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Wireless field area networks in smart grids

Information from ABE

‘Smart grid applications need real-time, bidirectional communications between the utility’s data centre, substations

‘and utility devices in the field to provide instantaneous informa

Wiceless fald area netwarks (FANS) link smort
metors ond inteligen electranic devices (EDs)
in the distibution system o substations and
the ufifily's dato centre. [EDs usually conneet
directly 1o the FAN. Smon maters generally
use a lower bandwidth neighbourhood
areq netwark (NAN) fo communicate with
on odvanced metering infrostructure. (AMI)
collector that aggregotes data from a large
number of smort meiers. The collectors, in
fum, connect fo fhe FAN, The FAN ironsports
information behwesn NANs and [EDs and tha
utiity's core IP nework. The core [P network
connects o the dota canire, where the smart
grid software systers ore located. Fig. 1
shows the overall network archiacture.

One network, many applications
Many uiiltigs implement single-purpase
communicotions in their distribution sysiem
with, for esomple, one nemwork serving en
AMI, ancther serving a distribution areo
(DA} and yet another being used for mobile
worklorce automation. Unified networks
provide batier retum on invesiment, lower
operaing costs duefo stondardising on fawer
hardware and software groducts, the obiliy
o centrally manage the network for improved
reliohilty, the obility 1o enforce consistent
security and quality of service (QoS) policies
and efficfencies. Uilites con reap similar
benefits if they adopt o ane network, many
applications modl in their FANS.

Field area network requirements

To suppor many applications concurrently,
FANS need to

o Have high data capocity and low lofency

8 oble to prioritise various opplications

Ensure reliable dofo communicatians
by outomaticolly using multiple paths,
channels ond fraquency bands 1o routa
around failures

8o able fo support o wide variely of
applications and devices using industry
standords ond autemation protocels
Keop dato securs

Be scolable

Tropas mesh netwarks for field
automation applications

Tropos wireless mesh networks from ABB
enable uililies to build one network thot

n of the network's status.

Secure

A multi-loyes, defense-in-depth approach is
implemented using embedded |Psec virtuol
vate networks and firewalls, RADIUS
authenticotion and AES enceyption.

High copacity and low latency

This orchitecture can support 10 Mbps
throughput ot each router with < 1 ms latency
per hop.

Agplication QoS

These FANs support IETF and IEEE QoS

stondords in eddition to mesh extensions fo

lication-bosad GiaS.

deliver

o
‘opplications and systerms. FANs based an this
orchiteciure provide the follawing of benefis

tntevoperabiliy/open stondards

Smort

Distributed architecture

Since they do not rely on o centrolised
confrolber for their operotion, functions such

among vendors and technologies. Bosed on
open siandards, these Fils interoperate with
other smart grid companents.

Highly cvoilable

High resiliency is provided with multiple
fedundont communication pathways 1o snsure
tho there:i o single point offalure. Dynamic
channel selection, odagtive noise immunity

o3 network ol poth seleciion and
routing, and enforcing securify and QoS
policies are parformed seporalely.

Scalable
These nehworks scole 1o lorge coverage arecs,
with a lorge number of users Iransferring

‘massive volumes of doto and lorge numbers
of routers.

techniques provide added fleibilty.

Muli-use neiwork

These FANs encble the creation of muliple
yiruol neworks, soch with heir own GloS and
sacurity policies, completely seqregating the
nolfic of diflerent applications and user groups

Centrolised.

A comprehensive and scalable network
manogement system supports netwark
implementoion and eptimisction os well as
ongoing manogement of key performance
indicators.

Summary

As smort grids evalve, the vision of tr seli.
healing distibution grid that effectively and
eficienity balonces supply and demand comes
closer to realify. Inteligence and bidirectionol
communication are key snoblers of this
Wireless FANs, smart grid systems locoted
ty doto cenires and substafions con
collect up-to-the sacond infarmation from the
distribution system, be used 1o odust system
peration, autamotically read meters, reduce
peak loads, infegrate disiribuled genaration
and energy slorage systems, proactively
engoge cusiomers ond predict pending
foilures, enabling preventative maintenance
foracast and planning

Contact Shivani Chetram, ABB,

Tel 010 202-5000,

shivani.chatram(@zo. obb.com
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Welcome address by the AMEU president

ave groot pleasure in welcoming you fo the 24ih AMEU Tec
by By

nical
falo City

I
Convention hera at ICC East Lendon, host

atrapolitan Municigaliy

|
canvention progs
sparts day will

1 that you will enicy yo

e with us end thot the A
and the afffiate’s
Jfill ol your expectatiens. | want to thank the 2013

convention feam foe thair effart In ensuring that this event is o

resounding succss, toking into account the increased challanges

year by year to ksep up with the standards set by our predecessors

A special thonk you must ga to our ffliate commitiee and the many
sponsors. of this wonded
it again, it would not ke po:
without
City M
their financial con

event. We always say it-and | want 1o say

ble fo host such a prolessiondl event

reir support and in the same breath | want 1o thank the Buffolo
ot

fitan Municipality for suppe

1 me cs pres

ulion o3 the hest city.

elogates plecss enjoy your sioy in East London, the con
nd the nebworking with colleagues

o

2

k you for your suppor fa the
AMEL ond the role you as delegates play fo maks our canvenlions
@ major success year after yea:

Hannes Roos, AMELI President

Hannes Roos, AMEU president

Message from the AMEU president elect

it is ruly © great honour ond privilege fo walcome all of you o fhe
beautiful Buffala City Metropolitan Municipalit, which holds s place

in the cauniry’ history as having been named after o river (Bufiolo

River}, at whase mouth lies the ooly river port in Sauth Africo

That we have chosen Buffalo City Matropalitan Municipality to host
ention is quite fitting with th theme of the

h smeks fofocus our

this yeor's fechnelagy ¢

best municipal

tricaty utiltes can suppart South Alrica's infrastructure ond servi

o

delivery chisctives.

Buffolo Cily, ike many municipolifes ocross the county, i facing
These:

economic growth aad providing o batter e for all, This is after af,

port of the reasen we exist

While 03 utiifies we can be praud of the groat progress we have mods
Inimproving accsss 1o basic services for milins of Souh Alticans, the
renlity i that o significant percentage of the counirys population either
il cannot ecess elecr

s far from done. The fact thet you hova all taken tha time to gather
1 unil every South African has access 1o basic

here:says you wil nof 1
services. This includes odequae, relichle and offordoble sle

The importanca of achieving this abiective connol be understated

A recent study by the UCT Groduote Schéal of Busioess reveals that
sarvice delivary protests will confinue 1o ba g key feoture of the South
Alrican landscaps uniil ulilily organisations find new ways of solving,
the chollenges they foce. These, os you all know, include aging
in fts poor fhicle: . and the
skills and expertise defici wibin our orgonisations. As South Africo
endeavours Jo improve the qualty of bfs of s cizans and continus fo
be top of mind for foreign direct Investment, it has become prassing
s resolve their challenges.

sident o

The caunirys ecanomic praspeiy and indeed ifs sociol stabiliy is
dependent on our ebiliy fo provide adequate and reliable elechicity
not onfy #o houssholds but olso fo businesses ocross the different
seciors. To do fhis, we nesd 1o sort being innovalive: in how we do.
hings more 50 becausa unike olha entitias, municipaliy utlities do.
©uing to affer

i havs the luxiry of withdrwing their services f con

them is eithor dificul ar no longer financially viable

s many of you ors awars, Johannesburg City Power recently had
1o manage illsgal strike

1 by s amployaes who were profesti

Continued on page 9.
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teAddress Day 1

Keynote address at the AMEU Technical

Convention 2013

by Dr. Wolsey Barnord

A good working
this is
the lights on at a mu
the energy enviranment, is recognised and valued.

Th

a polifical/govermance municipal level with service delivery aspects,

is reflocted in the fct that you are not rende shonce of

a resource basic for influes ionol s

but also to

i sraegies. This s not an easy lask given the ever changing
an; aithar it has besn poltical,techaical, os well as structurol

challenges that or inherent within all sph

enargy environmes

is fechnical in nature and it is

ven

teresting fo nofe the

jous themes 1o be deliberat

ed upon during the next three days. it
ind
distributors in the

s he changes and chollenges that are faced by the elediriciy

uniry ond globolly. The theme of “Supparting

structure ond servica delivery

biectives” is very relevan

s good 1o 166 fhat the AMEL is after 98 years sill as relev
it was when it was established. The keynote odds

diractional 08

will focus on some aspects that will ba covered by experts in
respective fields.

Firstly | woul re tha background view on fhe issue of future

energy planning in South Africa

ocesses. A lock or
e of energy has a sarious effect on the economy and

e of the key elements in productios

i its size ond econamic ance, fne

ensray sector periodicolly requires considerable investments i
and replocament supply capacity. Histarically, such decisions were

primarily driven by concems regarding mals

1o the economic, anvironmes

withaut giving full consider

jves. As o consequance, the tendency has

altes

social impacts of
been fowards fhe <o
facilitios and the negk

t of alternativas that might have been more

eoter employment benefits and
potts.

cost effective in the lon

mare lovourdble er
Over rocantyoars, the cantribution of different sectors fo the country's
ross domesiic product [GDP) has changed significantl. In the past

few yeors the industril policy has shifted fowards o greater focus

on knowledge-inlensive sectors and human resource des
placing lass emphasis an comparative advontage bosed on natural

lopment,

endowmenis, Primary production fike ogriculture and mining new
confribute less fo the econemy than the lertiary or services seclor

The farfiory sector now contribules almost fwo-thirds of our GOF: This

mplies o lowering of oval energy intensity as generally fhe sner

required per unit product (measured in rands) is less for the lertiary
sector compared withthe primary sectar, This shift is similar to whot
hos occurred in most industriolising nafions. This does nof mean
that agriculiure ar
enargy sactor may re-focus efforts on haw fo furiher ex
Alrica's endowments, Such re-focusing moy be bosed on integroted

mining are bacoming unimportant, but f

energy planning.
T

development of u National Integroted Enargy Plan [IEP) was

between the
The important role that the AMEU is playing, not only in keeping
pal level, but also as a professional association that is operating on different levels within

of Energy (DoE) and the AMEU, and

envisoged i the White Paper on the Enargy Policy of the Republic
of South Africa of 1998 and, in terms of the Nafional Energy Ad,
2008 [Act No, 34 of 2008), the Minister of Energy i mandated ta
davelop or 0 IEP in the

on an annual besis, raview ond publish

e, The purpase of fhe EP is 1o pon

Government Gaze da o roodmap

of the future anergy landscape for South Alr quices future

energy Infrastructure investments and policy development
megrated anergy plonning entails understonding the current and
future anery requirements of different types of cansumers fe.g.
{ndusiry, commerce, mining, ogriculture, housaholds, efc.) and then
det g th

tomeet thase energy needs in the most cost-effective, efficient, sacially
cial ond envirenmentally responsible manner. Dalivering energy
i users requires muliiple processes (production, canversion,
sion and distribulian) and invalves mony participants, from
e public and private seciors. Today s choices abaut how energy
ssed and used will determine the sustainability of

the energy system in the future ond thereby influence fhe extent of
socio-economic development

This is the background o the devalopme:
approved by Cabinet in June 2013 to be discussed with all role-
players in the energy environment. The first workshop wos fen days.

of the IEP thet was

g0 in Johannesburg, but twos more workshops have been planned
for 24/25 Ociober in Cope Town and 30/31 Ociober n Durban
| want o invire the AMEU and its members fo aciively parficipate in
icy peper fo obiain o bolanced view

this process. This is the first p
of supply and demand bolance with regand 10 the divense anergy
SA.
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Address Day 1

Keynote address at the AMEU Technical

Convention 2013

by D= Wolsey Borriard, Depa

A good working has been

between the

of Energy (DoE) and the AMEU, and

this i is

. The importont role that the AMEU

playing, not only in keeping
ing on different levels within

that is

the lights on at a municipal ot e
the energy environment, is recognised and valued.

i 15 reflacted in the fact that you are not rendering assistance af

ipal ley

a poltical/govemance mur
but abo ta i s

rvice defivery ospects,

ing nofional siandards,

policies and stratagies, Th

is ot an easy fosk given the e

changing
nicol, 03 well o structurol
it and the

environment; eithar it has been political fec

rent within oll spheres of gover

enargy environment.
This convention i techeical in nature ond it s interesting fo ol the:
@ nest three days. I
2 by the alechicity

various fhames ta be deliberated upon during
indicotes th changes and challanges tho! are
¥y
infrastructurs and servics delivery obiectives”
is geod 1o soe that the AMEU s after 98 yeor
direcianal @s it was when it was estoblished
hot will be covered by exparts in the

distributors in the cor J glabally, The theme of “Supporting

he kaynote address

will focus on some aspec

respective fi
1EP
e of fulure

Fienly | wauld like 10 share the background view on th

energy plonning in South Africa

Enorgy is one o the key elaments in produciion processes. A lock or

shoriage of energy hes o serious effect on fhe
damesiic growh, By virtus of ifs size and economic impor
energy sactor pen

onomy on

adically requines considerable inv
, Historicolly, such decisions were
ning supply securty
anviranmental and

and replacoment supply capac
arily driven by concs
t giving full co
social impacts of ol

ns regording maint

wequence, the fendency has
been fowords the ¢ -scale capital-intensive supply

night have bieen more

o5 and the neglect of altematives that

ective in the long term with greater employment benefits and

more lavourable enviranmental impacs.

Over racent yeors, the cantribution of different seclors fo the country's
gross domestc product (GDF) has change
few years the industrial palicy has shifted fowards o greater fox
on knowiedge-infensive seciors and human resource developn
placing less emphasis an comparative odvantage based on naturol

con like_ogriculture: and mining now

signif

nily. In the past

than the fertiary or services secfor.
The terfary sector now contribules olmost fwothirds of our GDP This
implies o lowering of overoll energy intensiy, os generally the energy
product [measured in rands) s less for the teriary
. This shift is similar o what
ions. This does nof mean

requined per un
sector comparad withthe primary sect

most industrialising
ariculture and mining are becoming unimporiant, bu! that fh

snergy sactor may re-focus efforts an how fo further exploit South
uch ro-focusing may be based on inlegs

ted

energy plonring

The devaiopment of o National Integrated Energy Plan (IEP) was

4, Departen of Energy

envisaged in the White Paper an the Enorgy Palicy of tha Ropublic
of South Africa of 1998 and, in terms of the National Energy Ad,
2008 [Act No. 34 of 2008, the Minister of Enargy is mandated ta
an annual basis, review and publish the IEP in the

develop and, or
Gow
of the future energy landscope for Se

ni Gazetie, The purpose of the IEP s to provide o roadmap
Ahico wi

energy infrastructure invesiments and policy developm

ich guides future

e curer

and

ypes of consumers (e.g

y planning entoils understonding

Integrated ene

fulure energy requirements of differe
indusiry, commerce, mining, ogriculture, housahold, sic.) and then

optimol mix o energy sources and technalogies

determining fhe m
10 mes thase energy nesd in the mast cost-efisctive, effc
beneicial and environmentally responsibl

1o end users requires muliple processes (production, canversion

pants, from

wansmission and distribution) and involves many pa
bath the public and private sectors. Today s choices.obout how energy
is sxtracted, hamessed and used will determine the sustainability of
by influence fhe exfeni of

energy system in the future ond the:

socio-economic. development.

This s the bockground fo the development of the IEP thet ws.
approved by Cabinel in June 2013 to be discussed with all role
players in the energy environment. The first w
o in Johannesburg, but fwo more workshops ha
1 24/25 October in Cape. Town and 30731 Ociober in Durban
| wont fo invite fhe AMEU ond its members to actively pariicipate in
this procass. This is the first policy paper to obiain a balanced view
of supply ond demand balanca with regord 10 the diversa enargy
environmant in SA.
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KeynoteAddress Day 1

became an aftraction for future investment info your orea. Nelson

the. i 7E* in AMEU 1o be

The the supply of
alacrici x hved . This has
olsc been foreseen in the contfiiion with egard 1o the supply of gas.

IRP and future generation projects

As one of he pillors of this IEP will be the IRE which is focusing on
the slectricity sspply options and direction fo be taken with regard fo
future fechnology options and fimeiromes

Goverment has embarked on an slecticiy infrasinsclure copacily
paih to snsure securly of electicily supply, and pursuing energy 1o
meet the needs of our fast growing scanomy witheut compromising
aur commitment to-sustoinoble davelopment by utlising our fossil
rasources rsponsibly

The IRP2010, 5 promulgored In Moy 2011, propssad various

Sirst wind farm that will generate RE by means of wind 1o be supplied
inka the grid, ond fhen o the distrbution grid nefwork of NMBM.

It i importont 1o ol that the Minister of Energy hos alreody made
anather determination for 3200 MW RE — which includas CS salar.
PV, biamass, biogas, Landil gos, and hydro by 2020,
Infrastruciure development

This brings me to fhe issue of infrasirucure development. Cobinet
adopied the Mafianal Infrasiructure Plon which infends to fransform
the Sauth Aficon sconomic landscape. In the cantext of the Nofional
Development Plan (NDF), ond with the vision sst obout fheough the
National Infrastructure Plon, we hove set aur couniry on @ course
towards meaningful onid sustaincble development,

« The Presidenticl Infrastructure Coordinating Commission (CC)
wos astablished 1o infegrate and coardinete the long ferm

s that addross ity 7o

of 42 000 MW by 2030. sphares of government.

» Wind 8400 MW, « Eighteen Sirategic ivegrafed Projects (S1Ps have bean developed
- sl si0omw S s L sk e
= g aoior soaw R o The SIPs cover a range of economic and sociol inkastructure.
® Open cycle gos turbine P00, o All nine provinces are covered, wilh emphasis on poerer
# Gas closed cycle gos furbine 2400 MW provincas

e 2600 MW o The focus of sach SIP:

* Nuclsar 9600 MW Localisation

ced SI0OMW - Job creation/skils develapmant

It hos the sffect that about 18.000 MW of the new build generation
will be regarded as RE, which rasults in obout 42% all new build will
come from RE souress.

3725MW
producens
The first and second “window” of successiul bidders resulfed in over
2600 MW being allccoted fo various renewoble ensrgy resources in
Decamber 2011 nd Moy 2013 respeciv’y. The aveal oreign diect

R70-billion

bl by 201.

boy 47 [PPs. The fhird window closed at the end of August

The yin hor 85% of South

needs are met through cool o3 tha primary energy source. This is
followed by erude oil at around 22%, while the remaining 13% of
our energy neads are met by gos, nucleor, hydro and renewable
anergy sources combined. Coal therslore plays fhe dominant role
in cur supply of snergr, espacially in the sleclricity sector where
opproximately 90% of the couniry's eleciricity is produced in coal.

Research and fechniology development
Stimlate gresn econamy ond
Empowsrment improvement

Some of the SIPs that ore ceatrol 1o the. Dsraﬂmenr of Energy's scope
of operction and of the AMEU are the followl
+ SIP & Inegrted municipol irastucure: To cchess oll the
meintenance upprres e invores looicy
int

Tiniciucliies, covaring 23milion pecple. i & prfec tha i
noionally maaged but locolly dalivered.

8 Graen anergy i suppor of the St Afcon sconomy:
RE IPPs, SWH,

. SIP 9 E\a:mmy generation 1o suppart socio-econamic

development
o SIP 10: Electricity transmission and distribution for all.
Anumber SOE

SiPs. ¢ Iso de forthe.
use of infroshucture to indusirielise South Africa. | know that AMEU
has also baen asked fo become involved in the PICC pracess, and |
that

fired power stations, the courtys biggest source of
emissions, while nucléar, gas, hydre and renewable energy sources
make up the remaining 10%. We camnol, however ignore the fact
tha w18 coalich acenomy oo con w e the sgifcrd
1n2010
Souh Afica hod o ssimaled 32-bilon  of cpol resarves (which o
currentlocal consumptions rates could last us more than 100 years),

Irrespeciive of the fuci that we are o coal-rich sconormy, Gpvernmant
is committed to having increased focus on the adyancement of
clean coal gies through projects such as cool
gosilcation, as well a5 corbon capture and storage (CCS). il we are
savious about diversfication fowords o low catban acanamy, then we
cannat ignore the rals fhot notural gos and nuckeor power can play
a8 a bridging gap in fhis ransiion

1 would like o urge municipaliies o become actively invelved in the

This is in line with the teme of this 24th AMEU Technical Conveniion.
It #s impossibles to consider tha socurlty of supply situalion withut
crfically oddressing the problems facing the eleciriciy distribution
infrostructure spocificoll. It wort help the codniry if the new build
programme ensures adequate supply of eleciicity fhat cannot be
effectively ond efficiently distrbuted fo the end-users.

Dl

[ paallel, Do wil implement the Approach t Distibution Assat
Mariagement (ADAM) programime which forms. pant of SIP 6 and
10, to address the distibution industry infrastructurs ond resource:
challenges.

ADAM is
o Addressing the infrastructure challenges, which include the

essénce o thres-legged approach

REIPP programme. ftcon b




« Manage thesa: challonges by strict programme and supoort by
mians of @ prgject monogement proctices

« Addressing the skil shortoge wikin the EDI

The ADAM roll-out has been siructured inva diferent phoses. The fst
phose is the so-colled * mlm»ADAM nhnsl in which the roll-cut will
d twio metros. The.

2 J
ore being signed between DaE and fhe respective LA entities.

1t neads fo ba emphosised tha this is o oncs off “mini-ADAM" pilot
progess fo fest fhe ADAM rneﬂhm’clngy. Currently different financial

EDIL | want fo smphasise that th s
lhmugh|h=ADAMprumwwllnnmmmh!Hhewmmhadllamm

by natianal gavemment. Tha management of fhe municipolies and
metros has tokan some burden of this chollenge. Hence, all sphares
of governmant will have i make a confribution. The ADAM process is

wil receive funding o solve o very senous problam.

KeynoteAddress Da

It is recognised that electrification con not nn\y be defined as o
grid connection, since it is in some cases just too expensive fo
build mImﬂmclml for o few heusehc\d: in denp rural areos. Itis
, but systems.
with o hvgh‘r sleciricity copacity thon what is instalied currently
{50 W systems vs 95 W DC systems), fo address this challenge.
Curranly about 62 000 solar systems are in use by cuslomers in
rurol areas {50'W sysiems), where gird s foo expensive 1o reach.
This will nel only relense soma slectricity irom the nafienal grid
and generotors, but can also incraase the elecriication rate a
hich an ieckicy senvicecon be deliered, siecs he non-grid
i S J

AMEU with the non-grid progromime.

The future roll-out of the el rogromme will hove fo
done in accordance with o Nationol Electrification Master plan
that will be developed through municipalities' IDP inputs and
ossistonce from Eskom. 1 is foreseen that the first draft will be
finalised by end 2013, The respective slectrificaion projects in
the country will hove 1o follow this plan. If such o holistic plaa
I3 not being followed, it will not be possible fo reach universal
oecess in the country.

+ Improve the nsficiencies i he delery o the sleciicoton
programme by managing Eskom and the municipoli
tightly. Some success hos been oblained by managing i
progromme holistically; m manage or allow the respective
ents o thore e el “with INE. In this regard

; : :

allocations wil in future fhen be monnged separately from normal

operational revenues.

Lostly | would fike 16 deal with the echificaion programme, but

specifically with the New Housshold Elecirication Strategy that was

approved by Cabinet ot the end af June 2013.

lactoo ‘ Scickbent
t Alrica's devele

apcls. Progress 1o elecrrify South Alica has 50 for been good, with

mere than 5,7-million connections mode between 1992 ond 2011,

confiming South Alfico’s elechification leadership role in the sub.

S v rach jive dovek ath

ermal processes wi
we bean identifed ond highlighied.
The current mmnmm progromme funding allocations will
have fo be incraased, if the alechicily progromme delivery rate
iz 10 be improved, but the impraved INEP progromme willfirst
have 1o be implsmented. This can be achieved by inferafional
grants which ors ovailable for nan-grid programme, imarow

fciancies which ore olready msulling m moro :mme:lm,

5ot loars’ in order to prevant th (6ng fime 1 tokes fo connect

Cansidering the above proposals with re3pect 6 on improvsd
1o all existing households and future households is possible by
2025.

amerging econamies Howsver; much more is to be done fa reach
universal occess in SA.

Therm are il 3;2-million houssholds withou! elecricty, despio just

WAEU for thelr
positive conribution 10 the development of the: niew implemeniafion
strategy over fhe last four months.

made in the

Dok o i
rate of delivry will be improved by uhlising the following measures:

it i
generol and espacioll the lecticity industey
Dr. Wolsey Bomard, Department of Energy
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Speech by Phindile Baleni, CEO of NERSA

On behalf of the Natisnal Enargy Regulater of South Africa, NERSA,
it is my plensura and honour o be given the opporfunity 1o say o
few words ot this Convention under the theme of Supporfing SA
infrastructure ond service delivery cbijectives." This is indeed an

imporiant theme o explare over the next three doys, porticulary
in light of the current infrastructuro: development programmes o0
which our country hos embarked upon s well as quality of supply
chollenges as they ars being exparienced by customers. | s trua that
olmost twonty yoors into democracy, the country

challenges of povery, unsmployment and inequality. The country
still remains o highly unequal sociely where toa mony people live
in poverty and very few work. To eliminate poverty and reduce this
inegualiy, thers is an urgent need fe grow the sconomy foster and
in ways that benaiit al South Africans

d the world rank mode of ink
a5 being crlicol 10 fulurs econamic compeliveness and crucol fo
expanding popuk urbarising

South Alrica s o axception. Infrastruciure lies af the heart of
govarmment’s stimulatory fscol package and is @ pivotal component
of the new growlh path accounting for just less than 8% af gross
domesiic product (GDP} in the 2012713 fiscal year. According 1o
okvastructure,

e rapor on the slae of Souh Alfca's ecorom
2012, " s on enabler of saci
davalopment. The report alsa stotes that *stote capacity s a pivotel
determinant of successful infrasiructure developmant’

Successhul infrastructurs devalopment will indeedd ploy o critical role
in growing the acanamy fo oddress the identiled friole challenges of
paverty, unamployment and inequolity. There is litle disagreement
about whot should be done fo reduce poverty. Economisis agree
that o market-oriented and growth-inducing opproach that expands
opporunities for production, employment among the poor and
development strategies that Improvn ecess to social services such
as health, education and other peverty alleviation inilialives are key
10 any poverty reduciion sirategy. Access fo hese services is only
possible fhrough physical infrasructure thot does nof hoppen by fssll
Investment in infrostructune that improves occess 1o these sarvices is
both growth fr
ias o positive impact an productivity and thus on sconomic growih
ond development, particularly in developing countries where
infrosructure is sl insufiicient.

The Nafional Davelopment Plan (NDP) states that South Alrica needs
fo invest in a strong network of economic Infrostructure designed
fo suppart the country’s medium and long term sconomic and
social objectives. This economic infrastructure s o precondition
for providing-basic services such os electricily, woter, sanilofion,
felecommunicotions and public iransport, and if needs fo be robust
ond exfensive enough fo meet industrial, commerciol and household
needs. The NDP further obsarves that even though South Africa has

Phindile Balen), CEO of NERSA

Seuth A’n(nr\' periicularly inpoor rural and peri-urban commur
lecricity, safe water, saniiofion,

public franspart remains a doily chollenge.

For infrastnucturs fo hove fhe desired impoct on poverty, there hos o
be o proper infrostucture plan with clear abjsctives that are linked
1o & country’s development strotogies. Hewever, on infrastruciure
plan o fs own i ot odsquate; i needs fo be occompanied by
ansther plon thot datoils the way in which the infrastructure plan
is gaing o be financed. The role of economic regulators such os
NERSA s crilical fo fhe success of these initiotves. The need for
a robust regulofory enviromment thot is respansive to government
gools and abjechives cannot be overemphasisad. Indeed, econamic
regulotian plays o pivotal role as all backbone infrasiructure seciors
sueh ransport and anergy natural
monapalies. It i therefors imporiant to regulate thess seciors in ordar
1o mitigate the negative impact of menopoly pricing.

regul
telecommunicatians, franspart and
these sactors is widely ragorded as necassary in order fo prevent
morket foilures in fhe absencs of affective market forces; 1o ensure
fhat esseatial infrostructure services are provided, ond uhimately 1o
achiave ogfimal social welfore

o ralotively good core network of nafional sconomic inf
the challenge s fo maintoin and expand it fo address fhe demands
af the growing sconamy,

In the fransport and energy sectars, (dominated by siate-owned
enterprises), the economy hos already bean constrained by
inodequate invesiment and inefiective operation and maintanance
of axisting infrastructure. [n the talecommunications industry, policy
and regulotory unceneinty and lock of capacity remain barriers 1o

i o dabl i

paar In the water
ol i ks B o cghl o Pl

The NOP b i hwo chall i A South
Adrico. Firstly, b de levels of
hable services, and secondly, o ensure that
" q d

working relationship between regulators, ulilifies. ond goverment
depements, beier manogement of financial requirements through
b ks i,

an aveidoncs of economic shocks. nthis regord, improved reguiatary
peromanca i vial for noional davelopmers. Capacly builing

remains o hall
le(hm:u\ ‘and leadership capabilties

requiring

Confinued on page 14..
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Keynote address at the AMEU Technical

Convention 2013

by Malusi Gigab, Minister of Public Entary

1t gives me great pleasure 1o address you on this important occasion
of your convention, assembling 0s it does during the imporiant period
in our country when wre: have resolved fo make the imparant and yot
docisive furn towards more meoningful, radical and faster ecanomic
fransiormatian.

Addressing himsstl 1o this motter, Prasident Zuma said in 2011

and sef i mofion a very dellberaie progromme thot il ensure that the
benefits of our poliical kberation ore shored amangat all our people.
Our poople led selssty for freadom We
cannot foi tham when i comes ka the siuggle fo the eliminafion of
paverly... We have fo live the promise of the Freedom Charfer, which
shates amongs! ofh e that oll our people il shore n the wealth of

the counry. o without nic is

meaningless.
In this regard, President Zuma raised both o merol as well as peliicol
.mpmm i preading

b i they
had siruggled setflessly for freedom. The p.ﬁmm then mode the bold
and yet fundomentol csserion fhat ~ “Polifical emancipation without
economic transkarmation is meaningless.”

Having struggled, suffered and sacrificed so immensely agoinst
. the peaples of Allica ore yet 1o livs the dream and true
meaning of freedom

We connot ba simplistic in our appraisal of the fask head if we are
o make significant heodways, os Prasicant Zuma direcied us, n the
pursuit of this meaningful economic trarsformation.

Quite cleorly, none amongst ourselves gothersd here this meming
con doubl the fact that togerher with the paople of South Alrico, wa
have ochieved a ot in poliical and socio-aconomic transfermation
during the post 20 years. Todey, South Arica i a befter couniry and
place for our children than it was in 1994 af the odvent of the new

igabia, Mini

+ of Public Enterpisas

However, the NDP racognises thot in spite of the significant progress
we have made sinca 1994, massive, deep and brutal poverty remoins
e daily reality for many Soush Africans, and we are duty-bound to
address this if we must make the decisive furn towerds meaningful
economic translormation that the president directed us 1o make.

In effact, we must turn aur backs an poverty, inequality and

unemplayment and sirive towards & more socially just and equal

soclefy. In this regard, the New Growih Path secognised infrastructure

developmant ax ane of the key jobs-drivers necessary 10 fake cur

economy to o new level. The fact is that we: cannot achieve social

justice. unless we croote fobs for oll and, fowards fhis endeavour,
il feive role. T

and of | 1o South Africa’s

democratic dispansatian. As o rsult of the massive pr

made, we have réason net only fo celebroe what
bl o b mere: postive about the ki, Confiernt ot we hive o
real possibiliy 1o bequaath our childrn an sven befter sociely that
is mare squol and just, with a thriving and susicinable economy and

quality basic servicss.

Thi i il whot he Noton Development Plan (NDP) exhorts

4 regionol end
infomationol trade, and enhoncing South Alrica's integration info-the
regional, as well s the global aconomy.

sml. Alricals infrostructure neds point 1o the existence of uniapped
| which will be unlocked 1 h seal
Cou

promises, e spll ove ofects

usto do, buiding on icence ther we h The
NDP is not meraly o set of aconomic plons or seciarion formulations
ahout what we nead to do; it is a comprehensive vision and plan lo
davalop our cauntry comprabansively info the future. I ariculates
o vision 1o pursue full employment, achieve high groph rates on
& consistent bosis, sliminating income povery, reduce’ inequolity,
snsure quality education, health and saciol safety for oll and build
an eflicient, copable and cormuption-free stote.

This hos been supported by the ovenwhalming mojority o the peoples
of Soulh Alfrica. However, some of the critics of the NDP hove not

v ha plan, ightod issues which
angagement and debae, with o viaw o improving them as we march
farward with its implemeniation, The plan iself is not sacrosanct or
«cast in stone, but is g living document,

and the d ppert Sath Africa’s
econamic growth and povery erodicafion aflors. Similary, improved
infrestrocture will help eliminate some of the struciural constraints in
vanicus market the economy.

Some amang the critical lassans for infasiruchire rollout in Africa
include thot we must never siop planning for future infrostructure
cagacity, and hoving gained the mosmentum, fhe infrosiructure
development programme must nat stop; and that we must sarvics
ond maintoin eur infrosiructure 5o that we do not negloct It far
future generations to have o maintain, service ond even reploce it
af exorbitant cost.
i s Soharon Alria’
o ba the shartage of physical infrastnycture, which serves 5.6 majar




impediment to groath and development, Groater economic achivity.

fo

The word is eoger 1o do business with Afnca, bur finds i difficul

to aceess Alricon morkats, espacially in the interior, dve to poor

infrostucture. Physical infrastructure facilftates growth through its

backword and forwand linkoges. Alrice’s economic grewth and
i but

itisthe push-pull relationship with commodites tho hox bacame the

driving farce for infrasiructure development in the ragion
, bos ol and ot Akl o
-ellnsmnhugedermnd partculorty from Asia —forogriculturel and
platinum, coal

d - In turn, investments

in infrastructure needed to extract and move these commodities fo
global markets, such as the el and port infrastructure, contine 1o
drive Africa’s acanomic duvn?opmem Inlmmu(lure development is
an important pillor

da of Alrica’s

transformationol approaches. Regional infagration hos the potential

10 lower costs and boost cutpu in ol sectors

Regionol power ganeration projects wil increasa sconomies of

scale leading to cheaper electricity; whilst the transport ond road

infrostructure will reduce deloys and costs caused by poor road
LT

While inadeguate infrasteucture moy be tha single bigges! fhreat
1o Arico's long-term growth, af the some time [t olso represents o
significant opporiuniy far investors. With governments across the
continent committing bilians of dellars 1o infresnucturs, Alrica is af
o start of o 20 fo 30-year infrosucture development baom, We
are aware hat hers ore, however, esrain precanditions thot privole
investors typicolly require bafore commitling herssives to projects
with the J.Wn, oyback peiods ot atoch o nfasuctre oot
Forenample,

e | oy nofeAddress Doy 2 I
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When our children stand at the end of 2030 and look bock fo
~whot wa achieved whan we implemented the curant infrastructure
programme, they must see o il of skl jobs ond local industies
ying i ths
way! To achieve this requires political will and capacity on the part af
governmant and buy-in from the private sector investars, parsicularly
the global supailers and original squipment manufocturers (OEMS].
And, the private sactor wall oflen not buy into naw visions without
being compelled 1o, as their inherent inclination s o chase the
batiom-line and their natural tendency s fo make & profit os quickly
ond as easily o3 possible. | know that the focus of fhis convention is
an energy uliifies, but il would be amiss of me.not to highlight the
areas of

Infoct, water
T \nlm!!nttmm Relioble supplyoflecticly s essentl tofoster
put

o improving capacity on the electricity genaration side, the present
worying siafe of cur clectricily networks, pariicularly of distribution
lavel, remains o fhrect fa the security and reliobility of electricity
supply in the rogion Thero i herefora o prosing ned for enharced

ransmission networks

10 improwe fhe reliabilly of power supply
For soms muricipolie and SOCs, poorsysem relabily and the

pe
othars. Wh OC: i

basis that i, 24 hours per day,seven daxs par wask. thae s lifle

of production is ofien difficult or even impossible to make up. Where
operations are not run on @ continyous bosis, the recovery con be
ecsinr, nevertheless fime consuming ond expensive, thus reducing
revenue gensralion opporfunities.

In the South African context ond | suppose the regian too,

for govemaverts and thus orelkely fo come fo a conclusion
They des ot want 1o be invaived in projects whets there ore no clear

pioy o key role inthe povision ,
it I cri they possess fhs 1o
deliver on this role, Ih\sxx in viaw of ihe concarns we hove nated in

out. Thay will olso focus o markats where thera is o guoran'ee of
long-term policy stabilty ond revenua certoinly and where there is
insttutional capacity within govemment fo make projects happen.
Accordingly,long-term plonning thot ereates o longer horizon os well
s the <apacity of the stote, including coordination and integration
ot scla level, o fundemendals which connot be owrlooked when

cartainly focus on thess before they make thair decisions f2 inves!.
Through the Presidential Infrostructure Coordinating Commissian
[PICC), o8 well o3 the Strotegic Integroted Projects (51PS) invalving
various government agencies — depariments, ogencies and stafa-
mne comparie (SOC),the South Alrican govamman addrsses
b d thusseesls 16 | fail

The PICC seeks to corect govemment follures, coordinate the
allocation of resources in the economy, improve i

relofion fo having challenges with the pravision
of refioble ond qualiy elechicty, @ mottor that seeds to be resolved
a3 @ mafter of urgency before it bacames a culture.

