl,¤· oppro*,rro·es the avoided IlinM- 
and NERSA wil need to adorm Ims bulk purch06® costs . demonstro·as 'at 
parh•lorreveoue'.Ins.... 16] EPP 12008) is Ncil able on! ine. re.enue Con be proteoed whils• ensuring ./.,I„ 4,7 
Conclusion a ill'on..le .colom!=Cll¥ C.5·reflectivel MIndeheirl,5/Dfwi r,r r.¢V]Al 

bus 1 cose for SSEC customeps 
This .per has shown 1.....d ul/ke I A •ough the98 ou, ii inlopol,lie. orn hot 
of SSE' hos ·he pieni,ol to sign,4,co» A concern oroirld revenue loss i' not o iomed Ir Ihi• 00§04 1# m e//9 (f•r 

volm reo,on ·ms,si the odcolion 01 SSEG 
r*lfc,pa;revenue.Pour,of 83':•ed 

h•polhe· ioll minic,aeliliesord Il•,i *I Jes 
dol• n·wruc pal nel•.ork gi·ker thot it is or -,is·omer 6¢se end ·•riff•Ii u,ed 

were explored where fruniclp©lifie5 into ¤ 
181 A.0 .ble Inl ,• br . t- 

v•irg opprooches 10 SSES ·Irill ... eos' '0 ./.e regfive revenue i.pol 1=Mkr#irilY+n,!An,+Mlir, 
Ondt•e Ou·Come5 roiged frorr signi·ic- osillustroled in m • F•per [he SSEG toi{ 

reven•e growth •c conside.oble re•enue model Drcv'des o w/Iul 1©01 through which Cortoct licko Shumbo, 

loss Some gunicipolilie,cherge/ghlixed to €/loic irlfts that bolonce revenue 5„Tonable Freg¥ Al,co 

chorgescoupledn·immvrousexp/tariffs, Pco'cclronwill,•alrinvesfm0nf sigiolswifl,in Tel D21 7023622, 

while o•her nuricipal,lie, chorge low bed erch municip©11¢v. "040@suslairabl,"za 
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TID rollover checklist and timeline 
6, Don Toy,06 STS Associonon 

The token identilier /al is a 24·bi, field, contained in STS compliant tokens. the identifies ihe dole and time 
of Ihe t/ke/ gener/tion. It is wed todelermine if nieken has /ready been used ina payment mete/. The TID 
represen/s lhe number ' minutes elapsed since the base d/le of 1 1/nugg 1993. The incrementing of Ihe 24. bit 
field meals Ihot ct some point intime, Ihe TID Mlue will roll overio a zero value. 

All STS ymen· rreters will be offec·ed outhonsoderdor'Wil|re,ectiheselokens o base dole 01 2014 no fuftirr chinge 
6, TID,011 or•c•• • n the 24 h overr ber 2024. after Ihe TID •Ilover <ey ch•nges no e ore requ red to modoctured melers This 

beer pe•formed. wilicquire updating of m. nufactur / An, Ikens sell'I gener•el oftle, Ih s date ./ 
·nodules. saftwore und p «em to co·er uti'ising Ihe 24·61 TID, c//oled on oose Process ove,vlew 
for dual bose •i•,te. lor #he du.ot on of Ihe dole !993, wili be re,ected b, Ihe rrelers cs 

010 fokens OvE,view being as tne TID A er•oded ia ckcn@eoverper,od 

•hetoken will icve•selbockto•ero -hs pro•ess thot should be followed 1< ensu re Unlihes co n or ly use melle. rrlwiL 4.: tumd on 
11 ,re'leTIDroll al a smooth ., Bucces-ul the ID rol over bose·lote ?014 efrer iwm- their vele 70 goft,ore 

•I•i' wle< 
27*quire ch"'"'•e. „cairiedoulloullme·ersiscu/linedinthe key hosbeenupdotedo., Inulanl•doSCJpor 

Iherolloverb//Inocdilion lo Ili,s, 11*ha•e sediom be!00. spet,Ir requestlromihe umities 
dote d i Jonuory 1993 will be pquire,2 to be C.le key / orageme'l ce'.e •KMO The mele'cediticulien ies--1 /yc©uld not 
4ged ·0 0 ®se dcte o· 1 Jonuory 2014. lest fa' TID rol over Ili, cllo•cllty prior lo 
This proceawl||forcele rrele„10,13,/IlieTID The k,vIC hm been updated lo suppon Ihe 2014. 30 there •5 0 sn,all risk Ihat :orne of 
stocknewetozero looicc oreeusl¥ used vigraded secur,4 evels in corrplionce with Ihose ™•rs rr•y no correct y 5 ippoA Ike loke. 1.om being occepted b¥ Ihe meter due STS 600 4 2 o. ciso ·0 svpol the updoled TID .I|overk/churge Lki,fies£,ndmete· I lhe TI[) trock ie5etr the l•, chonge orcals secur,4 modu es (see belowl. he KMC ,·ill 

rn•nufadJrefs m65 selec, 5amp es M these <•onges the mcte, <ey ot Ihe •ri•e lirne. supils/ele'ocykeyrr:orogen·enlprotocols. mele.5 ond res'bn,1 11,em / testng. The 
A process is Iherefore requi,ed tu ollow for lod,+ese,Lr,4 rrodule S /5 4*/•ion will dc ·he tesl f•e of c,orge. 
le moncgemell ols TID fo (ove key Thz meta„ ho,cowcomplyrnv/Menbe charge wi/ le le05t impad to the u,iliries Vending and mon,/=funng secun' rr:odu/s reoloce,jinlbefield hove beei upgroded lo suppor le Alislotmeters/su.pliers 
end upgraded equ Iment wpolier. I .... this colegory ,5 avoiloble f.. le securifr evelsondlhegenerator' T Drollcver 
befir,Itio,ls STSAss.ciation. ke·, chonge Ikens. The u,groded sec,rily 
• •i™· Hoidwore serlin• module KLP· modvies hove o new AM <STS600-8-6), thot STSAres#Faci,Nes 

41004 i e requires add, onal vend,ng and man/Inng 
Accililed S•SA lev focll,1,05 are now able • 5GC Suppygroupcode 6...re changai. 
lo cerlify oil goda·ed vending systems ond • SA. Seourily rrodu e he ,/Frode polh / the vo.logs se. 4 1,4 se/unfr modules. rhese *I'l be. ssued wl# 

• STSA: STS ossie ./. module models is given Toble 1 neiv cenil coies ar•,1 'll prior comp lor•(e 
- 0,1. Virluil secif ty module • TS/,1210 aploce with TSM250 certifca·es will be fevokec che'June 2019 
• CTS. Col:crmance'st sicif elois . TS,t1220· Replgce wl„ TSM)50 Meierkeycho•geprogrc•me 
eenefIts el a TID rollover and STS I !5/256 Send to Prism for tirrnwere 
edition 2 JpgrodeloSTS' Mles ond sub vendors nusl develop 0 

• ./.0 Replace wil TSM500 Rfegamme lo manage le TID rollover keY 
TleSTSed, orl *ecilicloni.•*K. 0 Chalges to all //2500 Seed „lalled 10 meters 

/// Pr,5. 6 operating 
/[ull, fornorelhor 25 *mird 'mWIfe 

upgmde *STS6 01 base d,Me 1 993 Those meteis olreod¥ 
recent lounch 01 STS edition 2 specllicohons. ooe'olir,Ion boie dale 2014 do not ieed 
signi{ zo,1 ber,efils for the indus·r, on be Jpdote vendir/ a/ems #eir meier " charged 
reolised,thesebeirgi 

Vendirgs,5/ins/be.pdoled/ccierfu 
I .rhorceN 'Jgo... Ii ve... •.incoses'I1,sprogramme•villbec,b• 

.. T.I.....te fundional••i•tnesecur. undeMoking ond utilitiel ore tliug .•/ I crea·,ono•dprofec•,or Tke iew s,sleni 
will module This * uo / 92 bit will include •he enc/ptio ond hondliAg I a •·art- soon o• pos- 
stoie of Ihe 'M olgoril- -I.ea by na¥ key.load I le 'pecilicotio• os defined Tne,p ore * poss,ble "ions to follow NIST for •se at least .10 2045 in STS600.4 2, and confomonce to Re 