Same of the cantributing factors fo this include the high fumaver of
kay municipal stoff; poor revenue collaciion; misalignment of tarfis

through energy theft and meter tampering; misolignment of financil
yotirands betwen Eskom and municipliias; omongs! other things.
We are exploring sustinable sclutions for the energy indusiry. One
of aur policy prinities to address these challenges is to occalarate
investment in infrostructure to correct the structural problams in
ihe economy and Iy the basis far higher growih ond aconomic

towards the ic and social of our iti
it Deli 5

relations and accelerte the execution of the nafienal infrostructure
plon in @ coordinated ond integrated manner. Ultimately, the
infrastructure programme wauld amount f6 o dismal failure if il it

by and will sliminate
panety nd unemploymart, e thu snmes ety s e
soliical benofis of aur democracy.

Sackiciny, sanbolk

did wos meraly it il o physical i which
whils it would make § sosy 1o do business, but would merely and
norrawly be about thot ~ making it easier and cheaper for business
1o conduct its affairs and make profit and weolth.

In this regord, President Zumo sioted during the 2012 Stale of
the Nation Address: thot: “The massive infrustuciure investment in
infrostructure must leave more than just power stations, roil-ines,
doms and roads. It must industialise he county, generate: skifls and
baast much needed job creation.”

ond woter is therefore o key infrosiruciure delivery issue ond g

fundarnentol human right, Cvar fhe years, our economy hos grown

on the back of extractive indusiries and the retail sector.

The government has racognised that this is not sustainable for

aconomic development and the global sconomic racession hos
s 5 sl

e —— e



Part of this infrasiucture drive wil confribute towerds he objective of
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functions in that it simulates ecanomic actvies, creates employment
‘apportuniies and provides basic energy senvices for housaholds.

Over 4,2-millon households are now clectrified siace the inception
o tha dlchfcation progronme, & oo oxhiewsd thosgh working
together with is M

has elechrifisd more haussholds in the last nineteen pears than tha
i coloriol ond aparheid rgimes did in over freo hundred years
of their il ind . However,

stll challonges towards meating the universal access abjective, and
1 hopa that part of your delbberations will consider how we oddress
hosa challengos.

The provision of electricit fo all should improve the quaiity of lfa
of South Africans, especially the marginalised, and os such, the
“unaffardability” of slectricity 1o households with no incorma should
be addressed.

Govemment infends fo counferact the odverse impacis of eleciricity
i g

improvement of the effectiveness of the fros bosic d-cm'my (FBE)
programme. also in the process
fo improve the free basic sleciricity progrmmme: [ g e

The sk
d and Both Eskom
i fi in "
oruparad i Thvisigh o 4
heres of

stokeholders, it is possible 1o arrive of cost-afleciive, integrated tmﬂ

sustainoblesoltons o dérss savice delvery hallenges i Soh

However,
oher SOCwille continue o be how hey oisefunding for theircapiol
investments,
environment which is expecied fo get even fougher as the US persists
with the tapering off of ts quantiloive sasing programme. Raising
capitol to address both capitol and operational axpenditure is going
diffcol Hy g

I is therefore imporiant thal, for example, the issves of the payment
for services by customers os well os the municipal elaciricity debts
must be addressed os capital investments confinue, so that we do
ot compromise on the “user-pay” principle. In our cose in South
Airica, bath debis such as the one by the Soweto customers, which
constifutes 0% of the debt owed fo Eskom by residential customers,
a5 well as the one by municipalities, which today stands ot over
R1,5-billion foe the ten lomgest.owing municipolities, must be resohved.

that every poor household ix catered for. Confinued

d, but sustained, lorgest-owing
This

g

defivery to all Sauth Africa

il in his rogard. Our role, as the
oc, iniioti

dewonmdmd\hhnlmoﬂhumdlbmaﬂpelmﬂdmm

S e g fod i

timely and responsibly.
As you aware, the South Afrcan economy is highly energy-intonsive,
andh

and kaep the ligh d 1o the payment “boycott” in sightl
Thi imp g

0 the elecricily consirainis o5 o result, However, fhe issue of energy
sfficisncy must move beyond being a slop-gop measuro fo address

processing. As the demand for energy grows, the energy sector
is axpected fo play u canral role in acceloration of the country’s
‘ecanamic grawih and development, Sociol equity and economic
cy ore crucial in energy production and wo have developed
approprete. polcy insuments o piinise negalive impocls o
The

Sakom capiol invesmont programma wil add 17 000 MW of new
‘electricity ganerating o the national grid. | am hapgy fa report that
all the previously mothballed plants have been retumed 1o service

canstruction of the new electricity generation plants, there has been
significant progress and we are an course to receive first power by
the second hoff o next year of Medugi Unit 6.

v it baing o cltr forour
ki e
must come 10 on end); and we mus begin 1o moke i our cultre to
b concared bath about tho cther porson and the futur. A confinent

generations. Negligence is for us et @ luxury.

There are big expectations placed on assoeiations such os yours to
be innovalive in resolving the sarvice delivery challenges and, o
cruciol pariners and sigkeholders, fo porficipate in the progrommes
10 build and sustain fhe infrastructure. | wish you all the best in your
deliberations.

Mealusi Gigabe, Minister of Public Enterprisos
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The South African smart grid vision

by Dr. Minnesh Bipath, SANEDI

South Africa’s electricity supply industry stands at the threshold of critical transformation. This moment presents.
an opportunity for innovation 1o improve service delivery and to enhance industry sustainability. However, it also
requires important decisions 1o be made for the optimal deployment of available resources which will provide
the best platform for the economic and technological needs of the country - now and into the foreseeable future.

The purposa of the vision is fo describe the
aspirotional future state of the ESI in South
Africa.

The vision defines, through @ process of
coreful consideration and consuliatian, a
common picture of a smart grid which is
rebevant fo South Alrica ond the challenges
the indushy faces. Hoving an agreed defindion
or collective understanding of the smort
grd vision in South Alrca is imperative for
alignment of offort and infogratien info o
coherant nafional system. A clear vision
will enable numerous rale players ond
stakeholders invelved in multiple solutions
and applications over an axtended period of
implementation to be “pulling in the same
direction”.

The aim is to bolance practical realism
with o sultably ambiticus and aspirational
vision 5o fhat the econamy ond sociely can
veap optimum benefil from the significant
infrastructure invesiments fhal will ncessarily
b mode in the immediate fulure

In describing this vision it is recognised that
the electricity industey is dynamic and thot o
level of “grid smartness” exists and Is currantly
baing pursued/implemanted. It s furhermore
recognised that energy supports and leads
economic development and should be
rasponsive 1o the sver-increasing complexity of
power supply ond consumpion requirements.
The vision may therelors conlinue to evolve
in time, but is intended to describe, as best

the aspirations are amidst the changing
landseape

The vision forms part of & comprahansive
framawork that is being created far o smart
grid in South Africo as fllustrated in Fig. 1
In addilion o the vision, the framework wil
consist of an "os 8" onclysis of the industry
siohus. ol frasedls 0 9op anolsi 1o IdenNy
the variance between fhe current stotus and

the: defined vision; & strateqy and roadmap

experience and performance fesdbock from
the industry will continually serve 1o refin the
implemertalian approach, egain lollowing
an iterative process fo develop the most
appropriate guidelines for Scuth Alica

While tha strategy ond roodmap will lallow
from the vision, the vision does ossume that
sherimplemantation of smart geid applications
can be approcched in o modular wa,
role player has he fraedom lo prioritse the

¥ sugge the opp "
the ideal nationel posifion os dascribed by he
smari gridvision; supported by o business case
or value propasiion for establishing o nafinal
amart grid, The business case, combined with
pilt findings and lessons learmad, wil inform
clear direction on the required ond prioriised
functionalifies and implementafion guidelines
fo cid role ployers ond sioksholders with
oppropriate technalogy” system selection and
implemeniatian where required

The development of the vision will fallow
o consuliafive and inclusive approach to
occomplish the necessary peredigm shift
amangst ol stakeholdars. Consultation
is inevitably an iterative process that
roquires fime, but brings obout o collective
understanding, stokeholder lignment and the
motivation for change amangs! the relevant
role players. The SASGI workgroup provides
the platiorm for the pracess lo develop the
vision and, subsequentl, olso oiher crificol
aspects of the smart grid fromework fe.g. the

possible with current i what

of on ospect of the smart grid
10 sull spaciic eve oge opportunities or areas
of constraint or need. This suggests that while
the nationel vision, sirategy and roadmap will
provide: the cverall direction, the respective
utlities i the industry ceuld star their specific
journey ot ony point within the contest of the
vision that will create the greaest immediate
benelit for tham. Implemeniation of the full
envisaged scope and realisation of the full
bansfits of the smart grid may tharelore
be achieved over an exlended, bui nan-
prescribad, fimeframe, The approach adopted
must also be seen in the brooder context of
he stucture of the electricity supply indusiny
in Scuth Africe. The industry currently consists
of o dominant player who incorporotes o
vertically integrated business [generotion.
transmission, distribution ond ratol] and
numeraus autenomous bundied distribufion
utilifies.

An anclogy used by NETL for Ihis "systems
approach” is that of o colologue versus o
novel, A catalogue can be consiructed by
collating many tachnology dota sheets and
ranging them in some ordes
elphobetic. A cotologue may present voluabls
eonten, but no clear

such as

oection.
A novel is approached with an ovarall
vision, followed by.o storyline onfo which the
components ond building blocks of the novel
[eharacters, plots, chagtars, and parotive) are
built ondl integrated in @ woy that supports the.
vision andl goals thol waro defined in order fo
deliver a coherart, meaningful siory.

It is propased thaf the South African grid
shauld be advanced in o similar fashion;
not by gothering o colleciion of interesting
technologies and calling it madem, or smart,
o inteligent, but by firstdefining a vision and

Fig. 1 Comprahensive framawork ko quide the smart rid implementation in South Alico

o defined purpose. The vision will hold up a
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Coal/Natural Gas

e

The ESI stands of o critical junclure requiring
urgent and sigriicant infrosiructure invesiment
#a maintain sacurity and quality of supply,
1o respond 1a growing supply needs and
to new challenges. Parhaps the biggest
chollenga will be finding the right econormic
and environmental halance betwean these
imperatives:

« Chonging snd more damanding customer

sxpaciations.

'Ss:u-e supply of eledricity now and in the
utare

.

Diversiied and distibuted) snergy mix
with a cleaner, mare susicinable supply.
Affordable infrostructure capable of
supperiing economic growth and rapid
fechnology odvancemants.

The transformation required of the ES! fo
suppon this evlving landscope is illusiroted
in Fig. 4, in the-grawing complexity of the
sisting and anticipoted demands on the

Fig. 2: Histaric energy syshem (conceptal

" soar (B Eneray Stomge

o\ / o,

Fig. 3: Tronshormed eneigy system (canceptual) (As presanted in Smartor Energy for
Smarter i, by 1BM Gicbal Energy and Unilies Indusiny |

view of the smart grid ogainst which future
decisions can be checked in ferms of whether
# "works* and whether it *f” with the vision
end wil allow progross ogainst he vision fo be
gouged along the kong and ord)

Back ground and context fo the
vision

The South Africon ES/

icocial

16 realisation

This means tho the vision may be ombitious
withaut compromising on crificol requirements
becauss of resource conshrainls. But, it
also amphasises the need for the vision
10 give clear direction hat will ensure. that
4 h

pply
(generction, transmissian and distibution)
inkrastructure was designed severol decodes
g0 in o vastly different political, societol and
tuchnelogy eonte, 1o mspond 1o relafively
“simplistic' supply needs (conceptually
illustoled in Fig. 2). The sama, ageing

of applications are aligned ond can be
integrated info the nafionel network/system.

i now struggling 1o suppart
rapidly growing and chenging 21t century®
natwor roquirements.

oy

While the challenge of respanding to the
changing energy system requirements is not
unique to South Africe, Seuth Africa is in
a fovourable position where fhis coincides.
with the need for infrastruciure investments
2 mainioin a shoble platfor for current and
growing aconomic activity.

Smart grids ore an sssenficl part of these
inevitable industy changes (e.g. replacement
of ogeing infrastrucure, clean enargy, securing
supply, introduction of eleciric vehicles and
distributed generation, in addition o the
ofher mony challenges, and daing so whie
manoging escaloting ensray costs,
Furthermare, being in & position 63 an indusiry
fo give cansideration o the most appropriate,
collective approach prior to making an
investment of this magnituda prasants a
defining opportunity fo leverage glabal and
local knowledge, experience and technology
for the most appropriata, integrated selufions
belore ambarking on fhis journey.

Aligning on this vision may further present
apporunities o levasoping sconomies. of

seole, localisation and the exchange of best
proctice

Smart grids

The concapt of tha smart gric has been oround
for many years, hos evolved significantly
over fime and covers o brood speciuff of
fechnologies and funcons. The elacticiy arid
relotad challenges experienced during the lost
decads in couniies such as the USA, Europe,
UK, eic. dd however significanty accelorate the:
deployment of smarf grid applications. While:
the drivers might hove: differed from courtry
1o country, the smart grid applications wars
successfully used fo overcome and address
their challenges ot hand. As a resul thers are:
many. smort grid definifions and explanations.

R 7T e D SR e e e e e
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Energy Siorage — Support
S et Procoss Phig-in Hybeid Electic Vehiciea/Electic Vehides
1wmhma. Home.Aes
‘Smart Apgilances-
Consumer "Storage- Disiributed Generation
Compiex-Event (Combaed Heat and Fower
Operaiional Technology (OT) Security-

Technology

Infiated

Trigger

Source: Garter {3y 2011}

'Years to mainstream adoption:
Olessthan 2years ©2foSyears @ 5to10years A more than 10 years oumﬂm

Some definiions describe fhe smarl grid in
terms of funetion and/or technology copability
ond/or banefns offered, From ol these, o few
key alomonts common fo most definiions
emerge: communication, infegrafion end
autemation which are sustainable, economic
and secure.
The Europsan Technology Plotorm Smat Grid
(ETPSG) defines the smar grid as follows:
Asmart grid s an elechricity nehwork that can
intelligently infegrote fhe aciians of all users
cannedled fo it - generators, consumers ard
thase that do both - in order fo efiiciently
delivar sustainoble, economic and secure
aloctricity supplies
Based on ETPSG deiniton, smar grid smploys
innovative products and services lagether wih
imelligent monitoring, contrel, communicoion,
ond self-healing technologies o
Batier facilitate and manoge the
connaction and operation of ol sources
of energy,
*  Give end-users more choice 5o they can
help fo optimise energy u
Provide consumers with greoter
information and cheice of supply.
Significontly reduce the enviranmental
pact of the whole electricity supply

Deliver enhoncect lovels of raliabilly and
security of supply,

Fig. 4: Smait gid Garkner Hype Cycls (2011

Smart grids deployment must include nor
only technology, morket and commereial
consideratians, enviranmental impact,
requlatory framework, stondordisation
usage, ICT finfarmation and communication
technology) ond migrafion strategy but also
sacietal requirements ard govemmental edicts,
Asa concept, the smart grid is infuitive and
slegant and an obvious progression for the
slactricity grid 1o incrsesed outomation,
improved performance, improved efficiency,
and infegration of more applications. Bul,
as with most large mavements of technalogy
change, the developmant phases of tha inifial,
emerging smart grid lechnologies ware nof
without growing peins ond herd lessons
leamned. However, by 201 1 the Gartner Hype
Cyclo (Fig. 4) for smart grid technologies
shawed most ralated technologies hod
odvonced for towards widespread adopion.

Uil racertly Seuth Alricn hos mostly logged
behind the world in the adopticn of smort
arid technologias; As o resul of fhis lag,
South Alfica now has the opportunity, af o
convenient time in our invesiment cycle, to
teaphrog several fechnology davelopment
cyeles and lessons leomt by the front-runners
in implementation. From this vantoge position
the focus shauld be on copiliing on the

realising full and relevant benelits for South

Africa.

Policy contaxt

In South Africa, the electricity sactor has

become the focus of heightened policy

inferest in tha context of ascoloting concems

over carhan emissions, security of supply,

energy demand and acanomic growth. The

most perfinent policies and regulafions are

highlighted to. demonsirate the importance

of a capable electricol infrasiructure and

the context 1 which o smort grid would

significontly contribute.

The Nationa Energy Act, 2008 (No: 34 of

2008) sefs out speciic goals with respect to

‘energy security ond security of supply:

& Ensure uninterrupted supgly of energy fo
ihe couniry.

® Promote diversity of supply and energy
resources.

Focilitate effectve management of energy
demand and its conservation.

Promare aporopyite ondords ond
specifcations sptems
and processss sed Ior prodecing,
supplying and consuming ensrgy

Ensure colleciion of data ord information
relafing to energy 3upply, fransportotion
and demand.

A smart grid
and 1o odopt applicobla best pracices 1o

o Proside for apiimal supply, transformation,
transpertation, storage and demand




Partnering with electricity
authorities across Africa
to meet their power needs

Qur track record spanning almost three decades in developing well-engineered
and executed turnkey, high voltage solutions across Sub-Saharan Africa, has
enabled CONCO to build and maintain strong parinerships with numerous
electricity authorities to help meet the growing demand for power.

QOur customer-centric focus and key competencies that include extensive
experience in Africa, a world-class skills set, upfront engineering and a high
focus on the detail, extend across all of our projects whether it be substations,
overhead power lines, wind farms, automation and control solutions,

ing an ions & mai service ora bination thereof.

CONCO - Sub-Saharan Africa’s leading developer of complete
turnkey high voltage solutions

A\ Consolidated
A subsidiary of: Infrastructuro
Group Limited
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Graving energy demond

Table I Dtivers for changa ond relevance of e
amart grid Jo South Aica.

of energy which is plonned, organised
implemen in sccordance with
a balanced consideration of securiy of
suBply, ocanamics, custamer profection
and susicinablo devolopment.
o Commerciaise enorgy-related
tachnologios.
Ensure sffactive planning for energy
suply, franspertation ond consumption.
Confibuta fofhe sustainable devolopment
of South Afica's sconom,
The Energy Security Moster Plan — Eleciricity
(2007 — 2025) echoes these goals and
pravides for o good referance poin o
evaluata the curront performance of the
slectriily supply indusiry against the defined
vision expectatiors. The master plan presents
the fallowing priortes for South Afnco:
* Supporting economic growth and
wolopment
Improving the rlabily of alecticy
infrostruchus
Providing o msmu, pricad eloctricity
supply.

Ensuting the secury of aleciricity supply
s sat by a sacurly of supply stondord
Divorsitying he primary energy sources of
eloctricity.

Mesing the ranawabla energy targets as

set in the EWP.

s Increcsing access fo affordable energy
senices

Reducing energy usaga thraugh energy
effciency inferventions.

Accelernting household universol occess
1o elactriciy.

Claritying some of the policy issues in the
nfexf of an evolving elechicity sectar.
The ageing and sirassed infrostructure of fhe
€51 & ehallenged 1o daliver on many of these
gools and national priorifies, Inveshmant
in grd rofurbishment and expansion, and
particularly investmant in suppod of o smert
arid, will contribute directly to the realisation
of the ohisttives and gools of both tha
Nationol Enargy Act and the Energy Securty

Master Plan.

The National Climote Changa Response
Palicy white paper (Dspartment of

> e

ﬂ?\q

Fig, 5: Smart grid 05 0n enabler s odekess indusiy challenges.

Enviranmental Affairs, 2011) reaffirms
South Africa’s undertaking and infermational
commlitonts o slow dovn, od in dus

To achiove

the slectricity distribution industry. The

study reveoled, among other issues, thot

there is o significont underinvestment in
; 5

this necessitales o substontial infegration of
renewable anargy info the eleciricty gri
is imporfant fo nofe that the distribution
which includes all networks/grids operating
o the 132 kV leval and balow, will bs crlical
i the realisofion of this objective. Withaut
o substantial level of grid intelligance, the
renewable: energy opportuniies cannol be
ehiectively pursued
Government Regulotion [GN) 773, published
in ferms of section 35 of the Electricity
Regulolion Act, establishes nerms and
standards for reficulation services fo:
& Maintain the quality of eleciricity supply
» Ensure the stobility of the elsctricity
hotwork

Minimise electricity lood shedding and
evord blackous.

The segulotion includes specific meosuras far

and strengthening, This wos opplicable
ocross most of the electricity distrbution
utilfies in South Africa. Furthermese, an
urgent need wos identified in respact of
peaple racruitment and development while
there wos a gloring absence of business
efficloncy and the opfimal deployment of
fechnolagy. It is estimoted thet Seuth Africa
will beve 10 invest appraximately R35-billion
{2012} in essets and managemant tools o
address the current infrastructure ralated
backlogs. ADAM was approved in 2012
by Cabine! {rational government] 1o be
introduced a3 an assal fumaraund siralegy
for the electricity distribution industry. While
ADAM is not on end solution, it presents
significant opportunities 1o enhance the
performance of the EDI. The intraduction
of 0 smart grid vision embedded in the roll
out of ADAM could bring about significant

the rell out of smort metering fo o
with & monthly consumption of 1000 kih
and abave and for a “time of use” (TOU)
tarif o b applicable 1o thesa customers by
1 January 2012, The regulatien is in effect
since 2008, but the specified timeirame
and details regarding smart grid and TOU
fariff implementation s allowed for in the
regulotion is undar review. This regulafien
esloblishes an important precedent for the
introduction of o smart grd in South Africa
and claarly demonstiates the national intent
10 mowe towords sman grid infrastructure.

halistic and integrated solutian.
Elactricity presents inherant and unique safety
risks, requiring stakeholders 1o priovitise the
health and salefy of amployses and he peneral
public. Smart grids offer the electricity industry
‘opporiunities fo enhance employes and public
health ond safely by improving grid safety,
providing befter network information and
redlucing exposure time o faully netwerks
With due consideration fa fraining ond
change monagement, a smart grid will
focilitate compliance with the requirsmants
O

During 2008 o stody
was undertaken by EDI Holdings to
datermine the stotus of the assets in

{No: 85 of
1993) ond reduce elechicily reloted incidences
amorgst employees and the public.
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Toble 2: Srart grid response foindushy chalfenges

The grid must be: more.
reliohle

A wben ond
of tho-qualit fhey value and ore willing fo pay for. It provdes ample

fesfing. I tekes correctiva action belore most uaers are offscted.

Th grid must be mora An economie grid opercies under the basic kaws o supply ond
sconomical demand, resiting in foir prices ond odequote wupphies.

The grid

‘onvironmentol susiainabilty | of o largar per

of hm\m ronavtle tescurces hon coukd

rrantage
abecresbs kbl mpperivd

Table 3: Kay suscess focfors for fhe sma grid.

Astart gid thersfors repraserts n enarmaus
opportunily fo confribute fowards and
enhance delivery on these policy obiecives
and notional inifictives.

Ralevance o South Africa

South Africa’s electricity industry is facing
significont structurol changes combined with
the wrgent need for major improvements
o ageing ond inadequate (s o result of
iowing demand and incraased footprin]
nfy h b o dei

In response fo these change drivers, the
smart grid affars improved aperational
efficency, opporturifies for anergy efficioncy
improvaments, improvod customer sofistaction
and anhonced abilty fo respend 1o the
National Grean Agendo (see Tabla 7).

Increasing the intelligence. of the grid wil
anable the ESI o betier respond o situations

enticing new skils and employees info the
morket, Cancinly 0 ‘sman grid wil requkre
skilled paopla 1o manoge the development
and maintenance thereof.

It is acknowledged that o smart grid will
nat address all netwark concerns and
challenges, but for o relatively smoll
additional cost 1o the planned electricity
systom infrastructure Investment, it offers
potentiol to improve operational efficiencies
and significantly enhance the electricity
network infrastructure so it may support
the chonging industry requiremants, the
drivers for change and deliver an the vision
described in the subsequent section of this
document.

A8 such, 0 smor grid is o key enabler for the
resolution of many of South Africa’s described
indusiry challenges as shown in Fig. 5
Forleiting this opportunity 1o modarnise and
infroduca intelligence info the grid while n the
necassary process of infrastructure upgrading
and sirengthening would be like expanding
the nation’s felecommunications system
without taking advantage of fodoy's digital
and wireless technologies.

Scope of smart grid vision

With cansideration of this document's context
and the braod gaol to transform the existing
slecricity supply infrastructurs 1o o more
inteligent system, iis visian now craits o smart
grid aspiration with resaect fo the following
system elements:

Key success factors

Principle characteristics

Performance:

Applications flechnical solutions)
Mefrics:

This visian & intended to be outcome bosed
i.6. the vision oims 1o create an overull picture
of the ospired network qualifies, capabilities.
and functionalilies, but is not infended to be
prescriptive in ferms of the implementafion
approach, technology specifications or
Nmelines. The expeciation is thot sach role-
ployers naad shall deiaming the opplicafions
priorifised for implemantatian. Not every
industry role-playar will start ot the same paint
ar follow a finear process, but rather MI\.bs

to other energy resource

system. Incorporating  greater intelligance
into the new infrastructure presents an

svailability, 10 support the growing demand,
projected sconomic growth and climate

y oy
is ocanamically, socially ond emvironmentolly
ethical, durable and resilient in the foce of

- ®n-going global change.
Toble | shows the speciic

change and fo-dompan the
impact of slachicity price increases through
officiency and reduction of system losses.

d o build in
e same direction fowords the same nafionol,
infegroted objectives.

In tha subsequant ssetion of this document the
smart grid vision is described in ferms of each
of thess systarn elements. This understanding
o tha vision is nitally compiled for iscussion

Toeimnovoson o
o Sy o

driving the change fe the eloctricity
infrastructure for South Africa.

xpm o renewed inferest in the alecticily
industry o3 o possible corssr opporunity,

is reached it will sorve 03 o key clement of
the natianal smart grid romework fo guide
cohenent and focussed implementafion.
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paragraphs in ferms of each of these systern
elements, but can be summarised info a smort
arid vision statamant such o

*An ec
enabled, sleciricity system that is intelligent,

omically avolved, technology

interactive, flexible and efficient and will
enable South Alrica’s energy use fo be
sustainable for future generations.”

Clority s provided on fhe meaning af car
of the words in the vision stalement.

e “Economically evolved' - affordable
electricity system thot mesfs the growing
of the economy

Technology enabled” — fi for purpose
ICT, processes, sensors, systems and
applications.

“Intelligent’ ~ from dota o knowledge.

“ineroctie’ byt maniter,canirol and
Monage using two way communicar
ihroughout the complate valus ch
“Flasible* - oppropriate, scolable ond
adaptable bosad on common stardrck

“Electricity systerm’ — the complete value
chain of all inferconnected equipment and

Fig. & A systorms view of the smart grd

SMART GRID

BENEFITS

Fig. 7: A smant grid value canvibuion.

South African smart grids vision

The fundamentol steps tawards sman grid
fronslormation begin with @ cleoe vision o
the objectives. The vision cims to describe an
overall picture of the smart grid and in deing
90, tokes @ systerms v of the grid shot will
shear on integeated national solution

To achieve this, the vision describes the
smant grid in ferms of key success foctors,
parformance requirements, principle
characteristics, opplications ond metrics
necessaryto realise the smart grid (sse Fig. &)
The vision for the Soith Alrican smart grid
s described comprehensively in subsequent

pon generofion to end use.
“Sustainable® - optimised ond affordable
tom enviranmentol ond sconomic
perspeciives,

Objectives

Implementation of o potionol smart grid in
South Alrica aims fo enabl the following
objectives by 2030
» 20% sustainable reduction in South
Africa's peak snergy demand relotive to.
the 2012 nafional baseline projection
100% grid availability to serve oll crifical
loads o3 defined nationally and by sach
utilty.
40% improvemant in system efficiency
(meosured ogoinst the notional and local
2012 fechnical and non-technicol losses
basaline and osset wiiisation o ochieve
& load factor of 70%
8 GW elecrricity copaciy integrated info
e distibution networks from renewoble
enargy sources.
o Improved service. deliery and service
reliability te customers to achieve o

customer satisfaction index fhot exceads
80%.
Cost and benefts

Tha tronsition to.0 senarter grid entolls changes
ond enhancements to the complete grid
value chain, from how the electricity utilities
oparte, 1o how tha network is structured,
1o how the end user interocts wih the grd
inbostructure. It requires extersive olignmen,
coopertion and integration. But, as @ resul,
It oHfars, and should offer, significant benelits
hroughout fhe value chain from the utifes
to the customers ond, importanly, to society
as awhole,
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with the assoclated
and the

e e
with or without smart grid implementation

g greoter i 3 into the grid might add
fo these costs, but st

ely. The values with respect fo e
Hbokafhin
beiefly

llustrated areos are considered for e

category and the costs and ben
summarised,

Key success
The sma
onthe anficipated elactricol
ond environmental benelis, The fransition 1o G smart grid
1 fo six key

ors

daticn e deliver

is axpecied to set the &
rks resilience, efiiciency

should focus an achieving value with n

success foctors (see Table 3]
The key success foctors for o smort grid establish o basis
for speciic porlammance raquirements and for measuring
progress and benefits

Performance

The additian of inelligancs 1o the slectricity nework musi
enable enhanced performance with respect o the ilems
shown in Table 4

Principle characteristics

Masting the stated performance requirements requires
the: smart grid o inélutle certain imporfant chas
‘r features. The vision describes seven brood principal
charocterisiics which constitute the smart grid ond Toble

5 summarises these seven principle characterist

ond allows o comparison betwsen the existing grid
ond th
chara
Key technology applications

Deployment of appropriote technology applications & the
key 1o achieving the stated success foctors, perlonmance
requiren

grid
improve how the smort grid s planned, designed, opercted,

vision of the smorl grid with respect fo these

stics.

nts and principle characterisfics of tha smar

ifying the relevont apglications will influence and

ond maintoined throughout the volue choin. The focus here

ond of what pace fo achieve o cost-eflective, sustainoble
and beneficial smart grid solutian for South Africa

REVENUE RECOVERY

INFRASTRUCTURE
PROTECTION

INTRUSION DETECTION
MONITOR & MEASURE

REMOTE ASSET
MANAGEMENT

ACCESS CONTROL &
REPORTING

CENTRAL KEY CONTROL

EMBEDDED, MACHINE TO
MACHINE SOLUTIONS

Specializing in daswgn. supply and central

.

solutions, ErlgmenUP creates and
implements systems for a wide range of
solutions working with your  preferred
enclosure suppliers.

X O X For more information
X

X Shane van Jaarsveldt
+27 (82) 6010499

O X shane@brightenup.co.za
www.brightenup.co za

Brightenup
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These applications should incorporate
s e and prioritisa these technology solulions
response s ot s o . T sl alesoga b b that will provide @ pesitive return on the
‘ﬂ‘ﬂm"“nmhm wy oad 10 reegord maés eluchenty invesiment over the deployad asset life
oKa # cycle: This is ochieved through energy
demand reduciions, savings in overall system
% ane ~ b ‘operation costs, deloyed capital investment,
The smart g p it an ding of he siae and roguiing smoler generoon eserve margs,
wojectary al the wrd, hen e ion, and lower and servicing costs (..
S iiha b o4 o P reduced manual inspection of meters),
eciion swpport capabiites. reduced grid losses, new cusiomer senice.
I o i offerings and improved customer senvice
levels.
wppiy ond demond The following applications ora included in the
bgndal\-rﬂ-(wi mrmmb«lﬁ wﬁv hbmld Wvdum o build. identified smart grid solution for South Africar
Advanced metering infrastructurs [AMI).
Customer side systems (CS).
Demand respanse (OR]
Distribution management syslem/
diswbution automation (DMS).
Tansmission enhancement applications
A,

Systam plonning
information fo anvwer hose questions.
Table 4: Perdormonce requirements for he smar grid.

P

Customers have limiad

indormatian ond opparunily o
{or participation i power s
ento, oees ondar et | POTICPIN BY Lo | i e gy rasacrces.
ity conirol

Asset/systmm optimisafion (AQ).
Distributed energy resources (DER).
Information and communicalions
integration (ICT)
The deployment of these applicaions directly
comslates 1o achisving the key success
factors of rliobility, economics, efficiency.
- anvironmental, safety and sacurity, as shawn
Mature, well-niegofed wholesale infig. 9
ol new lecrrich

The applications ore roughly aligned to four
funclional ateos of the smant grid. The four
functional areas ore defined es customer
enablement [CE], advonced distribution
operatians [ADQ), odvanced transmission
operations (ATO), and odvanced asset
management (\AM] and correspond with the
applications os llustrated in Fig. 10,

The final realisoticn of o smart grid is o system
thot demonstrates oll seven of the principol
across ol four functional areas as shown in
Toble 6.

aitocks and noturol disosiers with mapsd The functional areas can be used o sructure
o *roadmot’ uFar\ﬂrdﬂuh:nd <ot ffeciive

Giatly expanded data acauisiion of

sirolegy
the vision goals/lorgets in it

It is possible fo use each funetional area to
develap o business case and then integrate
these four business cases 1o defermine the
mast praductive transformation plan for South
Africa with s own limitations, pricrities, and
cost concerns, Ina general sense, sequencing
of the smart grd implementafion within the
functianal areos with consideration of @
“roadmap’ can id in the implemeniation
and with maximising the benefits (see
Fig. 11). A "roadmap”, bosed on this
proposed approach ill be developed os
Toblo & port of the smort grid framewark to provide

o e R R
Customers.

[Evcen e prdicn ervees endmarkas. | <L v 1 v L
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Fig. 8: Envisoged smar grd inivative:

ond iterlaces for South Africa

DER

ATO, AAM) to which it is ollocated (see
Fig. 12}
Metrics
Metrics and forgets provide o fromework

ogainst which 1o mositor the fronsformation
af the nationel electricity infrostruct

ture into
the envisoged sman grid ond to gouge th
value of the resulting contribution 1o the
t is therefore @ crifical aspect of

o vision.

A1 a high-level the smort grid obieciives wil
serve o3 the mefrics o Irack progress lowards
delivering on the South African smart grid
vision. But i recognises thot these metrics will
be composed of several sub metrics that will
requine aggregation ocross industry sections
and across entities/role players. It is olso

recognised that the mefrics would ropresent
an industy average, with varying targets ond
stofuses for indridual eniiies.

A monitoring system that can evaluate
performance of the smart grid applications
ogoinst these metrics should continually
guide the national roll out. I is onticipoted
that performance against thess metrics wil
bo composed of a more detailed framework
‘of KPls across the industry that will be fracked
‘and aggregated across the industry o roport
perormance at this level. It is proposed that
astandord framewrk and stardard dafinition
of mefrics is agreed as part of the process to
develop stondards for smart grids.

It is furtbemore recognised that the melrics
would have 1o ba reviewsd os the nafionol
smart grid fromework that SASGI is working
on, unfolds fo ensure ths targats remain both
‘aspinationol and realistic.

Conclusion

South Afrco’s electricity nefwork has provided
vital links between electicity producers and
custamers for many decodss. Historicolly,
these nefworks and infrastructure were
devaloped fo support fhe large, predominanly
carbon-bosed generation sources fhat were

Fig. 9: Mustrafing the correlation betveen applicafions and key success faciors.

industey guidance in terms of the vision, but
will not preseribe the [sumey thot each usity
should take.

It should be recognised thot smart grid
beneiits ara opfimisad when applications
across the respeciive functionol areas are
combined across the ES! [rom generotion
to residential) os shown in Fig. 11. As the
funetionalities from varicus cpplications
cambine, tha potential benefits fram the

smart grid increases expenentially fo ol
stokeholders. There is howaver  poini when
further investmant in applications deliver

smaller raturns (see Fig. 12). The vision ond
overall SASGH smort grd framework aim is
1o ossist with unlacking optimal bensfis for
The given invesiments

As indicoted praviously, a cohesive smar
grid framewark shall allow soch utility
o' iddenify functional areas, with 1he most
severs chollsngas in tha UM natwork Gnd.
to priariise tha selsction of applications
in‘tarms ‘of the most urgent nasd. ond
greciest arficipoted retur. Eoch ol the lised
anplicaions is-therslors descrbed. by in
the context of the functional orea (CE, ADO,

| around the coal resources in
the country.

South Africn s now focing increosing economic
challenges combined with o changing elecfity
landscape. The naticnal drive for lower.carben
generation options (including renewable
energy ond distributed generatior), combined
with greatly improved efficiency-on the demand
side, necessitotes more sophisticated and
intalligent network capabilities.

Pressures to invest in the renewal and
expansion of ageing electricily infrastucture
across the country are mouning if South Africa
is o ensure an occeptable quality of fife for
all South Africans and ecanomic activity and
futurs growth con be supported
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With these chollenges cames an opportunity
fo incorporate greater intelligance and
ulomation info the network that cen oprimally
support the electricity requirements of the
couniry.

“The vision forms part of a greafer framework
that is being developed by the South Africa
smort grid inifichive to guide effective Fransiion

infeastructure.

The purpose of the vision is 1o define o
comimon, notianol blueprint or ospiration for
the smart giid befors indushy sioksholders
and pariicipants embork aa on investment
‘programme of this mognitude and complexity
The vision is inlentionally ombitious and
aspirational 1o provide o common vision of
the smart grid that will be realised ovar fime,
bt wil serve to align efforts acrass industr.
It should alse serve o olign national efforts
acressoll related activifies including skills and
capacity building, technology development
‘and localisafion of indusiries where relevont
The vision considers the objectives of the smort
gricand the conlribution it expected fo make
fo the respective siokshalder groups with the
aim of Identifing the priosity inferventians and
charocterisics of the smart grid

The vision also describes he smort grid and
he expectations thereol in ferms of key success
factors, performance requirements, principle
and the key

idantilied o deliver on these.