• . Ke'"p",0,·Thene•'14;ar·,Mel'llowfer 5.6630.8 6 PSM p.ouxej Thee•d·cuslomermoybeissuedwi•blhm 
ke, change loke,1 00:, 01 1/ ti,ne ,•,he, 

9 verd,rg ke' to be e,pi,ed " 5, rol" All vending s".5 * chosen by lh, SGC .r,er) Ths ore ,© he re·ce.M / they * p„chose credd ai a iendirl• 
eniurestn...it 10 Gier•li·i• •cyhos ..... compliorce with .en T.le station Tr#·/•en•erlhelokenpolri•10 ne' 

compron·,sed, the €ey /11 exrie after requirerren!$ Note .1 o ofter June 2019,0 le rreler 'hemselves before they 8*M 
ckint,ma TI swillsignifirant!,redn/e Wing 5¥stems musl oe cornplioN'"c •heir newl• ouicn05ed cradil toKen. 
risks assoc'Med will, Ihe Iheft of gtondolore new 'equiramenh of the STS Editran 2 suile • A ded:coted 1,eld.service teom may ba 
ve•ding systerns or securily modules of slendard'(seeoppende// u5ed lo vi,il each mele• and the• enll 

• The long//, of the STS "en is le key/nonge loken .ir 
guorcleed. Updote ive•er mollufcclu,Ing pioces, T•e STS Associolion is aioilable b owe 

• All STS /epwren, melefs thot have Meters ore monuioclured wilh o new bo<e ond odvite u'ilie, ond sub·vend/, Ihe 011 

been vs,r'g tokena purciobed Tror, 60· doie of 201 4 69 selecting o veqding key wit, appropriate approach to #ke 
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Aclion plan coi,irri•,i,cate witi Iheircuitcmers to inforn Uy mg•ogerne,i• ce•fre 
•hern ollhereauiren·e••0 upgrodelhe.SM' ne ke, moragemelen. lias hrcri •TSC55P•,0••or 
All SMs 5/ do not „ */lhe STS6 pro•ocol upgraded in complionce with STS 6004 2 

The ST5 Assoc•lion (STS'• isputing,n •|oce imusl t• URgrodedrthM Inrl,reslhe-SM'10, c'nd • ful, /•e.ctionol regording supponlor 
thenecesscwintraslrudure and hoslcunched 15&1250. Tm410 ond TS'·,1500 modes Ihe TID ·olk'.erprogroi, 
a con·.aign to mike a I "5 ':ef..wore of accklid :· cclions required: Chec' 5·of 'clion' req.irec. 
'e // 'o,low. ,/u,remr/; ord +0 05sig 
indodvise „m iri heexeculionollhe TID • Uogrode SM c. coler for rollover bit • manow.·,ndingl:.,si, ·hei-ke, oad 

and mulliple b(]58 d/e E - tils *,5 been file for·nol to upuraded mi f Iii q ove ·netri 
rolloverkeychoige-grom cr i,pleled· morJfoclurers,•en,5 •liei Iii iccuestac 

01¢ c·e reody' rece,ie Ili.. Ckeckl 9.01 octions re, Jired· . Tes·SM initialisotion. ke•·lood"oic 
• STS' to communicole le oll it' nembers ned·mwor/cional//5/600-4-2 ' Matan 5Jppi for lego/ by load 

regord,rg Ihe.ollowl pan this piuce5' 6Jeclficahon- this hss -en collpletec liles un·,1 all TID rollow'. key cl,i,•ge 
.liderwoy programmes hove beencc nple ec . ce,114 5/1'i CS specle, STS600·4·2 

• Senerolos:,donce romtheSTSA·echnicol (STS5318 9• thls hos been completed, Me•er rrcrj(oclurers 
5wp@Ort in ipipeek> ro||overaJene• r.2d test SM - rode a' ID.KJ ona •es• 

• Development/ CTS"sforthenewSM Aleter .....clure S ./. lokeis ,ilth lee ke,3 - ih 5 has be., uplate :4/ir 
anc KMC - *his log been comple•ed pred'"nprocesses I. o r M li ter lor the compleled 

• M.noge 'he Jpdaled KMC proiect - I new monulocturing se¢Ull¥ Dloduleb, and lo 
h. been completeo . Deploy upgroded SV Flhe fiel,1 - Ihs enoble them to maru{acture meterson gillier hos eed 

base * cs 5pec,Fied g • 60 £#r,OUL,•P reques}ed by SL,pp•fl,5 I , mcragen'9,1* Cen•re (0•(D) 5L%S leir cig·ome'. 
Upgrading o{ secure modul** 10 cole' 
re• the rollover bitog well os I'e hordling Lpgrade to •he exislng AM/ and rollou'l Ch<cklisfof ochnn, requ red 
01 nu rip/ base dales hos been complied· the new KMC supporhrq Inult,Ple base dote . Up// mon,focturing modul.5 -Ihis /3 FLidiono|ilv hi.5 beer comple!ed +arled. 
|1 1, le 'spon'i bility It the lA supp er ' • CHeck rollover / t,nctonolly Ilirr.pt.„ 

this has sm ned 

III am_T-63*62Ntlci•ikf.-- I =t====b. 
./mul/clurer, • Val/fact/fe 'efers with le' 0/se lile 

•U/*MS.' Il---4---4 c'2014 whar requested lod' sobytheir 
CuStorner5. 

*%21•-MULLUL• --- Ve-emmonuf•crJ,e,5 
9,1 

Deploeent •i-- 

Vending system markaurersot re.-Ito 'Em,n,hot.a,* updo¢e alllhe operationo vendirg k. Im tH'_qp-912 
re 

- 
Et»E- to ccter lor •ne new SM API o id key lood liles 

andrules -hey,1110153ber#.atoconloct 
a I '/ir customes 10 Irronge for ':Ii're 

SE....1.IM<-- upirades to be perforned im Ine *eld 
9dc-99/L-- 
*mE*0&!EL_ ChecklisT©iwinsiecuired 
Jpdate,roduc=rn I Up' fe ./lore / 20-er . re. ke, lul 
39?sses file{KLF) s/cifc¤tDn-Ihisfosstoid, 
•lartmeterma•ul.*re • Updole•of·waretchondlemwitolebase 
92:4...- doies - his w storled, 

B•M**'"' . 004 sollwore tc ITS ·es„pec. -1, 5 
ha"bled 

1 1- . Upgride cuslomer vend ng sowwore In 

21§_______-44 i t•e f:eld -,•,5 has slarec 
i Ge, contod deta Is of oll sub·vendors 

dpdatecustornernoth,are 
nu,efeld thot use their verding systerrs o.c 

·)lim,„ co,i nur,icc#e Il·ese I ·he 5TS Association 

'illes 

Uhlilizarek:porsibletor Ihe-ownrolloulphn 
/ · ie TID rollover key ""gesto Ihe le. be 

92•2«ZEZZ---2.•22212 
dole k- enust beser upbytke/lities 
the·n.*.ased on the timirg requirerner,15 0• ao•Ogtto aU areas .r p••gram limelines -h,8 c©-101 the pro•ecl 

-1 1 
22¥™a-«dc,S -_-4------41001*2252 ratim||7 Ill. in,„t inporbp: 0/ dillicull o 
®gldesMISTSSWilh le a,ilire p.ogrom ond mus¢ be Ihought out 
*ba..teg Ihoroughly beloie im/|e,ner,lot or 

CHecklist o{ octions required 

• Reques, le vendirg sysle·n suplier to 
Ove.o'PA,e=*,0,1*me/ine JPF' Ihe vending ™tr n *' -5 iR„td bv' 10# •al,Nifired Nole 1-s :n b;ue CompjAo 5huded 0•' 
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, 9 ihicass..here'he dilily hod oevelopec their ©wr 
Appendix A (1•lormallve) •end igs,sleni,Il·eulilitymus•dot,eupgrode 
-The ST5 Edition 2 d.cum./. comprises the /1/wing documents i D,vide Ike i,"stolled /58 ©1 me" Inio smaller 
IEC62055·41 Inur agemble/FOLDS forprocessing Ine gIC Jp /O 9d32018 Fleclri-/..tering-Povmentsyrams-re+41 Slordard e 

frensfer sce:ihco·,or ]STS) - App i:Mion la,er pro•ocol 
lore,e·.vovtokencc·.ier.I-5 • Decide on key chonrle p·oirommr opticn 

I 575101·1 Ph¥s,co loyer mecharuco[ and electr =.1 In•erf•ce 10· Con/le I ./romrre for ·he enrire <ey cliongs 
vi•i,01·oken cor, ers Operr.lion. 

I |11•Ul[,1.||IJ|8pluy//*pecally/eer..sloners) STS 012 Ph¥21] .eiwotocalfocoMwc„irM|lokencorrer 
und f¢r remote •or,ection over DLMS/COSI region£ 0/he programme deta,5 

• Slirf tiep·ogramrreor o p,lotsile lotest ·he 
5TS201 i Me•er f. vion obiect: Ragisle' tobie 10' poyrrenl melers preeesses 
ST5202·4 Phy=01 |.8. pre.©colforo /0 ,•, vidull lokence·fler • Rollo.tiolherneter gr.ups 

fc•dire(· Ic¢.1 ¢onnect,on 
• Er:ure the, le en·ire programre is con/:e•ed at 

/5202.5 Cki. loker exlen5ion. 65,cie,eor belorele TID.cl overdatoof 2024 
575202 6 A......,reine'llor val .ys'.5 , Assoonosilie „Adirgi¥slemhosbeenupgroded, 
STS203·1 Method for del' po•%/ 1,ete· vol•ei {or coilononce r•ew IHi, eters sho,.Id ilslruct their meter 

venble nuriufoduretho'emeterson 'se·dots 10sling 
2014 

ST.53' 6 (ED 1 9 Co·nplihrce lesi 5pecification - Quolily p on 
Sub vendor5 STS I ·10·02 (£0 1 9 Enlit, ·,pe A - POS +0 tol<en co.rier inleroce . tion 

loyer prolocol lor DOS de•Ir• •upponing DKGA=02 Sua ve,clors ¤re rnsoonsible lor Ike mile / plor 01 /e 
ord EA=•07 and op·,orolly DKGA=04 c id EA=07 key zllonges to Ille new bose·dafe on meters Ihot ate 

95531-1-0-04 KED 1.93 Entir,lioe.-POS lo oke.ce·rier,n•e•a•eappl,cohol urderlheirdo -IN,crnme mistbeset vpbylhe 
ioyerpaio<c' bPO5 devices sJApcning DKCA=C4 sk vendors/ernselves boxedor,the lirr ig rec•,remenls 
ord EA= I and op*,onolly. DKGA=04 and EA==07 0/epigrammet,Melines -h,spodofteprogranine 

5-553'1-104 (ED 1 9 .... A- POStoloker c. ieri•oceopplcolion is ./1,4/9 ..timportcit'Id dificul·of le ellie 
loye, pro/col 'r POS device: suppo'ing DKGA=04 progrnmrre ond d te ihougnt out 1licru.•i» t•fors 
ord.=07 ,•plemenmticn 

ST.31 g lIED I Q E© t•pe B - PCS lo loker carne, in* * Cl'eckls·ofodion,requirec 
ter protocol for TCT = 01 and TCT - 02 

• Re/Les•thevend,ngs,/emi/*toupgrcdelhe 
S. 5313 <ED 19, Emtilypel-Tolden=.ler Tokencome,E/TCT =01 •erding ·ystem 

ardTCT-02 
• Divide 'be ins'olled base 01 reke' into ima||er 

S'55R14 (ED 19 Enlt, I,pe D. ToKen corier 10 1•e,ef ir·e•oce piy5. ma•ageoblegrouosforprocess,ng o. group.ro 
lo,r pr *016 TC" - 01 c,d TCT = 02 lilla 

/553 ' 5 D IED 1 9 .... . Tokencolier. mete.in.ace.Plica·ion • Dec de on the kerchinge orogran· 0,11©n 
..prclocollor TCT=Oll...=C2 • Corrole.progrom.efor·heen·ire keycholge 

5-553·6·1·07 (ED 19 Ent,4pe F - Meleropplicotion oroces,{or TC = 01 cipero ion 

and TCT = 02, U,ir, El=07 * Iriforin all 1.Jle F]I{Iyers 'speclolly Ihe end·c'·orne' 
5-S. 6111 (ED 19 /1,·,/e F - Meteropplicoin process lor Ta = 01 and regior: ullhe programme deto 4 

Ind TCT = M. u-'g EA=11 / 5Ion I. preg uilrre or I p I. ./ 10 ·el i. 
ST5531·8·I ED) I .9i Ent t, Iype H - PO5 lo 58cwrt, rnodule ,•,•edace process. 

• 
5'553 ·8·2 ED 1 9 E*il,frpe • - POS •0 *,nk module,nle0ocesuppoding Rollouttoolermpt.,grou. 

DKGA=01. DKGA=02 OK/AC4. EA=07. ond • Enwre *101 the e/lire prcgramme iscompletic 01 
EA=ll 6,· one Yeorbeloretha T D fC ;Over dcle{,1 2024 

STS 9 1 · 10 02 16 D 1.91 En·i' 1,•e .1 - Security nlodule 10 PO' inle·{ace i 5,5 500,1 09 6.evend,10 sys·amhast,D,nupgr ]Je,1. 
ado. lo¥,r prokcol 10, POS de. i,ew c·ders b melers sh..Ic Ins,ruct lei ces 5upp,Iting ... 

DKGA=02 ord EA=07.onc opr,Molly DKGA= vendor 10> mor/foclve those 04 ·neters 0,1 bose do ona e 

FA-07 20I• 

STS'31· 10·04 ED 1 7 En ity lue Hi Secuil• •od. e l POS in/lace Toots/speclfl¢/oirequiring updoles 
cdoploton layer pro1oc•1 {o. POS de.ices supponi•g 
DKGA-04 .,rd EA- 1,0..ton'll¥: DKGA=040nd *I•leCL•t•odrneiv- 
EA=07 • The updale clhe VSM" caler b new bose dates 

/5600 4 9 Re, monogemen,5,/- hos been Compieted 
S-9600 81 600=,5ecurilymodule API iar ST&02. • Aliwinpoe / K using 'S'Aolo•Gled ke' 

f ST5600·8·2 Le./,secul/m.......0•I • Updole ISM to nondle new KLF specilicalion 
STS608·.·3 .-%·it,i .udole.. STSO4. • 9/'ec'sgpdoted/M 'r use 

STS60C·8·4 .egoc, Recurily .oc,le API for STS05. Nesisys AJe soecii,co:,or 
ST560¢·8·5 Legos, securilmodule A'I {0,5-505/ •• The spec culion •T 240·76627071 frepoid Meier 
STS600·8·6 5ecur•y module API / ST56 uplwd stondarc Rev4! ma, be colairec From Es<cm 01 
S1600·15 Ke, wmagements'sle m 'rms a... -r....Int elk/m ro . 
STS'800 7 Ma•vloctwi •g g•,delir,@6 Contact Showrt O'hei|, Prism. 
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Condition monitoring for asset management 
in MV switchgear al eThekwini Electric, Ty 
by MP Loko,hwoyo, Sheila Cri'p Diplorro, N ZJU ood PM Njombeo, ITA/kw·rn, /,clric y 

The airn 01 eThekwini Ele,tricil ts lo operate electrical wsets in the field withoul any defects at minimum cos,; 
hence. improve smice delively, ingrease safeD 01 personnel ond equipmen, and ensure mupolional health 
end sale,y environment. Electrkir, disfrlbulion asseis comprise overhead lines. power transformer.. 'll'....., 
trunsformers, swidheear and 'ables. Thls paper is 'enlered around medium voliage {Mv] switchgear 