Mefrics ond targels are furthermore suggested
a5 o framewark against which 1o manitor
the transformalien of the notional electricity
infrastructure into the envisoged smart grid
ond 1o gouge the value of tha resulting
<ontribation to the country.
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Disaster management - an integrated
response

by Cheis Billi  Eskom

& dissator chin ba dalined 53’ progretiive or s0dd Disaster manogemnt s the-discipline thot involves preporing for

or localised, natural ar human-coused occurrence disastar responise (e.g evocuation, quatanting, decontaminotion,
or threatens o cause death, injury or dissase, damage 1o propery, rescue, ic.) and supporting ond rebulding society aher notural or
infrasiructure or the enviranment, or disruption of the life of o human mede disasters have occurred,

community and is of o magnitude that excesds the abiliy of those

affected by the disaster fo cope with i 3 only their own

Contact Chis Billingham, Eskom
Tod 043 703-5008, chis.billinghan

New book from EE Publishers!
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Enhancing asset management with detailed
asset data and a connected network model

by Joyshraw Pershod; eThekwini Electricity; Coert Scherman, Affie Senekal, and Jonathan Hunsley, Aurecon

management is included in this

P plan includes o quality living environment programme. Asset
i asset

plan includes the management

he
of eleciricity, water and sanitation, reads, fransport, parks and leisure, stormwater, solid waste and property and

buildings assefs.

h Standords Institule’s Publically
ication 55 and the
astructure Manogement
monual are the frameworks being adopted
by the eThekw

i Municipality. An osset
manogament implementafion plan (2/5/10
years) was developed 2008 and.
integratad infrasiruciure assei monagement
policy was developed in August 2008.

n June v

The aThekwini Electricity Dparimant inftiated
@ unit wide ossal monagement project in
2009, NelGroup [now Aurecen) ond Progma
appointed o3 subject matier exparts
Phose 1 focused an the stretegic or high

voltage assats and phase 2 the medium
and low volloge assets, The purpose of both
phoses is 1o have detoiled asset informotion
for all network asses.

Whila mosi eniilies within fhe eleciricily
and distribufion indushy have good

larmation fer their high volued ossets
which narmally cormelotes fo the generotion,
fracsmission and sub-fransmission ossets,
ties have sufbeient inlormation ot the
iculation network leval 1o
snoble proper asset moragement. Distibution
and reticulation osset data chten doss not
comelate to the osset registers and i i In many
coses not properly modelled within systems.
This lssue s mosthy a3 @ result of a lang fime
period when sysiams did nef exist ond asset
management and confrol was not deemed
@s impartant as If s foday. It wos never o
rquirement o have those networks modelled

ution and

By the time the GS sysiems come into baing
thers wes o massive backlog of networks fo
gt onto the systiems with very liitle control.
Few eniiiies managad o climb o
successfully.

Phase 1 of the ossel monogement project
focused on cormectly reccrding and madelling
the sub-Iransmission network ossets. With
shese assets coptured and comectly nceaunted
for, the focus maved fo phas: the
distribution and reticulation netwerks which
are the bulk of the slecricity depariment

network ossets. Aurecon was appointed fo
field capture and medel the diskibution and
reficulation assets of eThekwini Electricity to
o sulficient level of detail 1o enable proper

asset management within the municipaliy
Secondary objectives included supporting
ather inifiatives within Theksini Electricty
Including system integraion and establishing
property-netwark-link for use within outage
management

Project approach

The moin scops af the praject was io feld
racord all distribution and reficulation point
assets 10 o sufiicient level of detail o enable

accurate ossel and netwark modeling for
uploed info eThelwini Eleciriciy systerns. Point
assets imply that fhe field feoms did not record
line/coble routes cport from the line/cable

dofa recorded af the point asset locotions
(L.e. miniature substations, MV ponels, matsr
reoms, i)

The praject teom decided ihat the fisld
oxercise was 10 be done in isolatian of
sawallable network drawings as this would
ensura field tsams visi all asses and nof anly

Fig. T Field aquiperient

Fig. 2: GNIS for natworked uliltes.

follow documented netwark drawings. This
mlies ihat the field teams were scheduled
bosed on gsograph
underling rood natworks. Fiek

| areas and the
tearns had o
re. eThekwini Eloctricity

move through the e
supply oreo following every section of road
(poved ond gravelled) os well a3 line roufes
whara not along rood netwarks and field
record all eThekwini Electicily distribufion and
reficulation ossets encountered

Following field work, the office teams
compared recorded doto points to ovailoble
information to ideniify missed ossefs. This
was poriicularly imporant where assels were
fon-visible from fhe street front and “hidden”
within buildings or behind wolls, which the
field teams might be ignoront about

Breaking new ground

The project deviated from the conventional
tisld dota recording methods by taking o
Iresh opproach fhat proved fo reduce cost
and enhange quality This included:

Miniiss fime spent in the field

Field dato capture exercises of o fechnicol
nature: aften contend with the following major
challenges:

« Electrical network asset dato is of o
technical nofure and often requires
qualified field personnel fo. comectly
record osset doto. This greatly increases
the cost of field exercises.

Detailed rocording of asset doto in
the field is lime consuming (small
inpui data scraens, many asses) and
places stroin on resources due fo harsh
environmental conditions and af fimes
hostla environments.

Fig. 3: Actuol held phoiogroph of equipment capfured.
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Fig. 4 Exising GIS represeniafon of equipment

\ ‘I"

uscwocossss

Fig. 5 Re-modelied representation of equipment in GIIS

» Field data copiure errors freguently
sccur os o sl of caplurer fofigue an
incomect field intarpretation. Th
nomally no way, apart from o ra-vist,
identity such misiakes mode

* Where data querias exist (i.e. on
uncommen translomer rofing has been
caphured which is queried), there is no
simple means of validoting dato apart
from revisiting the specific sle.

s
, fo

« No additianal infarmotion is evailable
post capture.

To address these issues the project teom
took & unique appibach o limit hield work to
recarding o GPS position, copturing detolled
photographs of the assets and recarding
minimum attribute dota, This resulted in
significant fima.and cost savings o well os
impreved dota qualiy.

Maximise utlisation of dedicated office
based resources

Interprefing photagraphs fo copture elactricol
equipment atfributes ond modelling the
squipmant in o GIS would require resources
with technical background and skills. This
‘was ot feasible from a cost- and resource
availabilty perspective

The project feam tock a diflerent approoch
whareby office madelling relied o domoin
pecialisis, o well-structured dota copture

process and siafe-af-fha-urt information
systems in support of a largely unquallied,
dala capture and modslling feam. The

Fig 7. Subsiation model.

Modelling software
Data modeling wos done 1 @ geographical

supporfing
| d i

This greofly

hoe queries and of dota where
..

s dalivatabii i

Al the peck of the project the office team
consisted of 50 dato cophurers supported by
o supervisors ond four electricol snginesrs.

Field technology utilised

Apart frem the GPS devices and high
definifion comeras deplored in the feld the
projact olso deployed iPods with the fisld
teams, Whie [Pads are considared too ragile
fortield work, i provad fo be a valuable teol 1o
the fied feams. During the entire fisld copture
phase (18 months, 30 field tearms) only one
ifad wos domaged when o bok fel oo i
ond cracked the screen. The adventages of

enabled from connectivity. Most municipalities
in South Africa mainigin o GIS model which
simply represents aquipment locaion but does
not include actucl connectivity that supports
odvonced functionality including copturing
and managing property/custamer network
link (PNL) which is of umost imparlance for
network operations as well as smort glld
planning ond implemeatation projects. Th
model implemanted allows full cmmdwn'
from the customer to any upstreom dawice
though netwark fopology.

The GNIS enviranment allawed for the
development of outomatic placemant routines
for template equipment which generated fhe

dogioying iPods nclvded:
s Skype o f
field teams)

Field teom tracking [Find my iPod)
Field quality assurance procass
advantages

Dato varification integrated with GIS
backdrop

Wmnlmm‘,mum and
imore comphex form desi

4 the GPS location, As an
exomple a miniature substofion consisis of MV
braokers, IV switches,  busbos, transformer,
container, etc. Using the office captured
atibutes and tha GPS. position the complete
‘and specilic equipment modsl is ovtomatically
‘generated i the GIS. This reduced the modelling
<omponent fo mainly establishing connactiviy
by conniciing nefworks between equipment.
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The dacision to model osset dato within o
gesgrophicol nemwork information system
environment proved fo hove benefits beyond
that initiolly anvisioned and was o major
contributor 1o the project success. The GNIS
envifonment and odvantoges is eloborated
onand exploined in more detail in herecfier.

Sociol responsibify

Although net a direct contributor to fhe
sechnical objectives of the project, @ major
sociol benefif wos alse reclised. The project

developed a large number of contraciors from ~

‘sssentinll baing unskilled lobourers ino semi-
akilled labourers. A the paak of the project 30
fiald teams (team leadar and ossistant) wers
deployed with 50 office doto copturer and
network modellers emplayed. Subsequent o
the project complefion many of fhe resources:
thet proved their obility were retained for ather
similar opportunities ot the sub-consuliant,

‘The field teams consisted of o skilled team
Isader, sami.skillod assistont and gensral
assistont, Semi-skiled casistants wese froined

1o toke ovar position of teom leader, generol
assistant received bosic slety training and
various skills were transiscred with regard to
the oparation of the GPS, PAD ond comera
technology.

Most of the offica data capturers did not
possess any fertiary qualifications. The
preject trained the personnel in the use of
dato copturing software and the network
smodelling softwore, This increased fhe skill
level of the contracfors increasing their value
in the job morke!. Some of the resources
doployed elected 1o siart carear poths within
the electrical enginesring environment and
subsaquently commaencad with sudiss funded
Irem income generated by the project.

Advantages of a GNIS
What is o GNIS

A geogrophical network information systems
s similor fo fraditional GIS but with odded
focus on connected network modalling.
Network modalling includes rule. sets with

Fig. 10: Netwrk roce dato resuls.

regords fa connectivity encbling the ufility 1o
troca/follow networks from supply source fo
dlient connection adhering o actual network
connactivity behaviour. This approach to
medelling holds many benefits fo the utility - it
undediss oll network planning activities ond
is essantial for nehwork opsrations.

As such GNIS s the application of choics
for networked utilties (claciricity, wter, gos,
telacoms] worldwida, GNIS soffwara presarts.
o realisfic view on fhe network in ferms of
geogrophical location, how equipment
connects to each other and supporting
technical data.

Connected network madelling i unfortunofely
sl @ relatwely new concept for many locol
municipal GIS depariments wha st do not
model conneciivity

GNIS snhancement

The feld dola captured was modelled in o
gecspaial conniected network iodl, Figs. 3,
4.and 5 show an octual fild photo, which was.
transtormed from the existing gaographical
rapresented model (GIS) inta the genspotiol
connected information modsl (GNIS).

The sxisting GIS madel repressntation hos
s-origins fiom o CAD anvironment whers
information wos ported diractly into 0 GIS,
confaining bosic aftibule information about
e elements. As con ba seen from Fig. 4, the.
elements wers “connected” ot the same locaion
without giving thoughtte the diffsrent equipment
ot he site and 1o separate different switchable:
elermerts and voltages ofthe same location. This
representation mokes netwark fracing #r faul
anolysis, connacted element counts, outage
predication olmost impossible, sinca the network
frace will continue through connected points

Fig. 5 shows how models were developed
1o represent the point leatures in Fig. 4. The.
sl is o visuolly aceurcte and electrically
connected model mimicking the octuol
equipment in the feld.




Advertorial

AMAN

TECHNOLOGIES

Clamping down on copp

AMAN Technologies introduced the CABLE ANTI
THEFT UNIT (CATU) to municipalities at the
recent AMEU Convention In East London. This
South African company proudly introduced

their Cable Anti-Theft Unit as a solution to the

scourge of cable theft - a costly problem for

mest municipalities no matter what size. Latest

figures suggest that the theft of electricity cables
costs South Africa more than RS billion annually

and disrupts the delivery of essential services to

industry and consumer.

Two different CATU units are designed each for

overhead conductors (CATU-OH) and underground

(CATU-G) power cables:

+ The CATU-OH connects two adjacent overhead
conductors to each other via a simple locking
design that works with the cable tensions, When
cut, thieves are deterred from completing their
task, since a self-locking clamp mechanism then

rotate and securely lock into position and they
are then faced with trying to remove the entire
network of cable instead of just a single conductor,
The complication of this procedure will ultimately
hamper the thieves from stealing the cable.

The CATU-G works on the same principals as
the CATU-OH but only having an anchor paint to
secure the cable firmly. Its inherent simplicity
and design was developed with the purpose

of reducing the theft of buried or submerged
industrial and power cables. The CATU-G is
installed in the trench alongside the cable. The
cable is inserted and clamped into the CATU-G
clamping mechanism

.

Easy to install and maintenance free, the CATU units
affer complete piece of mind to utilities and industry
and a headache for any would-be cable thieves!
Contact Jif van Zyl, AMAN Technologies,

Tel 011 609-0509, info@amantechnologies.co.za

(o)

TECHNOLOC‘IES

for utilities and industry

The simple miechanical design can prevent underground and

overhead cable theft.

+ Internationally patented and trademarked
+ SABS and CSIR tested and certified

* Quick to install and safe

* Non-conductive and non-corrosive

« Can withstand high temperatures and large shock loads

* Maintenance free

The CATU has been designed to save utilities and other essential
service providers hundreds of thousands in capital costs, downtime

and labour,

mail
www.amantechnologies.co.za

The CATU “Cable Anti-Theft Unit” available
in South Africa to provide piece of mind

Contact Jif van Zyl | Tel: 011 609-0509
info@amantechnologies.co.za




Fig 11 Indormmation sysems reloing io assel maragemont

System Involvement

Asset Life Cycle

|||

Fig. 12: Systans invodvoment - assen e cyce.

The: modslled representation ollows for
squipment rocing based on switching poinly,

voltage levels, functionality eic. and opens up
doars far other engineering functions such
o3 autage masogement foult predication,
power flow anelysis, network managament,
planned/grouping of maintanoncs (show
affected/autstanding work orders connectad
o circuit braoker down-strsom that con
also be addressed when circuit breaker is
maintained) ,

Note the miniature substation model
<ontaining the medium voltage ring main
wait (3-way) with isclating links, connected
1o medium/low voliage fransformer, which

connects to LV switch pillor containing the
vorious low valiage cable: rings supplying
the reficulotion network slsmants such as
consumer disiibution urits, mataring cubicies,
oic.

Certoin chollenges wore foced fo enable
correct model ropresantation especially for
OH equipment on the same pols, which is
connectsd vericolly ond horzontally onto o
Hlat GNIS model. A single pole structurs con
hest vorius oquipment of diferent volioges,
and the modaf needs 1o visually separate and
electrically connect them diferently to oflow
for easy identfication and accurcte network
reprasentation. Fig. 6 shows the model

B 24thAMEUTechnicalConvention2013
I e ——

implemented for the maximum number of
placeholders for equipment atfeched fo o pole
o enabis accurote modeling of fhe equipment,
The substation model (Fig. 7] was also
challenging since the substotion would host
varioys ossets thot need o be elacirically
connected, and some supporling assets ware
added for reprassntation only fe.g. DC systern,
communication panels, reloys, efc.)

Fig. 8 ilustrates some of the information
thot is populated os ottribules based on
the represantotion and conneciivity of the
element (in this case o madium valtage cable
connected between hwo substations being
05550025289 and MISSO01 1945)

Connected networks allaw for electrical
tracing which can be usad for example 1o
indicate all visited (offected] aquipmen,
stes, customars elc., or 1o define impoct
zone/supply area. Fig. 9 shows the results
of @ network frace (yeliow} for o miniature
substation from its MVALV tronsformer ol the
way o conneciad customars 1o highlight/
construct @ fransformer supply orea.

Information is available for all *visited”
wlements for the connecied element trace
fsee Fig. 9). In Fig. 10 the results of the
connected trace ore listed, indicating 35
seryica connection points (customers} supplied
from the source miniature substation.

Vendors have o fendency fo sell an “enferprise
assal monagement system” fo non-suspecting
utilties, when in foct the requirements for @
comprehensive asset manogement system i 5o
rich, that no singla vendor hus far has the abilily
1o provide oll the: equirements 1o effecively
manage oll the information requirements of an
assetthroughiout its iecycle. Fig. 1 1 shows just
some of the vostand different software systems
involved 1o supporiively lunchion within an asse!
‘management systam, odmiting that fhis s sl
not comprehensive.

To highlight some of the implementations
possible 1o assistin efeciive assel monogement
let's explore. the use of the GNIS* role in
affective osset management.

Everyone would agree that befors an
asset is creoted, if should hove been
conceptualised or planned 1o a certain
degrae, and depanding on the resurces
and complexity involved in addressing the
problem, vorious systems could hove been
used 10 assist with the conceptualisation of
the intended assef,

Anetwork information system affers e planner
various engineering and information tools
such as netwerk connectiviy fracing (exisiing
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network connecsians, capacity information,
current connecied consumers/equiprment sic.),
spafiol analysis {occess fo vorious geogrophic
information such as rotes, gaology, conlours
vacon land, locesion of customers etc ) The
GNIS shoutd anable the: planner 1o perform
“what i scaneries and represent the plorned
changs to the network in the gesspatial
envicanment, tha abily o perform various
nolysis can be performed an diferer design
oliematives. Valuable: information fo support
decisians on preferred design should be done
in the concepfual design stage. The initial
birth of infarmation about the conceptuakised
asset is Hus offen found in the GIS/GNIS
environment and not in @ maintenance/
operational monogement systerm cs i the
cose wilh many ulltes which aren't utiising
the strengths of o GNIS

When using a GNIS the networkis reprasonted
in both the s-built ond intended future stote,
which can be: shared with cther users, systems
and process as required. Ofien ofher planning
and design toals are available lo encble fhe
plonner to perform budge costing on solulion
altemaiives, hamative sita location ond fesder

Fig 14: Netwark engineer interaction

informatian frorm the SCADA (historian —what
wos the network stotus and load readings
prior to the incident); network management
system (how was the nefwark swiched during
and fer the incident]; sulage manogement
sytem (haw mony csiomrs were offecied

lengths), perform fechnicel anolysis on various
altarnative soluficns/designs and compore
Themin elation o cas!, inanciol retu, impact
on enviranmen, pawee qualit, reliabilty and
customer and much more, Using thesa analysis
and avoiable iformatien 3 preened soution

and i {who
damages were caused fo neighbouring
equipmen, and whal miligation meosures ore
now requied fo minimise fhe sk forword);
insurance fer (s
insured, of whot cost, whot is the cloim
procedure or excess poyable); mainrenance

wos the transformer

assel acquisition/creation

From the GNIS inifial informafion is olready
ovallable o inform ofher systems obout the
intended assel. Information such o3 location
{coordinates, planned roote), capocity (size/
rofing), connected elements (equipment
customars, supply area eic ), network
informetion (dependency (connectiiy] switching
requirements, operational requirements. limis
etc.), lie expacioncy and replacement cost (iram

[when was it last mointained.
‘whom, what octions were done 1o avaid
incidant); GOS (did the incident affect
powsr quality to sensitive customers (dip
ampltude and duranon); GNIS (shew the
connected network geographically just
belore the incident ond offected customers,
and potentiol netvork changed 1o rspoic
incident - ohernative network confi

information sources siaris playing o role, but
For now let's sfick with the smar slecrical grid).
To sncbls the above Inter-operability
implemanters often do net put sufficient
emphasis on he requirement of the availabilty
of netwrk information ond how the notwork is
connected or related 1o tha various dovices in
‘hes el As partof the ot copture for medium
and low velioge equipment, o connesied
natwork modal was developed o ensure
Thelowini Elecicity has the obily fo pedoin
connected information anolysis and thus unkock
full smort grid requirements in relation 1o whot
is connectad fo what on the electricol network.
Further ashancements can be implemented
1o ensurs communication connectivy is clso
achieved to know which devices communicale
hrough which roufes fo other devices. Smort
gridk are about hoving ocesss Io information
about he nshwork, communicating o the ight
pecple, systems and customers and anabla thus
 haakog .

enginsering [perform network onolysis fo
determine foult level prior o incident, was
cods g

1t other systems such os he project planning,
maintenance ard works management, ouloge
imanagement, nefwork management system and
‘even assel regiser (partiolinformation for WIP)
Fig. 12 indicates typicat syslems involvemen)
during fhe vorious stages of an oxset’s e cyclé.
As can be sesn from Fig. 12, informafion
integration s required to ensure ollthe systems

.
Clearly the cbova is not pessible without
proper information capturing and nework
modeling that ariginates in the GNIS

Role of connected network model in
smart grid

When analysing the ity ond

making on the network.

Ifa smart device informs fhe network control
angineer about o under vollage experienced
on the network, tha cantral engineer should
hove access fo the natwork model which
porirays how the device performing the
measurement (waming connects 1o volicge
regulafing squipment (e.g. lop chongers
located higher up steam), thus deciding on
manuol) will

qu:m-r: s oies ploc on smort g1

be mich easier fo execute or programmed 1o
bt ;

it clear

assot's rhormatan, ondthat o one sysem hosts
all the roquired information cbout the assef,

Ao varius ssems il ploy a e fogother o
providea ive ropresentation” of ol
assetinformation, which con be viewadl thrcugh

W i et i s o bl e
wssats and information about assats rother
thon profecing revenus or ilegol eonnections.
Fig. 13 displays the various perspectives and
requirsments from sman grid implementations

For exomple, the manager would
1o analyse o netwark ot where @
transtarmer hos exploded. He/she il uilise

customar sector point of view (e requiremants
becomes much mare whon ane laoks o “smart
cities” since more utilities, infrastruciure and

¥
Fig. 14 llustrates as on example how o
netwark control engineer might inferact wifh
the connoctod network modsl inthe GNIS. The
conirol enginer wil be able to do a connected
trace from the premise/lacotion contoining
the device, to ony up/down sream devics (in
this cose the transiormar located inside the
miniature substotion). He: now has the obilty
end information availoble 1o dispateh crews 1o
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thes comect iransformer location tor change the
10p position after confirming volloge levels af
neighbouring premises through voltage drop
analysis saftware.

Key take-away points

dynamic amibutes flooding levels, operation
counts, eic) and logical aifibutes fie. how
it fits into the network 10 supply elsctriciy. In
alacrical utliies this s & big dotose to extend

copturing atibule dota while in the held, Wil
ihe low cos of high resolufion comeres and he
low costof storoge tis chonges e data captuns
fondscaps. The opprcoch fken by th prec

easlly cun info the millions. It i impessiole to

Motivalion fo perform asset
Assat monagement fs for greater than simply
being compliont with GRAP1 7 or IFRS ord gives.
she iy the opportunity o really understond,
ptimolly plon, sffectively manage, operate
and maintain their assets. Mojor invesiment
is ofen mode to ensure reparing on assets s
in compliance with regulafory requirements,
and ulfies han mis opporunes b weally
oddress proper asset

proper
business processes supporled by relevon!
frformation systems infugncing asset dolo.

Eofing away ot the elaphant
Due 1 vorious reasons very few entities
have all of their ossat dato under conirol,

‘espaciclly at the lower valioge levels. This can
be comsciad by;

Fihe
umihu?ummwevmlk\nuﬂwmmnmuummsed
by technical speciolists proved very voluable in
terms of time, cost and qualily.

High resolution asricl photography olso
proved to be
points cauld be identified on the oerial

very valuable os mony ossel

phatograph assisting n verfying positional
accurocy of field data recorded, s well as
identifying missed assets

Importance of tha GNIS during dota capture

wough
profects ond funding ovailable. aTlullmm
Elactricity raalisad the efion involved in
anobling proper asset management, and wil
in fulure reap the banslits of investing in data
capturing, implementing processes, systerns
and confinuous fraining ensuring that shrough
the unequivecal support of management
their journey towards excellence in asset
manogement is successiul.

Asset management ceqires extansive ossel

daty

Proper ossel management can only be
implemanted with good dato about hose assets
both interms of its location, technicel afiibutes,

Uswn\uumg ond implomaning s ond

and modelling @

ynul Busase o0 systems.

Exioblshing business procosses and
hat will snsure ony fulure assel
;hm\gns (updates, odditions, d\.'-;lmuh\
e carractly recorded in the relavant
informaion systams,
Utiising aveilable electronic and hord
copydatafo capture histaric
fheacisian o ollow s e shoukd b
made based he quality and contrel of
Historca! dota cverlable)

Field axercise fo capture ond vpdote
assets with lacking dota.

Data capture approach

Gonvertionol field eapture projects focus on

The use of o medelling enviranment that
supported connecled nafwork madalling
was essentiol o ensuring project success
0nd enabling secondary eThekowini Electricity
objectives. As a result of GNIS modelling,
the project not anly recerded asset dota, but
clsa delivered logical information regarding
e osseis:

o Nenwork comactivity madelled from MV
devices to LV networ

Supply oreas for devices is dynamic based
on nehwork open points

Assl glont sl ideniifcation could be
outomated bosed on location
network

otwork portions complated by data
modellsrs could be subjected o various
st soulines to ansure dota and modelling
Gecuracy,

Enterprise asset manngement sysiem
misnomer

An enterprise osset management system is firsthy
not just @ single pisce of softwore, but rcther
o system consisting of multiple parts being
procasses, resourcas and vorious rechnical and
nar-technical softwore applications working in
unity i reclise asset management. Thers is
significant dependence an supporting systems
1o keep ossef dol up to date, Any entity
serious abaut asset management should work
Through an exercise fo diine who assef dofa
they need for proper osset management. This
should be bosed on o holisfic view of the ossets
from where data Gifribute ownership mapping
can be done which defines dato ownershin
and responsibility for the various information
systems including the EAMS.
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Unified service, asset and work management
in a spatial environment for better efficiency

by Bouke Spoelstr, Vetos

Whether they are called cities or fowns or

local

of oll forms around the

world shoulder the some responsibility to provide essential services to their constituents. Amid flat or shrinking

budgets, local governments foday are expected

are under

mare with fewer

Pressure to rollout services to more constituents while maintaining good levels of service, but they often struggle.

To meet their rasponsibilties ond achieve
their gools, local govemment organisation:
must imprave their internal operati
and find efficiencies 1o fres re:
Sthar ogporfunifiss. The fask of i
operations inocol govemmen is cor
by the very nature of the arganisation, The
Brecdih and scopa of assats and services for
which municipaliies are responsible, when
<oupled wilh financiol pressures, i wnliks
onything in the privote sector

Municipal service ond asse! management
challenges are further exacerbated by the
fragmented noture of most business solufions
used todoy. The islonds of dofa that these
Srsfems produce cannot ba aggregated in o
oy that suppars informed decisions. Simiary
standalone systems make i ne 1o impossible
o comply with recognised indusry standords
Such as PAS 55 (PAS), now ISO 55001,

IS technology hos long been valued for its
obility te display network fectures (such s
pipes, wires and roads) and 10 help reduce
costs by enhancing decision making, The
deployment of thess salulions is typicolly
limited %o back office lunctions such as
infrostructure expansion. The end result is that
G5 applicatians hove lorgely besn vertically
infegrated with very specific use and operated
08 an information sio

The municipal challenge

Municipalrtes in Seuth Afica are complex
environments to manage, sompared fo
muricipel organisations in the UK ond US
which do not provide basic setvices such as
water and elechicly. In South Africa thass
basic services ore the responsibilies of local
municipolifies, thus increasing, the level of
complexity. Monaging his dishibuted asser

and the G- fing Standards
(GARP 17), The idea solution should inslead
provide o unified platform to 1rock o
Manage fhe full specinum of municipol assers
and service providers, cddmsses comliance,
accounting and osset-reloted challenges
Oeross mubiple dapanments, and iegrotes
smoothlywih key sysfems such os geographic
Informtion syslams (GIS), enterprise ossst
managament [EAM), customer information
Systems (CIS) and ERR

e

A geogrophic location is o fundomental
refarence point in the physical world. As
Enterprisa business systems evolve fo more
Gccurately reflect roal-world conditions, the
abily fo represent a lacation has become
Increasingly crifical. GIS software creates,

organises, maintains, onalyses ond visualises
infarmation related to a lacation. Other
fundomental GIS capabiliies which are highly
valuable in the asset manogement confext
include praximity functions to determine
adjacency, relafionships, nearess, shortest
distance, shorfest path distance fo and ather
reloted functions more quickly

The widespread populority of web-bossd
mapping fools like Google Earth, Google
Maps, Bing Maps and Yehoo Maps, hos
saused an explosion of interss! in making
visualisafion port of cors business processes
and workflows.

iness
systems 1o identily, eplimise, plan and pradict
work required fo ensure continued service
delivery bacormes an Unassalioble cbsiode

In the South African municipo
several businass systems mxis! such s,

enyite

o Billing sysfeems [occount information)

o Gisispatiol systems
o Help desk environment

® Work management systems

» CAPEX processes

® Asset register/finonciol systems

The biggest sinale problem s that thesa
systems ore usually operated a3 silos in the
hampering business processes

eross these environments. The end
ained,

resultis thot aach system must be mois
wpdated and veriied separately ond the volue
of  unified environment is fost

In recent studies, significant value wos
axtracted for a process of combining ond
corelating the information from the data
saurces into o single snvironment without
lasing the single point of eniry approoch.
Each of the above systems can canfribute fo
an infegroted snvironment

« Billing: Providing accounts, property,
ustomer information
» Helpdesk using this information when
copturing a call, olso veriying customar
information and geoplacing the. service
rmquest

o Asset ragister; Provides oll osset dofa for

g. 1: An 056t register is spoiclly enabied when

foaded o

he sevvicer ond assat monsgermen syskem faked 1o e G

2013 —
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service raquests and mairtenance, assel
type, geaposition eic.

The GiS/spatial system provides the
backdrop onwhich ossets, customers ard
networks are displayed, os well as service
requests and work:

CAPEX processes ufilise the GIS and
asset managament environments for
quolalions and planning, providing
componentisation and outomated assel
taka-on

Wark management: Planning, scheeluling,
dispatching, routing ond tracking of craws
using the map

Fig. 1 shows how an assef register is spatially
enabled when loaded info the sarvice and
‘assat management system linked to the GIS,
This enviranment riow allows for o single user
inferfoce which drives the business process
from:

Registering ssrvics request on map
sparially defined).

Croate and plan the work.
Prowida on esimate and send for opproval.

Dispach crew (1o spatial enablod osset.
Routs and teack vehicle spatilly,

Provida feadbock ond complete work
history spatialy enabled for analyis

. ja e =

These business processes are oplimised in
evary step through spatial functionolity

Benefit realisation

‘ Older area

Fig. 2 The volue ol

Usage scenarios

ercbled asset

stovical dolo visuaiised in o graphic form.

o Decision supporf Integroied GiS-bosed
mapping abilities, in combinotion with

of servico and assot mancgement systems n o

nurnbar of undomentol ways, including:

« Enhancing spatial confext: Aleng with
time, locoton is o fundomantol reference
point for countless human activifies, In
senvice ond aset management systems,
locaion dato provides  useful context
which mokes other work/osset-related
dota more meaningful

Having measurement copabilities:
- Geospatial dato can help us uadarstand
the physical miationships among assefs,
such os the distanca betwean them for
touling puposes.

Exending modefling options: Analysing
and visuolisin fiol patiems con
help identify trands and predict futurs
avents with greater accurocy.

fer support customer service, work
order management, emargency [outoge]
response, mobils dispaich and mors.

There are numeraus ther applicoticns such
as thosa dascribed below, whre the capobilly
1o combine GIS and service ond assel
manegement dai dynamically s pariculorly
powerful
o Work planning. scheduling ond execufion
Using o map interpolated from GIS and
asset location dofa, plonners ore able
10 visualise current and potential work
locations for decision making purpases
«  Lacating assets forinspection, maintenance
and rapair: At large lacilities such as
municipalities, it con-be challenging to
locate ossefs for preventive and corrective:
maintanance acliviies. A geaspatially
enabled senice and asset management

* Deeper knowled :
Municipalities with widaly dispersed assets
such os water utilifies, electic uti
ond depariments of fransporiatin, find
it usaful 1o track the locations of assets
over fime.

*  Graotly improved visunlisafion capabilies:
Visually displaying location data on maps
is the most fomiliar, and offen the mest
valuable use of geospatial technalogy:
Applying this capobilty 1o strotegie assets
has o vast range of implications for
impeeving business perlormance

dasired asset ativibutes helps coordinate
inspection ond haintenance oclivfies ond
‘serves o 0 basis for plonning roufes and
apfimising resources.

Call centre: Using o GIS-bosed map,
call cantre agents con pinpoint frouble
locatiens more rapidly by entering o key
idsniifer (necres! intersection or cross.
stroed, customer oddress, efc.). The agent
can then check whether other frauble hos:
been reporied nearky, whether o crew is
assigned, and on the:sio1us of the existing
work crder(s)

ossel data, can be used
to facilitate invesiment planning or other
forms of analysis.

Software suppliers working closely with
geographic information systems (GIS)
soluticns, provida users wilh complex GIS
information. These solutions provide a
geospatial context af work, assets and relavan
land.bosed features, which improve reliabily,
longevity and efficient work execution. In
return, GIS users also gain acess fo the
business processes around work and gssel
management octivities, which are squolly
important.

Benefits of @ spatially enabled
environment

By loveraging extended asset management
abilities, government and commercial
enferprises can’ derive fundamental, cross-
functional benaiits from geaspaticlly enabling
their ossat and work management business
processes. These pofential benefits indlude:
= Cost savings trough greater efficiency.
Streamlining work and scheduling ociivilies
such as the logistics of maintaining ossets
can help orgonisations save lobour, time
ond materiols.

Beter informed decision moking: Knowing
mere ohout whare assets are locoled
spatially and relative 1o one ancther
naturally improves:both tactical and
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Fig. % Once o

request can be croated in t

i

Fig. 4: The geaspatial cont

siralegic decision making, from better
route salection 1o improved long-range
planning of inspection, maintenan

e and

capair octivies

. En cammunicaticn
collaborafion: Maps and visualisations
created using GIS data moke it possible.
for individuals and feams to view and
undestand situaions more quickly and
completely

anced

Creation of new business value: Through
its support for new fonms of doto anolysis
and insight, gaospatially enabled service
and asset monagement systems can
help drive new sources of business value:
and passibly sven chonge how business
s done. By creating a single source
of infarmatian, oll disciplines in the
organis n have access 1o th
information at ha same fime, sliminating
the nesd 1o rack data in mulliple locations
or synchronise osset afirbutes between the
GIS and asset management systems

While the. intagration of asset and work
management with GIS is niof o new idea, fhe
technalogy approath availoble in the new
architeciures mokes the power of deskiop

¢ snables the angineer o ideatiy "hot ot of ropoir
activiy, and o leveroge arher asset reloted doy

o restore savice.

Spatially enabled service and asset
management use case

defermined thot o work ordar will be required
fo resalve fhe issue; ans- s croasd sosily
from the service raquesi, Nexi, the supervisor
chacks for other open work crders in the area,
and 5o mazimisas the velue of the truck rall

The geaspotiol contert also allows on enginee-
to visuolly identify *hot spols” of repoir activity
and 1o leveroge oiber osset-related: dara fo
moke decisions on how best to restore service.

Going for beyond simply publishing stafi
images of assat locations, the system provi
access 1o the full power of GIS for spatiol

analyss, racing, location services, el
fram within the antarprisa asset management

solution
Conelusion

Spatially enabled enterprise ossat management
provides o volid geospalial contex for all
osset and location fypes: linsor (roods, rails,
pipelines, power lines, waterwoys); orea

polygon (buildings, roofs, forests,

ares, compuses, offices} and poies fpoles,

3

meters, signs, translormers, hoses]

hydrants,

The Integrated environment provides the

following banefits to municipalites:

*  Supports goocasing: The ability to.convert
resses and similor locelion data

into fofituderlongitude (GPS) coardinates

and vice versa

Support irocing networks: The obility
1o spatially relate the: comporents of o
pipeling systom or network. This obily
i the loundation for determining which
customers willba affecied by mainienance
and other service Intercuptions

The integrated service and aset managemeni  *  Supgort for enhanced routing or foute

anvironment with GIS can help organisofions planning abilies by providing core GIS

it ok btk g routing abillfies in combination with rich
essel monogement positoning.

agents, supervisors ond others 1o more sosily

locals assts geogrphically ond selecrassets  ®  S9ppor detol and complex queies from

for work. Funher, exacutives con leveroge 0 G5 or senvice ond osiel management
point of view, and delivering the results

=l guospuh:\ relationships (s yptioonio

among assels for sironger decision support

e STy :‘fwmg » * Include GPS outomatic vehicle location
{AVL} fowds fo rock resources, assefs, and

Consider  scenario n which  customer colk ools and dato.

forscrt v b e svein s home. o Elminaing dola duploton: The new

L lufion, ves away From o

the ogent con quickly locate the probl
based on on address search, Once the osset is
idardlied, o new service request cin be crected
inthat location, as shown in Fig. 2. Viewing the:
infrasiructure, they carl then ask oppropricte
quesiions o befter idenfly fhe location of thu
problem, This wil help direct the crew fo the
spacic locaion of the problem accurately

The agent can easily view other assets in the
nﬁeu on the map. Notes ond other redline

assel management users. i alfers o seamless
user experience which Incorporates map-
based user interfaces, dynamic access fo GIS
data and interoperabity with the enterprise
service ond asset manogament environment

con be added fo the map
ta provide additional defails to the crow
responding 10 the problem. The map with
notes is then atiached o fha servica request,

Upan review of the sarvice request, it is

environment whsr‘ it is required fo copy
or synchronise GIS data o work with i
in other applicafions. Complex queries
ocross dotabase instances are supported
without fhe need for doto duplicat
synchronisction.
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The evolution of medium voltage power
cables up to 36 kV

by Patrick O'Halloran, City Power

This paper will cover the evolution of MV power cables over the last century and will cover some pros and cons of
all the difforent types of insulation mediums utilised for MV power cables. In South Africa most utifties still install

thres-core paper insulated lead cavered (PILC) cables and are
install three-core ethylene propylene rubber (EPR) insulated cables which are

(XLPE) insulated cables. No uti

extensively utilised in the mining dusmem

This s nol the case infernafionally, where
wtilities predominantly only install either
single- or three-core MV XLPE or EPR cobles
and have progrommes o reploce their sxisting
PILC cobles networks.

New HV coble proiects in South Africa ore all
single-core XLPE insulated. The old existing

predict. However, by performing regular
condilion assessment fests on the exisiing
cables, the results will give utlies o good
indication o3 10 when the coble insulotion
systom has reached s end o e and repeated
follures con be expected

On-fine ond off-ine dignostic tosting can be
d bredict ining His of

During World War Il several varieties of
synthetic rubber and pelyethylene insulations
were applied fo MY power cobles.