MV swilchgeo· is exposed lo vor aus 5..CS 
dilring gm 10,1 701,4 dischorge ('D,1 PD occur 
Ilcilvity is cons< *lor source 01 
defecl i• MV 9.11(:Egeof Ir,%101,¢I [1]. 
-herefore, P[) deleclion ond loconon 6 0·1 
effeut,2e .ethod I revell Ilie iosJ|allon IT Nitric 

Acid 
lulld,!101' Irl MV swilcligeor. The osse' Eled,Ic Electromagnetic Acousl c GOGes . managernenl •AM) pl¤n thal inro porote LIt on line F. dete...lows :or s·mlegil 
decisior based on ossets· •D •cliv ' level 1 1•317°ter 
+ be taken anc ·esources to ne deoloyed 
efecrivel, TEV Id curing olatined ouroge Ligh• 
T. cao,!01 n.*91 mode tc drll,er LJ Heat.••ozonc[4FW 
elecli:Ity k• tie 89d users musl corre]01€ 10 

he monoger,lenf ollhese Isse!61'rou#ouf ¥ 9 1 Energr err Nad do.i.. uchvdf 17 
•her IiI 5pan IZ], Tius. tke n hol gteo 

In Inp|errenling I condric. n·on, tring --*•* 
pregian is tc coll0d end arolyse Il,stcncal ill./. hr•18,11•. 

lollu. records for sin·,lor t'pes I osse' This RF 
he p 10 Je18rmine Ihe cuuBe ond r,lagn,lude 
of pfobrm: und resrurces're a<•proprictely 
ut lised iii r•FO||.9 ah re couse5 According 
" [' . 0 1,1,ge r #mber of SUbst/ior deteds 
arig inole f .<pm nsulnli•i,i ./ilures os •,ese 'lled 
in loble 

Thi• ooper focuseson osses5:ng the Lolclhon 
I •e MY smk,Fear using on·line p./ 1 ¥9..#i.- 
dis{ iurge delecllon teck·,olcgy •liso•rervie•i 

el o. line P[) .le<,suremertsord MI 

&/hgecr *{ects w'ch wern ioefi ./are Tri / 
pres en,ed fir d discus:ed 

Asset monagemen' / 2 •liem.J U ... 

Aic./.10 13] AM,5 the p·ocess 01 

rno,limising thE• return en Iniestmeal ./ 

equipmenl over il• enlire lile cy•le, by 

Con,pon.f irgulolion /11-• 
Tron.rn••s 84% 

Cifcull oreakers 91/ 

Discennels/·cn/5 ./ 

InSJIaled •wilchgnof bu5 95% 

RUS.lul 90% 

Cable 

Coble i..$ 

91•il.w'ol*_a_ 
I. f ..lion 5ys,em Ii;ure 5'.5'ic. J# F.g 3..con'acfor "iwl/#I U[]fle• 
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a systemolic process of 

-94 
reloling Ing,ieering 

,t proctices cnd econon·co•oly. I mQ®ge 
eleircol assets i. c cosl efleclive manner 

There ore five .. of ./Sets .1...un 
•hal,leed to be consideredi. achievi,g -hi 
orgon.lionol strafegic plon 50ccessfu!4 MI. 
M includes phisical c.set5, humon owels, 
dalo cssets, f•noncill assels ond Irtang,ble 

t Mets. Cos·. r sk aid perforrnoi•e •re 

'Free pillar' in managing the Ide cycle of 
MV wingeor efedively The /-,bules 91¤· 
il,poc•switigeor•moininglileore irsulation 
6 lure, liechonical proble"improper coble 
termino·ion, {o,IL'e • Ils•ument 'ronslormers 
and mo Huncl cni,g. Ris< emluotion onc 
prioritisolion mcsl of Ihe time poses o ckallenge 
in dec son rrokinG prCCeSE •Or AM *n 
CM Wprooch *sed on PD delectio, in MV 

iL 
switcngearalls Ir oropef dec,sion mok,ng 10 
eitherdisposeor repair ·9e mctured swilcageor 
complete y ond Cope• ov•,loble ,5 u•ed 
app-opriotely Ilisill·hiswcy•hoICMsuoporls 

hkiE. 1118 W system end allows for oplip"'Illg ossel 
pefformonce Q· c reduced operoli• i. 4 

:lt Condillon monllorIng 

Fa# ol drsci],ige concepi 

According k IEC 60270 [41. -PD con be 
de 5cribed oson eleclricol pll/. or d,•charge 
In o gas filled .old or on I o,Blecir c surface 
of o Eolid or liquid InSU Jt,Ur• &•ter, PD 
conde,elop ine,e'Incol/5selsuncer normal 
working condilion. It is coused oy number 
of 'co -5 in//rg irrproper ins,0 Illion, 
ageing molukou•ngdelects, environme* 
an<d lAird ///, dom©ge PC ir electrcol 
insu iat on is caused bi void or Hows ond if 

lelt undelected con evenlioll, wiled ·o full 
breokdownof InSJ|0110nqim. 

of popoIJ insulctionmalerials Thus,!hede.eclion o JI•„FILZ. 
increcsing theser: ce|ile olele#lo'sets [5) 
Bycofly rig out cr,·I,ie P[) lesling i. mon,·oring 
crticc osse·gillspo" D|ek>providsanecly 
warning of pending M/lot,0, foi ure PD 
experence hasshow, rhot eorly PD detection 
follo•ed by remedial ochon lead 10 8 mplera,ld 
lov.er co• solution moinienonce •6] 

Theoblill k> comprehend Reor, 01 PD,svery 
helolvl In i'*erpreling the PD me¤su efren· 
resths PC oc v ly behaviour 15 greolly 

-- hurridi·,J· -ow, humidily con co use PD oc .ily 
I d Cl.,ef r.... I } / .,wille/r p...J to b, undete<*•le onc deve op oga,n whe, 

hurrid,·, incregie• Fig 1 show energ, rypes 
cm Med d / ,/ PD od v ty. 

inax,rnising pedorm¤ra and n Ir,mising use the equipmenl service life. li guorontees PD cle,•itic¤,•cn 
40,3. AM Is ihe well·orgo'ised use of " rm,col Osse}S will continue rneeting 
resources, with foc,s 01 increa•ir.g the the mendotory level ot pe•ormonce lor tne Two hpa of $ can be Ide, I,{led m MV 
remaining J 5e'u| lile Of le e'Jipmenl. Il: duralcn of *e Ide of the equipment. From imthgeor. none y surlace oischarge ond 
ult,1,0//pose stoefiectivelyandeficle® U.elecincit, dis•ribuhon per50ecliver AM Is In,airlf]Idischarge141 
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I Su#ce dischotge WI,en slice flls 
prese.....occursocroisthesurfoce Gcod [,ark,io•. N• o a•a,vublt/ee•s,rcbla d,•a•ofoh•,i 01 le ins//ion which is worserid by 

Folfvol'llil....slobc. flooling con·on,not,un oid noisIJfe Mlroideluriorgllori whi<h rmquire! I•o %pecil• idi 
le©dingto eroson ct Vie insuolion .5. 