In the late 19605 cross-linked polyethylene
(XLPE] insylation was introduced os MY bower
coble insulation and this technology changed
MV power coble systems, but fike any new

flui flled HY power cables
because of fhe intansive mointenonce
requirements of these pressurised systams.

Background

Ever since eleciricity was first transmited
over o contury ago via MY power cables,
their insulation mediums and designs hove
avolved, MY power coble networks moke
up the bigges! asset that mast u
1o operate and mointain, These MY power
cable networks are buried out of sight
unless they become unreliable and faults ore
exparienced. In many cases thess networks
ore run o follure with very itle maintenonce
or expacted life diognostic festing being
conducted

s have

Utilties need 1o ensure relisbility of supply
ond thersfom MV coble designs hove olso
avolved. MV powsr coble insulation oges
dus 1o the electricol siress and aperating
conditions that they ore exposed to. The
cable axperts will also remind end users how
ceitcal i is not to averlood their MY power
<ables, os increased temperatures ore the
quickest ageing mechanisms fo reduce the
remaining life of o MV power cable. When
MV power cable faults occur they contribute:
16 lorge area infemuplions of supply and the
faull may foks time fo be located end con be
very expansive fo repoir. Depanding on the MV
network design, faully cable sections could
be quickly islated and power restored 1o fhe
healthy parts of the MV network.

MV power cable design chonges have
0150 been driven by changes in switchgeor
designs and higher vollages and loads thot
o1t required fo fransmit fhe increased power
demands that ufilfies are required o supply.
The axact remaining ffe of on exising MY
power cable network is complicated fo

existing instolled MY power cable nefworks.

The impoct of fheli on MV. powar cables is
now starting fo affect he performance of MV
netwerks and repeoted faults are cousing
siress on upsiream powar transformars and
associoted MV equipment which is reducing
thei remaining e

Ancthar big concern is the lack of jointer
skills fo repair oll the cable faults uiliies
experience. Uilities are losing !l their
anperienced jointers eithar fo refirement of
industry, Utliies now moke use of contractors
o perform the catical joints and terminations.
Towhot standard should jcinters be trained o
and who can provide fhe required training?

The first power distribution system, developed
by Thomas Ediscn in fhe early 1880 in New
York City, used o coble constructed from
copper rads, wrapped in [vie ond placed n
rigid pipes filed with @ bituminous compound

Although vulcenised rubber had bean
pofenisd by Charles Goodyear in 1844, it
was not applied 1o cable insulation unil the
18803, when it wos used for lighting circuts
Rubber-insulated power coble was used for
11 V. circuifs in 1897 in the Niagora Falls
power project. Mass-impregnoted paper:
insultod leod covered medium volloge cables
were commercially procticol by 1895

Fig. 1: First power coblo thot wos developed
Themas Edison in the sary 18805

technology had many teething
manulacturers spent lots of ime and money in
eselving the problems thot were experienced
in the industry.

The currently avoileble MY powr cables in
South Africa are all manuiaciured ond tested
1o shingent standards published by the South
Africon Bureou of Standards |SABS).

Thess siarndards ore eeviewe periodicolly and
ihe fallowing SABS South African Nationol
Standards [SANS) are compulsory for MY
power cables in Sauth Africo according fo
VC BO77, the compulsory specificafion for
the safety of medium voltage electric cables:

® SANS 97: Electric cables — impregnted
paper-insuloled mefol-shaathed cables
for rated vollages 3,3/3,3 KV o 19/33 kY
{excluding prossure ossisted c

= SANS 1339 Elociric cobles — cross-linked

polyethylena (XLPE) nsuloted cables for

roted vollogss 3,8/6,6 kY lo 19/33 KV,
Further 10 the abowe standards fhe Eleciricty
Suppliers Linison Committee (ESLC) hos
published the NRS 013 specificotion
for MV cables. This specification makes
recommended raffonalised options for PILC
and XLPE MV power cables.

Fig. 2: Typical thres-core PLC MV power coble.
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Unscraened

Screened

Fig. 3 Unscrooned (belted) coble and screened cotile PILC MV power cable.

Fig. 4: Typical single and throa-cons XLPE insuloted
MV power cablas.

Fig. 5 The e crticol loyers i & XLPE insulated 14V posser cable
which are apglicd a5 o iple extrusion.

MV power cable construction

The consiruction of MV power cobles reeds
1o, b understood o wallypppisciots e
mojor technical difierences betwean the two
difforent technologies. Both are avalable in
single or fhree-cors and os unarmoured or
‘amoured. The conductors are either stronded
copper or aluminium depanding on the snd
user's profenence or powar nesds. The copper
conduetor has heen preferred over oluminium
for many resons. The extruded ouler shecths
vory depending on the final opglications.
Polyvinyl chloride (PVC] is trpicolly flome
retardant but con also contain low halogen
for mining applicotions.

Cables intended for underground use or
diract burial in earth will have heavy plostic or
metal, mas! olten lead sheoths, or may require
special direct-buried construction. When,
cables must run whers sxposed 1o mechanical
impact damage, they may be pratected with
flexible steel fope or wire armour, which
may alse be covered by o woter resistont
polyethylana outer shecth.

PILC MV power cobles are insulcted with mazs
impragnated poper insulation and XLPE MY
power cables are insulated with cross linked
polyeihylens insulatian. Thase two insulation
materials are very different in mary ways.
PILC MV power cobles have been around
for mare than 100, years and. subssquently
make up fhe prominent installation base:

N e
- Water Bochg Tipoe Tape il

in South Africa and intemationally. These
cobles heve had many design changes over
the last 100 years. Maony of these changes
were impravements fo moke fhe cable’s

Fig, 8¢ CBl Fecirc Afcon ables Jon
HLPE 1 ponear cob

il woter blocked

conductors and an individually screafied
dosign. Howover, three-core cables have
saclor shaped conductors and initiolly had
0 *belied” construction design ond one of

Ie of hig o
When PILC MV power cobles were firs utiised
they wers on 6,6 or 11 kV valtages only
Poper insulation on its own does not provide
0 goad enaugh insulation for power cobles
for the following reasns:

Absorbs aimaspheric moisture.

o Suscepfible fo cracking with ageing.

* When confinuously subjected 1o local
ionisafion [partol dischargs) during load
cycling can reslt in imeparable domoge
during coble handiing

The paper insulation is cumently impregnoted
with 6 non-draining compound. They are
fow rofaed to o moss impregnared nan-
draining (MIND} cables. In the past, oil-based
compounds suscepiible 1o draining le.g, rosin
cil) wos employed, When fhe compound
drained with gravity and femperature the
poper insulation would dry out and mony
lailures af erminations were expsrienced

There are two fypes of “non-draining”
compounds used by various monulacturers:

« Compound processed from a mineral
ased omorphous crystalline wa

o Racently a synthetic compound betar
known o3 polyisobutylens (PIB) compound.

All single-cora PILC cobles have round

the firs! i was fo introduce an
“individuolly screened” construction design
This squalises slechrica siress on the coble
insulation. This fechnique was potented by
Martin Hochstadler in 1916; the screen is
sometimes called o Hochsiadter sereen. The
individual conductor screens of o coble are
connected 1o earh potential of the ends of
the coble, ond if voltage rise during faults
would be dangerous, a lecations alang the
length. When o cable is scroened, it con be
fouched safely withou! The risk of o potentiol
build up eccurring

Unsereened beled design

A thres-core cable, in which addifional
insulotion (e bel insulation) is applied over
the laid up core assembly. I air is infroduced
in @ helted desigaed cable the potantiol
for partel discharge (PD) to be inifiated
increased. This s ypically what happens of
dry type terminations. I the aie is removed o5
in & compound filled cable bos joint, no PD
should occur and tharefore no crutch failure

Screened cable

A eoble in which, in ordar to ansure o rodial
sleciric field surounding the canductor,
sach core is individually screened by o
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non-magnetic conducting tape that is in gave XLPE insuloted MV power cobles apoor @ The XLPE insulation

elecirical contoct with the metal sheath nome in the indusiry and most South Africon = The core scraen which is o1 0 V [needs 1o
and in the cose of three core cobles in utilities quickly chonged back 1o PILC MV o kept ot eorth polential)

direct contact with the scrsens of the other power cables, Thiotcn e el e e St orm btk

twa cores, The risk of a cruich foilure
is reduced with fype of screened coble

sbssquently the XLPE i ¢
cluring production procsss.  insulation s the pure insulating materiol.

Jation cleanliness,  made of conductive materiols and the

jesigns and mor
design, Special steps mus! be token 1o technologies hove corsiderably evohed. The  XLPE insuloted cobles olways have a scresned
ensure the electrical siress ot fhe ands of manufaciurers began 0 underond what wos  dasign ond are round 1o ensure the equal
PO, imporiont when it came 1o making XLPE cables  stress diswibution i the XLPE insulation.
el ﬂ\lw:“::;mw.:;z mastic or sirss more relicble and with em;\l‘cm;‘nunuq e b e o b e
= The theea crlical loyers in o XLPE irsulated MV oo b0 the XLPE insulation materials
Belf papers are removed when jainfing powescobles are now applied of the some fime 0 ¢l ol Coble e retardant (TR)

ond terminaling. This: reduces the phose ond is refemred fo o5 iriple exiruced
voltoge o earth fo 5,5 kY ot all accessories. H
Therafors screaned designed cobles ore
mare reliable when being jointed or
termmingled.

XLPE compounds [TR-XLPE) are now utilised fo

se Hhree critical loyers ore: type test and

« Theconductor screen whichis ot U,
woltoge.

Fig. 3 shows the electric field lines in behed
unscreened and individuelly screened
thres-cors cables.

Charactaristics of unscreened cable
(belted design) insulation comprised of
core paper insulation and belt poper
insulafion:

& Only “colles

vely * screened
* Reduced core insulation when
<ompared fo screened cobles.

®  Only useable upto 11 kY.

Many of these cable improvements were
masde o improve the PILC cobles af higher
wolioges. When PILC MV pewer cables
e first uilised they wers on 6,6 0 11 KV
supplies only. For vollages obove 11 KV only

screened designed cables are ovailable.
PILC MV power cables ore very susceptible:
fo molsture ingress. Once moiswre hos
panatrated thraugh the lead sheath, the
paper insulotion is offeced immeditely
leoding ta insulation feilure. This moisture
then quickly fravels down fhe cores and
eventually offects o bigger section of
the PILC MV power cable. Tharsfore
is erifical fo pravent moisture from
#nfering the cable ot oll. It is olso then
very imporiant o perform o moisture
erackle fest on the poper insulition priar
2 any ointof tarmination being insfalied
W moisture i detected, the cable with
moisiure ingress should be raploced o PrOdUCtS you can
prevent furiher fcilures. |t s olso eritcal

that the PILC MV power cobles are sealed
at all times with the appropriote sealing
<aps. The use of 6 plastic bag or o plostic
Pl e cold drink botle is net accepfoble
and will lead to moisture ingress. 1814

werdars Cabias and Cra Acgessos
entscture of b ard seclrical aries,
sockets, extansionleads and multi plags

hause wire, cabie

sriara Road, Elands! 5, PO, Brx 1679, Edenvaie: 1610, South Al
3000 Fax +27 0111 3068010 s sherdare.co

ABERDARE

oriven by Powertech O3

When XLPE Insulated power cables were
st manutactured in the lote 19605 they
experianced many premature foilures
in the field, Thase failures wre due to SAFE"
incomect manufacturing leading 1o the

Prasence of impurities and contominanis OUSE
within the XLPE insulafion. Thess foilures  Suppliers you can trust
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Fig. 7: MY switchgeas end o3 insulolion machums evolved

Th he

The quolity of XLPE g high
that s becoming he prefemred inswlafon ot
500V, as XLPE insulotion has lower distectric
losses and higher operating temperatures thus
higher ampacities and lower environmentol
impoct. Unaged XLPE insulated MY power
coble hos o fypical breakdown sirength of
50 k¥/mm.

City Power and Eskom hove changed their MY
powar coble specifications 1o fongiiudinally
water biocked XLPE insulated cobles as o
standord. The concept is comparable fo
o baby's noppy. whare wolar swellable
compaunds and fapes are included in areos
where water could flow in the cable should i
entar for masons such o3 damaged sheath,
ligs, existing cables, soroge, atc

The water penstration fype Test as per
SANS 1339 shall bs conductad 1o prove the
design, This design will axtend the lfe of the
coble o5 water entering ha cable it s stoppod

collectivly or
'ldmduq\lv srsaned

prevents he old
pmwam hat XLPE cables had of becoming
waler pipes.

Areas fhat hive to ba woter blocked in o three:
core XLEP cable are

Conduciors

Coreis) and metallic screaning

o Loid up cores for three-core designs.

o Amouring

The intemational 1rend s to Use single-core
cobles rathar thon thres-core cables, os it
is simple and easy 15 longitudinally black o
singla-cora cobla, os it dees not have the big
fillers between the cores. The risk of maisture
enlering all three phoses is also reduced
whien shiee single-core cables are uilised as
compared 10 @ three-core design

Eskom will be installing the first 400 kV
EHV XLPE insulated cable in South Africa in
early 2014. The cables and the accessaries

s incidolly scroened
ICendunN- s8micon with either

Wiropped metallised poper | copper tapes or copper witss).

Toble 11 Comparisan berween PILC and XLPE MV power cables:

Fig. 8: Compound Hied cable: hose.

will be important for this project, One local
HV cable company has invested in o new
EHV XLPE production line fo bs able 1o
manufactura 275 KV cable. This is really
exciting for future. projects and we will no
Ionger have to impor 275 kV EHY cable os
it con be mode locolly.

The risk of DC pressure tasting is also
bettar undersiood these days and it Is not
recommended (o use DC pressure fest
equipment on XLPE insulated MV power
cobles. DC pressure festing hos been proven
not 1o test the true resistive properties of the
coble and o the end of tha day is not really
affsctive. DC prassure testing has bean around
fior mony yeors ike PILC cobles, but is slowly
being replaced by AC, DAC ond WLF sourca
test equipment. DC sourca equipment is
required for fauh finding, but ths is diferant
to veltage withsand testing.

To prevent theh of cables in South Africa,
suppliers ore now adding speciol marking
topes will serial numbers, giving end users
the abilkl o identiy stolen cable. Furthermore:
end-users are alsa utilising these serial
numbers for fhei osset register

Table | summorises fhe kaey differences
between PILC and XLPE insulated MV power
cables.

Other factors influencing cable
technologies

With the impeovements in insul mediums
and cable terminations, MY swiichgear hos
drastically reduced in actuol size. This means
that the sizes of cable boxes have been
reduced and speciol bushings have boen
intraduced to accommodate the new cable
ferminations

Things get really excifing on sie if e wrong
‘aquipment hos been spacifed and purchased
Typically most equipment has lang lead
times ond instead of stopping the project,
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End ol cors
et

= Coble box folluros cause major damage
when they ruptured (hei burning
compound could be expelled

New fechniology cold pouring campounds

ore now available, which are enviranmentally

riandly, sale o instoll ond re-entercble.

Air insuloted MV cable terminations (1950
- 2000s)

With the infroduction of topes, heat shrink
‘nd lator cold shrink terminations, compound
filled boses have boen replaced over fime
with air insulated terminations. This typa of
MV coble fermingtion is used by 95% of the
South African markes.

Sersened paper insuloled cobles were
infroduced 1o control the sleciricnl stressas in
the coble designs, aspecially where increased
voltoge cable ratings were required. Currently,
bofted design poper insuloted cables ore
limited 1o 12 kY. Scrsened paper insulated

Unsereened
seporoble
connectors

End of core
screen

Fig 11 Unscraened seporable connwclarierminaton (Fpe 3).

people make plans on site o ferminate the
cable in fo the switchgeor thot is supplied on
site. Therefore from doy one the instolletion
is wrong ond premature failures can be
expected. Thesa foilures can be expensive 1o
repair ond could also involve replacement of
the switchgeor. Staff or members of the public
coukd be Infured or killed from the resuftant
explosion,

Cable termination beginnings (cady 1900
~ 19505)

In the beginning, electrical equipment like
switchgear and srensiormens were designed fo
have compound filled metal coble boses, This
woy of terminating cables wos not technically
G004, ond was very difficult and hazardous
o field staff. The MY paper insulated {PILC)
‘cables o fhe fime hod befted consruction and
had wiped earth connections.

Compound filed cable beses are designed 1o

have nooi rside,

36 KV 0s per SANS 97. The screened
coble design provides mproved MY cable
fermination performance, especioly in the
crutch where in belted cebles the cruich i o
high siress aren

The bel design paper insulated coble is more
Tikely 1o have:crufch foilures than the newar
sereen design paper insulofed coble whera
the complete crutch area is screened. This
is becouse of resistity of materiols and the
introduction of ir between o unscreaned
insuloted conductors,

Infernational markeis which ara mainky
24 KV rated systers) fend fo require smallar
and smaller switchgear. This in fum equals
reduced bushar clearances and cable boxes.
Air wos the first insulating medium for
busbars. This wos roplacod with oil and with
the introduction of SFé insulotion, busbor
clearances could be reduced iremendoush.

comsidenion when designing the ol bushing,
This exploins vihy the bushings of compound
filed cablls boas are small compared 1o cir
illed coble box bushings found in metal clod
switchgear and sutdoor iranstormers.

Compound bores were filled with many
different campounds, bui mainly o hof
pouring compaund was used. This hof
pouring compound wos difficult 1o manage
and gove off harmful fumes while being
heated up prior fo pouring. Compound filed
boxes were mode of metal housing with
porcelain bushings where the cables exited
the compound bos.
Some dhow.backs of compound filled cable
boxes ore:
« Compound top-up is required to ensure
oraper insulotion (no air voids.
o Long installotion imes.

Along with the reduced cobles boses, come
reducad cleaminces between phasas and phase
o eanh. The reduction of clooronces required
new MV cable teminations. When swichgear
monufacturers design smaller airfiled coble
boxes with reduced clearances, MY cable
oecessory monufociures have 1o redesign the
bushings ond MV coblo forminions o make fhe
cable box and cable ermination compotible for
these reduced clearancs requirsments.

In South Africa we have standardised on a type
€ 630Abushing with M6 thread. This type C
bushing is found on all the new SF4 insulated
switchgear that is currently used by Cty Power,
Eskom and other uiilities and industries.
Type: C bushing allows end users o move
oway from teoditionel putty and fope shrouds
tofoctory made fully insuloted shrouds. These
shrouds o installed the same way every fime
(and ensurs that coblas ore terminated properly
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Fig. 13: Screeved ssparable connacior rminosion — insida cone (Tpe 5)

Fig. 14: Haigh of the coble bex

an type C bishings os well, This (s a produd)
thet s designad o ba used on South African
papar insulated coble systams

Papar insuloted cables which ore suscopiiblo
1o maistura ingress that couses Insulation
‘reakdown, wers olso being forced 1o find
new alismative cable designs. With the
introduciion af scroenad XLPE cablas, hoat
shrink MY larminafions avolved orce ogoin.
Internationally it was decided fo standardise
the coble interface and fa introduce scraened
cable farminations. Screened MV cable
tarminafions could anly be used on MV XLPE
cables and when instolled eliminaied the
problams of creepoge, trocking ond erosion

and clearances experienced by most air
insulated MV cable forminctions. The ferm
“scroened” meons narthed. Once a coble
termination is completaly screened it con ke
completely sdbmarged in water without any
Hlosh over. Seroaned connectors ore requined
when connecting 1o new 24 KV compoct
switchgeor

Internaticnally o lot of the bigger utliies hove
¢hanged from three-core cables ond now
use single-core XLPE insulated cables. This s
not an easy change o make as oll electricol
aspects of the netwark must be reviewed and
‘employees need 1o ba rainad on how to install
and terminte single-core XLPE insulated

«cables. The Sauth African market mainly uses
three-core coble designs for many resons.

The design of he sereened cannecior canrals
the elecirical siress from the XLPE coble
through the Type C bushing and info the
switchgear. Becouse the surface of fhe coble
and the screanad connector ore screaned
there is no lsokage current along the surfoce
of the screened connectors. With these
scresned connectors instolled in the coble box,
the coble box and ollalsctricol clearancet con
b reduced drestically. The lfe expectancy of
scraened MV coble terminations is double
the expected life expectancy of unscreened
cable teminations, aspacially wih reduced
clearances insida new reduced eable boxes

To Iy and efiminate failures from occuring
in the MV coble compariment, the following
tweo national standords hove been published:
INRS O12/SANS 874 - Cable ferminatians
and live conductors. within
enclosures (insulation co-ordin
rated AC volrges from 7,2 KV and up fo
and including 36 kY.

NRS 053 — Accassaries for medium
voltage power cobles (3,8/6,6 k¥ to
19433 V).

These twa stondards are not compulsary yet,
56118 up 16 the and user o specify them when
purchasing any MV swifchgear and MV coble
occessories, All MY cable occessories should
comply with the requirements. of NRS 053,
sa0n 1o ba SANS 1332

With the intraduction of air in the coble boses
we now have to consider the following

o Creepoge distances.

o Trocking ond erosion.

o Clegrances phase fo phase and phase
to earth)

The obave fhree fechnicel consider
must be comect i cn airfilled tarminotion
is f0 lost in excess of 30 years. Inadequote
cruopage, fracking ond erosion properties
‘and oir cleotances wil resul in the MV cable
termination failing premetursly. Failure of MV
cable terminations are dangerous and couse
long power intemuptians

NRS 012/SANS 876 hos bean developed 1o
‘oddress thess challanges, This standord is crfical
1o understond ond olsa o spaciy comectly when
‘ordaring new swichgear 1o accommodate the
cable tachnology that will be insialled.

In NRS 01 2/SANS 876 the following fypes of
terminations are specified:

ions

* Type | termination - lugs connected ono
bushings or post insulators, uninsuloted
{bore) o the erminal fxing point (Fig. 9).

Type 2 terminafion — lugs connected
onto bushings or post insulfors with
@ shrouded (unscreened) insulation
terminotion (Fig, 10},
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 Fiber Optic Cables
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fype current fronsiormers on soch

. 16: Example of a cable serminafion whes the core crossing is mode below ha end of fhe core scresn.

Aecanding b i
el
T
somm
-
2o )
2t 16amn
Fig. 17: Excmple of sraaned and belad PILC eable terminaton prepared from fhe top down princinke.

r—

« Type 3termination - unscreened seporable
1)

connector terminations [

o Type 4 tarminaion - screened seporable
nnector ferminafians — oulside cone
(Fig. 12).

o Type 5 ferminofion ~ screened seporoble
cannector terminations — inside cone
Fig. 13).

All crifical dimensions ond definitions are

qiven in NRS 012/5ANS 876

Tyme 1: Bore termination (oir insulated)

In o Type 1 terminaticn, the interfoces ore
ban

« Coble cores ore ferminated with stress
coble design

confrol appropriate fo
ond volioge.
® Air s the sola insulation medium for the
terminal connections

The minimum distance from any live bare
m n.ul e.g. bushing, post insulator

107, lug, fiting ec.) o on od)
ohase o to earth is determined by he
impulse withstand volloge requiremernt

ive

Type 2: Shrouded fermination

In a Type 2 termination, the interfoces are

shrouded with unscreened interfoces ond

« Coble cores ore fsminied with siress
conttol oppropriate o the cable design
and votoge.

o Uinscreened locol insulotion snhancem
o it o ey

e The minimum distance from any
unscreened, shrouded, live mefol (e.g.
shrouds, cable cores efc.) fo on odjacen!
phase or fo-aarth 1 determined by power
frequency {e.g. corona inceptian end
axtinction) and impulse withsiand volioge
considerafions

Type 3: Unscreened seperable connector
sermination (USC]

nation, tha interfaces ore
reoned but utilise specially designed

In o Type 3 e

Coble ctres ore terminatéd by stress
conirol dppropriafe fo the coble design
and voltage.

o USC ot terminal connections

o The minimum distance from ony
unscraened, live metal {o.g. USC
coble cores ste) o on adjacent phose
or to earth determined by power
frequency (e.g. corona inception and
extinchion) and impulse withstand voltage
considerations.

® Leckege current limited by quality of the
intecdace betwesn USC. ond bushing
intes

rence fi

Types 4 and 5: Screened separoble connector
inferfoces (SSC)
InType 4 and 5 ferminatians, the inferfoces are
screened ond use specially designed S5C and

insidle o outsicle cone
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® Cleoronces are determined by the
mechanical clearance required to i the
55Cs within the cable box.
. e ta surface being
J leckoge current is limited by the
fity of the interfacn between SSC and
bushi fi
® Note: PILC cobles could not use SSC

especiolly obove 11 kV because of sector
shape cores and loose 5

Cable bax sizss (heig

It is also imporant fo easure that the corect

size coble boxes are supplied o5
MV power cables installed ara three cores,

%0 extra space is required

Vo

 fransfoamers in MY

Aslachnologies have improve:

have been uiilised in )
able boxes for metering and proiactien

&

lications.

Iise

age curent
transformers be installed in o scre
otherw

aned ares,

s discharge moy occur if the air

arances ore inodequate

dimensions from the top of the low

tage curmant transformer to the screen cut
% covered by the dimensions in Type 2 ond
3 termi

lons.

Care cross
boxes

g for phasing within MV cable

hasing within MV cable
rended
nations exist in our networks. The
crocned fype

s nol recomn howsver many

risk with cross cores insi

nces gel

creesed electricol

tress and partiol df

NRS 053 requires o ter one

with a top down

nations o be
iple. If the fop down

principle s followed, the screen'’s metellc orea

ore crossing con be done
®osily without any sk of partial discharge,
Hawever with o belted design cable, there
is o, metollic sossing i

i and core

- 18 shows the extra bose that needs fo be
supplisd with compact switehgeor fo ensure
thot the carrect three-core cable height is

o s would not be the case for thes
bl
MY power cables, switchgear and cable
accessories hos made i possible fo duce
icantly. The odditienal
o hos

single-care The whole evolufion of

core cables ¢
10 be coosidered. Fig. 18 shows the spediol

removable front covers which have been
designed to moke the jointer's job eosier and
i doing so will hopefully pravent joinfer errors

small coble baxes is recommendes
able box hos twa cobles terminat
here is no risk tha @ failuns could occ

s done under the cable box in fha

i
duct er ground, Spe
3 the right single coble

ol attention should be

poid 10 u:

and glond piote material

Fig. 20 shows an examgle of whera things have
e wrong in the past. The SFé insulated

vin unt was installed with additional

metering low voliage and pro

teansformers [CT). This happens ahien and i
is becaus

the wrong products were ordered

bacause and-users have not undersiood the

tostoy with older
technologies. City Power was cble 1o locofs
this problem bek

hnologies or wanies

& o foilure occured by using
handheld detectors.

en done with
-core XIPE
Tyrse 5 barriineti

The installation should have
Type 4 terminations and sing

cables, Instead o

installed and

Ts were installed over

unscreened areas of the fermina

This inshollation would have foiled i nothing wos
done. PO tokes a kang time to couse o aikurs in

ferminaiicns, but s guarantsedto foil one doy

The World's Most Efficient High-Capacity
Transmission Conductor

Twice the Capacity of ACSR

| 30-40% Reduction in Line Losses

! Reduce Line Losses

Distributors far South Alrica & SADC region
Cnris: +27 11 439 0000
cable@arb,co.za
Clinton: +27 31 810 0200
ww.arb.co.za



omple of SF6 R

nple of i furcating orminaion info.

compact MV swilchgeo

Testing to ensure reliability

Most snd-users sl use diroct curront (DC)
coble: pressure test squipment which gives o
diagrostic results. This equipment has bean
ony years, is portabla ond s
i est method is to opply o
high DC veltoge for o predsfined period o he
MV power cable. If nothing frips during he fes,
sle is daclored healthy 1o energise. Thisis

relerred fo 03 %
do lailures of the cable, jeint or terminations.
sl oceur after energising? The onswer is well
nented, DC tosting only tests the resistraly
cable system, However when

0 6 o go” testing, Why then

onergised with aitemating

pemitivly prope
camponants are siressed. T
fuiure cable system failures are avoided ond

remaining: e decision

g

o moke an infar
placement of the

faulted or aged MV power cable, we need to
fest diffarenly,

With fhe improved fechnologies in testing
o sourcas, we con test the permittiity
properties of the cable system, and simulate
the same siresses as in service with AC system

condtions. The fallowing oliercative fost wave

forms exist

o

Very low frequency (VLF

»  Damped oscilting wovelform test valtage
(DOWTS)

Abernati 1 ot power frequency.

icted

A dingrostic test should also ke con

before snergising o new cable or ofter o
vepair has been made after o failurs in o
cable systam. Off-line tan dakio (TD) end

portial discharge

) results can be to

during the pressure test. The results are
available on site and an informad decision
can be token with regards 1o the haalth

the MV power cable system.TD test results
able systern condifion

of

will give-on overoll
result. I will not isolote the problem area. PD

Its will give the distance ko fhe source

st
o the PD (which
Because new XLPE insulaied MV power
s PO free, if PD is detected it is hypically in
thefoints or ferminatians where jointers have

5 a polential failure poini]

made errors. This now means fht
need fo be idenfified and correc
energising. We all know hat PD will never go
away and it wil

iese it
d, prior fo

ust infensify and eventually
lead o a failure

These resulty provide us with @ fingerprint
of the condition of the MV power cable
systen
conductad th

and when future diagnostic tests ar
refults can be compared
and the eabling ageing rate confirmed. The
proposed revised SANS 10198-13 code of
practica for MV power cable tasting, now
recommaends. integrated voliage withstand
and diagnestic festing. These fests do not
take longer o parform as they are now

all integrated in the new availoble test
equipment.

Conclusion

MV Powar cobles have definitely evolved

over the years. The new third generation
XLPE-insulated MY powar cables are now

ot compoct MY switchgsar with 1V CT

lioble and moke

+ swilchgear which is now

nendations need 1o be
ure o ensure improved
relhabilty of MV cable systems:

The following re:

considered in the f

® Instoll screaned rather than belied
designed PILC cables.

1 and specify the corrected

ermination fypes up front os i makes no
sense to instcll the wrong ferminafions

from day one

 If three-core cables are insilled, snsurs
that the switchgeor s suitably desig
per NRS 012/SANS 876,

le-core cabless are insiclled

educsd

i three sin
thera is

isk of farmination

o-cora cablos 1o

possible to install o tri-fu

]
oint from three-core PILC fo

single-core XLPE

at all costs if
not installe

e Ensure clearances ore ke
ed tarminations

s

* En s aro well trained to nsioll
the MV power cables and
P

wre joi

went

essary foilun

= IPULC insuloted coble are installed clwars
test for the presence of moisture and cut
t affected

* 1LHUPE insuloted coble
the right scraen remaving ool

nstalled utfise

o Consider singl

single core cables instead of

large thres-core cablas

* Always perform
withstond ond diagnesiic testing,
the actual condition of the cable system is
knowm and future foults con be avoided.

combinad voltage
 that

Contact Patrick O'Halloran,
City Power,
Tel 011 490-7485,

pohallorantcitypowerco.z
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The benefits of using high-temperature
low-sag (HTLS) overhead conductors

by Tony Hill, CTC Globol Corporation

As growing demand for electricity continues to stress the elec

lines have

become thermally constrained. These constraints are due to the subsequent sag ;Iun nuun as bare overhead
conductors are operated at higher loads and temperatures, due to their high coefficients of thermal expansion.

An innovative conductor has besn developed
ond commercialised fa mitigate high
fempercture sog thraugh fhe use of aeroigace
derived carbon fibre composites. These high
perfomance matesials have excellent fhermal
stobilityand have been widely deployed in several
ather demanding applications due fo fheir
excallontresisonce fo cych koo fafigue, Over
22,000 km.of this conducor has baen installed
in over 250 projects worldwide, The condodtor
hsminum corductor composite core (ACCC]
wias developed not only 1o replace thermally
€onstrained lines, but oo 1o reduce fhe costs
aseaiote with new installofions by reducing
the number of supporfing sructures required,
ot the ACCC conducior's composite core s
25 to 40% stonger than its steel counterport
This oddiional strangth ond thermal siobility
enoble for greater spans [or lower structures]
40 be uiised without jeopordising deorance
requirements. The higher strength composie
<are, which is signiicanty lighter than steel, alsc
ollows 28% more conduetive aluminum maferol
*0 bs incorporated info an equivalently sited
conductor fin terms of diomeler and weight)
This coniributas 1o grectee Hroughput and 6
substaniiol rsckuction in fine losses. Whils the.
C canductor is rated 1o opsrate af up fo
200°C, t achually runs substortially coaler thon
anall oluminum or stoel reinkorcad conductors of
SQuivclent sizs, undr gquivolentload condions.
This-con anable fine oss reductions of 25 fo
40%. These capailities halp improve the
efficiency, capacity and reliabiliy of the grd.

Background

On 14 Asgust 2003, the northeost United
Stotes and Qntario, Canada, experienced

e secand most widsspreod blackout on

record of that time.(ofter Brazil in 1999),

ghfecting 55-million people. Six waeks loter, on
bar 00 ik

o8 new sources of genaration continue to ba
brought onlina.

Overhead cond

in Europe which aflacted 56.milon peaple
According 10 the final NERC report, the LS/
Canoda blacksut of August 2003 was caused
by o number of factors. These included
inaccurate telemery doa sed fo operae the
Midwest Independen! Tronsmission System
Operaior (MISO) “siate estimator” (and o
subsequent computer re-bat folure]; 0 "race
condifion” computar bug in FirstEnargy’s
anergy management system; and threo
345 WV tronsmission line frips.fovtages} due
o excessive conductor sog, which lod ta o
coscading of similor sog-frip outages en iheir
138 KV system. These events and lack of
efioctive communicaticn between crher utlities
uhtimately shut down 508 generating units ot
245 power plonts. The economic impact was.
astimaled fo approoch US$1 O-billon,

On 30 ond 31 July 2012, o similer series
of cascading outoges in Indio impacted
more than 670-million pacple. At the fime
of wiiing, # is ot known whot sequence
of evants caused these blackouts, but infial
raports suggest o shorlage of generation
copocity ond substantial grid limitations
including excessive conducior s0g.

For thess and several other recsens, well
nown hat excessive conductor sog can lead
fo catostrophic grid foilure. While demand
for alectricity confinues 1o grow and further
stroin our elecirical grids, the usa of high-
temperature, low-sog (HTLS) conductors is
beceming increasingly essential, aspaciolly

For over 100 years, eleciricily hos been
telivered o end-users using baro ovarhead
conductors thot were made up of conductive
aluminum strands offen wrapped around o
core cansisting of stmel wires fo improve the:
conductor's averall fensile strength. This type:
of conductor is commonly known s aluminum
conductor sieel rinforced (ACSR). As demand
for electricity continues 1o grow ond new
sources of ganaratian confinue 1o be brought
anline, many transmission and distrbution
lines have become thermally consirained
This is due fo the foct thot, as efechricol cumrent
incracses, the temperature of the conducior
rises. The increase in conductor femparature
is a functian of the electicol resistonca of the
materials used. Unfortunately, as aluminum
wires are heoted fa abave 93°C, they bagin
1o anneal, which couses o substarfial loss of
sirength. Howeves, certain aluminumalloys can
operate ot higher temparatures ond do offer
higher sirength, bul fhese. ganerolly increase
the conducior’s elecirical resistance ond 3o
roduce thair efficiency. On the other hand,
pre-annealed aluminum, which offers minimal
tensile strength — but excellent conductivity
- can be operated ot higher femparatures,
as required. A comparison of conductive
aluminium properties are presanted in Table 1.
In oddition 1o the various aluminium
alloys used in o number of bare averhead
conducors, o number of core technologes
have evolved which offer additional
performance advantages. Tablo 2 ofers
comporotive voles,

Toble 1: Ce
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fiable 2: Comparison af cove moteriols uszd in averhood canduciors.

‘While various combinations of these materials
have been used to creafe o number of
canductor fypas including AAC, AAAC,
ACAR, ACSR, ACSS, Invar, Gop, ACCR ond
othars, ACCC offers the highest perfarmance
combination of materials. ACCC conductors
use high-strength, light-waight carbon fibra
core that snables the use of an oddtional
quantity of fully-annealed flow resistance)
aluminum without @ weight or diameter
penalty. The added olyminum content
decreases slectricl rasistance under ony

offers smerl mporad oduaniages. P 2

Fig. % C d

v ACEC ek

cost of $50/MWh, this would equate 1o o
soings of s over $1-mlon pr yoor This
B MW,

ACSR and
ﬁccc conductors.

When faced with the need fo increose fhe
eapacity of an existing transmission line,
many es have resorted to roising or
reinforcing existing structures to enable
increcsed condurtor 30g or o ecommodate
larger, heavier conventional conductors, In
some cases, struchures have required full
replacement. One of the advartages of ACCC
conductors is that it can be used fo replace o

food condition compared 1o oll
or steal-reindorced conduciors, This sarves
fo reduce line losses by 25 o 40% or more
depending upon load condifions. fig. 1 offers
o thermal sog comparison of severel “Droke”
s2e conductors whern eoch canductor wes
placed in o 65 m (215 foot) fest span and on
elecirical lood of 1600 A wos opplied.

While: HTLS conductors such as ACSS ore
commanly used o roplace AAC and ACSR
conductors ta increase the copacity of
thermally constrained fransmission lines,
the degree fo which they con incrsasa the
tronsmission line’s capocity is st limited by
conductor sag in spite ofthe HTLS conducior’s
ahility fo patentially operate ol higher
femperatures. For instonce, looking ot Fig. 1,
if you consider that ACSR conductor can only
deliver obout 1000 A at 100°C [smergency
operaling femparature assumption), fs sag
would camrelate with the X-axis [horizontol ine]
represented by *40". If an HTLS conductor fof
the some size) such os ACSS, ACCR o Invar
whre usad to reploce he origincl cmmu.

conventional of ecqual size) without
teqitogg structurel modiications, ond bacouse
o its very minimal fhemmal sag. fine copacity
con be virtually doubled without suflering the
degree of line losses that would ba inharent ff
anather HTLS conductor were selacled.

the ACCC
eonductor's graoter strength, dimensional
stability, and excellent self-domping
characterisics can be used fo increase spans
bebween fewer and/or shoer structures
This can raduce ovarall project cosis and
environmental impact.

When new lines are built,

A global efforis continue 1o be made fo
imgrove fhe efficiency of generators (in an
effort 1o raducs ganeration costs), and the
drive 1o improve the eficiency of demand.side
appliances (1o reduce generalicn copacity
requirements) confinues, several utilifies ars
now olso Using ACCC conductors to achieve
similer gacs

In the United Stotes, for instance, several
utliiesincluding Duke Energy, hove estimated
B o TEL e vt o s

wall before hey reached hei roted <aputl|y

While it is sasy to see ond compare the
diffarences in sag betwasn the various
conduclors fested, wha s most remarkable
obout the ACCC conductor besides its
extramely low sog compared o the ofher
conductors fested, s the foct that it aperated
at 60 10 80°C coaler han any ciher conducor
of the same diomeler and weight under equal
load condifions. The substantially cooler
operating temperature reflects o substaniial
improvement In efficiancy. Being able to
dlive high levels of current with very low
thermal sag and comparatively low line lossas

to 4% is uxsu(m!ad wlIh tfransmission ‘DSE$‘
Tha ACCE conductar's obilfty o raduce losses
by 25 10 40% can dramatically reduce these
losses. So, the energy which would otharwise
belost naw becomes availoble. This con hove:
the same effect os building new generation

For examgple, f one considered o 100 km
(62 mile} 230 k¥ fransmission line thot had @
peak copaciy of 1000 A (assuming o Droke
size conductor, 30°C ambient condition,
2 fps wind, and clher common essumptions)
and a load factor of 53%, the use of ACCE
conductors would raduce line losses by
20 329 MWh per year. Assuming & generafion

Hyou assumed the cost of new generation wes
$1-million per MW, you could easily see that
the ACCC conducior upgrade wauld save
the equivolent of an $8-million generation
vestment. Reconductoring this hypotheticol
fine would cost much less

If you considered fhe same assumptions,
but increased the peak amps from 1000 to
1600 4, the raduction in line losses affsred
by the ACCCC conducior would save
72 976 MWh per yeor. In this scencrio [with
the same 53% laad foctor], the savings
would amount 1o $3,65-million per year
From a generation cogacily standpoini,
this would rsflect a savings of 28,8 MW or
$28,8-million

When considering the cost of developing
o renewable resource, if line losses ore
considered and ACCC conductar employed,
the aconomics regarding the overall cost per
delivered MWh become mere favaurable.
Perhops the ACCC conduttor is one
technology that can reduce the need for
governmant lunded incentives o develop
renewnobles?

Conclusion

Considering that the effonts o incrsase the
copacity, efficiency, and reliability of the
continue globally, the ACCC conductar
offers on oulstanding olternative fo other
conventional metheds. This is why, in just
sight years, mors than 22 000 km of ACCC
conductor has been deplayed by more than
100 utilifies of 250 project sites, At this
time, American Electic Power is currantly
reconductoring 240 circuit milés (386 km)
of o double bundled 345 k¥ line while it
romains nergised. Upon project completion
ihis single project will incorporate ver
1440 miles (2300 k) of ACCE conductor
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The Durban Solar City Framework as a case
study for small scale embedded generators

by Derek Morgon, eThakwin Municipality; Amy Marshal, Caco Cleon Energy; Nathon Willams and Williom Hove, EAB Astum Energy

China o d-breakis

in 2005, the

Energy Law of the People’s Republic of

China. The “Renewable Energy Law” was a national framework to promote the uptake of renewable energy (RE)

throughout the country.

tincluded: nafionol renewsble energy torgets
and local RE planning; mandotory connection
and purchase paliciss; @ national feed- n fariff
systam; and a cost.sharing mechanism funded
by @ surcharge on electricity sales, fa poy for
feed-in foriffs, grid connection projects (1]

The different companents of this fromework
approach complimanted each ofher and
hava resulted in lorge scole implementation of
renewable energy on on unprecesented scalo
Mare recently, tha Chinase leadership have
faken the framework approach fo renewable
enorgy support o siep further in supparling
the conceptof “lhe fhird indusrial evelutior”

Jersmy Riflin, in his New York Times best-
seller, The Third Indusiriol Revolution; How
Lateral Power is Transforming Energy, the
Ecanamy, and the World', argues that the

of renewable energy that can complement
and integrate with each ofher in developing
the secfor

Solar City Framework concept

Theee ore o range of tools avaioble o assist
local govemment in developing sirategic
framaworks that promete renewable energy.
The United Stafes (LS) Dapariment of Energy
inliated the *Solar American City Programme”
o hatp stimulote o solor morketin the US. The
programme focused on providing support 1o
25 large ciies 1o promote ths locol ptoke
and manufacturing of solar photovalicic
1P technologies. Within this program, fhe
Deportment of Energy develaped @ number
of guidslines, including "solo powering your

Clean Energy ond EAB Asirum Energy and
some significant lessens have olreody bean
lsomt from the process

Durban Solar City Framework

The purpese of fhis pager is fo outine the
Durban Solar City Fromework as a cose
study for locol govemment in South Alrca to
apply @ fromework approach in focilioting
renewobla eneray. The poper provides some
detall of the: current siatus of the sieps listed
above and outlines some of the lessons fhat
hove emerged ta dats.

Step 1: Organising and developing
a sirategy for the solar city

I erder fo achieve the outcome of on enobling

community: @ guide for locol
This guideline was designed it locol

change as new internet communication
fachnologies converge with new renewable
anengy systems. The book, which was formally
endorsed by the European Pariament, lists the
five pillars of the third industricl revolution as:
o Shifing 1o renewable energy

Buildings as power plants

Doploying hydrogen and other storage
imchnalogies in every building and
roughout the infrostructure fo store
inferminan energies.

)

Using intermet technology to transiom
the power grid of every confinent into. an
energy sharing Infemet fhat acts just ke
the interne.

Transifioning fhe ransport flestto electric,
plug in and fuel cell vehicles that can buy
and sell slectricity on a smart continental
energy Infernet.

This concest of the third industrial rvolution
s found support around the world and is
the foundation of the Eurapean climate and
energy package , which hos a legislated target
of increasing the share of renewables in the
energy mix by 20% and o 20% reduction in
enargy consumption by 2020

In leading the transifion 1o o renewakle
energy sconomy, Chino and Eurcpe have
for ic plan or

govemment
clear steps 0n how o design and \mp‘emem
a sirofegic framewark fo promole the uptake
of solor within & ciy.

The eThekwini Municipality has slected fo use
this guideline to develop a framework that wil
provide strategic directien fo promoting solor
i the city. The Durban Selar Cty Framewark
draws n “Solar Fowering Your Community: A
Guide for Local Goverments” by proposing
six inter-linked steps that oddress different
areas of support ta sclar uptoke. The steps in
the Durban Solar Cily Fromework are:

Siep 1: Organising nd developing a
stratagy for fhe solar city

Step 2: Making solor affordobla for
maidents and businesses

Sip 3: Updaing and enforcing local rules
ond regulations

Step 4: Improving local grid policies and
processes

Step 5: Educating ond empowaring
potentiol cusiormers

Step &: Leading by sxample with
installafions en government properies

The eThekwini Municipality drofted the first
itaration of the Durban Solar City Fromework
‘ndthen procered consubing senices forthe
ofthe framawork over o two

fromework appecach fo developing fhe sector
Tha framework should consider different
echnicl, legal and financiol

year period; beginning in sarly 2013. The
program hos now baen running for mare than

environment for akey
elemen of the overall approoch i the stategy,
ar framework that will accomplish thot gool
The Durbon Sofor City Fromework hos bean
designed o3 the foundofion en which o build
@ dynamic siratagy thot con be chonged and
adjusted o meat varying locol nesds and
tequicements. ln order fo do this, the locol
anergy contet needed 1o ba explored and
analysed. This required understanding the
local energy market for solor technologies.

Idenfifying market barriers fo solor energy

Anclysis of the local energy market, specificolly
the market barriers to solar technologies,
were analysed by means of o survey. T
was identified 53 0 crucial first step bofors
supplying @ new tachnology 1o o specific
morket, s it is imporiant to undersiand
the vorious barriers o the uptake of fhot
tochnolagy. The first phase of this process
involved conducting o market barrer liesature.
review. For the purposes of this review, 'market
borriers” were broodly interpreted o include
oll barrisrs thot affect the likely uptake and
demand for solar tachnologies, including
tachnical and nan-technical barriers.

The lireroture review found that while solar
technologies have come @ long way in recent
years, there are st significant market barciers
1o the tachnology. Howaver, as highlighted by
tha Intemational and South African litercture,
thase barriers are starting fa decline.

Camco
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inta four themas: finoncial, information/
owareness, inertio, end market parception
barriers.

Financial barriets were identified os the
greatest barrier fo investment, This was found
o be specifically true in contexts whore the
consumer arif far conventional slectricily is
‘considared to b relatively low. This outcome
is urther exacerboted in contexts whers solor
imediation is relatively low, thereby extending
the payback period and making the return on
Invesiman less aitraciive. Added to fhis are
the bigh initial investment costs and difficulties
I obtoining the finances in the loco! morket
required for such an invesiment, However,
o3 the price of the fechnology decreoses and
the: cost of convenfianal electricity continues
fo incracse, the affractiveness of such an
Investment increoses proporfionotely.

Information and wareness ore imparfant
in remouing barriers 1o soler technolopies.
The two oreas fo be addressed in this regard
ore o lack of knowledge or awareness
and incansistent information or o lack of
communily involvement, Where these two
clors exist, the potential market i unlikely
o invest s knowledge gops and uncertainties
remain or increase
However, sven where communities or
individuals ore aware of nuances, consumers
may sil il o invest due to inertia. This con
result from tha tochnicol complenities of he
solor technology, often combined with mied
©f inadequate policies and incentives o
ENcourage invesimant.
Finally, perceptions fowards fhe fechnslogy
ore an impariant fourth barier, This con oither
be porcaptions about ihe aftraciiveness of the
afual physicol system, or doubls about s
credibity or reliobilfy.
The literoture review wos used fo inform fhe
methodology and approach for o survey
that would assess these market barriers on
threa levels within the eThekwini context
households, small and medium businesses
ond lorge indusiry. Electronic surveys were
3211 00115 a large sample group of individuel,
Business and industry databoses. Industry
surveys were followed up with telephonic
inferviews fo. minimise the complesities of an
individual answerig for @ whols industry ar
<company. The results from the survey will be
onalysed end o finol report en the current
<ontext of market barriers in eThakwini will
be produced.

Conducting an instoliation bosefine and
estebishing solar orgets

The next stoges of the firs step of the Durban
Solar Ciy Framewark will include conducting
an installgtion baseline survey, os well os
establishing sclar instcllation torgets. The

installation bossline will mos likely be
ascorloinied by means of a survey, verifisd
with site visits. Key fo this pracess will be the
copturing ol the data cblained in a dofabase
developed for this purpose. In order fo
astoblish solar torgets, @ lerature review of
intemational, os wal as local best proctice
ieroture, wil be conducted. In accordance
with the defa from fhe baseline. survey,
this information will be used 1o esiablish
Gchievable forges.

Whils there are eomplexities in ascertaining
the number of installations due 1o no
centrol dafabase o regisirafion service, fhis
informafian, combined with fhe confingent

The salar resource maps of KwaZulu-
Natel show the potential onnuol slectrcity
peoduction fram o photovoltaic systerm with
aptimally filted c-S1 modules ot approximately.
1400 kWikWpesk averoged over 1994
2011. This is much lower than ofher regians
in the province: such as Neweastls which hove
a potentiol annual eleciricity praduction of
gresterthan 1800 WWh/KW peok This has the
implication of o longer paybock period an the
invesiment in camporison 1o other ports of the
country. Howeer, the resource i sil sufficient
for solar systems depending on the foriffs,
incantives and finance mechanisms that are
mad avsilsble o consumers. Tha following

sidered to faciltate the

and forbfy the fromeveork and oction plan o
oddress the presant context on the ground.

Continuous revision of the framework and
acan plan

The last phase of step one involvas the
continuous revision and updating of the
framework and actian plan for tha Durban
Solor City on on on-going basis. This is
crucial in crder o ensure fhot the framework
is 0 dmamic, versatil teal thal s able fo not
el mes, but potentially riicipole fhe needs
ond requirements of Dorbon as o whole, i
chieving the stotus of & selor ety

Step 2: Making selar afferdable for
residents and businesses

Aflordability is one of the main driving faciors
in consumer uptake ofa fechnology. Alfhough
the cost of salor energy syslems hos and
is expacied fo confinue decreating for the
next few yeors, these systems still require
& substontial initial capital investment for
rasidents and businesses. Financiol borriers
were identified as the greatest barviers o fhe
merket uplake for solor technology in the
{irmturs raview o previously. mentioned:
The eThekwini Municipality has engaged
with this borrier through the Shisa Solar
Progromme and is beginning fo undersiand
the complexiies of various cids to suppart
the industry.

The eThakeint Municipality is looking af
financsal incentives ond financing mechanisms
rsquired 1o make fhis on ofiroctive technology
for the local market. Developing incentives
and financing progroms fa bolster local
market demand oftracts solor businesses
and will establish o community in & growing
industry. Financial incentives such os rebotes
and tox credits can reduce the up-front cost
of solar energy systems. Loons and ether
inancing mechanisms encble customers to
spread costs over fime.

The solar resource in the eThekwini

uptake of solor anorgy:
= Developing o renawable energy portfolio
standard (RPS] or goal 1o stimulate
omand. The portiolic standard will
requite the eThekwini Municipolity and
other ufilties fo use quoliying renewobles
or renawable energy cerificates 1o
account fora specilic percentage of their
retoil lectricity sales. This will allow for
the eredtion of an economic divelopmen
environment thatis carbion compeitive fo
the rest o the country For atarget of 10%
of total capacily he municipal ly seeks
1o facilitate the el gecarsion
of 250 MW lo for sole
i igh:the Blng e A It
Gssessment of the current energy mbs and
idenfification of industries that have the
capobilit to sustainobly genorote theic
ing renewoble: sources
wil be conducted in order to assess the
niial of reaching the target generation
capacity of 250 MW, To make renewable
energy mose afiordable fo the marke!,
the RPS policies should be enacied in
conjunciian with incentive programs such
s uplrant rebotes. A renewable portiolio
goal is smiler to on RPS but is nof legally
binding and therefore nof os effective in
dving dm!opm in the secior. The
renewab i gool can be aimed
o residences and smoll businesses,
Focilloting cash incentives and faed in
taeifs, The cosh incentives may be in
the form of rebotes or grants based on
either the copacity or the investment
Another possible cash incentive may
be  produciien based incentive which
oncournges optimised sysfom dasign ond.
instollation,

Implementation of solor leasing ntal
model in industry This model can be:
affroctive o consumers as i reduces the.
tisk ond complexty involved in owning
ond operating o renewable energy
system. This usually provides for systems
that operate more efficiently a3 the
wner ol the system is responsible for the.
operations and meintenance, The owner's
sarnings ore bused on system output thus

Municipality is one
with the global horizontal imadiation (GHIf
at epproximately 1450 kWh/m? ovarage.

is in their best interest fo: ensure optimal
ol th
g8

Implementation of community solar

models o loka odvantage of the benefits



associoted with communiies of scale by
reducing fhe cost of smbedded generniors
on o per-walt basis. This medel also
allows individuals who don’t own the.
property or whose proparty does not
receive odequaie iadiation 1o sl invest
in solor energy.

Step 3: Updating and enforcing
local rules and
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are currently able o ener info fhese PPA. In

order to aliow for bulk 20-year PPAS within

aThekwini Muricipality, fhree legal options

need fo be investigated:

= [ongrem ok acearding lo Section
35 ohih

o3 .6n organ of siate fo purchase elechicity
for the municipalty. Specifically, whether this
antity wauld have greater flexbility than the
municipal adminishoion cumrently holds. Also,
the rasirictions oround what type of entities

A MFMA)
Aby-low amendment/addition pemiting
pht,

Legal and requlatory framewark forms
the faundation for building o sustainable
ranewable enargy infrastructure. Effactiva
and streomlined rules and rogulations on @
municipal level may help recuce instalation
costs and con significantly imprave fhe morket
enviranment for soler energy fechnologies.
Wit this in mind, the eThekwini Municipolity
conducted o legislative ond regulctory review
relevant fo embedded electricity genemiors
in the city.

The purpose of the raview wos fo summarise:
all the ke areas of Igislation opplicable fo
embedded generators and 1o idertily reas
whers legal cpinion or are

- By-law amendment 1o extend or
allow for longer power purchasing
opresmants
By-low oddition 1o create @ seporcte
inicipal entiy, dassified 03 on organ
o sigte, 1o purchasa electricity

con establish and own nesds.
further exploration

The third orea requiring clarfication i the
point of the municipaliy issuing genertion
licences. It ssams that formal licensing by
municipaliies is very unlkoly but considering
that municipalities already *license’
installations under 100 kW, this point is most
applicable ta larger installations. There is
hawever an area that needs further verification

municipalities.
In summry, there are thees main areas of
legislofion that were identified that require
further legol inferpretation by an appointed
logol counsel. The first area that requirss
aftention is section 33 of the MFMA, There
are hree points thot need further clarification
under section 33. The first is the issve of

required fo create an enabling environment
for embedded genecators. |n oddition 1o
this, the eThekwini Municipality would like to
.mmgme the lagel aptions for purchasing

Inordarto

' , dinto
a single saciion 33 application as this would
reduce the onerous nature of fhe process
The second point invalves furher guidonce
on whather the MFWMA soction 33 makes

i i sisCOH Theks ok heed
1a enfer into long-ferm [20-yeor) confrocls fo
buy eleciricity. The legislafion end regulations
that formed part of this review were:

Notional legisiation

» The Constitution ol the Republic of South
Atica

o Municipal Structures Act

@ The Electricity Regulation Act 4 of 2006

+ Standard conditions for small scola
eml generation (less than 100 kW)
within municipal boundaries (SCSSEG)

o Regulclions, rules, guidelines, directives

conduct and practice
o Municipal Finance Manogement Act
o Municipal Systems Act

Locol reguletions
o eThekwini Municipolity Electricity Supply
By-law

o eThekwini Power Purchose Agresment

" e Natol Local Authority Ordinonce.
The Thekwini Municipality currantly hos o
system in ploce 1o enter into power purchase
agreomants (PPA) with embeddad ganerotors.
The current PPA rastricts the contract pariod 1o
‘only three years with the opficn fo renewar o
furiher fhree years upan approvol by council

T Tow i vl s o be i ekl 1o
e project. This may be most applicable for
very small generators. Legal opinion would
ba required an the definiion of “lew value”
in terms of saction 33 MEMA by comparing
it with other lgislation. The third and final
point of clorification involves lagal opinion on
whot *luture budge implicafions” i ferms of
saction 33 of the MFMA meons and whether
a coniract ol which the rate of purchose doss
ot increase con be clossified os therefore not
imposing fuhuee budget implications.

The second area of lagislation involves
oddifions or omendments fo municipol by-
laws. Ther elechricity supply by-laws could be
amended fo include embedded generators
(EGs). The by-lows could regulate the tarif
for EGs, the PPA controd pariods and ensure
quality of supply for network infegrity, The fariff
may rsed NERSA opprovel and fhis needs
veriication. The conract period may be in
coniravention of the PPA ond clarification
on this issue will also be required. The
municipolty could lavy a torft or surcharge
for services provided. The levy or surcharge
could then be utlised for bulk purchases of
renswable energy.

The sacond way in which by-laws could
provide ossistance involves using them os o

regarding fhe requi for @ generotion
licence if the instaliafion is under 100 KW but
is for commerciol use. It s not cleer whether
the small scole generstar requires o licence
enters into o PPA with the municipality as
this may be interpreted a5 commrcial usa.
The cormect inferprefation of the SCSSEG s
required in order fo ensure that PPAs ore
lawiully entered info by parfies concemed.

The IRP 2010 ses capaciy foraets for diflsrent
RE technologies. These targets have been
applied to IPP projects under the REI4P. IPPs
parficipaing in the REI4P will ener into 0 20-
yeor PPA with Eskom of specified prices and
get o generation licence from NERSA an this
bosis. Under the REI4P the targets consiitule
limits for the diflavent technologies. The
most oneraus part of the licence application
procedures is net e adminisiration bu rother
the process thaf neads o be fallowed in orcer
for NERSAo grant, or refuse the icence. Lagol
‘opinion needs o be sought on the following:
Do the IRP 2010 targsts constitute
absolute limits por RE technology for
projects appling for NERSA genarafion
licansss outside of the REI4P? This
understonding would contradict the
rational econemic policy objective fo
build o RE industry.

The licnsing by NERSA of PV installatiors
over 100 kW. The pessibiiy of o “right
10 o NERSA licence’ if the municipality
commils o purchose the generated
elactricity also needs 1o be invesiigated.
This point concerns the issues of central
versus decentralised slechriciy generation.
Legol opinion in this regord would olsa
cover the issue of whether it is possible
1o purchese renswable energy at o higher
rote than Megaflex.

Devslop & solor access and solar rights
byaw

A potential legal intervention the municipaly
could investigate i he option of developing o

.

This presents challenges in cb?mmf‘q {ilu'mu
for the genescor i bt et
pariod is usually longer than this resulting in
low 10 1o solar uptoke. Only generators able
o financa: their projects off bolonce sheet

ply ch i This
involves fhe issve of whether or not it is
possible fa gel around compeliive bidding
theough using on entity which is clossified

solar occess g by-law: These fypes

of by-laws would provide some assuronce
for citizens 1o access sun-shine os o right.
For exomple, if somsana invasts n o solar
installation ond o neighbour proposes o
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development that will cause shading on
this salor PV insiallation, the by-law woukd
restrict this devel isno

municipol permitting system. The systerm will
be such that all appliction processes will be
into on onlina fool.

shading. This would llow certinty in businass
modalling for salar developers by mitigafing
the risk of decreese productivly on the PV
installotion in the future.

Solar ready buildings in fown planning
regulations

Anather lagal intervention would ba fo
develap solar ready buildings concepls in
town planning regulaions. The municipalty
can encourage o require homebuilders
ond developers fo design and build solar-
ready homes and commerciol buldings, so
archiects and builders can choase vioble
sites for solar tachnologies. In the current
national regulations thers is no referance
16 the- cancept of solar ready buildings.
The naw building regulaion in South Africa
references SANS 10400-XA for the minimum
requirements fo be achievable for bullding
energy efficiency. Although not mandatory,
the regulations indirectly pramate design
principles tokieyy risntaion and Jocol cinatie
candfions inlo account

Solar-ready buildings need fo be incorporated
a1 o local pleaning slegs dufig)the
estoblishment of communities. This will
facilitre. the concept being feasible once
development of 1op structures commences.
Planning for the aventual installation of o
solar systam when designing o bullding
can significantly improve the sconomics
of the investment. Solar-ready building
modifications ara low- io no-cast af fhe
time of new cansiru
otten very costly later in ithe building's life.
By understanding and occounting for solar
energy system requiraments during the
bullding design phase, installotion eficiancy
con ba maximised, costs can be minimissd,
ond system periormoncs can be optimised.
This can readily b dono through the fown
planning schame amendmants ot a local
level. The proposad approach is to initially
conduct o review of existing town planning
regulations in countries which have already
implemented these concepts with focus on
countries with similar lagal systems a5 South
Alrica, These regulations can then ba odopted
fo be in line with intemational bast practice
‘and local regulations.

Streamlined sofor permitting and inspechion
process

An oddifionol step is fo streamline the solar
permitting ond inspection processes with
clearly defined requirements and expedited
processing for standord installafions. The
outcame will be o guideline fhat wil provide
all the relavant information an how fo get
a solar installation opproved through the

Step 4: Improving local grid policies
and processes

i1 ceder for embedded gensrotion to bacome:
o reality, locel grid policies ond procssses
require mat only updating, but also further
improvement, This step will invalve an in-
depth analysis of all ncel grid policies and
processes fo establish whot improvemants
ore required.

Facilitate implementation of new NRS for
‘embeded generation

Embedded generators are different fo
conventional energy cansumers in that they
export electricity fo the grid. This means
that not only the connection process, but
olso the local fariff need 1o be analysed and
understood fo align with this, Further fo this,
gensrol policies applicoble 1o ambedded
generators need 1o be restructured and
modernised 1o mest the changing context
on the ground. The first stoge invalves the
RS development piocess. Onca this: ho
been finalisad, this information neads o be
mada publically ovailabla so that potential
embedded generators, and the public ot
lorge, are awars ond abla 1o top into the
sywom

Design ond implemant o bi-directional
metering pilt

Once tha NRS development process is
complete and made publically ovailable, the

project will need fo ba launched in stages,
ihe firs of which ia the design of the difierent
program olements. Orce this is complate,
the ToRs far the implementotion need to
bo developed. Tho final stage will involve
contracting fhe chosen service provida fo
implemant the progrom.

Step 5: Educating and empowering
potential customers

Alkey ospect of the progrommeis disssminating
the information gathered through othar
aspects of the Durban solor city project in
order to educate ond empower potantial
salar energy technology customers. The
cverarching objective of this activity is fo
creote morkef demand for solar producs by
overcoming the barrier of lack of access fo
inkormation on and aworeness of solar energy
technologies

Burban Solar Map and Information
Portal

The centrepiece of this fosk is the creation of
the Durbon Solar Mop and Infarmation Portal

(DSMIP). The DSMIP will be a powsrful tool
to assist potential customers in assessing the
solor anergy potentiol of their rool spoces,
link customers and solar professionals ond
provids easy access o infomation on relevant
regulotions ond permitting processes

The key component of the DSMIP is the
interactive solar mop. This web based too]
permits users to locate their buldings on o
GIS interfoce, similar to Google mops, ard
quickly and easily obiain an astimate of the
solar anargy thot could be produced on fheir
rooftop along with doto on the financiol
aitroctivenass of the invasment.

Solar maps have baen implamanted
extensively in couniries such s the USA, fhe
UK and Germany. The scale and funclionality
of thesa maps vary widely, from simple
dotabases of exisiing installofions, to free
dimansional models of city buildings and
siructures conloining volymes of doto detailing,
solar potential on each and every roof
fagode. The costs and data requirements of
more sophisicated maps can be prohibitive
Partculary in Sauth Africa, theee dimensional
building data is not widely ovailable ond
would require the commissioning of such
modelling for specific sections of the city ot
grent cost

The eThekwini Energy Office has elected 1o
develop o mep that con be implementad
cost effectively ond universally within the
municipolity. Furhermare, once developed,
the map will be eosily replicabla within
other localities in South Afica. To provide
high resolution images, basemaps wil ba
canstructed from aerial phatography which
s produced by the municipaliy on an anwal
basis.

Users will have fhe obiliy fo search fhair
address and visually identify their rocf top
They will then be instructed fo outline the raaf
fagade fhat they would ke e ossess using o
simple: polygon fool. Users are then prompted
1o enter dota on fhe filt and orientation of the
fagade [e.g. norh facing with o 30-degree
til). Basic information is then presented on
the size (KWp), energy yiekd (\Wh per annum)
and carbon emissions reductions (€0, per
‘annum) thot could be achieved by installing
o photovaltaic system on the seleced surioc.
Interested vsers can then click on fa the next
windaw o assess the financial feasibilty of
the system using a financial model embedded
in the map. The municipal elaciriciy tariff ot
the building must be entered in the financiol
inputs window, Advanced users can adjust
porameters such as system size and cost per
Wp. By clicking on a link, users will be directed
%0  finonciol resulis window hat wil provide.
a colculation of retum on invesiment and
payback peried.
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The final window wil prompt users to subrmit
theic contuct informatian 1o o panel of solar
energy professionals who can contact the
customes 1o arrangs n on-sile ossessment
and quatetion. Atemetively, users con oboin
contacts defoils o the panel o contact them
directly.

Replicafion of the map in oiher municipalifies
e 8

reservois. Tha firkt s in this activty will be

16 shortlist the best sites.

Initial short-listing based on predefined
criteria will uilise GIS tools ond will leveroge
the Durban Solar Map to idenity technically
sum:l:?e sifes. Short-listed sites will be subject
fo pi nal site assessments, Once
ruhm(nuﬂﬂﬂb-hw hos beer\eslubl.y\ed the
financial

and alternation of solar resource and tadff
data. The eThakwini Energy Office inlends to
develop the map on o platlorm that con easily
be-implementad fo different communities:

Further consumer outreach and education
progrommes

In addition 1o the DSMIP. the energy office
intands ta dissaminate the knawledge
gensrated through the Durban Solar City
programme through many other channels.
These ocliviies wil drcw on lessons learned
through eThekwini's Shisa Solor Compaign.
The catnpaign willincorporate slements of:
* Public workshops

Advartising campaigns

Educational brochures

Information website (through the DSMIP|
Coll centre

Emailing list and sociol media

Exhibition and market stands

* On-site presentations in the market place
These aciivities will centre on the DSMIP which
will oct os o *ane-stop-shap" for evenyining
solar in eThekwini. I wil serve 1o ensure the
widespread dissemination of the knowledge
and resources generoted by the Durban
Solar City programme, The overorching
obiective is 1o address borriers to solar energy
technalngy implementofion ralated to the lock
of infarmation relaing to salar.

Step 6: Leading by example with
installations on government

The: aThekwini Municipaliy is implementing
4 range of sustainable energy programmes
wihin the ciy, These projects have provided
involuable learing opportuniies for both
municipal siaff ond the communiy at lorge.
Municipal rsnewabls ansrgy installations
Provide the opparunity to fest and showcase
technalegies as well o3 stimulate the market
for local production.

Pilot project identification

In this activity, the Durban Solor City
team will identily and implement several
solar photavolioic pilot projects within the
Municigality. The energy office has idenfitied
0 bood range of patential instollation sites
an municipal infrastructure, from open land
parcels o muricipal building cooltops 1o wafer

be investigated.

Pilot project financing

The method of finoncing pilot projects will
depend on project size and the availabilty of
‘public funds. For large profects or a bundle
of smoll medium sized instalotians, third party
finance models will bo considered. Smoll
profects which are funded directly from the
municipality operatianal budget must achiave
o five year paybock pericd. The oThekwini
municiplfy liises RETScroen for the purpose
of defermining payback periods. Projects that
‘poss financiol thresholds wil fhen be ranksd
ond pricriised for funding.

d

“Thind Indystrinl Revolution®, The “energy
interner” and *smar grids” are sl quite new
concapts in South Africo, so including this
element on the famework may only come
after some iniiol research has been completed
in the ity

On the whole though, the Durban Solar City
Framewark has praved to be a very usehul fool
for the-eThekwini Municipality o create an
enabling environment for solar insiallations
in the ciy, It hos provided o clenr road-map
on some of the key barriers thaf need fo be
oddressed in promoting RE in'the city and can
be used to check progress aver ime. Currently
asimilar document is being developed for the
promotion of biofuels and biomass in the city
ond in the future the concept may be rolled
out o all renewable energy rosources in the
eThekwini Municipality
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Renewable generation reactive power
capability and grid code compliance

by Mick Barlow, S&C Europe, Middle East and Africo

Most renewable generation will have the ability 1o either generate and/or absorb reactive power. However, that
does not necessarlly mean that the plant (wind or solar) will be grid compliant. This paper will illustrate the
relationship between the plant capabilities and the grid code and identify some of the key faciors that determine
if auxiliary compensation equipment is needed 1o obtain compliance.

it will olso discuss some of the opfions
ovoilable for providing grid code complionce
whe the plant on it own is not compliar, In
this paper we concantrate on fhe volioge and
reactive requirements of wind enargy [which
alsa opplies to mast renewable generalion] fo
comply with the grid cods, These are probably
the lnast understood aspacts of grid code
compliance.

Wind farm connection

Ghen smaller plarts can be connected of
the distribution level, while planis generoting

over 20 MW ars ganerolly connected of the
transmission level. In distribution connections,
the system may be undarground oroverheod,
whils fransmission systems are almost clwoys
overhaad.

Key fechnicol requirements far wind pawer
plant intercannection includa prorection,
voltage cantrol and rectve power copabiliy
voltage and frequency ride through, frequency
control, and communication and supervisory
contral and dote acquisition (SCADA|
Through their inherent copobilities, some
wind furbines can meet soma/all technicol

requirements, while ofher wind power plonts.
require additional equipment known as
bolance-of-plont [BOP) equipment fa achieve.
compliance

Distribution interconnection

Troditionally, utilty elactric power systems
wers designed o accommadate active pawer
generotion ot the transmission evel, nof fhe
distribution level. As the disiibufion syslem s
also becoming e collection system of differant
distributed power resources, the one-way
toad flow is becoming o two way stroe!, and
the troffc rles are changing. In fhis shiing

i o
" o e
! g S

integrating disiributed power
resources info the grid can be chollenging
becouse fhe requirements.ore still being
worked oul in many rsgions.

A typical utiity substation bas thres or four
distribution feeders. Wind turbines ganeraling
10 MW of powar or less o voltage levels
of 1000 V or less can be connecied on o
distribution feeder or of o subsiation To do
their powar oulput needs 1o be stepped
up o the distrbution medium vohage level, In
South Alrica, that medium voliage i typically
1 or 22 KV

When coanecting wind turkines on distribution
feeders, various issues may orise of or near
the ends of fhe feeders, Volioge rise eflects,
especially of he end of long fesders, con
become unaccepfobly high. In addition,
vorition in wind ensrgy Gensration can cause
flicker, which occurs when ovailable foult
systam strength s 50 low that variations in
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AUTOMATION,
METERING & SCADA
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PROTECT YOUR
ENTIRE SYSTEM
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APPLICATION

WoodBeam substation
communication solutions
simplify substation integration
and automation, providing the
utility with :

* NERC CIP compliant security

* System wide device automation
and integration

* Automatic event file retrieval

* Remote control and
‘engineering
management passthru

* Protocol transiation

* Data concentration and
distribution

* Industrial Ethernet LAN

* Substation SCADA

* Metoring and energy
Mmanagement

The solution allows you to build
a comprehensive
communications

Infrastructure that is fully
Integrated, delivers maximum
reliability and improves service
quality.
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[
GarrettComr

P 0 Bax 526 Modderfontain 1645
Tel; +27 (11) 457-1600 (0861 966 320)
Fax: +27 (11) 6081016

email : info@woodbeam.co.za

substation transtormers, motors,
capacitor banks, distribution
feeders, and transmission lines
with advanced protection, power
quality monitoring, metering,
communication, event analysis.

Our comprehensive relay
platform offers advanced level
featurcs and functions for
multiple applications:

= Metering and menitoring

» Feeder protection

« Transtormer protection

« Capacitor protection & control
« Advanced event analysis tools
+ Generator protestion

« Motor protection

« Line protection

+ Busbar protection

@ SEMENS
W

range of industrial
auxiliary relays are suitable for
general purpose uses up to
eritical substation protection and
control applications for demand-
ing applications like pawer
generation, petro-chemical
plants, ports and water utilities.

The range includes:

* Instantaneous relays

* Bi-stable latching refays
*Timers

* Flag annunclators

« High speed master trip relays
* ACimmune intertripping
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power production ceuse significant voriotions
in voltoge.

The fasdar ompoeity, the moximum amount
of elsctrical eurrsnt a conductar can carry,
may-also be lower toward the end of feeders
s fasdars aro often tapared. The ampacity
limits the amount of power generafion fhat
can connect 1o a feeder; segments of o feeder
may need o be re-conduclored with larger
canduetars fo eccommadate furbines.

Al the distribution lavel, wind turbines
producing pawer aver 10 MW con fypicolly
fbe connected only ot subsictions. There, the
limiting factor becomes a specified percenioge
of the substafion fransformer rafing.

The higher levels of distributed renewable
ganeration creats challenges for controlling
valioge dus, for example, to the limited
reactive power produced, but many grid
cades currently hove no. minimum reaciive

Transmission
| intercons
Connecting of the transmission
level involves a larger scale
version of the concepts used
for distribution interconnection.
Lorger wind farms hove muliple
circuits, typically four or more
with 15 = 20 MW per circuit
Voltage is steppad up twice: first
1o collection system vollages,
typically 33 kY, and then o the
Iransmission voliage level af the
point of inferconnection: 132 kY
or above.
Muliple callecior feeders, which
ame usually underground but may
also confoin overbead fine sections, bring the
power output from the wind furbine generators
to.a collactor substation with one or fwa large
power tronsformers. A wind plant can be
interconnected en fhe high-volioge side of
the fransformer in the callector subsiofion, or
it con be connected some distance away vio
a transmission live through an inferconnect
substotion.
Devalopers need fo provide plant design
infarmation madelling haw the injecied power
from ihe wind plant will impoct fhe exisfing
power system,
Grid codes
With a significant incraase in wind genevation
and othar forms of renewoble generotion
the of both i

Fig. 5 Wid urbina copalsiy reflecied ko the POC.

equipment (bolance-of-plor] to be insialled
fo meet the grid cods crieria. I is imporiont
thot the developer andl his mojor controctors
are oware of these requirements earl the:
project cycle as they will have on impact on
both cost and space requirements. Without
them the developer may not be cllowed fo
start up the generating plan, thus cousing
significant economic penaliies o fhe plant
owners and stakeholders.

1f we look ot same of the aspects of the grid
coda w wil start to undesstand fhe issues,
Many grid codes cofegoriss generolors based
on size. In South Afrca thero are throz main
coregories:

* Category A: < 1 MVA

o Cotegory B: 1 1o 20 MUA

o Cotegory C: > 20 MVA

Thers are some sub-categories wiin these
main cotegornes but that level of detail is not
required for this paper.

The reason for fhese calegories is that the
grid cod requirernents ore proporianate o
the site-of the wind form Le. the impact of o
single furbine o0 the network is much less fhor
thot of 6 lorge wind farm and therefors does
ot need such exfansive controls.