Mol,/ Olten dele.»rlie.i ./C- M .P-ed I moislurs Mbine, with le NO* 11-20 -rleo.fi•,rgorerock,fg 
i,Nce Rein*,cl,/30co,s 

pses lo produce N,Iric acd, which Aclion,w•wirred S.ingD,sporkin• .oJ[de•e.rugniterni=•nnolbere•uradlo altocks bolh the inw *n cid „rundirg >20 
of,enid wilhlhe £ nakec 60, •em•Ce' _--1 melg work, whi•h can beco•e seriously iOUt/*••bng,riaefi•gue.I,0, I 

rusfed In•ii 'cilion surfoces oked .lo 2 U'·-unic brsuch rik i, :e.ral•har 

1 ac,d 01+Kk Fir,iduce o„ ideol "40:8 for 
Ming I occur Tiacking 15 ihe result 01 
corbon,81 0,i / ihe 5/w 01 insulollon 
b, le b,eakdown of con,on·incres m :he 
ea•ystoges•61 

• Slce discl,ci,ge deleclion. The h,gh 
trequency 50,irid waves g enar•ed oylhe 
par'fal d....rge ./.vity en le 5/,0 e 
I ll. insulori -01 lie detec·ed us/l 

40 "11 ronqp ullrisor, c detector •6 
Quantifying Minol,snes• / 01ecled 
IJ•rosoric s .Ills sometimes p&. I 
cholle,ige onc Ihefefaie, +u•hai visuol 
i•ve•ligmion ts needeo i,re,pective 01 
'e signal level Table 2 presenls risk 
inicroretolion for surface discho pes ]71 

• •I'er//1 ple'l• disc'orge· Inler!,01 'D ' 7 8/sbotsh,rgconre:+iono9 11 k.•...rpoi• 
occurs wihin Me,r5ulot,Qi moler,uls 
and J,mused b• cgi, poc· maierials or 
poor quall·y r'ignulodii,ing pmcesses 
151 1{ ollowed ki con'inue, Mentvolly t 
co•ses the insulclio, to 6'eak ac.n 
colo;tioph,coll' 

. r.k.11(18#aeed/ecf,on Thed,schorge 
oclivil, I Ihin 5011' 1/5uloiion <on b. 
dekad using Tronsie,1 Fl voltage 
FEV) deleoion The TEV .eosuremen' 
technique /pe.ctes wl-h,r• o bondwidl 
0, 3 10 70 M Hz, to dercri and locote the 
P[) 5ource Tioni le pl•050 Imill...0 
eorlh usual y coused by voies •d turface £ 
dischc,ge 10 eorfhcd meal•ork [6 
Fig 2,1 .1•01.1/ 1 EV proct;cal Colcapf 

When o disc iorge *curs Q smoll quantily o• / 5 •U,ki,ig no, P '.. cil#, po,•I 
rel chorge is liansferred copociliveli 

/3/1 
an 

the live conduclor to Ihe earthed p.... ..perience old anolysis cc ·bon discharge -d o bobble on one 
et¤ Il.cloddirg Due k le skine/fecl oi the ph,•sen Possible cause. Poor 
e 1/ns,unt vol/ges on ihe in„de 01 Ihe Bosed on /e r,/ imerpretotion ,n 

workmliship· 
metolwo•k copol be dire,4 delecied Table 2, serlow, discr,crge O/,vity we, 

• 
W switcfgeor,ob,cles Tredmig 'Ts Llcolor 'elding. outside the swil/0,•r However, 0· on Ide/,fledon 1 ! 

44 dBuV ultrosonic Detcc*5: lieeing 
opening i. 1/. met' ciodding, such 05 The pallned outage wos scheduled via an and tme# /15chu,geb Pu•,ble c•use 
Ihe g['ske· ,/I· Ihe e m[-•onogne•Ic ¥.ove Elliose o=et register The visual inspect on irrperlectim in the Imillalion 5,stern 

spocelThe con prop. gate ou, i•to 'Fee Arding' ard oroli•Ls ore pre5ented next. Ci:: t,2- Dil iJOil sub•lf;on 1 I23 wove iron·Inip,nges o• Ine OUM'de of lhe 
nlelol cl(ldding generoting o irons,ent eoilh Cose F D&/nb,.·'h>,·7 ,·bs*#2,e 4;3 I /,J5•er C.}f]// 'D 0/0.T reading. 
volloge on 'he metal surioce Hence. 'he , Chaer connoct. .occtor Reading 32 'BuV .I:rosonic Dels· rus 

technique is colled TEV lof ·fors,enl eofth 34 dBuV ultrasonic Defkts. Sevefe and loose clusier con,oci lingers 
volloge TEVs,g•!swillpfopagoletromoll ruling. POR/le Couse: 'Hric ¤cid com©.omises the mechor,[•1 Sl•eng' 

produced b, combrd on 01 moisM ..olchombers, ie thetechnkueconbe of#Mechjs'ar Ak.r&.use'... 

opplied lo gm ins•I¤ted chombe.5,0$ well end NOxgosse5 onocking Alollor and clusler con·ocltirgerc ond meck•nic 
gurrouniling me•I•©r• on the rlus/f ton,ock creoles 

•I 0Tc ble 3 'ZZ, 1,1.,ce•le• 
domage 

•OF • fr.... c.ble ·erm,no'lon· Locoll· on '*clive wc¥ for poM 01 dischorges 
,)•osonic. Defec's. *dee/jop internal d,Lcharges 171 ..,eg· 27 'Buv 
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TY P 
Discussion 

-he . meosure•en· ·.sults in con,uncilor 
whdee•W• •d dm•hM D 

E 
testing 'MV'wtchgeorisone•cellenlonline 
morto.Irgld P/mcniloring de/f esr,sks 
o'L,lure InMV 5wilckgeor Theuseof on.1 ne 

--- tfended. Voreo•er, wages ore plonned aic 
iepuirs con be buageted. ny=EUL=Uns 
Thi• oopef lic,6 pre•enled o concep' c,id 
i•plenier,!clior, 01 asset conditon m *toring 
I. ill swl·chgeor The e#ectiven/55 of 'IV 
swil•igeor cc-,di•ion monitor ng 60$ed or 

Eg 9 1, .s.Mhgeorcoorefermi,oik.Il,Jum an orl,re P. ·es#ng ha5 been succe5•'u 
iniplemented, PD Iheog * been used to 
6/or unde,slond tie yes / delects iii 
wchaeur corn»nents. Vhibie ev,dence e 
FD •jefects and pcssible causes have #ee,1 
1•]21111'ied ind discussed The swilchgeor 

.-4 06-4 ineasuremer- ce.Illogelhe·.the Idant,+ied defec, *re on//ed and solutiors Qcioned 

2. ef cierll, orde Ned,4 Ccndi·,¤,i mo,i, ¤,ing 
is or impo•an-ele,ler,1 of 'wers/* 05sel 
moragemed 'ede.,scinjoraploce/repo,r 
•heosset sach,evedbel!er/,enrhecondiw 
stotus of/e et s krown. CM enhon<85 
re abilily ind cids in Ide extensior 01 crtica 
asselsinpowerdi•ribulionsystem 
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G.eole.i'ual.unlipo|• G•fry,/wogwa 039 79• 6600 POBo*1423 Koksiod 470D K.•0£liu Ne·/1 

&'erlel#*|I Heni p B•mmer 015 ®99246 POH••36r M•di,HiIM•«0835 .Impopo 

Greoler T!0•ee••unicloolll, ./.Ilse Lel©pe 015 307 81,5 PO'o*1239 Tzoneon 0850 Lini•,Do 

-quele,0!Mun#Il Ju:,ink.h 028 718·8600 PO&*29, R.. 6670 Good H 
ee·. _ 

In60,&.160®/Munl[•111' Cwi'Mo.I 036 342·7800 POB©*!5 E™©Jl.3310 K.az.lu No·I 

In.ubo Yelhemba LD,¤1 Mu* Il 5.-i Alle. 048 801·508' PO•*24.C•ack, 5880 E•.r Cope 

AP.•r••loe'IMi,•,cp¤|i• JoionvondMI,Be,9 0,8•95.152 PO Bo, 1 13, Pelchel.Iraom 2510 ·1161.14 

KonnooidlocoIMun•el- Thoma,Ill/n/le. 044302·1603 PO Bo. 30, L•.th 6655 29- Hop._ 
King./.in.......uncl./ I.'.be•oll...Jw 04.01 4•07 /080.2.Mr'i,•,50/ EJ,le!, ./pe 

+ K./.IM I.".•IMy hirllorip-4 044 302·6300 POB©*21,Kn'.6570 •ed Hape 

49 MunicipA Vicio. Felton D42 293 I POh'. pprn,•An• 6330 ./.ir, C. pe 
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Kwoduku#icion!,4 SM.0 032 437 5087 PO 80• 72. Ky.•kU20.4450 Kwazulu N./.i 

./ Vor,iei . .6 8266 Pr•1€800;2.•kon.8715 Lcou lop• 

L.kwa •ac. Mu„icip¤Ii' &•Mah,in. 017 712 9600 PO Bo,66.Si•nd.·mn, 2430 *1•n. 