For the purpose of this paper we il just
concentrate on-category C requirements,
pawer planis over 20 MVA

Many of the requiremants for ranewable
power plonts (RPPs) cre delined of the poln!
o connection (POC). This is the point ot
which the wind form inferfaces with fhe res!

This {!

and dishibufion networks are changing
significantly from the taditionol model of
lorge centralised fossil fuel generation. In

pon
developed, uillies were caniralling vollage
lavels on feeders. To avoid conflicts, wind
farms were ol required fo regulate voliage,
but the increase in distributed generation
meons renewsble energy generators may
need to, The siandards will eventually evolve

order 1o these higher levels
of renewable generation, ofien of relafively
weak locafiprs in the netwark, Utiities are
devaleping more demanding grid codes
50 that the operation, reliabiliy safety and
security of e netwark are nof compromised.

In order to moat these rigorous grd code

of the natwork defined in the
connection agreemert, |n Fig. | this is shown
10 be ot 400 kV but it could it could be at lower.
voltoges e.g. 132 k¥

Grid code - steady state
requirements

Fig. 2 defines the reactive (Mvar) requirement
‘ot fhe POC. This con be summarised as the.
wind farm's requirement to- sither generate
or obsorb o constant Myar volue betwesr!
20 and 100% of the windiarm MW cutput.
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Fig. 8: Foult ride through requirement in South Afren.

A 100% MW output this equates 10 &
0,95 pl, 0.5.100 MW windlarm needs to
Provide +33 Mvar. Below 20% output that
fequirement is dramofically reduced.

Fig. 3 shaws thot there is ke o requirement
10 Bperate within the defined voltage ranges,
n this pariiculor case it is defined for =10%
of nominal vaitage,

What is imporant i hat these requirements
are ai the POC and not he wind turbine
ferminals. So the question fo the monulacurers
18 0t if their wind turbine is grid compliant
bt will it be grid compliant at the POC when
ccounting far the effects of fhe network

tween the wind furbine and the POC.

Grid code - impact of collector
Network

The network betwean fhe wind furbine and
the POC hos o major impact on the turbine
being able 1o meet the grid cade.

fwe examine o simple network comprising of
@ number of wind turbines connecied 1o the
POC i their turbine tronsformer, collector
M8hwrk and o moin grid ransformer. Assume
the: wind turkine is capable of 0,95 o ot ifs

minals and the grid

the real warld. When we odd the interposing
etwork we get th result shown in Fig. 5 which
is cleorly.ne longer grid complians.

This selufion s now nof accapioble o fhe uilly
ond odditional bolance o plant is required to
cchieve complioncs.

Of course there s @ wide choies of rbines o
chooss from and scme wil be befter suiled 1o
speciic grd code requirements. S one could
argus tha you fust need fo select a dilferant
turbine with o grealer reaclive copabilty and
this might be the cose. Howeve, thess aspects
are not ahways fuly understoed by developers
and ofien the cheices are mode based upon
turbine siza (MVY) and price withou! due
consideration fhel fhe wrong furbine is liksly
1o encouroroddifons! BOP squigmant. Ao,

Fig, 10 Comparon of STATCOM and SVC characieristics.

Meany wind turbines are controlled by
power slecironics which are suscaptible fa
voltage variation, specifically high voliages.
Therefore ot 10% vohioge above nominal
they are very likely to reduce their reaciive
output significantly or even irip. In South
Alrica whera the wind form is required o
stay connected for voltages up 1 1,2 pu
(+20%) this:could be significont and must
be foken info account
Low voltage and high voliage ride
through
As mentioned earlier ane of the main
purpose of grid codes are fa ensure thot
the wind form behaves as much os possible
like o conventional generator. It is Iherelme
ot the wind form st

ity are likely to
be mare expensive so it could be a frode off
between the wa approoches
There are olso o number of additianal factors
thet nesd 1o be token inio account such as.
voltage and dynamic periormance.
Impact of voltage
s meniioned in on earliersection i i required
that this. pobiliy is supplied over o

095 i of the POC as dofined earier

Wiwe excimine Fig. 4, assuming het there is 0o
Inferposing network, i looks like the chasen
turbing is grid compliant. However, this is not

of voltages. This i nof ahwoys considered
inthe early stages of wind farm design but con
have o significant impoct oq the abiliy of the
wind turbine fo supply reactive power.

fer varictions of system voltags following o
neswork disturbonce. Before specific clouses
for foult ride through were introduced it was
quite comman for wind farms o frip for
vollage excursions outside normal limis,

Fig. 6 shows the vollage contour ecross Sptin
following o three-phose faul ot o 400 kY.
substotion in the middle of the countey, i can
e 38en thot ofthe coost the volioge dropped
10.0,9 pu (360 k)

Because this wos prior o fhe introduction
of fault ride through ta the grid code 1o
‘accommodate renewables, ihis voltoge dip.
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tripped 700 MW o 05 shown

may be tolerated
ol number of renewables, # is

ihis reasan mast utlifies infroduced o
ide through requin
cade which specifies the behaviour of
or system disturbances oulside
erofing rangs. This is abways o low
voltoge ride through (LYRT) reauiremen
Iso include @ high valtage ride
HVRT) reuirement,

fomol

Fig. & shows ane of the aspects of the fault ride
heough requirament in South Alrca, There are
o impontant points tha can be brought out
from this. Firstly,

emain connected of 8o voll

& wind farm must be able k

and secondly must be oble 1o siay connected
when subject fo 1,2 pu (+20%) voliage for up
2. This s of course ot the POC but will get
reflected into the wind form itself. Unlass this can
be controlled then it is quite
will i, Auxiiary BOP aquip
1o reduce the impact of these high vol

Auniliary balance of plant

equipment
if the wind farm is unable to meet v
voliage and reactive power requi ents of grid

forms ond the

y come in #

comact solution will be  combination

Different

the
compensotion
grid codes will resy

foim of reactive compansation
5. These

opacitars and reo

are relatively inexpensive but have two
disodvantoges
o They do not provide continuous voliage
control, sach time they switch they wil
8 o step change in volloge,

Their cufput varies with th
vakiage (V2 e.g. if
00,9 p
108 1% of
be necessary fo o

uare of the

raze these

The next equipment fo be considered is o
STATCOM. This is an inverler basad davice
which is capable of bath abserbing and
generating Muars in response 1o v
disturbance, I

very fost, con respond in under 100 ms
and also moy hove on overload capablity
of araund 260%. Baing a consiont curent
nal

device, ifs autput is therefore proportio
1o the vohtage. Of coursa it is cansid

expensive than o swil

actor solution

{owaver, fhis cosf can be reduced by Using
is whera o fixed copactor s used in conjunction
with the STATCOM fo. shlt the wind f
and hence reduce the
cost of the inverter part of the soluf

5. A bios capocitor solufion

yhrid scheme

Anther approach is fo
whera switched devices {copacitors and
reactors) which statcom
inverter port of the

are used o
solution, Bacauss the invertar condrols are s
fost the switched devices do ol couse @ siep
change in voltage ond can be considersd as
& confinuous voltoge cantrol. This is normally
the most cost
reduce cests by up fo 40%

verter salufin and con

9 illutrotes that when @ shunt device is
d the STATCOM
e disturbance torthe voltoge,

hat there

There is olso the altemative of SVCs &

are normally

1 thase
rly cost e on large wind
forms, vom their output being
proportionl fo the square of the valtage of
the exirermes of their of
shows the comparisan i

the two davices.

and also su

e aing

range. Fig
he charocteristics of

Continued on 78,
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Financial recovery of embedded generation
in medium voltage systems

by Ravi Moonsomy, Eskom

Embed, tion (EG) could provide many benefits in ferms of reduction of system technical losses and
ln:rem::dl::: :;:ry‘;:ntwpl::hv. EG options are being focused on by users of electricity in South Africa in order
to improve energy savings and increase revenues derived from the sale of electricity.

The release of fned-in toriffs (FIT) by the
Department of Energy in South Alrica has
increased fhe viobility of renewble energy
fechnology applications. The ecanomic studies
have to. be based on localised parometers a3
the nature of the program is based cn price
bidding with the averoge cost affect of all
the rmnewable energy assessed only aher the
Progrom has been concludsd in 2015 [1].
The Eskom wholesale tariff is fhe averoge
cost of ganeration and is increasing of o rate
Qrecies than inflation par year. The wholzsale
Tate isthe rate ot which non Eskom genecation
Power suppliers con be paid in South Africo
for energy supplied into the rational grid.
This imiplies thot eventuclly an economic paint
will be reached whers the cost of investing in
localised generation, bacomes viable of fhe
Wholesale rate. This breckeven poirt varies
cross the ovailable tachnology spectrum but
i possible 10 calculate the capial investment
Smount fnot would he avaliable based on the
“venues desived from selling power of the
Seuth African wholesale rate, L.e. the sysiem
marginal price {SMP)
The electrical systom used in the study
consisted of o radial system wih distributed
load and generation. The distributed |oads
were modelled using the average load
<opacity supplied by fhe uilly in @ medium
ge system. The overage volume of sales
lost 05 g resu of non-technical losses wos
included in the load model so that he overoll
Sccuracy of fhe revenue effect by EG on the
utilty, could be increased.

Simulation medel

Load mods!

“‘° study raquired"thot the fotol energy P,
be $lit Up into the tima of use colegories as

shown in Table 1. In order o achiove fhis spit
methodalogy described below was used.

Pr=P+ B 4Py

where

Py = Total anergy (WWH) in the system

Po = Totol peqk pericd energy (kKWh) in the
systam

Fi = Total stardord period sneray (KWh) in
the system

Pes = Totlal off peck peried energy (MW} in
the system

Table 1; Energy per peint and co-incidental damand por customer colegory.

T=T+ T+ T

whers

T, = Tatol fime (hours} in the month

T, = Tolol peck time period (hours) in the
month

= Tolol standord fime: pariod (hours) in
the morth

= Tolol off peak fime period [hours} in the
manth

The tofol energy sent out in fhe system is
then separated inic fhe time of vse (TOU)
cafegories 0 colculated in the methodology
below.

The instantaneous bese cose losses for o fhree.
phase distibution systern con be expressed in
Ean. 1 below 03 [2]:

s PR+ BTY l
3n?

where
¢ i the system resistance per unit length, L
is the fotal length of the line, P, and G, are
tha real and reactive loads at the i bus
respactively, and V, he sysiem phose voltoge.
Using the sauare relofionship of osses to lood
in the above equation:

IR, = LR#LR IR, @
where

LR, = Total loss rafia

IR, = Tofal peok less eatia

LR, = Totol standard loss ratio

IR,, = Tolal off peck loss ratic

A N

Based on the sales per month per category

an average kWh consumption per feeder
(number g feeders in KZN) is colculated
Using the above equations results in values
in the Table |

The load is modalled as o combination of
consiont power (CP), consiant impedance (C2)
ond constant curment (C1). The parametors for
the ZIP model used are not discussed in any
detail i this paper The kurgest companent
of constant current load comes from the
rasidential customer cotegory os well os fhe
non-tachnical losses, This s imporiant for the
shudy because with changes in nodal volioges,
the non-technical loss load chonges, and ihis
affects the results in the financiol recovery
within the system

Electrical model

The generol electrical network fromework 1o
be used for analysis is @ 22 kY network with
laod points whose composition is sinuctured
30 ZIP model. The generation paints will be
locoted of the load points. The laad points
and generotion points ars used af the same.
peint 1o represent the generator supplying
an overage load point i.e. the generator is
Iocoted in the mid-point n the average lood
dansity around it. The paints were chosen fo
get o sufficient spreod of points along the
overoge feeder length,
The foad at each of the poins will tested for
three conditions, namely:
o 05 MYA (0,96 power foctor) per &
point which is 2,5 MVA tetal foad
..dumngmhmml foases. This rapresens
eck load carrying copacity of the
;yﬂ.m os indicoted in Table |
| MVA (0,96 power foctor) per load
point which is 5 MVA1otol load excluding
technicol line losses. This ropresants the
copacily incraase in the system as o result
of all genarotors being in service af the
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is squal fo the overags lond and is physically

enough capocity 1o double the \oud
demand witheut changing the nef load
supplied in the system. The robustness of
the extra capacily crooted on tha system
will then be tested against the various
generaor averlabilily combinations.
0,12 MVA (0,96 pawer factor) per
Ioad point which is 0,6 MYA fofal
load excluding technical losses. This
reprasents fha off-peak load scanario to
b tested against fhe various generofor
combinations.

The masimur size of the generalar is kept af
the maximum peak load capacily per load
point i.e. 0,5 MW and overoll net generction
capacity on the system is fo ba obtoined by
changing the load size.

Impact of EG on system losses

The squations below represent the weighed
averags effect on losses for using the
some rumbar of £G dispened by diferen

located af the paint from the source where the
length weighied load point, is located. This is
subject for [S]:

ymin < v, < pmas ©
where.

¥ ond V= define the valtage limits for
+he system

Capital recovery methodology
Animpariant funciion of sconomics considered
in this study is that it is project specific; The
systorn is scrufinised for cost-effectiveness
basad on recovery of the SMP Any project
#hat is acanomically driven should be able
4o recever ils capital end an acceptable
margin of profit, with an occeploble risk
profile. The morket will determine whether
e technology being invested in goes ogainst
the long tarm sociol benelits, Excessive
investment in averly expensive energy projects
Hwough subsidies wil lead 1o

distances, This is
lossesfor similar number of EG combinations
can be aftribuled fo fhe cost study [2]

o= Pag + {0 2]
The aboe is the equation for the EG supplying
complex powsr ond tharefore the output
current from the EG is [2]:

®)

The effect on line losses a3 a resull of having

a single EG in e system can ba brokan up

infe: the sum of fwo parts [3):

»  Line losses from the source 1o the location
of the G

= Line losses fram the EG location fa the.
lacation of load

Wit the EG expoding curment into the grid, the

Toedor currant |, will be the differance of load

current, and EG output curent I, Thersfore

the total line losses with a single EG ot "

distance from the source con be

using the oquation below as [3]:

=gl et b sol- e - 000 ] €

whers, R = i totol resistance of the fine, The

instantanacus loss savings (L5} ot any point *b"

on o foeder is the difference between losses

withcut EG ond losses with the EG and can

[

15 = Lossgsy ~ Lossy. n

Hence [3], fe

15 = Sl H = 0k s 20pa s 20006 B)

W LS is positive than this indicates that the
systom ks raduces with the inoduction of
the EG info the system, and if LS s negative
then the EG. causes higher system losses in
e systam 4], For mulliple loads, the most
‘amaunt of loss savings will cccur when the EG

higher energy costs for the public. So will
underinvestmentin, and neglect of the exisfing
stock of energy infrastructure. The margins
1o which this can be done wil be analysed.

The input fields into the study will be os

follows [6]:

+ Term of the project: T will be sspressed
as N number of years

Initial cast: This is a cnefime expense
incurred in the first compounding pericd.
Tha constructatsit of all projects on the
medium voltage netwark wil hove 1o be
done within one financial year.

Annuity: An onnual increment of cosh flow
related fe o project. In this case il is for
the lfetime of the projec!. Annuiies con
sither be positve [e.g. annuol revenies
from the sales of energy from o projec)
or negativs (e.g., annual aspenditure on
maintenance. In this study theso volues
will e shown separately and fhe onolysis
will show the costs bosed an sensifiity
values. The speciic volues per technalogy
are not considered os part of this study.

In this study discounting of cash flow analysis
will be used and i starts with the premise that
e volue of money is declining over fime and
thot tharefors values in the future should be
discounted ralative 1o the present, Two terms thot
pertain in particular 10 discounted cash flow is:
«  Interast rote This is the percentage return
66 on investment, or percentoge charged
on @ sum of money borrowsd ot the
beginning of o fime horizon. In this study
the interest is compounded at fhe end
of each yegr, fhat s, the unit of 1 year is
referred 1o s the *compounding period”
(8] The inferest rate will be the current
REPO rate of 4%.
Minimum oftractive rate of rehum (MARR):
This is the minimum huddle rate ot for
which investors and bankers will invest
into a project (6]

As g bosis for colculating the time value of
money, a relationship between fhe prasent,
‘anaual ond future volues of elements in cash
flow analysis is neaded. Given the intersst
rote, I, ime harizon of N years, and o present
valve P of an amount, the future value of that
ameunt F is givan by [6):

F=P(1+0Y (10
To translate o stream of equal onnuities
forward or backward fo some fixed point ot
present or i the future the equivalent present
volve P i [6]:
a+h-1

Reatr o)
In order o discount a set of non-unilorm
annuities 1o its squivalent prasent warth
value PW, each annuity is trected es @ single
payment fo b discounted fram the fuure fo
the present i then summed [6]:

WS (12

Here A, is the value of the onnuily predicted
in aach year n from 1 1o M 4],

The levelissd cost per unit of energy output
is the method that wil be used us o measure
o compare the cost effect across energy
technologies (6],
i = Sl ) (13
where (6]

Totol annuol eost = onnualisad copital cast +
operaing cost + retum on invesiment (RO
This shudy olso fokes info occount the extenal
beneits of direct cost support in the form of
subsidies. These subsidy valuss are known
from the existing government deferminations
on the renewable foed in tarifs.

Results

EG combinations

The structure of poinis of the analyss wil sccur
as per the Table 2.

The load flow studies were conducted fo
evaluate the netwark performance of o
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Fig. 1: Enorgy ossas por month for Fom hetwork

Fig. 7: Enargy losues pes mont for Fox netwerk
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Fig. 2: Energy losses par month for Fox neheork.

e
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Fig. 3: Energy foster per month for Fox nehwerk.

Fox Bkmjpt 100% Laad at Puak Load

fig. 4 Energy fosses por ot for Fox natwerk

10: Energy lossas per month for Fox: nefwork,

100% Load at Pesk, Bhem's/pt- 2 model

=

Fig. 5 Enevgy losses por rronih For Fo network

Fig. 11: Energy fossas por manth for Fox network.

Fom ko 100% load st pesh.

0% Laad,opemucs Generutnn. EIF madeh

R
i =

Fig. 6 Eneray losses per month for For nework.

Fig. 12: Energy losses gar month for Fox nebwark

one yeor fimespan wih tha impoct of EG
assassed for

* losses

Veltage constraints Ls. voltoge ise by 5%
ar decrease by 5

Effect on different lood models toking
inta account thet non-technical losses are
made up of mostly constant cument type
loads.

Eflect on losses

See Figs. 1,2, 3 and 4 for effect on losses.
Effect an voltage

See Figs. 5, 6,7, 8 ond @ for effect an valioge.
Effect of different load fypes

Ses Fige, 10, 11, and 12 for effects on
different lood types

Revenue effect for difierent food types

Table 3, indicates that average revenue
chonge with the EG generators vories across
the system ond thot the effect is warst when
the impedonce is highest. Thisis either caused
by increasing length ar type of canducior, This
revenus sfact is appled fo ol procticol cases
where tha genaration set can successhully Ukl
all boundery conditions.

Soles and cost of sales for MV sysiem

Fig. 13 shows the gross cantribution (%) fo

sales and cost of soles with and Without non:
technical lossas.

Minimum candiion for falled siate
€ambinations ger busbar

For the cells that are shaded in brown in
Table 4, the busbar fallz with the minimum
genaration set on, for the lower valiage
boundary candition. For he cels fhat are
shaded in red, the busbar foils with the
minimum generafion sel on, for the upper
volioge boundary condifion. Using this foble
the minimum procticol income thot is possible
is then calculoted,

Levelised cost

The levelised cost is calculoted for il
TOU periods combined with oll generatar
combinations thot ara within system
perdormonce criteria. The MARR wos
calculated over 20 years and the 90%
of the income otiributed 1o the EGs, wos
associated ta aperations and maintenance
of the facilties.

Conclusion

Tha overall natwork reach is incraosed with
EGs but a very high switching configuration
would be needed from the genertor in
order o slick fo the fimes of operafion i
order ta be within regulafion limits. The
fimes of ‘operation would have o be soli
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Fig. 13: Energy losses per month for Fox network

Toble 3. The revarive effect of using S0% constont curent for domesk supphe rother same of the load as a constan current lood,

7 constanf pows fype foads. compared fo that of conventional constant

power load, varies on the fime pattern

inte: commerciol poyment schedule of peak,  issues. The parformance of the natwork wos thot s used for the EG: and the related
sendd and off pock,Incrioby heighes ot foctrsd info h colculeion but wil  improvement in vollaga parameters. The
voluma of ganeration that is supplying thepeofit  oclual cest impoct vorles within o small range

power inta the grid whils maintaining the  margin m yeorly plannad and unplanned  extending fram +R$000 1o -R7000 per yaor.

Operafing conditions, will always lead fo the outoge performance of fhe network for fhe This impact should also be factorsd info the
ighest omount of capital that can be roised.  wtiltyis abaul 47,5 hours buf this could affed — apportionment of fechnical lossss savings
However, o3 per Table 5, fhe per unit cost,  opsraling profit by more than +5% ~ 10% 46 the EG. For vorious generalor. and TOU
or lovelised cost per MW (rond per MW), for Fox netwarks becouse of fhe low fime  combingtions, the income fo the willy goes
indicotes thot the highesi copitol can be penetration of EG. The closer o Fox network negative, implying that the uiilily is paying
faised from the least amount of ganerclors is 10 5 operafing vollage margin the lower more money fo the EGs than what it is
operaling on the sysem. In order o have the velume of sustoinoble generation. Even  making from the soles of s billed customers.
etonomies of scale benafit, these generator  with the correct operafing condition it isstill  Thare. would therefore' also. have fo be o
stations shauld be owned and opercled by ot possible fe secure enaugh capitol fora  minimum threshold of nan-technicol losses
single entities in ordor to masimum invesiment  ganeration scheme ond achieve a minimum  on the system before the utiity can allow high
capabilty. I is not alwoys praciical fo heve AR of 5% when fhe volues n Table 5.5 panetrafion of EG into an MY.syster.

the st awned by singl snies ond s compored ko he aclol volues of oematve. L L L

would probably resul in high compeition fachnologies &.0:solor PV ranges from (R17. LS TS BT PO
for becoming the first opsrotor in the sysem i RpS.million par MW, This means that it is that i loadled fo s maximum reach in voltage
and lacking in o contract for as many ime 1 of ooscible fo fund new. generation assats n.: R e i L
Periods o possible Enty of ew porfcioonts g ilessystem mergina pice However i 3ymgrin L Lo I 0 OO
will then o0 o decrease in the omount of 0 £Gs ore used as part of exsting processes [y 7T valtoge regulotion fimit, without
operating fime available and hence 8 ong o coptol sbsidies e mode ovollsbl oo o C R SETE T o
amount of seed copitol that can be roised. 1o them by FiTs, medium voltoge EG projects when the network depends an G operating,
There ore currently not encugh regulotiens 14 o become economicolly viable: in ordet for the network o be within ifs voliage

9%0und thesa valuss and signficont disputes
€ould arise once operotion has begun,
without formal network contracting. Mulliple
Senecation ses that aperate in various fme
$210rs are exposad fo network performance

The impact of having a high volume of non-  limits. The number of permutafions decraose
tnchnical losses affects the overoll margin 167/88 ond 8/88 for a network that doubles
that is availoble fo EGs. The cost impact of s length for some lood volume and for o
non-technicol losses o5 o result of modellng  netwerk that doubles its peok lood volue.
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Tabte 5: Morginal avarage rafo of retum.

For @ Hare conductor network the length of
time for aperation o5 wel s the numbsc.of
generators that can be added fo he ngtwork
significantly improves from fhat of the Fox
canductor nefwork. Whan o network is
performing highar than its operating volioge.
limit, it Is oble fo have significantly more
number of permutations of EG, The number
of permutofions varies from 42/88 for o
non-optimally loaded system fo 29/86 foran
optimally distributed lood potiem, This means

that hare can be significantly mora stable:
financial candifions, for copital investment
.

for EG, olso creates the negative effect on
increasing cosls reloted o non-recovery of
sales. The fachnical lasses savings s o result
of EG is clso significontly lower than that of
Fox conductor.

Should the spore capacity created by the EG
be afributed fo naw load, with long term fixed
oparating fime confracts for EG, the uppe limit
of connecting new customers would decrease
significanty .. there woukd be o limtation on
the amount of new lood customers that can be
connected. This situation would then warrant
the introduction of voltaga control devices
disparsed in the netwark. This only becomes
relevart when the nehwork is operating of,
or beyond its voliage boundary condifion.
Perdamance of the. network il ba citically
linked to the EG availobilty index.
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Alternative energy to deliver services to
unproclaimed urban informal settlements

by Clive Hordwick and Gront Mashile, Energy One

Globally the devaloping world is characierized by large inflows of peaple infa urban areas giving rise to large

formal

In South Africa

live in urban infs

the President’s Coort

nt
units, affecting 12-million people in 2700 informal settlements.

This housing bocklog continues 1 grow despite
the. delivery of 2,7-million subsidised houses
in the past 18 yeors. Informal sefllements
have grown af 4% per annum in fina with
urbanisafion rands and govemment budge’s
ore bord pressed to coter for this growth.
Although informal setlements are genercly
cansidered to be temporary, ance established
theyend 1o become long-fom eales. Some
informal sl .

rescurces from cable the, addifionol costs in
ferms of emargency services.

For the communities themsslves the dongers
presented are very real ond often trogic. They
often lose all their passessions in shack fires,
got burnt ond in the worst case scenarios,
lives are lost,

In view of these considerabla chollenges
and dangers if would be worthwhile fo

in existenca for up fo 30 years and fhere is
litthe indication that they will be farmalised in
the near future.

Infrastruciure, in the main, has generally ot
been ralled au fo fhese informal and low:
income sefllement areas, These sehlements
are often unouthorised or illegol and os
such do not usually form pont of official
infeostructure. plonning. Further planning
complications arise through the foct thot these:
informal seftlements ara cfien by fheir very
noture in a constant siae of change and thus
accurate, reliable and up to date informetion
is offen not available,

The Integroted National Electrification
Progromme (INEP), has, until rocently, focused
anly on electrfying formal housing in rurl
and urban areos. However, according fo the
consfituion, every cilizen hos @ right fo bosic
services, including electricity, regardless of
location. Government an as

electricity services. Such alfernatives roquire
a careiully considered consuliafive approach
and implemeniaiion strategy fo encble the
‘all-important community buy-in, without which
these alemalives would nat be possicle.

In an attempt o provide o solution to theses
challanges we: have consulted with o brood
range of sategic portners with considerable
experience in thesa communilies ond the
findings of this research is fhe subject of this
paper

High/low choice for informal
settlements

Once it is agreed that clectricity services
must ba provided far informol saftlements
the decision of how best o service these
communiies must be considered.

informal sotlemants ore by their very noture
unplonned. This olso means that every
i ik h

an exension of govemment, therefors have
@ responsibllty to ensure slectrfication of all
itizens within hair boundaries.

Aport from the fiscal pressures thot this
prosants, thers ore olso @ number of logisticol
and salety issues. Such sofety issues includa

selements that are In kow-lying flocd prong,

araas and whess density is extremely higly.

I addifion, sleciriying formal areos thatare
odiacent fo informal satlements olso pose
safety concems through the ever-present
thract of shack fires, fogethr with concerrs
surrounding the thah of electricity and cables.
This not anly compromises safety issuss for
such slacirification — i also results in being
axtremaly costly to the Stota for o multtude of
resons - loss of revenue for eleciricity, loss of

needs fo be evaluated individuclly

The bosic fociors fo be faken info account
‘when evoluofing an informal setlement are:

o Selementlayout and population dansity
' Drainage and flooding risk.

o Relocation timefromes.

Thess factors will determine the initial
dacision, that baing, whethar or not i is sofe
ond financially vigble 1o provide traditional
grid eleciricty connactions 1o the commany.

estimates that around 10% of South Africa’s 51-million people
This equates to more than 5,1-million heuseholds. In May 2010,
ing Council estimated that South Africa has @ housing backleg of 2,7-million housing

safely implemented, 220 V AC connections,
may still not be the best choice due fo
finanicial cansiderations which will have o be
considared, aspecially where relocation plons
hove or are being made.

One of course has fo cansider the massage
ihese decisians will send o the communities
Does the provision of @ permanent solufion
100 temparary settlement solve or compound
tha informal setflement problems and what
precedant does i set for other and future
selements?

It would be, we would argue, @ safar and mors
prudent route fo offer lower cost, portable
DE solutions a5 o femporary solution for o
femgorary selemrt.

Safety first

Whilst it is rue that the consitufien of Seuih
Abrica requires that oll ciizens hove o right
o basic services, the health and sofely of
indiiduals ond communities is oo o basic
human right. When it comes to the provision
of electriciy 1o informal sewlements these
two rights provides o seamingly (mpossible
conundrum.

As was raised sorler in this pager, if s oflen
simply not safe to provide 220V AC power
into the many communifies n low-lying areos
tha ore prone to flooding. Most infarmal
setlaments do not have acceptable. storm
water drainage and this, coupled wih the
ot thet the dwelings fhemselves ore neither
waterproof nar siructurally sound, mokes the
provision of fradifional services unsafe

Over crowding and loek of accass for
emergency vehicles increases the risks of any
disaster management that may b required os
G result of such unsofe practices.

For many of these communities it s necessary
1o consider alfemaiive fechnologies which
will provide poverty relief and lifestyle

s eloar yotth

in doubl, as i in many informal setlemants,
there is-simply no aption but to look to
low vohage DC power as the ulfimate in
alemotive power solufions,

Whers tradiional grid connections can be

threugh the use of low volioge
systoms which will provide lighting, cell
phone chorging and can also power radios,
television sets and other small appliances.

For some communities the only really safe
altemative s low vollage DE powse. We would
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argue
aceaptable solutions m

hot for thesa c ifies suitable

be found

The cost of indefinite fime lines

Apart from the health and safey issues

ng

pravision of electricity o informel

ments, we have the additional loyer

gh

of complexity fhat s brou it by the

imperme

nenl not

ese sefilemants

Informal seitlements are by definit

unplanned and fherefore 1 is never ceroi
tow long @ setlement will exist befare

Whils

telocation

s generally fhe interition

safilements sooner than

o1 elways the case.
s ol carfain when the community is o
he relocated it is difficull to moke capital

exp particlorly

diture decisions. This

where the relocation of networks and
equipment will be a significant cost factor
9

o community requires infrostructure
uparading before grid cannections can
, then this decision

becomes even more one:

be safely implem:

s,

1t should be remembared that significont

Invesimant in long term infrastructure for

informal setlements sends o message 1o

the comm,

y regarding the longer ferm

munity and iis possile

planning for the can

relocation fime line:

stwhers the relccation of the

argue
munity Is unceroin it s prudent 1o provide

We we

infrastructurs

soluficns thaf require less expens:
and ore easily relocoted if required.

e DC alternatives are tharsfore
fe solutions in these cases.

conclusion and opperent solution, when

quest

e centrol challonge is: “How can we gef

communilies fo accept these altemative

thes
off-grid tachnologies when they n

theese fo be fess ot thor

sewvices that are available 1o fhe rest of the

populofion?”

This chollenge, ne matter how daunting,

ol
must be addressed simply because, for some.
tical oltematives.

communities, fhere is 1o pr

5.
The sohution we believe ies n @ three-pranged
approach

o Exciting product design offering
compeling lifesiyle choices.

« Communications sirategies to carract
consumar parceptions of these
fechnologies.

o Financiol models that make the

technelegies afferdable for
ond service providers olike

Technology cholces

Gnce the dacision to. provide low veltage DC
power has bean made, one has
the ovailable techrology choices.

conside

The provisicn of low vohage DC power does
ol course require neor field battery storage
and o reliable means of racharging. It ciso
requires supplemantory energy solufions that
provide for the consumers® thermel needs,
which cannot be provided for through the use
of low voltoge DC systems

The Depariment of Energy has came 1o
the same conclusion regarding informal
setlemens fow valtage
They have further

fhet it is agre

systems are requiced
concluded that solar PV provides the most

sitable racharging source. We ogree with
this conclusion. Liquid petrelevm gos hos
been idenified o5 the proferred source of
thermol eneray.

We all appear fo be In agreement up 1o this
point, but befare wo rush 1o implement this let
us consider tha following questions

if the only safe selution will be low voliage
DEC povwes, then the development of products
and services which will provide @ sustainable

We protect light everywhere... protectionrelays!
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and acceploble lang term solution for fhese
communities, is urgenly required.

Technalogy choices neéd fo be made that will
net enly ensure that the products offered are
of sufficient qualty and durcbsility, but these
solutions also hove 1o be cast effscive for
bath the consumer and govemment, both on
a national and municipal level

In order fo achieve this we believe that not
only do we need fo find a sustainable business
model using oll the avalloble fachnological
advonces, but we also need fo chonge the woy
thot we thiak about end fund thesa iniiatives.

d

products that are offersd 10 them and which do
ot offer them quolity of lfe enhancements, they
are uniikely o occep hem.

Solar PV systers that are suitable for informal
settlemants should bs restrcted lo 35 W panels
which can be eoslly and sofely mounted on
the roof of these dwellings. Anything larger will
bring the struciural iniegrity of the dwellings
into question, Systems of ths size ond design
are by definifion portable and could be
considered femporary. The discussion of the
naliy of the decision fherefora con be more
eosily addressed ond total flexibility can be
included in the planning for such projects

= The corract products are selecied for the
project and fechnicol $upport should be.
available.

The test should, if necessary, be run by
or with 0 NGO experienced in such
work. This will increase the
chances of initicl success

community

The fest should be run on o small scale
Ideally less than 500 dwellings and
where possible, communities which are
geographically isolaled from similor
communities sheuld be preferred

Financial considerations

In recent yaars there has bean considerable
discussion on the erosion of revenue that

perceptions
The most fundomental prablem facing the
intraduction of low voltage DC solutions
to infarmal setflamants, i the ail-imporant
community buy-in. Without this it s almost
impossible fo succeed in such o veniure

The size ofthis challenge should nof be under
esimated, ond i s crilcol thaf the expeciofions
of the communiies ore managed

When specking fo people who da not have
aecess 1o trodiional grid eleciricity wnd who
oy on candles and kerasene for their energy
el we have found thot they ore surprisingly
Unanthusiastc in PV solutions

We believe this con be offributed to three

comman misperceptions, nomely:

* Many believe that PV solufions ore an
inferior alternative and that they are only

o 1o hose who ore nof able 1o get

“proper o

Most beliave that PV is anly geod for
ighting and perhaps cell phone chorging

Many people believe thai if they accept

any PV alternatives they will never get o

220V grid connection.

.

The infericr product percaption has come
‘about, we believe; o8 o rasut of many of the
products on offer being inferior in design,
durabiliy and performance. The solution fo
‘corracting this percaption is 1o ensurs that the
products ook goad, have a long lfespan and
perform in a way thot excoeds fhe consumer's
expeciations.

I W
te provide six infemal lights, an exemal coll
phane and smoll appkance charger, and which
would be-able fo pawer o low valioge 17 inch
LED TV set. Such o system would certainly
improve the festles of thase lving in informal
sefflements and would fhus go a long way
tar providing the compelling reason for fhese
‘communites to approve such solutions

In-order fo ochleva the nacessary switch in
percaptions, we need fo embork upon an
awareness compaign that will correct the
negotive perceptions about solar energy
in general. We should be highlighting the
many up markst first world PV installafions
around fhe world. Germany's widespread
‘aceaptance offhese fechnologies can be vsed o
occurolely poriroy PV allematies s o desimble
contemporary technology for all consumers.
Perhaps the mast compelling orgument will
be found in successful local pilet projects, The
problem is that here are not encugh relevant
examples of these of prasant, Tha first step
we believe is to embark on pilot projects that
wil clearly demanstrate: the suitability and
the desirabilty of low valtoge DC soluions.
Only then con we be bold enough ta roll
these salutions out on o large scole basis
knawing that the chances of broad community
‘accaptance will be good.

Piot projects which prove bath the acceptability
«ond choice of products must therefare be
underiaken as a priority. The results will prave
invaluable in the communication of future
offerings 1o informal setlements nmund the

waukd arise i d pority, and
consumers wha are currently paying for their
alectriciy adopted this technolegy.

This faar becomes a recl ane when one
considers the fallin he revenue collected from
elecricily sage ocrass the board.

Whilst this moy be an issue for esisting
paying consumers, especiolly those who ore
heavier consumers, this is not o consideralion
for informal seftlaments for fhe following
reasans
Thexs ors ol eifiog cusiomens od
therefore there vill 0ot be o negative
impect on revenues,

o They are ol heavy users and thersfore
are patentially very profitable.

« They are pofentiolly payment avoiders and
therefore ara not necessarly profitable
customers

I addition 1o the abeve consideroticrs we

also need fo foke into account fhe cast of

providing safe grid connections to these
communit

These would include:

» The upgroding of infrastructore such os
drainoge and roads.

' Relocating some of the houses to pravide
emergency vehicle access.

Gridesensions and oddiianal ransormers.

‘When considering the above costs it must be

remembared that some of these communities.

will be eamarked for rslocation and thus
these costs moy be wasted in the short or
medium feqm,

country. Energy O

o few such pilot forward
which will be very aftmactive 10 this markets  io sharing tha. el e s ik
Not only do they provide well-desiguad
lighting and other occessories thot members  Pilot project sirategic

of thesa communities will be proud to have
in their hamas, there are also high quality TV
and audio systems that will provide very real
lifestyle: improvements.

I |

home systorms ara the poy a5 you go systems
that have been developed which aflow: for fhe:
manetisation and repayment of investments
i 14

1t s criical fhot pilot projects b carsfolly
planned and implemented if we are 1o hove
he best chanco of success. The foliowing ore
all important considerations:

® Selacting the s

1o these consumers i o key success
gettiog low voltoge DC products oecapied. fithe
quolity of he fives of hese pec is improved
thera wil be. 0 compaling reason for them fo
9o with DC ahtematves. 1 hay do nol e the

thot communites are selecied whare thera
s strong but co-operative leadership.
Community communication is corefully

ik
offer high security encryphion, making it very
difficult for consumers fa by pass the metering
mechanisms o3 they are protacted by o il
systam authentication process covering oll
companents.