EMD.ocons 014 763 2193 Pr•ule ./36. •wphulgle. 0555 6, pope 

t..d, •cal Mu.0/1,4 Jccq.ell•e Mbewe 016192 0240 Po..15?29, Dalp.•8.-,1552 H.•I 

-dikere Loccl Mun,co/lit„ PO 80* I06,53 & Muditerglo•,IMunic,•ul,1, Wisdom Illabcrg VO. 012 318 9372 ./. 
• d-t I:, 0250 

M¤1= MunicipA M:omhle.ld. ---[2•6603·6062 _f°E'L6.Grahom•,•wn, 61• • »CpU 
M0101:wu,Wc...c,•0,1/ J.5eph ./5/rere ')51 ·,•2 2406 pi n '/ 31011.41 v Lorlh, 9750 IF- Siu. 
M•,Am.Loc.IM.ricip•Ii. Deon *chl 027 201 3314 PO Bo• 98.Vr•un.1,8160 -,6.od'o'*- 
Mbombel•localaunicip,]li• luco -oberg 013 712 8805 POB•33, Nel5•ruitll0C I.,imelcrgl 

Mnicion••Counci Bee Sh.e 01•758965• POB•*3,Cnil-•WI®2800 •lio"ew 

Met#leMun,co. M.5 0 P.•Inw, •728.10 PORA.Al, Snin|6LJig *47 Free 51- 

M./1 'cal MLI:€,pell• A•oulcil 0!63605810 POBo,9,Mu•..1,1?60 High.hd 
Mkhgli• Muli,upgil. •Ilied•mEMI 0 7 826 291 |PI ..21. P. R./.0,80 Inalang' 

•d»11&LAr•IMunicio•114 Ankoo• Ed*a•=b 014 717·1254 PH.*8*•-imolle 0510 Ump. 

Mugo/•wen/Locallu,1,0/ Johannes;oJ I 015 491960 POeo*34,Mokopone. 0600 ,mpu•D 

Mogalo Ci, Local Mun:cipD,i9 •la Pre·o•us 011951·2440 p..'94, Kill.*'1740 .... 

Moq•-unicipali• 056 216 928• PO 80*302, Krocr•ad ¢500 
fiFi 

al Any [•o"Al.nicipolily Peru.Hur- •044 606 508' - 1 pe S.,;. Mo=Il/•ell 1 • Hape 
ndl,2 Munlcipal,ly 

hya,igei,k• .' I .3 399 5006 111 14/v I I '.•'.Pil'Grill. 3201 TIll 
K.oz.1. N.to 

.*-*bane Ar•,0•| D:udlu +26824097049 PC>Bo*I,Mt,bg-11,00.Swo•,1¤nG '#c•ion/1 

in• Local Mu./. Colin,Mather- jl.:,3 4 6100 Pr••te '.0 XI i /' inO 0900 .r.... 

Nnmoll,Mur,+14Spfingbok Qu•nlisT,1Js •027 /I88100 POBo•17.Spnngb,*,8240 F'ans- 

Priel€3•gl3388 3 J¤ck·09!(oil,•,JaSrf.et, 
N¤mibia Energ, Irl- liel,111=/ •26461207•154 \•,inchoek I'll'111111"I 
Na,npow= -m/•u. •6461205• It PORax28. Mndho•6 11 hgmibi¤ 119 Nalso•MandelcM/,·Declil•rMunic,nalil, Bernho,dILomoui 0/392€18 POB,i !16, Pep ElimEelk .. /51ein ./. 

N../.0 Mullipuli. P•minni XJu 034 31• 296 Priwota + ..1 Newasle, 2940 |Kwoe'lu Ncll • 
Noied Eleo,ic. Fron5'elliel 065 282 -2105 '08©*630,0.don•v• 

C•'Ple.Jai EleM, -*%. +2646 822 0229 , PO & 1594.0.hokall ' Nurwtla 

Oudi,hoc,9 unicipolit, Cori G.•11 044 X3 3159 POB•255 Oudslhoom 6620 Good•owe 

0-.Irand'Auni,i,¤IiI 1(0¤s du Pieig,i TII 028338C0D i•°,3!·=m7200___ Good ·lop, 

•#ilt,polil, k.rli•us Bluciw 053 474 9752 P I.l e Bog X ........ apelic,0.5 

2 ok.vo•Mul,• 1.4 I. M.,se,pl, 015 290 2686 PO Bo. '11, lok.... .Implf,0700 Lrn po 
f Nkon,€r, 

I.lic,lal,1, M•ndipho S- 039 688 2015 PO / 5 4 Shepsto.e 4240 K•czulu hnt,1 

F-obw'Mu•i,ip"y B.,Siol. i 014 590 /70 POB•16,Ru•nbuie 0299 Higbvel 

1 I .Inh' Bly Lccll M.lic,Ill, Jc•09 du Plens. 029 7/7066 PI.ue 80.12,•red*g 73. Guedhom 

** |0123698000 POBe.2094,Pr-,ic 0001 %1' 

5eti¤i©Loc•!Munic,001,1, Artur-ohn Addlqnll .l e'99 PON, 6 Lrwhirg 0710 I. 

-Pir,olleMunicp.. Orn Gio,-eld' 053 830·6646 Prii.te .........00 COP, Midi.no' 

P ri. ·I' /rleG• B'd90 Flo•, 2 S•Ilanb¤ic'. Selerblch Municp/•1'r, hombulelo.unc 021808 8335 r•ud kage 7600 HI'lli' 
5•ve bh•ela Mu•ic,pnli4 ..10 lihmgel <holuk, • 013 249 722• I PO 8,14, 'Wd,lbul' 060 .umulg 

bg I| Jri• M Jill Ipa| , Roaloldu Ii, 22 48/ 9400 Pri.rM .x52.Porno-299 Good Ho I 
5wel!0ndem Munidpu. .I=/ Ha•I !028 514 8500 PO20.20.Swalleadam,&740 0•!Ho 
Thea.a·,rok!•er Municipolil' Fronc•/ 028 2141628 POB•",Coledcn 7230 Gred•o 

C•Wolon Joh=m 
T-ing 1• Municipali' 053 948.0900 PO & 207, D.luremlle, 2770 Mulnt]Oy' Pg,1 •elo &/ 

1 

MInlei •Aur,Kipal Akr3hom le G'cnge 033 473 3110 FOHo.27, F5'owe 3815 K •o:u u N 

Umng,niL=IMunidpnl,N Phokom•IN•Ble 03323•9245 PORod, Hovick. 3290 K,=.lu Iii-1 

h•ni..•|ir, MIDI:D20 O•·,obe 0334!3 0148 PO80*71.Grn*•,3,50 161=.1. •- 

Wolter 51,ulu L¤£01 Munle,pol ·y 1-0,16 Mn.-ne 05! 65317. PO..13.8/,••le,m, 9744 | E....Cap, 
Wike'berg Munic'.1,1, Pe- '- 'Ir H./4// 021316 8540 POBo.44. C.,0•6895 Ggod * 
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Abercn•Ca61,1. .... 131,• 3•rborn Roae El-·anlpin, I 610 'IG'.1,1 

*OM Linky */ 01182C 5185 2 *rel<oud, Kvighls Bok,4,1413 Higlveld 

ADL Ener€ Trpvc, Rax!* 01 397 8168 POB. 1365,Eden•.1600 -1.6..-Id 

Aa.o•€ed T•,min•tiori •rd J©Inll Johnny Coeriae 012 6613677 Su+p 383, Pri* ang' ,32.r,luii. r'/46 1/.d 
Air,rn Erer•¥ 9.. ; imbelh H. 01463 ? . POBo*3738. Ciommr•c•roo•Q Dign•eld 

AiriB Nic wa• Huls 012 664 5688 O.*17374 L*0140 Pigh•eld 

Ng·ek• NEcrhoNg• 011 357 8900 l Jn,1 2 PDplaf •locc Cle,vil p 1665 94.Id 

AinhrIA SA 0•Ha-r09 011868·3783 -200°*587•, 'rod:.......1,1434 1•igh·& 

Pri,cluB,g*34 3@I Su c15 SamersaIWeil. Alt»i +•s·[IT3468·2012] T.'i Tiele° &.pre 021 850 0$70 Good•ope 7.29 
Pr.F-Fund 

AndI,3D•• 017946010 /08©.4332,·i©,i....4J H... AJ C90,nuud &Cu 

Aleclril In,rid Pplmel 021790 1665 '08"2,20. Ho'Po, 7872 Hick.. 

A•To Qui# ' mprea [ C 11 89•.8341 tpo 80* 6699. Ouns*, Higk- 

Ced,- /,i' 0 1235 7640 I /0.K .74 Rull/,2128 11/1.Id 

L.ConwINng'nGiM• Undo Cele •11312·1569 P08/8587, Miciand/,885 111,•W. 

Scoll Moir,scr 03! D C 0900 101),InneIRQGd Ben/.e 2194 Kwn.,JI No,/ 
4 

Mor•h -'11 763·2351 1PO•*500.M#bvI= 1./.d - 

GBE E- Tab i %0•lie (*7 150 8874 POB©•786C12,Sa•c·6nr?146 i Higbvild 
044101·9700 ./Mo*1862,08-,6530 •Good BO[Consh,GE.aln= -2.r•devn. Hop. _ 

Go.dor A•u, 011 2380¢21 ' POP- 17. Oli.....le i 465 H,h.41 
8EKA·.* 

•Johon Ficts' 012842·8700 •ip.'29.Inno·.clio•Hub hionc, 0087 •111,ghweld Bi-0 SaN,ies 
051337 0600 i PO B. 115 Uvi,iu g• 8800 

BVIC•nsullingEng,liu•!6 

CBIEI,09. Afrc•r Ca•le. *#8•. _516430·6000 7280, 72. Ve,een,ging, 1930 • H on.•1• 
.4 7090 •mefer 0 I PO 80* !92. kemol•n Par Hick.Ad 

C-G C,ble Irmina!411.5 

CEO ·C...1'* el. ic. D-b•,0· [)•0 e E.le.hulzDn 1041314 8869 POBo•800.'ll-Esiole. 1•92 H,Gh.Id 

C...le•Mml•un·».I//1,1 ./i/& i'44874.!511 PO Box 9651 George 65,90 Cocc Hope 

Coch.•ne9.1••Cli De•nLe"erin• 101,394·17. 1125'-e. Road .=..0/Fo• ,/0 H.lid 

•n9neg•606 0,1265 360' i Pob.,0,/2, Moand, Ma5 F 04.eld 
Combir,ad/*/*slig•lions 

leuni,er & 01! 608 8520 POBo•120, Lin*P•.7066 1,1-W 
M.Imie, D:··Ih 

031268 1,1 _•000•2339 D,In =DCO <..0... Ncil, 
Conlog 

•* Consulon,3 Ma'va'-25#te. 1-89"60 _ 087150 7044 Tpo *4 09. Ecarai,d 1462 H.Ild 

-Pe•,1**k,e 011026 340 PO.•87,0. g•o' 202& 61'ilk,Id Contil.!Air,clw8rS6pD|le 
1 -lsgui. Mood•• 031266·9746 TPO.•37720..*rt,4007 Kwoeulu Noial 
Conour Techne110gv 

.nand d. Wng. 075 344 2420 PO Bow 11059 .. tein .Mpr,i,g•I. I 912 Ea'le,r Ca) 
CTC:0001 

Y. Ile va WA * 880 9915 POB,PLS,ellan..7599 Goodrop. 
CT W. 

0/ 5. 1212 POB©*2=7? Durhol Nallh.£016 
EJAL·i,ine,ni. 

/9/ Chelt, 011 8481400 PO Bo* 78. Ndl. 1687 Highilld 
Cull,1 Ale 

+4688363·2603 In e iation' Slet/,• M,Jlling [Ilik•/9·go,·in 6 5,2112 //c.kolm. 
C.*le.'ill.-48 

6-a• Mood' .7 351·6159 POB©•275,8 ue¢aley'llf Eale' Con·glon, 0096 * " 

Dill//- 
uwpndill.... 03, 266 29?1 P. Bo* I. •Vand,beck DJ-/ 3631 K./.Ill N..rl 

Debe Eng,neer,*I p,ivole Ban X019. W.devil el 422 1•,gh•eld Lulhondo M.k'une Ci• 8•4·7400 _• E•o• Elact,ic. 
6•r•id Connoll, 0!1288·0034 POAA.€81.-·PAr·Cil,ro, Nev•¤r,d•,2114 Hoh-' 

Ehv•I.*Molin 0123423358 •-ePOB. 12011'.liC028 r'04•Id Cea, Lcnc* ECA 1% 
0·1680 54. |POBu.2053 'A• ui,ur,i-*2110 61'ilb.elli An,•Sheor 

*lie Eng,-i•ly 7000 -TPOB'*458 ...... liak.ald Ro,1 * C11543 
EE 'Ii... 

Tor/Mc[)0* 02 7512290 PO . /•9, Silvalon Ficlori•r ••27 
Il Coillin.orr. 8./. 

A•uiggl•moan• [al.1.. pQB©* 1454, I.eniell Cope To-, 7561 Gon¢ Ho•, Ims 
duai.ci•dusine. 

012 349·222J pC,80•70577 T.Villa»spern,id,0041 Leon K, 01 •H,Led I t.k Eng,nee.Irig 
C'/gio Ao,ha 021 775 17IR ••0•1142. Du.bon.iN..7551 

Elem,n•Coniul1i9gEngine,n 49--_ 
p..69..•r•2•25 Henw;• 3•ne•d 011 787 7:66 1*Vad 

Elexpe• 
0437262726 poe©*i'.3 Tacom'.80.0, E..CMdon, 5241 |Eostem/* • - 

.nN. Pro -.:0•01 -• 

N,-1 *i ./rbe, D 1726.4090 fo. /.0.8,oamllain,20 7 Hig•veld 

•205.,„,- Volundiz•al. 0101*0443 P08=1444,GnileMonor®52 righwaW 
2 ri, Te.ace-..RorkA,ve.For• 06sc•* 

02• 671·7620 
N...# 7936 

....1...ing rd®e 
Fobion 00!•ndorp 02198* 755' PO Bo· 6101 Kmn •onlain 'Mh, 7572 0®c Hop. 

Flo *e• Pro•Soluilr. 
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Twic.Ir// Bid. T/ Compur .- Muin.Slogne F. -¤i•-oul .•I Wenc•5£¤11 01, 575 7609 914// S#un 21.1 

/188 IPoJIF•,mons 011519 4600 POBo*270C Ri.oig. 2!28 • High./. 
GIZ 1(¤,•b)Maiak•omerg 012 423 0235 POB©* 13732 H•ilipldhee,ic DC98 Higkveid 
610601 •er I. Cio=I 021 5105202 "80.28!,+0.'Eilnnu ..pejow., 7420 7000' .up• 
1-elle.r•ann •or /!aude.led/09 Dll .f 0600 P oe Bog X158. Por 0 2128 

HI. Eln,j,ic.i SA Dol• Chan '01"078·04. -Bo.593,bate.o)Q'GaN©MIn•.2059 H[Dhlel 
...re. Co·MoMerlock Gr•go, 50. 02,5081250 PO Bo. 342 .nd, 7401 r•ed Pvpe 

1. Phil: ploois 0•247022® **/2614,Wnwood RidgeFielorig, 0040 
|m.6oe|e|o Con•u|1-15 Fr•nco,rior.k 031266 9707 '080•698,.y••IVJ||•r 3630 ;ull N.tol 

*.lau.i,1- Umt/f Aven. Afrc, ktheman,Mok'U 0118i3·23•C PODox6062.Ri.orng,2128 r' glvell 