This not only offers a securs payment
environment, but also ollows consumers fo
purchase odditicnal wmpcmm such o3 TV

hm:rpqndlhuwniuduﬂ:ﬂn Suppont
of the community is important.

sets thrcugh a finonciol gatewoy.

A pay a5 you go system such o3 the ons
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Rural electrification challenges and

opportunities

by Mohomed Peer, GIBB

of this nature

1 deep rirol comninities. Some of the mofor hemﬁlswhich fava atan dos o trose mdarialigs are prosshted:

New aceess to household

Th South AR

g lod

potentially aifects both home and market
production in woys which change fhe nofure
of work in the home and in ways thot
increase market labour. Providing new public
infrastruciure o o location moy olso induce
employed and unemployed individuals to
migrate info the orea.

South Afico is very different rom ofher Alrican
countries in fhat grid connecied electrification

has already rmached more than 65% of the
i o h

is managed by a unit within the Deporiment
of Enargy - Integrated National Electrfication
Planning (INEP). Between 1994 and 2010
‘over 5,2million households were connecled
10 the grd. Currently 76% of all households
are elecirified and there is @ backiog af
3,4-million households.

Al the beginning of 2012, the Eastern Cape
government went on o drive fo chonge 49
schools from mud ta sold sircturas and
woer and

is 98l below 30% i sub-Scharan countrios.
Due fo the massive slactnfication led by
the national electricity utilty since 1994,
more than 2,5-million hauseholds have
been connecied fo the grid. Even with the
tremendous elecirification eflort of the post-
aportheid govemment, thate are still around
1,5-million households in rurol arcas which
are unlikely 1o be connecled in the neor future,

" R675.million has b
for the programme. Of the 4 schools located
in Libode, Lusikisiki and Mihotha, GIBB is
involved in fhe elecirficafion of 4.

GIBB has bean involved in rural slectrification
projects in fhe Easiern Cape and KwoZuly-
Notal since: 1994. The financial consirainis
and budget avalabilty hroughout the yoors
have resuhod in o bocklog that is currantly

. ur clisnts for such projects
are usually Eskem and local municipalities
and their funding, comes. from the ationol
Depariment af Energy and then channellad
down to service providers such as GIBB.

The projects that GIBB has been involved
in, in this fiekd vary in siza, They range from
200 to over 2000 free-standing households
dependant an fhe project.

Becausa electrification requires specialised
skills, job creation and skills transfer ore
croated by giving local rasidents jobs on
sites. where they are troined in sxcovation
and on hew to install pre-paid electronic
meters. Another way in which skills are
tohitariedl i thisugh e Foiing and
davelopment of contractors becouse there Is
#till o mojor shortoge of skilled contractors in
the construction field.

Contect Mohamad Fesr, GIBB,

Tol 043 7063649, mpeer@aibb.co,10

Demand response applications for
municipal utilities

by David Eilis, Comverge

An Eskom-funded demand respanse (DR] pilot, for which Comverge
pravidad oggregalor and CSP services fram 2011 1o March 2013,
achieved praving that the for DR,
Municipalifies, using ripple contro! relays, ployed an important role
during the pilot but thers is sl much more volu to be goined

and incremental baneiis o municipalites well beyond convenional
DR including:

DR a5 a complement o EE

DR to enhance AMI infrastructure investment

DR odvoncement in smart grid offerings

o The maximisation of municipal ullity revenues by the use of DR
Contact David Ellis, Corwerge,

dellis@comverge.com
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The electrification planning report - the
process, content and result

by Mikie Khumalo, Eskam

Eskom, acling as the electricity agent of the

through the

¥ (D

o)
of Public Enterprises (DPE), has been mandated fo execute the on-going government-funded electrification
programme to meet the extended goals of the Universol Access Plan.

The South Africon President, in his presidential
address 1o the nation, declared in 2005
that all South African citizans would hove
ccess fo sleciriciy by 2012. This dote wos
oter extandad. The mandate wos fa become:
known as the Universal Access Plan (UAP) for

The network planning saction is completely
rasponsible for the bulk infrastructure
raquirements to suppert the eleciiication
programms, ond have the sk of ensuring
ot fhe network is correctly sized fo provide
an odeuate and raliable supply. o oddtion,

electriciy The h i
Plan wos o improve the bosic fiving standards

recirements must adhere ta good finoncial

The electrficotion pracess has both interncl
and esternal stakeholdars. The extemal
stakehaldors oro:

o The Deporiment of Energy (DoE).

» The Daportment of Public Enterprises

OF)

The Degoriment of Provincial and Locel
Government (DPLG) under which fhe

ok its pecple and activity
through the defivery of other related services
ond nfrastructurs, which i tum will stimulate
furthar growth.

102005, Eskom undentook o identiy the nofional
bock log of un-clactried cannections in South
Alffica. A study known s he UAP quantified
pproximately 1,5-million connections that
made up the backlog thot needed lo be
electr; The bocklog was defined as oll
houssholds ot yes connected by 2000.
Eskom hos, since the Inception of the
slectrfication progromma, been monaging
the axecution ond commissioning of these
eloctrification projects through the existing
etwark osset creation volue chain with olf
Srocasses and protacols required for the
9Rproval of electrification projects following
the: same approval process.
Eskormis network planning section is respansiole
for the development and opproval of the
development plan approval {DPA] and concept
elease plon (CRA], which ore twe functional
activities in the project life cycle process
Duting these activities, natwerk planning i
Quided by the body 8 knowladge contoined in
the planning standards and guidelines, good
<aporote govemance and project mofivarion
in ordsr 1o recammend copital expenditure
thraiigh infrastnucture development to support
the required slectication connections fo the
Eskom grid
With the rising cost of electricity and the
Pressure falt by the shortage of Eskom's
Genarnting copocity in 2007/8, fhe need
nnavative, streomined and standordised
Potesses is now greoter than ever, whers oW
ld densities escolate the slectriication
Programma’s cost. Distribution network
Planning and counterparts in electrification
Plonning need accurate consolidation
demand side and supply side its information
0 orelar 10 optimise infrostructure cast.

fhrough the farif recovery and subsidy
hon o

ani
Authorities fall

Fal ol
 longerm sustainabla progromma vl imply
that he future maintenance of he natwork wil
sufier under financiol constrainis.

Eskom's current slactrification process makes.
s of @ multtude of disciplines 1o ensuns
delivery on the sleciilicafion progromime. Not
all operating unifs have occess to the some
tachnology, resources ond informatian, ond
s offacts the operoting unit's progress of
meeting the forgets.

The process
Fig. 1 illustrates the interoction batween
natwork planning and elecirification planning
i developing a supply side slectrification
slan that supports he demand side request
for slechification connections. The pracess
hat supports fhis inferaction is mostly toc
agreements behween the sections, and wil
be described in step-by-step form, 5o as fa
document the generic process.

Housing,
The Department of Education - Schools
The Depariment of Healh - Clinics
Privote Developers

These extamol stakeheldars ars responsibla for
idenifying and larmulating on electrication
‘demand side connecfion plan for the couriry’s
electrification needs, and fhe connection
plan fer the country's schools and clinics
Cerin areos in the country may have up to
date energy sector plons that may denify the
need for electricily and offver services in their
oreq of jurisdiction, Integrated developmant
plans (IDPs] heve become o high prority
with the Depariment of Provincial and Lacal
Governmant, These plans Kierify the need for
infrostructure requirements, which include the
identiication of electrfication areos that hiva
bean buegeted for in the coming finonciol
yeors. The biind side of the demond sice plan
is that there is no knowledge of the electrical

Fi. 1+ Nehwork planning proeess fo electicotion plons
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Electrification Project: Network Planning Report

Sikhulu electrification area

$ 68 ¢ 8

Project summary
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Elsctrification plenning is now in o position
egoliate the re-prioriised demand

side plan and supply side plan with the

axtamal stokeholders for their suppod and
endarsement. Naturally ane

allowance

or cerloin project delays that may
moterialize, s follows

« Poliiical changes on areas tha ore fo be
elactriied and the fiming of these projects.
»  Project delays - planner infiating projacts

with incamplete information, route
selection and aequisiion (fime lags for
approvals), design reworks, consiruction
deloys

The sndorsement of the supply side plan

and demand side plan [el

dateof the project. This wil allow for adequate

fime 10 meet the commissianing dates as well

o report within the Do fime fromes.

Network planai
dependencies fo support the connection plan

must ensur that o

are identihed during the retwark developmen
planning stage, either by o minor network
extension or mojor bulk infrastructure
development, These network espansions con
than bs released timecusly from he DPA
following the rigger from the elecirfcation plon
Once the project enters the assal creation
oll normal

valun chain (ACYC) process
business prociices and processes will apply

defined by the Eskom Stondard Project Lifs
h

plan)

malerialises
with the fir

municipality/mera IDP lefers and subsequent

# o thres-yeor rolling plos

year fixed with supporting

years semi-lixed. Updates 1o fhe business plan
are completed on o yearly bosis, panding the

4ation of connection and changes in the

proiacts due to changes in the electrfication
progromae

These annual or biannual updotes, dapending
of the rote of change of the plan, will also
oceount for ad hac commitments that arise.
These connections may have to f

liow o
queing system, as copacity on fhe nehwork
cding to

needs fo b assessed acc
griority. Here fools such as "Spaceman”
ot similar tools will support the decision-
making process, v the requester of this new
naction will hove to.discuss the impact with
the input stokeholders. Ideolly, the three-year
rolling plan should ba fised with approved

execution releosa approvals (ERAs] completed
in & staggersd relaose format of loast fwelve
months before the required commissianing

Cyel vin the business

In @ perfect world, the pe
progress seamlessly an
dola is often the single largest facter thal

ceding process would
eartisshy. Howeuer,

impedes the progress of the programme. In
reality, not all connections are known o oll the
internal stokehalders, end existing plons often
need ta be revised in order fo occommodate
new connections. Thase revisions create
odditional work for oll parfies and, for atrious

reasons, ore undesicable. One con appreciote
ot s caused when o network
ith various

extension plon is developed
load fiows o the networks fo fest complionce
fo veltage consiraints under normol and
obnarmal conditions, cnly 1o hove k
the plan due 1o newly discovered connoctions
that alter the monner in which the netwark

work

extension is required to evalve.
Further complicafions con be apprecioted i
projects are released without long lead items,
only 1o have the newly priorifised comnections
requiring bulk network upgrades which require
long lead items.

Irshould be noted that CRAS can be relacsad by
both electificotion plonring a5 well as natwork

+ Voltage support (voltage regulaor,
copacitor. bank, conductor upgrads]
required within three years of connecting
fhe electification project must be included
in the aloctrificafion project,

Requests for electrification reports must
come fram project engineering and
these reparts must ba sant ta project
engineering when comploted

Fig. & llustrotes an esample of an electilication
planning report:

The result

Upon the endarsement of the supply side plan
that mests the requirements of the demand
side plan by the extemal siokehalders, netwerk
planning would be in @ positon o finalise the
DPA in order to campile tha three-ysar roling
plan and five-year business plon

The electificarion plan should be availoble,
spatially indicating all connections tha need
1o be connecied fo the Eskom grid on a
project {rillage or settlemen) or geographical
aroo basis. This elecirification plon and
capital projects that support the connactions
consifute the DPA and will be required o be
faken fo management forums for approvel
These profects wauld then inform e MDPs
as they are updated, fo provide seniar

management with o holislic view of the
development and capifol requirements of the
networks far the NDP oreq and pariod.

The elecrification plon and NDP will highlight
the dependencies on bulk infrasiruclure projects
required by the demand side glan. Thisincludes
the strengthening projects and their ossocioled
elecrification projects. This plan must indicate
preliminary reutings of MV backbanes and
technology selection, s this offects the tolal
connection plan, This is required to ensure
thet the: opfiaum equipment siting is done fo
enaure opimum thedmol loading, bock faeding,

planning. However

projects are raleased by netwark plann

The content

= Al MV conductor sizes o7 o be specified
unless inside the vloge.

« Only use two phose technology for

supplies to'small villages.

» Squirel conducior con be used os if s sl
an Eskom standbrd conducior

= Voliage lavels are specifed for peak and
light loading for the medium ferm (10
years from date of connection)

+ Voltage levels ore provided o the end of
e MY lines inside the group of villages
(project).

o Foult levels ars specified for the time
of connection and for the future if
srengthening is planned for the nemwork

o Foultlevels ore providad for each village

o Furher systern deelopment indicates future

strangthening planned for this network

of the MV network

The electrification plan con now be accepled
by all internal and sxternol stokeholders,
ond the three-yeor rolling plan and five-year
business plon can be extracled from fhe plan
with the necessary copital projects being
released in the ACVC for exacufion

Conelusion

In conelusion, Eskom is fully committed 1o the
United Nafions Millennium Goals towards
etsdicoting poverty. As 2012 has been
declared the International Yeer of Sustainable
Enargy for All, Eskom Is in full support of
develoing long:term plans1o provide occess
1o sustoinable energy for all by 2030, os
anvisioned by the United Nations

Contact Mikie Khumalo, Eskor
Tel 033 395-3770,
mikie khumalo@eskom.co. 2o

ennical Convention 2
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Utilities: self regulation for self-sufficient
electricity distribution

by Nhlanhleni Lucky Ngidi, NERSA

Most South African electricity utilitios, especlally within municipal
compliance requiraments of their business

anly monitor

of the

processes against the

Plan (IDP). Other important business aspects are ignored because they are not mentioned in the IDR

It has become generol practica 1o leave
slmost all aspects of regulation fo the
siatutory, requlctory bodies, It is, however, o
foct that, should utlities not have compliance

manogement sysiems in place fo inferface with

regulation and complinnce, regulation wil
ahways be viewsd as merely an unnecessary
burden to indusiry,

This poper promotes proactivaness in
tarms of knowing and moniloring one’s
business, leading fo o self-regulated ond
efficient business. Implementation of thesa
systems will craate an environment whers
regulation is infegrated into the utilty’s
operational businesses. This paper oddresses
the and of

Propare working

tompiates for anciysis | working groups which | werk member of the
of the varous codes [ canisted of meebers fram :? grovp depending on |
~ clouse-by-clouse. vanous depariments 1 their axperiise in the
- . [Pl

Formation of fve interral |

Delogate tasks fo soch

<

| Compile the quick fix

| action plan

| o address minar
non-complionces

ducted 10 prove

K o

‘clouse basis.

[ he o ro

Self awdits hod o be

complience an o clavse:by:

C plaa o addressing fha mofor non-
<omplances and agply for sxampons whers addressing of non
compliance woul fake nnger.

Each work group had
] 12 undersiand flly the

requirements i the cde ond
had 1o conduct o compliance
cxsassmant uaing fhe code 03
Lo reforance.

| | complances |

systems which allow business managers fo
parform sell-avaluation and diognosis of
their businesses, based on the identifisd
reas of improvement. An aampla of a st
compliance system implementeel by o South
Alrican utility (“Utlty A7) wil ba discussed
briafly here.

Operational excellence

Utilties must eperate as businessas and
nof just as service providers o revenue
ganerators for municipolifes. Proper strategic
business planning should be o the order of
the doy. The Safety, Health, Emviranment ond
Quality Manogement (SHEQ) systems should
be integrated into the business planning

processes. While i is ganarally accapted that »

it s not easy 1o operate an slectricity ulili
which is nof ring-fenced and ta operate-it
s o standalone businass, sveything willfall
inte place if the: siategie planning ideology
s brought into and chompioned by the
sharsholders.

e

Fig. 1: The steps saken by LRty A in conducting the comphance v arsesrment.

# How can this be dane in the foce of
inherent risk

 How do wo daliver slectricity across our
demarcated and licensed oreas, day offer
oy, year alfer year, with zero tolerance of
poor quality of servce?

+ How do we kesp our customers,

impossible 1o aehieve; there s legislation, as

well a5 rules, regulotions, codes, siandards,

policies and processes in place fo ossist in

achinving these goals.

Mostly, the issue with the impression that

govemance and regulation cre  hindrance
b P

employess, contractors ond
happy ond safe?

= How do we protect the enviranmont

® How do we

become o voluable input
ta the naficnal government's twelve
outcomesé

To meet thase challenges, all businesses
should be governed and operated in
‘accordance with the legislative requirements
These are daveloped in the interest of the
‘economy, e business operationol eficiancies
1o stimulate growth, as well as to ensure thot

]
Thas utlties should be focused on safs and
celiobl delivery of electricity 1o empower
human and economic pragress in South
Alica, Urities shoud conside the following

b d

the customer's wough
proper service delivery and ovailability of
essential services such o elecricit, waer sic.
Ulites shoukd ansure thot systems ars i ploce
which iupport  cullrsof igh pcrmance,

and ifs exscution;

efficiency, refiabiliy,
stewardship that strives fo achieve world-

. H
schol 6 mon arkl sconamic
growth in South Africa?

closs This i colled operational
excellenca (OF), and it drives everything the
business does, Operational excellence is not

fthe nfen,
embracing it and championing if going
forward, is not properly looksd of, and fhis s
where management-commitment within the
uflties combs in

Tenets of operation

OF requires constant artention 1o countless
detoils andi o how work i performed. t should
be based on several fanets of operation,
o code of conduct which employess and
confrociors use and which supenvisons and
managers reinforce. These tanets ore bosed.
o0 fwa key principles:

o “Doit perfuctly, reliably and sofely, or do

not do.it o oll*

o “There is always fime 1o do it right.”

These tensts oddress a wide range of

behaviour, The key word in the tenets should

b “always”

o Always operote within design ond
environmental limits.

& Always operate in  safe and controlled
enviranment,
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Tha distsbuter shall
‘ensura i has sufficedt

Abways ensure thot safefy procedures ore
in place and implemented.

Alwoys follow safe work proctices ond
procedures.

Always meet o exceed customers
requirements

Abways maintain tha integrityof dedicoted
systems

Alweys comply with oplicable rules and
ragulations.

Alwoys address obnormal conditions.

Alweys follow witien proceduses for high-
fisk or unusual stuations

Always involve the right people in
decisions which offect procedures and
squipment,

Business planring ond sirotegic objectives
should emphasise how ll these fenets would
ed, but mora emphasis should
b ploced on complying with the rules and
"equlations. In fact, this should be instlled
95 00 operational culture o the iliies, a5
this forms the basis of how the efficiency
nd effectiveness of the business plan will be
ochiaved. A business thot operates oufside
the scape. of legislation can never prosper; f
Will be olways be run in “fire fighting” mode,
which oetuolly means focusing on visible
Problems and emergencies while jgnoring
their 100t couses and fact finding models
d prevemvative and prooctive
Poarotianal models. Utiities must develop
Sperational excellence systems fo oddress
Hsues of compliance assurence and qualify
management i order fo achieve operotional
xcelletice and improved perdormance.
Assuring compliance

Ublities must assure. compliance with their
Perotional excellence requirements by
Yerifying conformance with applicable
Sompany policies, government laws and
"ulations, The current operafionol culture in
he industy laayes il of that 1o the regulator
20d other bodies mandated to perform such
Olivies, g,g, the ouditor generol and otbers
Thi, however, is o compromised culture. A
"*8ulator would conduct compliance ond
"echnical uits on o three-year eycle ond
hese 00t o ot o ik etals ond the cux
Slthe bisiness processes and perdomance,
B4 oy za0m into the licanss conditions,

Mich do o1 adress fhe holisic picture of

Tobl 1 Evamplo of how euch codé wis andlysed and how complionce wa roporied

the busingss. Many fhings moy go wrong in
the shrae years during which the regulator is
ot "in the picture”
An eleciciy licence holder cannot afford
10 wall for the mgulator 1o tell tham how
their business is doing. This is. very risky
and nat a very sficient way of conducting
the business which, in the cose of most
municipalfies, is @ mein mvenue genercor.
The required complionce ossurance process
should estoblish requirements, procedures
and tools to:
tdentify and record applicable laws,
regulations ond company policies,
« Assure that employess and contractors
understand and comply with the
requirements.

.

= Policy: define, documen, maintain and
communicate the overall infentions,
principles and volues related to
compliance assurance.

« Planning; estoblish objeciives, mansures
and fargets for fuliling the orgacisotion's
purpose and ifs policies, ossessing risks
and develoging plans ond processes for
achieving fhe objectives which foke due
account of these risks,

® Implementotion: resource, opecate and
manage the plans and processes to
deliver oulputs which ochieve the plonned
resuls.

*  Measurement: monitor, measure ond oudit
processes, the fufiiment of obiacives and
policies and satisfaction of stoksholders

®  Review: analyse and evaluote the rasults
of measurament, determine perormance

Develop and implemant 0

verly that effective controls ore in ploce.

o Conduct self-oudits and independent
oudits fo verify compliance an a regular
Basis.

o Provide for anonymous reporting of
violafions.

o Defing ond frack oclions when instances
of non-comlionce are identibed etc
Self-audifs by operafing units and indapendent
audits are key drivers of complionce

noeded in policies, obieclives, measures,

torgets ond processes for fhe continuing

4 adequacy and effectiveness of
the systams

o Improvement; undaraks oction fo bring
about improvement by batter contral,
better utlisofion of resources ond batter
understonding of stakehelder needs, This
might include innovation and learning.

The bosie argenisation’s compliance
assurance and quality monagement systems
e

assurance. Uty undiergo
corporate oudis every second year ot least
The 15O quality manogement stondards
requirements are based on a three-yeor
cycle. Corporote audif feams should be
comprised of employees and exemol porfies
with experience and subjeci matier expeartise
1o each operting unif's risk areos. These
Jacrs should assess the design of processes
e " :

* Tht it has effecive policies for craafing
on environment which will motivate

its personnel in q the needs
and expectations of its customers
and applicabla stetutory regulatary
requirements.

and appliceble statulory ond regulotory
into and

with thesa processes and-olways refer back
10 applicable laws, regulations, codes and

siondards.
Basic management requirements
In relation to developing processes and
structures of ossuring complionce and
qually monogament for the organisafiar.
the mancgement of the utilities need fo
ensure they ara oligned with the following
manogement requirements
rpose: esioblish the organisation’s
T P(Tunpeli:. as well os the neads ond
:’lp!ﬂﬂﬁwni of stakeholders relative to
s purpose.

i
ofoinable objectives,

& Thatit hos on effective system of inferacting
procasses forenabling the orgonisation fo
maet these objectives in the most efficiant

ochisving these objectives o5
measured, that hey ore being achievad
in the best way, and thet they remain
consistent wilh the needs and expectotions
of the customer and the opplicable
statutory ond regulatory requirements.

Manogement and the orgonisation as o

whole must demonstrate: their commitment

1o fhe ochievement of compliance o niles

and regulations,



Toblo 2: Excmple of sumimarising fadiags and leval of complance:

Conclusion

A compliance-driven business is o business
which is alwoys ahead, oble 1o detect the isks
uu-ck-n and 1o tespond 1o them by slwars

» Assess where omendmants 1o the cade
may be necessary

o Follow the appropriote pracess
(govemance code of grid code] to apply
for or exemptions.

i operationa
et et e
teviewed 1o clign with the best intemational
norms. It has been proven thot compliance-
driven enlites also anjay high fumovers and
profit margins and otwact skilled employees,
whill other companies underperiorm and are
always “putting eut fires”, @ model which is
‘only reachive and which foces problems whan
they arise, rather than identifying risks prior 1o
their becoming problems

It goes without saying that waiting for
regulation 16 remind you of how your business
s doing is an indeation of poor businezs

o Provideanodion planfornon-compliance,
1o address those by improving their
business code of prochice by aligning with
the distribution code

Procass lollownd by the lcensee

In complying with these: requirements; the
pariculor licensee, (“Uriliy A)

Farmation of the disiribution code
compliance working group

Utlity A formed working groups fo canduct
complianca manitoring and o investigate
the enforcemant of the distrbulion codes
of practice. This was done by conducling
intemal and on-sie udits. This methodology
of monitering aliowed the utlity to compile o
self compliance: framewrk that reflected the
stotus quo of the uiilty in ferms of compliance
with the respective codes. The workgroups were
assigned tosks depending on their experiise,
i.e. the feam would analyse a certain code and
investigate the areas.of non-compliance of hal
specilic code. Oince non-compliance has been
identiied, recommendations for compliance
would be documented and this information
would be shared accerdingly with NERSA

Steps taken by Utility A o conduet seff
«compliance ossessment

Fig. 1 depicts the steps faken by Uity A in
conducting he compliance self-assessment,
Table 1 provides an sxample of the codes

The process and was oligned with-the
150 9000 and 9001 fromeworks for quality
management and compliance ssuronce
systems.

ond commitment

This
at the business and will eventually devour the
whole cancern. Mare fiective siroamlining
of processas ocross the entire business and
‘assessing their complionce provides for more.
sffective use of resources ond increosed
productivity for the business

Exomple of a self-regulated utiy: How
Aol

The top management of Uity A proved
its commitment 1o implementing fhe
requirements of the distribution code and
1o its self-compliance assurance process
The commitment wos also to ensure
continued improvement of the effectiveness
of the complionce assurance process through

ol riedh

Resuls, lessons leamed and the woy
forward for Unliy A

Uility A found that they wars. obove 90%
complicnt with the code ond that no funds
ware naeded 10 conduct the sl compliance
assassment. All thot was nesded was fo
rasource the project team with skilled
members. Time was the only commodity
needed

This uhlty performed the self ssessment ond
managed 1o identity the clauses thot were
unnecessary and irrlevan 1o utlities of s

cne
the licanco canditions (distribution code)
wos implementedt by o South African uilty
using compliance asswronce and quality
managemant systems:

The distribution code was approved by the
Nafional Energy Reguloar of South Africa
(NERSA] in August 2007. The cods comprises
six different codes within ; govarmanca,
network, sysfem operation, metering, toritt
and information eechange codes. In 2008,
NERSA prosanted of the AMEL Comvention,
communicafing the approvel of the code and
stating that it wes o form part of the licence
conditions. The expactation was thaf licensees
would g in 2008/09

1o the ion the
impertonce: of mesting customer as woll as
stotutory ond regulotory requirements, of
establishing complionce assuronice policy,
and ensuring thot compliance objectives are
estoblished. Menegemant olso oppointed
and mandated o workgroup which would
be responsible for tha development of o
compliance matrix. This farmed part of
rescuree allocation‘and looding for the
project

Time frames and coordinatios

It was considared imporant 1o appoint o
project champion fo ensure the successful

o ansure complionce with fhe code.
The requirements were that ol ufiities would:
o Conduet a critical review and hove an
understanding of the code requirsments.
Assess oreos where thare is non-
compliance 5o fhat o licenses can
apply for temporary exemptions where
necessory.

of the code
assessment pracess. The candidate shauld
ideally have o good understanding of
the business process ond operafions
It wos equolly imgoriant ta appoint o
project manoger fo oversee the overoll
co-ordingtion. An exscuiive member wos
fosked to overses the overall co-ordinafion
of the project.

type.

oy fhe wtlty and these wers also o lesson for
the regulatar with regords 1o reviewing fhe
code n fulure The cther lesson learmed was
betler understanding of whot exacily the code
requires from e usliies.

Since the ossessment is done by looking ot
your procices against the requirements of
the code, the utility was then able to develop
operational and fraining procedures that
are cligned 1o fhe code of practice. This
helps o"great deal even when there are new
amployees who are supposed 1o be introduced
into the utilifies’ operatianal procedures,
providing seamless transition for them.

As @ way forward, Utiity A committed itself
to conduct an audit in compliance with the
codes bi-annually 10 check i it il complies
with them, and o stay sbreast of the changes.
inthe cades os these documents are amended
regularly,

Contact Lucky Ngidi, NERSA,
Tel 012 4014716,
luckyngidi@nersa org.z0
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Achieving optimal benefits with a demand
response system

by Rodney Swortz, Siemens

Mention the word “Medupl”, and faces go red with embarrassment, angers flare and all kinds of comments and
explanations are offered. The reality is that we need additional supply capacity, that we are facing all kinds of
challenges 1o build new power stations and implement renewable IPP solufions.

An interim solution 1o run concurment with new
build programmes is o fecus on managing the
demand of elachicity. Thisis known os demand
side management (DSM) and Eskom has

nplamented various programmes since 2005

Ona of thess programmes, namely demand
response (DR), was infroduced early in 2007
and is sill nunning today.

What is demand response

Demand response is o programme in which
wilities incentivise consumens 10 reduca thair
non-sssentiol electricity lood upon request
{DR evens] during critical system conditions
and/oc when the cost of slsctricity bacomes
100 axorbitant

Consumers bacome pariicipants of fhe DR
programme by entering info @ contoc that
agrees on the amount of lood that can be
reduced, how many fimes, for how long, the
nolice period required ond most importantty
the incentive amounts.

[

riives differ moinly eccording 1o

o The nofice period, whether 10 minutes ar
30 minutes.

The accepted and scheduled time on
stand-by

®  The MWh ol lood reduced

DR events ore not only called during peak
demand periods, but can olso be colled
anytime during the day should o criticol system

condition ecour,

Why demand respon:

As opposed fo load shiffing tha
consumers with part of the capitol costs to

parmanently shift load from peok fo off
peak pericds (Fig. 1), DR focuses on hoving
consumers (participants) on stand-by ia
roduce huge amounts of load whenever
requested (Fig. 2).

DR can therefore be sean as bringing peck
generation on-line when needed for o pariod
of fime

The casts fo incentivise participants for o DR
‘ventara considerobly lower than the cosis per
MWh from @ gecking powas stofion.

The South African situation

Eskom’s peck demand in 2012 was
35 525 MW and the fofol nominal copocily
of the 27 powsr stations wos 41 719 MW,
The current insiolled copocity exponsion plan
ameunst 111 h2019.

diractly with Eskom, totaling Jo approximotely
900 MW of available load 1o reduce for DR
everts,

To cater for smoller consumers, Eskom
reqires at least 100 kW 1o 10 MW of lood
that con be reduced.

Eskom will alse cansider the aggregation of
smaller loads from various participants as
one load made availoble fo Eskom os an
aggregator. Eskom will therefors anly deol
with one participant [aggregotor) as opposed
o numerous indiidual participonts, moking
it possible for smaller consumers fo alsa
participate ond getting incentivised vin the
aggregator.

Applications for municipalities

This cregles the opportunity for municipalities
ta porticipate in Eskom's DR progromme
0s an aggregator of the consumers in the
municipality’s area of supply {Fig. 3).

Variows challenges have been hampering the
expansion plan ond future challenges cannot
be ruled out.

DR therefore becomes o very offraciiva
interim solufion becouse of the short lead
imes require o sign-an new participants os
compared fa the time required to build o new
powr siaion and the risks of delays thereof.
Most of the: mego eleciricity consumers (20
80 MW) have olreacy been signed up for DR

QM pality
o8 an aggregator are multiple, such o3
drasiically reducing Eskom's administrative
end logficol burdens,
Haning conrol over which loads are reduced
when, municipalifies benefil by ensuring
value is odded by reducing siroin on specific
networks as well os goining o share of the
DR incenives.

A great exompla is by utlising existing Apple
canirol systems that manages hot water

Fig. 2 Demand raspone
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Cylinders of residential customers os @ load
reduction mechanism,

Not only will i heir

soghm  Emeacs

T g 3 mencpely oo ——

Database

Fig. 41 DRMS plotiorn.

® How many consecutive hours con a DR
progrom be called for

s How mony cansecutive doys con o DR
progrom be colled

& Will the progrom ollow a paricioant fo
opt-out of an event

& What doys ond fime periods can a DR

event be colled

@ How much advanced notification will o
participant receive prior 1o 0 DR event

o What baseline calculation will be used fo
validate M&Y and DR satlement
DRMS platform

In essence, o sarver wil be required to-do
oll the nd storing of the dato

o Eskom colls o DR event
Netify participants 1o raduce lood

« On instruction from Eskom, notify
st

energy costs during peok periods, but will
olio get incantivised for the reduced MWh
by aggregating multple smaller loods that
wauld ctherwise ot hove qualified for the
DR incentive.

Municipalities know their consumers best
and olready have existing relotionships with
them. Hence, when it comes fo signing on
new parficipants, the municipalty would be
i the best position to accomplish this aciivy.

Achiaving optimal benefits with &
demand response
System

Asimplistic DR process involves the following:
Market DR and sign-up porticipants
Register pariicipants and ovailoble loods

® Receive one doy ohead foracast from
Bskom of load fequirsd
® Verily how much lood con be provided by

Participants and offer bid to Eskam

store lood i
foshion and ot ol ot once
From meter data, determine sxactly

The latest methods oveiloble for accessing the
sarvor ollows for @ sacurs connection through
HTTPS with o web browser octing as o clien!
wrksiation (Fig. 4).

This creates the possibily to either have the
serverin-house or hasted elsewhere in o data
centrs (cloud).

Different access levals with relevant user rights
should be controlied by an odministrator
asigning usemomes ond passwords 1o the
autherised users.

Sending of DR events

A standard. pathway o follow would be 1o
start with sanding DR event nofificafions vio
emoil text message or outomated phone call
fo the parlicipant cantacts. Porticipants will
then manually respond o the DR events by
switching off or reducing load as ogresd, The
DRMS should therefore be able o interface
outomatically fo shese email, texi ar phone
systems when 0 DR event is called,

Utifiies then progress to mars sophisticoted
auiomated mefhods fhat sntail sanding OR
events o end devices of participant locations,
This could be dore either through odvanced
matering infrostructure (AMI), rigple coritrol
systams, or through DR gateway devices
stalled ot participant sites. An AMI or
ripple cantrol system will already hove some
meons of in place that wil

® how much load was reduced by the
poricports ondfor how \ong
delio batween the i o e
lo

o Ensure that eoch pariicipont hos & foir

chance fo reduce load, not foo mony
fimes and also not too lifle

need triggering ond confrol fram the DRMS.
It is therefors fundemental fa consider
o MultiSpack interfoco that will enable
communication with many AMIs that comoly
with this siondard.

This might sound bui by
aulomating the tasks and by integrating
ino existing ity ond parficipant systems, it
pecomes a demand response manogement
system (DRMS) ond o pleasure fo implement
7o ansure optimol benefis, points fo consider
for an affective DRMS should be

DR program consiroin's
How mony fimes can & DR svent be called
during o program period

partcipant
sites,the reduction of load con be automated
with control of the load (PLC) being wired
1o the gateway device. The most cost
and opsrational effective communication
medium betwsen the DRMS and participant
sites needs 10 be selocted. This could rango
from rodio, GPRS, powar line carrier, sic.
OpenADR is 6 communication standard thot
will focilitste communication and control
of various DR gafeways. 11 is thus just as



essantial thot this stondord be considered for
the DRMS and DR gotewoy devices (Fig. 5|

Other interfaces

Numerous commercial buildings alreay
have building management systems (BMS)
insialled. The BMS could control the HVAC
and lights a3 an example. The DRMS should
be able fo have access to a voriety of BMSs
{2.9. Honeywell, Johnson Controls, Siemens}
by utlising multiple adoptor inferfaces for
communication.

An interlace to the uiility's SCADA system
will moke it possible fo receive consumption
data from specific substations or feeders o
measure and disploy the impoct of the lood
being reduced. DNP3 is  typicel protocol that
is used for this application.

Restoring of loads

To avoid orothercréical system condiion, lood
should be restored over o period of fime and
ot ail ot once. The DRMS should be cble fo
schedule resfore messages via fhe email, fex!
or phane sysiems. Where DR gofeways are
used, the DRMS should schedule the restore
commands fa hove  gradual ramp up process.

Grouping of loods

In arder 1o only reduce the raquired amount
of lood or fo reduca loods in o specific areo,
it Is advisable fo identify and group loods
accordingly by substation, participont, or
participant sita for scheduling and sanding
DR events

With loads grouped by participont, DR
programs can be customisad according to
the group participants’ contracts sicting how
many fimes they may be called for o DR event
per day, week, manih or year

By grouping loads per substation or ieedar,
vilfes ore able to reduce siroin on overloaded
networks and ullimately prolong the ife of
equipment.

Loods cun olso be grovped by poricipant
sites, like o group of supermarkets where
parficipates oggregates fhe smoller sheddable
loods of their different supermorkets.

Bosefine coleulations

* Many disputes can be avoided by using
ried and tested olgorithms for baseline
coleulotions. Some of the best are the PIM
and ERCOT bassline algorithms. Nt only
shauld histodc mater deta be used o do
once-off baseline calculations, but it should
ol be recolclod o a regular bosis g
the lotest measured dato.

For participarts with uniqus lood profles, the
DRMS should have the ability o odd boseline

B 24thAMEUTechnicalConvention2013
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Fig. & Typical DRMS soludion.

Coleulation of settlement data

Accurate setflement data far billing and
energy payments can be colculated by
accessing revenve grode meter dofa from
an existing meter data: management syslem

Conclusion

Municipalifies can exacute their own DR
Program and aci as on aggregotor for
the national Eskom DR pragramme by
implemanting mg.m.n.nmm DRMS.

{MDM). This is calculoted based on the d
between fhe parlicipant’s bosaline usage
{kWh) and the participant’s actual usage
during a DR event.

By sanding the sstlement dota back to he
MDM, 0 biling system shauld ba able 1o
access i from the MDM for colculation of
anergy payments o the participants.

Seolabilly

It s not alweys isancialy viable o start with
a fully fledged system containing all the bells
and whistes. Tho DRMS should herefore offer

y as required (Fig. 6).

only fa sp

B tekings the sk
ytaking

and in-dapth dwww‘m on objsctives and
requirements, o |Iel|bi! ond scalable DRMS
can be devel

This gives the mum:.pqlm, the appartunity to
achieve opliial Banefts such os increased
ravenues, befter conirel ovar resources and
whiimately improved customer safisfaction.
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Grid connection code for renewable power
plants South Africa

by Target Mchunu and T Khoza, Eskom

Regulations have and still play a major role in the successful penetration of renewable energies in the power grid.
In South Africa, the White Paper on Renewable Energy of 2003 has set  farget of 10 000 GWh of energy to be
produced from renewable energy sources (mainly from biomass, wind, solor and small-scale hydro) by 2013 (1.
The

of these

access 1o the power grid.