195„red Inle•L M! 766 6650 POB©*937, Hill•rcsrD•rbon. 3650 #Nall 

Inlag,•4 Conli•IS•Gm,i Imelda M•ce 0/ 397·25. .....126,/.01.....8,dinre- 20. Highvod 

1+ .11, *.emerl vici er Ve•ack 012 665 4509 POB©* 110@ Cen•unon 0046 ./. 

he 1• 5,;Imms 86n Woonaf 01! 466 3// PO BoN 13412, VornVaw•,1686 1 ...d 

. ..Ill/· 5.•5 Te'll' Se•CoK '1012 426.700 Pr woll ..•.& 0145 
iX Erin=i DO'Fint• •02191 2 3000 P080•39•11//-/,7535 •od Hopa 

.Imbe 'ech=/gie' 5,•ho Mrhembl 012 6671630 PO Bo* 10511 Cenlurion 0046 1- ghweld 

3-05UO *de Coil.0 • 021 577.lde PO/' 1548 kenbe.9 7350 60¤2 Hen 
KBK Powe, So| JI,onE FrwJ•In 09! 789 329 P080•133,CoolUdge,3680 Kwa•ulu Ne·/1 

&/I Hgdlig5 SA Alerpom •0!1425*372 IP060*8053.Ed*,16!3 H,ohield 

KoCe, Mcciuremenl & Conlig Hai.r.il 0,1 .2 C.6 Po Bo• 3585 .&1119 705 C•061•pe 

t.w•. + G,i Ni.},0/h•'•Y 012 648 3117 PO.'059, Th.• '·85 •Wehveld 
Viorld Tode Center Joharresbuia, 6Th : oor, Cri. 1 

'B#ullinDEng,reer% Lco Kabe, 011 784 014 W„•i Re,u 50ulh Ard Lo-r Road, Murr,i•gii. • 11,h# Sandicr 2C10 

LI+Mo•hin,•81 (odi•0J6• 91ACTOM• Doild Sulivan 0//5 67. P080*27440.8en,0,0,2011 I./.e 
•19 . 51••IUF/5 *,11•ai•. Bruugh 087 310 !000 POB,=1592 Nigel 490 Hickwel 

L,• El-r •al,!h AUG •i•do Mas•wi Dll 025 -7490 POBo. I 078 hona,c.w Johonne.buig 2021 H,Gh•eld 

Tlimp ./,ele, 09191, 0300 '080*4901 1/11.753 Go©dHope 

Lyon.4!,1.•01. P6•epil,uri 016981•270 PO 80. 3925, Vwe/,1... 1900 H•g•waW 

*•hine ABesme•,&RoNobili9Terhnclog, Km Dore • 'I 548.40 PO 51. 9 181 e' 319 XI?I A•,r nnd. 1688 HIgh.eld 
20 Mor,is Slleal Ecif. W•m„d OHire PA #•accomm.•.unce'll'u MU•'lline•UnCI 0•0493·6871 H.&/ Woodneud J.liur,ril•Gui' 2 91 

Maiur Ted. Via.r er Gro•belogr 0118723500 POB•888 ,cne© 600 11,1.eld 
*les,I• Toinin Fleel,c ./le EuA.* 0164500200 -8,1643-*1930 .ie aid 
Mu,i.•iv,•u' Eula 1 iete be,·j 041581 2262 PO,0.955,2/AEIi2gbe/6000 g./ir En- 

4*Sullino Ch./.or/l Dll 362..20 PO Bo•1300. Swing., !560 Highield 
Mallang ·9c#ri; C-*ri..r&' Mo 333 ·0930 POG•*,444,-11/M,n•'•052 1,gl veld 

•Upe Di,1-0, Lemco Melgung -911 39 7 9913 PO•966,1=do'ZOO 9,gkvald 
576 Mokou Slieer .$/er· I. P.loric P ... 

Mu·u L 11- Si- Gwai' 012 941,252 t·,en•cld 0181 

.i 

1 AnG Sn•,chilriern¤11=1 Perer Holli 001 079 5315 PO80.13•9 Bre•kenill!,756I Go- ONSULD 
8,Mhwo:dee•• 42 

MI *09.Ghonn=5Lirg, Ado er,al' /19 Ali,•U Vic•or K'/bi .1474 C033 Highveld 16@6 

M,ilo Con•uki.• Engin..1 LL.0/8 Loner 018474·9000 |POee•30,/be•5*. 
Al,ce Lone Build,nq 1, SR• Fle•, En·5Th And McnM. or,Ud A•lro Cl•udia P- •!1052 2•08 F„4manD.iva•nclo#6 High.eJd 

MAKO.CCON 110*..Cre.re...Ellim.89t,C./. 1•n.1. 021552 4949 C ape Mihn' bm. 8000 

horcon•JIT I,cndn Nonkululeko H,lomEo ' Il•- 50 Pu.Irill X 1 Florid¤ filll' 1 71 6 ... 

Nnidlcnd Juhgn9 Lamp,®ch' 011 662·4300 PO Boi, 5., MU•••ft 1747 High•eld 

M,cne.e|GMeeinQ 0!1472 7335 PO.*1'167 •110,. 1735 ... 

.o.k·h Ai- I ,#Meyer __,0, 1.73·'774 Suil*580. Pmam/g X.-I. rednn&,1715 G#Hope 
Omp€rk'Power Po,•15 Joian•,ribladen 0 1 784 0170 PC)..0187'09more 2010 9,gk.plid 

0.../rems • 021 928 1700 PO B©*40%oIl. COpe T€,wn. 7530 Good 
Hope • 

Oprron be09 Dona 012 683.4500 P...7/1.,nlirier,00. ilak.Al,1 
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Patch |ndus,M,| &,pp|•1 & Ccr,J•lin' i.,•he• r..•vie.ki .I 906 0600 POID•5123 Ty,Voild,C.pe-*,7536 Goodkopa 

PEC UININMon.*9.1 Fr .kie Mul 021 948 0225 PO90.3157 .rbonY, r 758I 

•rdoE#'Sol,Jiler. , Ridalph E.urt •0100350•32 '080'1444,5.....0.2052 ./eld 

Pli *.Wling *, Ai m 01 867 6767 PO 8- 19•5, A'l haMan Inhcrie.4 8 li,gh.4,!d 

•eron,& Elwaa Ennin•ari ,•honnta-•a 0 2 998 5219 PC.I83!,0•06!,#uu.,0015 

/&0.....1 0,Fon•p/11.ohonnaq.... 
Po:J SUPPIY...cmud *ir,/61¤bert 011347 681 

X91 Ii,hveld 

.*cr)Acruu,•m•.Di•rib•lion Joll de... 044 8•3 0761 I.47.680%* 2/51, 6539 Good 
* _ 

Powe,Proce• S,sleme Beninmin Roode 086177 7769 •OB©*4172 30uiliwole 2082 ./.le 

Th. Fi., OHic.301,324 Floo, Enre„dock. 
Pbu,er, Derm. 3.Ille 011 268 6735 

Blo-/ Rood, Resebank,2196 1-Igh•eld 

I /2<Dil/An Elizatel' '•pi'/.Mcror'rden• 
PQ Flew Hilion DIed,mir Scluller 16„g.,1. No-a • 

P», Al# Nonelto.on &5burd 011 B48 6940 •0 &71 , Traarvull... Ggcd Hoon O 
'92*wole.houic Culle. Alile'l•.en Ger/Boi-wer 011797 40. Pr •,1,8,g X36 Sunnin.... b gnveld 

P.¤gie=ive En.fgy G• Sd-lelbuhl 021/1.5580 '080*495. Po•*or•.1420 Gucdle- 61 
' Ch'sulling Eligli•Gen J-·Cir€ Vu yl 012 349 2233 PO. 1 . ker•eqn,•{ F. k F•to.ic [•23 Iligh•cld 

R#k' lie 1/ir.-Impole 0104439149 PC)•522, Muldednh.1747 H.hveld 
Knbusd•V;Ilier• 011835 2077 PO Eo< I 305 •,uilidole, : 1 ' 1· siveld 

Im*M,1/rng S.•ni F-,•Con,mde 0'2001-2600 POB•110*rl•rk,P-•0020 
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