However, u high penelration of renewable
anargios harbours fhe risk of the grid instability
in case the generating plants are not able fo
support the grid. On this background, the
Notianal Energy Regulalor of South Africo
(NERSA] approved in November 2012 tha
new g1id code for connecting renewoble

Low vollago ide’ ihrigh 13 parieulary
imporkint o meirbvin the vallos stabily,
especiolly in areas with high concentration of
RPPs i.0, wind cnd PV power genection [3].

The aim of the grid cannection cade is
ta keep the safaty and reliability of he
network operaien with o grawing share of

power plants (R
(TS} or the distibution system (DS) in South
Alrica. This paper provides an ovarviewr of the
grid code far he connaction of RFPs o elociric
power systerns
In many countrias, renewable energy
technologies, which include photovaltaic
(PV) and concantrated solar pewer (CSP),
wind, small scale hydropower, landfil gas
and blomass, expands ond covers o steadily
increasing part of fhese couniries' power
demand. This is a3 o result of the policies
i

generation plaris and keep
the voltage qualiyin accordonce 1o the imits
formulated in epplicoble stondards.

Challenges faced by electricity
distributors with increasing growih
of RPPs

As more and more RPPs added fo ihe
distribution system, the nature of the medium
wolioge (MV] and low vaftage (V] system is
changing from o wroditional passive radiol
n-!anfkmnnnzhvcnemurkwnhnewcrl!ows

and incentives given by
fhe workd which has caused the inclusion
of renewable energy as o significant part
of the power system network, Although
South Alrica predominantly makes use of
coal-fired power stations 1o supply over
90% of the electricity neads of the country,
the government hos comenitted itself o
increosa the gensration mix to include mors
sustoinable ond environmentally friendly forms
of generation.

In South Afics, ranewable snergy technclogies
will be integroted info the uilly grid ond due
1o s nature; this type of generation will be
ot only geographically dispersed but also
distributed across several voltoge lsvels, at
ithes the transmission level or distribution lavel,
depanding on the scole of generotion. Both
pes of interconnechions prasant diferert ype
of challanges that must be carefully analysed
before systems am desigred. The connecion
of RP 1o electicol power systems influences
the system operation point, the loed flow of
real and reaciive power, nodal volloges ond
power losses [2]. A1 the same fime, RPPs must

mainioin uninterrugted generotion thioughout

power system disturbonces, mpmrlmg the”

e, Th's prasent poiculor chaflenges in

especially wind and solar, can anly happen through unlimited

Power factas: Under canditions of light locol
lood demand and high levels of renewable:
generatian, power can be exported from the
distribution system 1o the fransmission system.
However, reactive power miay sil ba required
fram the fransmission system. Under these.
coniions, his con cause o low power factor
1o ba meosured of fhe feeding transmission
subsiafion and can couse spurious profection
trips If 1 is ot considered in fhe profection
reloy seflings ot the substalion

It is therefore with these challsnges that the
industry has provided the RPP. code which
sals out technical framework for integrating
renewable energy info fhe electriciy grid,
especially distribution systam. The fellowing
sections oulline some of tha fechnical aspacts
‘srapanent generators must identy ond ansure
that ore incorporated early during project
development phase

d scope

teems of
ond safety as more fuulls on the network
moy now ba anergised by muliiple sources.
The mojorlly cf new RPP being odded to the
South African distribution system s in tha form
of inverter-interiaced genarators, with very
spocilic technicel cheacteristics which ore
quite different to thosa of traditional Jorge-
scole tharmal generation.

There are many potential chollenges loced
when lorgs omounts of RPPs are connected
1o distributien network [4]:

Protecion co-ordination: Risk of under-rsach
of existing impedance profection. Also,
solectivity between series overcurrent or
impedance protection can ba lost unless RPF
is considered when calculofing sotings.
Veltoge regulation: Control of system voltages
con bacome difficull on ook systams where
generation may be infermittent in nature (e.g,
‘wind turbines). Con lead to overvolioges o

sindrvoltoges following cannection o loss

of RPP
Islanding: ssues of safefy and power quality

network voltage ond frequency, 3
extending features such a3 low voltege ride
through or reactive and octive power copabilit.

¥
be cracted follewing system disturbonces or
oparation of protecion.

The primory obiective of the grid connection
code s o specify minimum fechnical and
design Gid connection raquirements for
RPPs connescled fo or sesking connection fo
the South Aficon elechiciy grid, This grd
connection code, at minimum, applies 1o the
following RPP fechnologies:

 Photushaic

Concentrated solar power

Small hydro

Londill gos

Biomass

Biogas

Wind

The requiremens of the: RPP grid connection
code ore organised occording fo defined
entegories os ilustratedin Table |,

|2l icowas s < 1 i

Toble 1: REP colegaries.
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Fig. 1: Minimum froquenicy oparcting range
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‘Overview of South African RPP code

South African renewoble power plant code
for generofing plants connecied 1o TS and
DS networks came info effoct on November
2012 [3]. The new code is one of the efforts
of nehwork sanvice providers (NP} whosa
ol is 1o provide network services through
the owaership and mointenance of an
slectricily network towards the integration
of ranaucble technologies inio the network
The requirements deemed relovont are
volioge and frequency oparating ronges and
the: comesponding 1 fimes. For mitigating
voliage suppression and power surges in the
woke of ransient faults, the octive power ond
reaciive power conirol requirements arm olsa

of o REP (during @

oStnen

£

Fig. & Requirements for

The code is fo be fulfiled by oll RPPs that
are to be connected through high-voltoge
fronsmission lavel gnd the medium-voltoge
distibuion lavel eifher directly or fhiough o
dedicoted iransiormer, This scope elsa includes
same RPP units, which are ypicolly connscted

he %
£ os
Sdor
jic
o Aman Amc
o
o2
o
o5 2048 L
]
Fia 2 Volloge e hrough capalybly fo he RPPs of cotegery A%, Band €.

o peoks o the POC.
reactive pows supper, | doring voge drogs or pe

o the low-voliage level such os PV inverters
if they ore: lustered o ochieve larger power
|avals. In oddition, all thermal ond hydro units
shall also comply with the design requirements
specited in the SA Grid Code fspecifcally
goction 3.1. of he Netwark Code) [5].

operating ranges defermine ihe imits within
which the RPPs must not disconnec from tha
grid and have to susidin operation, The aclive
and reactive pawor canirol requiremants
determine control capobilities under vorious
fault and system situations

Tolerance of requency and voltage
deviations.

The RPP shell be ablo to withstand frequency
and voliage deviations of the point of
cannection (POC) under normal and
abnomal operating cendifions described in
this grid connection code while reducing the
active power as lie os possible 4]

Normal eperating condtions

RPFs shall remain continuously connecied fo
the TS or DS of maximum avoiloble cctive
powar outpul in normal system: conditions.
This range will be defined by the NSP for
diffarent elements in the grid. Alsa, the
RPP shall howe the capability to operate
continususly ot normel rafed output at
requencies inrange from 49 Hz to.51 Hz and
o remain conneced 10 the power system of
frequencies wilin o bigger range (for exomele
from 47 Hz 1o 52,0 H) for & certain duration
08 shown in Fig. 1 (5],

Abnarmal perating conditions

RPPs shall remain connected 1o fhe grid for
system voltoge dips on any or oll phases,
where the system voltoge, measured of the HY
teminals of the grid connected transformer,
remains above the heavy black fine in Fig. 2.

Fig. 2 shows that RPPs ol category A3, B
and C, shall remain fransiently stoble and
connecied 10 the system withaut tipping for
o close-up solid three-phase short circut fault
‘or any unbalanced shorf cireut foult on the TS
or DS with a tofal faulk clearance fime o up
10 150 ms. Throughout fhe operating range.
of tha RPP hese type of foults must nof result
in instability or isalation fam the network,
Furthermore, Fig. 2 shows thot the KPP shall be
capable of continous operation down fo 90%
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Fig. & Reciiemants for veliage conirol ronge for kPP of cotegory B & C.

of roted vehoge ot the POC. Furbarmore,
RPPs have to provide @ mandalory voltoge
suppont during voltage dips. The required
raoctive cument in terms of dynamic voltage
suppont is defined as shown in Fig. 3

Frequency response <
All the. ganerating equipment in an eleciric

systam is designed fo oparale within very srict
frequency margins. Grid codes spacily that oll

generaing planis should be oble o operate
continuously batween o frequency range
around the nominl raquency of the grid
and fo oparate for different penods of tima

" when lower/higher frequencies down/up to a

minimum/maximum imit. Operation cutside
hese limits would damoge the generating
plarts. The loss of generatian leads t further
frequency dviation and o black-out may
oceur (6]

In caseof frequency deviations in he power
system, categary B and C specifically sholl
be designed 1o be copable fo provide
power-frequency respanse in order fa
stobilise the grid frequancy as illustrated
inFig. 4 [5).

Except for the mandatory high frequency
response (above 50,5 Hil, the provision of
frequency response will be entered into o
specific ogreement wifh the system operafor
(S0). At o given frequency range provided
by the SO the RPP must be obla to change its
controlloble power output depending o the
frequency ot which the grid s operating at o
given momen.

Reactive power copability

Reactive power requiremanis for
Infercannection are specified at the POC. This
s on important consideration for wind and
solar plants. Fiest of oll, i meons that several
technical opfions can be cansiderad in the
plant design fo meet the grid infereannaction
requirements. Technicelly, o plont with
inverter-bosed wind or solar genarators
could rely on the inverers f provide part or
ol the necessary reaciive power range ot the:
POC [3]

The code requires that the RPF of category
A be designed lo cperats occording fo o
power facior characleristic curve (between
095 lagging and 0,95 leading), which
will be determined by the NSP or the SO
Gategory B and C shall be designed 1o supply
rated powsr [MW) for power factors ranging
betwaen 0,975 lagaing ond 0,975 leading
for categary B; while category € shall operate
between 0,95 logging and 0,95 leading,
availabls from 20% of rated power, measured
at the POC. This i illustrated in Fig. 5, Also,
when operating above 20% of rated power P
(MW) fhe RPP of cotegory B & C must have
the capability of vorying reactive power of the
POC within the rmactive: capobility ranges o5
defined by Fig. 6.

Below 20%, the rociive power copability of
the RPP may decrease due to low wind or
solor resource, which may results in some
genarators in the plant fo be disconnected
from the grid. For active power levels
below 5% of roted MW output [paint C in
Fig: 5), thare is o reactive power capability
requirement. In fhis range, it is required that
the RPP operles within the tolsronce range
spacified by powct A and point B inFig. 5.

In addition, RPP of cofegory B & C must be
designed with the copabilly 1o operate in
© volioge, power factor or reactive power
cantrol modes. fhe: actual opercting mode
V. power factor or Q control] o wall as
the operting paint sholl be agreed with the
NSP 5]
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Activaion of gradient
production constraint

gradsent production constraint

Fig. 7: Achve pawar control functions for o renewable power il

Power quality

Pawer quality and voltage regulcticn impoct
shall be monitored of the POC. Impact
assessment sholl include omongst the
disturbances at the POC

* Valiage fluctuations

®  High-frequency currents and volioges

® Unbolanced cumrents ond voltages

Vollage ond curent qualiy ditorion levls

technical requirements were pressnad for
the cannection of RPP to the power systems,
at the transmission and distribufion level
The objective of these requirements is fo
provide RPPs with the control and regulation
copobilities ancountered in convantional
power plants that are necessary for the safe,
reliable and sconomis operation of the pawe
system.

The maior concems in connection of RPPs of
d lovel crnilaed

emited by the RPP of the POC
the apporiioned limifs os determined by the
relevant NSP Maximum ollowable voliags
change ot the POC ahier o switching operation
by the RPP (e.g. of o compensation devices|
sholl ot be grater than 2% (3],

Active power consiraint funchions

In order fo cope with diferent scenarios in
the grid and for system security resans,
additional power control strotegies may be
necessary. Depanding on the locol siafe of the
arid, the RPP shall be equipped with constroint
functions, i.e. supplementary oclive power
Sontrol functions. The: constroint functions
0re used to avoid imbalances in the power
system or overloading of the TS and DS in
connection with the reconfiguration of he TS
and DS in critcal or unstable stuations, s
Mustrated in Fig. & [5]

The required constraint functions are a5
Hlows

®  Absolute production eonstraint

*  Dekin production consiraint

®  Power grodient constraint

Conclusions

Intermittence nature of renewables brings

Sbout o differsnt chollenge to the power

Srstem, hence NERSA has introduced new

96 code requirements to minimise these

fisks. I his paper, o couple of the minimum

vehogs control ond power quality. The reserva
requiraments, reacive pawer and the grid
support during the foult ride through are
among the mojor issuss to be considered in
grid infegration of REPs of HV feve!
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Utility strategies to eliminate or minimise
safety incidents and environmental impacts

by Troy Govendes, Eskom

Electricity utilities in Africa are faced with

and safety

[1]. Some of these i

public pressure (consumer pressure, lobbying, voler preferences), new standards ond legislation (Constitution,

15014001), new business

and refaining

reducing, re-using ond recycling

materials), reduction of risk (financial, legal, scological and reputational) and ethical or moral considerations,
given the current safety concerns across Industries and the climate change and environmental erisis.

These safety and emiranmental challenges
are heightened by activities involved in
the distribution of slactricity. These
include employes ond public injuries ond
fatalities, waste (hazardous and genoral)
disposal, wildiie inferations {collsions and
elucirocutions with infrasiruciure), oflspis or
leaks from alectrical equipment, harbicide or
pesiicide spillage, the removal of indigenous
and profecied frees, habilat desiruction and
ihe domages coused o sensitive or profecied
oreas particularly during canstruction and
mointenance ochiities [2].

Safety, environmental management
in business/industry

Safaty and environmental managament
s not about the monagement of the work
anvironment by o sofety specialist or on
snvironmentalist, but rather obout the
orgonisation contralling its activitis which
have or could lead 1o safety incidents/
accidants o have o negalive impact on fhe
environment (3]

Business and safety, environment
challenges

There are many reasons far businesses,
including electricity utilities, fo respond to the
safaiy and anyi South

people, Eavironmental cars is o low
priority for poar pecple due 1o cther life
threatening nveds such os food, shelier
ond clofhing.

Health and safety issues ora related o
and ore influsnced by fhe enviranment
becouse the qualit of the environment
impocis on the healfh of o nofion
fand s cbilly 1o manoge disease and
epidamics)

= There are moral or efhicol reasons why
all have fo respond. Employees have
families who rely on them. Injury to o
death of an employse while on duy has
far reaching consequences for fomilies
and communities.

Mankind has cased much of fhe dssinuction

through development and greed, and i

thersfore cbliged fo do something pasitive

for the enviranment [5]

The business rivers for improved safefy ond

environmentol proctices includa:

@ Public pressura, 6.5, consumer pressure,

lobbying, influencing, vofing, sfc

New standards and legislafion, e.g.

Constituion, OHSA, NEMA, atc.

®  Newbusiness opporfunities, &.9. aftrocting
and retaining customers, reducing,
re-using and recycling materials,

Africa [4], same of which include:

o The nature of activifies at eleciricity utilities
aften leod fo @ range of safely reloted
injuries/fotalities such o8 slips, rips and
fals, elactrical contact incidents, mofor
vehicle accidents, animal inferactions,
efc

Greot impacts on the plonet such
a8 global warming, czone: deplation,
desertfication, waste, pollution, over

pepulation, destruction of forests, killing
of animals, aver-fishing, hozardous
chomicl e ctechyden lifer,

« Thers is a sirong link between poverty,
sofety ond the maviconment. When
o breadwinner from on improvised”
community is injured or lull-d white
warking, the fomily is left destitute. Tha
poor suffer the mast in highly uuma
environments; domoged evironments
mean less notural resources for poor

ot

o Reduction of risk, e.g. financial, legal,
ecological and reputational (publicity).

o Ethicol considerations.

Strategies

The main challanges for safety and

enviranmentol manogement Improvements

in the slscircity industry are ta:

© Maks business more effective and its
sofety perlormance and environmenl

Tmpod more oecopiable:

 Identify and realisa potential orecs far

safety ond anvironmental good practice.

Change iradifionol] monagement

A paradigm shift

o Tost + control = kwhere k ~good iy
ond environmanial parformanc

Trust honsty, ransparancy, disclosure.

Contral; lows, policies, directives, instructions,

ob compocts

High rust equires ow controls and vice versa.

High frust is much more desirable than kigh

controls.

I trustis lacking, high controts willbe required

e Risk = hozards + outrage.

Risk: finonciol, legol, and publiciy risks.

Hozards! injuries, fatalities; enviranmental

incidens.

Outroge: media, community, govermment,

NGO response, anger, dissaisfaciion

A company's risk Is directly proportional fo

the sum of its hozards and oumdge. Outrage:

can be managed through berter relations with
communities and olf stokeholdars.

o Shifling tha focus from the botiom fine
1o the triple botiom.line (profits, sociol
raspansibiity, enwiranmental core).

s Sense of communiy,

Conclusion

The last decode hos witessed o remarkable
public owakening. Thers has been revalution
in awareness ond understanding of sofety
and environmantol issues, a growing sense
of urgency, o knowledge fhat environmentol
profection is not the luxury of the rich, o
reclisation that we share ane, finite sarth
and that all of us ore responsible for what
bappens 1o if. A growing number of people

ordinory cifizens, executives, govemment
officials, religious laaders, and journalists
~ ore beginning 1o recognise that their long-
term aims and activities and environmentol
consenvation are mutually dependent, not
mutually exclusive,

practice
sspeciolly with lighter budges.
Ensuring safetyrand environmental
care within fhe organisotion against a
backdrop of a high risk culture externolly
and low anvironmental ethic.

Effectiva of

‘heul and soféty (EHS) issues entails the
inclusion of EHS considerations inta corporote

Continued on page 105.
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Serious incident in the Boksburg area of
Ekurhuleni Metropolitan Municipality

by Dave Jomiason, Ekurhuleni Metropolitan Munici

A summary repori on the investigation and proposals following an electrical in
11 March 2013 at @ switching station in Boksburg that resulted

An Incident occurred on 11 March 2013,
0 four Ekuchulen!
ty (EAN

cousing serious injury
Metropolitan Municipa

council

employess

what,

The purpase of this paper is share
an internal deparimental investigation
team determined fo be the couse of an

dent that occurred in the
Energy Depodment on 11 March 2013 at
ccximately 18h50 on the comer of Lsa
Road ond Kent Street, Anderbol, Boksburg

when four staff members sustained serious
buens whilsh attempling fo restore tha steciriity

supply following @ medium voltags outage in

e Anderbolt orea
Investigation team

The team instructed foim

sstigote the incidant

consisted of the following

#  Chict arso enginser: Boksburg,

. ations and mainfenance engineer
Boksburg

®  Senior operations officer: Boksburg.

« Chief area engineer: Albertan

EMM employees involved in the
incident

ent that occurred on

the Injury of four council employees.

Fig. 1 Swichigoar dansaged in the evplesion.

A then clasad the circuit breoker. The circuit
bresker failed cotastrophically, causing o fre
A, Eleciricion B, the

fhe artisars assistant
(ihe three men that hod just wolked out of the
swilching station] ron back o the switching
station and drmagged Electricion A out of the.
buile The special warkman then phoned
the senior operafions officer for assistancs. The

senior opardtions ofiicer immediotely made
his way from homa fo the swiiching sioion
and ot the some fime colled for help from
jured personnel

the emergency senvices. All

»  Elechician A - 8,5 years
. Approimately 2 10
manihs experience,(Helping aut in the

saction)

@ Special workman — approximately
25 yeors” service.

®  Arison assistant - approximotely 36
years” service.

@ Senior operofions officar

Sequence of events.

Eloctrician A and Electrician B were colled
out 1o ottend 1o on cutage in fhe Anderbolt
area. They found that @ medivm voltags
cireuit breakar in switching station 516 hod
ripped. They racked the circul breaker out
and proceeded to test the circuit. They found
the circuit fo be without o fault “clean” They
then racked the circuit braaker ina position.
Flecrician A instructed the ofher personnebio
xi the switching staticn. Eleckician B stood
outside the door of he swiching siafion, the
speciol warkman outside the door ogoinst the.
parimetor fonca and fhe erfisan-ossistont wos
walking fowords one of the vehicles. Electicion

ency
were transported 1o different hospitals
Bleciician Asufred bums taopproximately 50%
of s body. He was airfted ond odritted o fhe
Milpork Haspialfor reotment and observation.
Elactricion B sufiered burns to his bedy. He
was transported fa the Glynwood Hospitol
and then tranlerred fo the Milpark Hospitol
for treatment and observation. The specicl
workman suffered bums to his hands, orms
ond foce. He wos transported o ihe Glymwood
Hospital for weatment and cbservafion. The
artisan's-assistont sufiered bums o bis hands.
He wos fransparted o the Glynwood Hospital
for reatment and cbservation
Observations

The findings of the internal investigation

conducted wos:
The ol circuit breaker nuptured 15 oil fank

.
when it wos close

w The moving codfscts on tha cable side of
he circuit breoker were melte

+ The fixed cortacts of fhe circuit breoker

on the busbar side showed damage due
fo arcing.

o The rose joints on the busbar side of he
circuit breaker ware melted away,

Tha busbar bushings on the panel wers
bumt extensively and the busbar chomber
of the panel together with adjoining
ponels was fled with corbon and soot.

.

A cable fault wos located on the relevart
circuit which when excavoted was found
10 be bumt back fram a fransifion foint by
opprosimatly 300 mm

The fripping time of fhe fesder cable
circu breokers was sot at 0,45 seconds
and o circvil breaker operating fime of
10,045 is assumed
Oil from the falty circuit braoker was
fested for insulation breakdown voltogs
and o valoe of 33 kY was chserved
Oil from en adjacer circyit breaker was
fested and o volue of 42 k¥ was abserved
o The circult breakers of sub 16 hed a
shod circuit current rafing of 150 MVA
7,873 kA,
The calculated short circuit current at the
time: of the fault was 9,208 kA (A 40 MVA
franstormer with 22,8% impedance of
11 &Y wos supplying the switching stafion
ot the fime of fhe incident),

Censidering the observafions made the
follawing is desmed o ba the most likely
sequence of evants thot led fo the incident on
11 of March 201
.

The medium voiage coble in question
ailed causing the protection system 1o

operate ond open the circuit brecker.

* On arrival of the siandby personnel
racked out the circuit brecker and
proceedd 1o test he circuit

.

The test indicated no foult 0% they were
1esting betwsen the earth and the cores
of the coble. The foult mast likely baing
a foult between cores or an apen circuit
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fault of which the tester could not arc over

the air gop,

The personnel then racked the circuit
it

current coused the foult in the cable to
drow o foult current thet is colculoted of
9200 A, This fault curent was enaugh
to mell the maving contocts of the eircuit
brugker on the coble side ond the resulting
orc then flashed aver anto the fixed
contacts of the circut brecker

The fised confucts sustained damoge end
the ross foints betwoen fhe circuit breoker
and the bushar confocts melied.

The intense heot and release of energy
caused the busbar bushing o bum ond tha
ol fank of the circult braakar o rugture.

The resulting fire destroyed the circuil
brecker and coused damoge 1o adjocent
panels including the secandary wiring, fhe.
profection relays and ammeters.

The fire olso injured the persannal on site.
The circuit breakars at the supply
substation tripped isolating fhe supply 10
sub 16,

Conclusion of investigation
The invesiigation points to the following:

The shorf circuit current Foting of the
circuit brecker was excesded sufficiently fo
cavse a catasirophic folure of the drcult
bragker

“The resullontfre coused snough domoge
1o moke the equipment in the switching
stafion unsuitable for use.

The stondby personrel omitted fo utlise
the personal protective equipment
supplied 1o them for the functions thot
they wers performing
Contraventions

Pan B of the EMM Energy Department’s
Ganerol Insiructions, Operationol Procedures
and Policies, Section no 14, Substations
Sub Section 14.4.5. ond 14.4.6 siates the
following:

*14,4,5, No MV/HV/EHY switching, lnking and
warihing shall be carried out unless there s o
minimurm of two people prasent, an authorised
person and o responsible person.

14,4,6. Before any switching, linking, eonhing.
sic. sither MV/HV/EHV o LV is corred out the
ppropriole protective clothing and equipment
must be wom under oll circumstances.”

OHSA General Safety Regulations

“2{6) An employer shall not require or permit

‘any amplayee towork unless such o0 empleyee

wses the required safefy equipment or focilly
p h

or fo produce, process, use, handle, siore
er fransport any orficle or substance or fo
cperste any plont or machinery, unless
the: precautionary measures contamplofed
in paragraphs- (b) and (d}, er any other
precoutionory measures which may be
prescribed, have been faken... faking
ol nacessary meosures fo ensure that fire
roquitements of this Act ore complied with by

before swiiching is to hoppen and for such

a checkist 1o b affed 1o the wall of every

substation and swiiching station.
There s na mention of disciplinary action 1o
being oken against the four persans injurnd
for not weoring the persanal profactive
squipment supplied to them for the funclions
that they wers performing os defined in the
standard operational policies and procedures

under his coniral where plani or machinery
s used; enforing such mensures os may be
rocessary i the itersst of healh and sofey”

The EMM Energy Depariments budget for
protective clothing during the 2012/2013
financiol year wos over R4-millan. A tender
s in place 5o as fo ensure ihat only ihe best
quality and highes! rafing protective clothing
is supplied fo parsonal. By hoving @ confract,
there can be no excusa given os 1o why fhe
specified profecte clothing/equipment is not
supplied.
Departmental recommendation
o That for the sole purpose of preventing
incidents of this noture in the future, the
Exacutive Manoger: Support Services,
Elaciricity and Energy be insinucled fo
include; in conjunction with fhe Direcior:
Opsrafions and Maintenanca, in the

This. point was discussed ot
the corporote cccupational health and salety
committes meeting where consensus could not
b reached os to whether or not disciplinory
aciion should be taken. One view was hat
the injuries were serious and that 1o then put
the four through fhe further siress/frauma
of o disciplinory would not ba the correct
thing 1o do. The argument ogainst nof foking
disciplinary action was tha others who olso do
nat abwoys wear the camect protective clothing
for whalever reasan would assume thed acion
would not be taken and possibly continue not
o wear fhe projecive clofhing.

A present 1o enlorce such measures o5 moy

be necsssory in the interests of heolth and

salety, chiel/acting chief area enginsers may

send hame without pay. any person thot does

not comply with the wearing of protective

clothing and equipment as defined in the
dord "

first oid and the generol insirucions,
operational procedures and policies,
1o ol existing and newly appoinied
employses, students, apprentices and
confraciors in the electricity and energy
dapariment, the opprooch fo similor
ncidents

That for the. sole purpose of preventing
incidents of ihis nofure in the fulure,
the chiei/acting chief area engineers
be instructed to rerercte and warkshop
the wearing of protective clothing and
equipment os delined in the standord
operotional policies and procedures
documentation.

That for the sols purpose of preveniing
incidents of this nofura in the futurs,
the council be instructed to omend
+he disciplinary procedure in order ta
empower the chisf/acling chief area
engineers o suspend, withou! pay and
without disciplinry enquiry for a pariod
of one week, any person that does not
comply with the wearing of profachive
clofhing and equipment as defined in
the standard operctional policies and
procedures documentation

That for the scle purposs of preventing
on Incident of this noture in. the future,
the chif area engineer (Boksburg) be

.

any ofber reg
General duties of employers to their
employses

Section 8

As far o3 is reasonably procticable, nol
Bermitting any employes to do ony work

insiru

with swichgeor capabla of withsianding
ot laast 20 kA foult current.

That for the sole purpose of preventing
incidents of this nature in the future,
the chiet/ocfing chief orea engineers
be insiructed 10 compile o basic safsty
chacklist of acions that should be token

documentotion for a period of ane doy.

An additional concam thot ollstafl nesd 1o ba
made guarn of is thot should they ba injured
‘o duty and they are not wearing the requiced
protective clothing thera is o possibilty that
workinon's compensafion may nof pay for
the treatment.

Conelusion

& Whenever possible oll switching must b
done remotely. (There are porable units
available that con be used where the
breaker itself does not have opening and
closing cols.)

Chiel/acling chief area enginears must
do more workshops with all stalf on EMM
Energy Departmen’'s general instructions,
operational procedures and policies.
Al staff must do waitien tests following
tha workshops 1o ensure they understand
the requirements of the operational
procadures and. policies wilh specific
emphasis baing pul on safety and the
weoting ol salety clothing/ equipment. (I
@ persan is unoblz 1o write, orol tests can
be done.|

®  Any stall member found not wearingethe

whilst perfarming any task must be sen
hama immadiately without poy far that
day o par fhereaf.

Contoct Dove Jomieson,
Ekurhuleni Meiropoliton Municipolity,
Tel 011 999-4302, dovei@ekurhulent.com
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Distribution automation sets network
standards and smart grid roll out

by Tim Speoring; Lucy Switchgeas, UK, and Rick St John, Lucy Switchgeat SA

The challenges of electrification of many new and existing distribution networks are at the cusp of the evolution

of the smart grid. Utilities are charged with meeting network

infrastructure whilst facing cost down pressures.

Distribution automatien techniques will
become an integral part of natwark
design, ond will olign with many smart grid
fives, Minimising cost whilst mairtaining
performance expactotions is  driving issua
which con d h

Faeders which form an open loop network,
as flusirated in Fig, 1 ore able o mutually
support each ofher. For any coble faul, the
customers downstraam of that foult do nat
nesd fo wait for repairs becausa they can
be d 1o o supply by swiching

of understanding the network and camying
out minor improvements before moking
potentiall further investmens

An approach of using “outomation ready”
switchgear and modular autemation solutions
are discussed in this poper as an eficient
means of enhancing o distribution network.
This approach afforels the flexbilty for future
upgrades providing an efficient smart grid
roll out,

Automation techniques are an anobler for
outage raduction of distribotion networks.
The key dacisians are in choosing the right
automation points that have the most impact
and also having the appropricte means
ot each automation point fo provide the
most cost-effective solution. This requires
investing in sufficient disiribution automation
proportions 1o the number ond locotion of
feeders, and how hey are divided in order to
provide fhe besi ovicome

Network aulomation techniques. such as
changeover schemes, auto-isslation and
fault detectian, isolafion ond restoration
(self-healing) will become an integral part of
future network designs. However, there
be a fipping point between the outomafion
intersity and the benelit @ ullty receives from
investing in automation. The tipping poinf may
be diffecent depanding on the distribution
network, the ovailable communications.
Infrastructure o the stog ot which fhe uliity
is i outomating their distribution network.

Differont feeders may have differsnt
charadteristics such as lood, langth, potenticl
connections and sources of generation. The
design ofthe MV nebwock plays o sigrificant port
ot only in the cost of the overall network bt
also how the network parforms. A rociol eedier
supplied by 6 prmory substation has no mefhod
of connacting 1o any ahemative supply. For o
foult on any one section of cable, customers
downsieam of thot foult must wai for repairs
12 be mode before supplies con be resiored.

the network around. This meons that the
narmelly apan point (NOP) swich between
the two feeders will need 1o be closed ofter
dawnsireom disconneciion.

In order fo manage an oclive distributian
natwork thera s o need fo dynomically
raconfigure grids to help reduca losses,
increuse electrical headroom and to
improve the reliability. Dynomic network
reconfiguration confributes 16 these fhrough
being able fo shift the NOP, reducing the
rumber of switching actions fand fravel of
personnel) and allowing diferant iaad profiles
fo be exploited. It alsoallows deferment of
investment (in primory planil. Note thot in
allowing deferral o solution must not result
in lockin to @ specific technology r product
{unless standards are in ploce).

The challenges of reliability

The chollenges facing uilities in building
modarn electrical distribution networks
is how fa achieve ralioble power delivery
whilst lowering the capital and operationol
costs. Thersliors, effective copital invesiment
stonegies are neaded fo maximise the osset
life of the Installed equipment and fo add
automation and conrol in o cost effective

and fimely manner.

measures and imp network

As utilities monage & more active distribution
retwark, hondling mere dynamic pomer lows
aond infegrotion of renewoble energy sources,
thay will nesd o evercome oging assets o3
well os introducing new installations and
fociliicte o smanter network through remote
and automatic canirel of MV dewn fo 1V
instalitions.

Aathese natworks bacome more dynamic fhen
matching supply and demond will bacome
more of an issue as an increated network
capacity is not alwars avalloble. The use
of distribution automation fo manage the
network more efficiently in order o mazimise
the "electrical headroom will become mors
important. However, the benefits of the
investment must ba greater then the cost of
deweloping a disributian outomation soluion

Stages of aufemation
Basic ouformation

This would essenfolly be the locel outomation
of the switch, This could be an automatic
isoloian scheme or an automafic changeover
scheme. This could funclion witheut indicotions
10 the control room although the control rem
would really need o be awarm, and thus this
scheme could fit in-between the next two
siages.

Indicafigns
The manually operated ring main unit (RML)
can have some intelligence by way of local

fauh passage indieator (FPY) indications. The
PP is o devica thot gives an indication as 1o

Source SuB
breaker

SubA

Souce  SubK  SubJ
breaker

L
SubC  SubD  SubE

B N S N, %

Sub |

fﬁw&%—]

Sub F

Sub H

i 1: Open ring nework
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Lucy Switchgear is a market leader in providing switching and
Protection solutions for electrical distribution systems. At the
Cutting edge of Medium Voltage switchgear technology design
and innovation, we specialise in ground and pole mounted
SWitchgear and network automation.
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Actuator

Control Box

whether fault current has passed the peint

Fig. 3: Ratvakt actuator on SFE RAMU Lusy Switchgeo)

Connector to
pre-wired looms

Actuator

cortrol of switches, including oufomation

where it s located 4

unmanned and require fravel o st in order
1o cperate or as @ minimym fo delsmine
if the FP| has operated. Automation f fhis
stage s fo transmit foult passoge indicators
to the control centre in order to allow foult
Iocation to be achieved quicker thon physically
ally

invastigating sach FPI ma

Development of brownfield substations can
be achieved In two ways; instolling new
swilchgeor or opplying retrofit actualor kits
o existing switchgeor. Fig. 2
actuater that has been reirofified fo an existing
oil RML, This provides position indicaticn as
well os control facilies, and when connected
RTU) con be

ows o linegr

1o o remote tarminal unit
coneollad remately.

With some foresight it s also possible to have
“automotion ready” switchgear (pre-wired
loams), as ilusirafed in Fig. 3. This meang
that an actuator con be sosily odded whilst
the swichgear is ve.

Remofe control

The next laval of automation is the remote.

Note 1 SAIDN - Systern cveraga inerrup

f  os reclosers and
Driven by the need to meet pedormance.
are already investing
restoration times and

expectotions utilif
in salufions to reduc

elimincte femporary outages thraugh f
deployment of remete control and disfribution
automtien fechniques

Sel-healing

This level of automation s the *ssif-healing
@rid” whers the foul detection, foult clearonce
and ra-supply fa custor
automatically withaut manual switching and
on. This can be

ors is achieved

withoutoperator inferver
achisved with various degress of control
fraem centrolised to decenirolised with poer-fo
poer communications. There are degrees of
funclionality with their respective advanioges
and disadvantoges between tha centralised
approch and o distnboted approach.

One of the key observaiicns is that there
is cumantly o greater dogres of situational
awareness with o c#relised opproach. For
enamgle, some ufilities moy interconnect their
LV ratworks. This level of information may nof

be cvailable for a decentr
approach and thus a caniralised approach
n are sulfoble

oy

Migration 1o the smart grid

#n active distribution network will suppart
seli-healing (foult defection, isolafion and
restorafion). Current developments in self.
healing will reduce SAIDI, but the banelits
will not increase propartionally with the
panstration of automation. This is illusioted
b the fop curve (no inferconnection) in Fig
4 which shows he reduction in SAIDI as more
polints are outomated. This i exploined further
here ofter, ut highlights thot it s not essentiol
1o control oll painfs on @ netwerk because
of diminishing returns, Some established
networks may have a mashed structure ond
will also have interconnections af MV. The
in Fig. 4
1 SAIDI when there
1 fot substation D)
As networks davelop, the complesity of the
networkwil alse be on influencing factor The
fipping point in this scenario wauld suggest
ihe apfimal level of aufomation infensity is

oround 20 — 40%

shows fhe improverent

4 @ single interconnecti

Anetwork wilh low autemation intenady weuld
be more suited fo o ceniralisad approach
of sell-healing, This is because the SCADA/
distribution manogement system (DAS) will
be oble 10 1oke a wider view on the nehwork
and cany oul o situational anclysis before
continuing with the self-healing, As the
aulomation intensity grows then o regional
approach is required, essartially to redute
the amount of communication traffic and to
distribute the risk of o single foilure. For o
network with high aulomation intensity then
peer-to-pesr communicatians on o smoll
regionol level iy be oppropriate, although
the meris of this ore undlaor regards the level
shcetum from he invastment.

The benalits of self-healing wil be dependent
on the siote of the network and on the
character of the connectad loads, g
saurces ete. (i, fime bosed, wecther or
seasanal bosed), and 5o utiiies should look
for an aptimol placemant of fhe equipment
However, thera s @ need to manitor because
most utilifies raport they hovs very litle visibi
of the MV/LV nefwark.

erofion

Incremental development of the
smart grid

There-is a bolance betwaen performance
axpectations and <o, and the tipping point
that helps decide what sclution to invest
in dapends o the characteristics of the
distribution network ot fhat time. Typical
decisiops will be 1o make o full investment in
automeling a network, fo defer invesiment fo

sar duration indec s the avoroge dorotion of ol ikevupions per ity Customar during fhe period

VEU Tochn
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Fig. 5 Typical RTU shucture.

another tima or contrel pericd, or to make
incremental investments previding @ more
immediata retum. However, any of these
solutions may also depend on the amount of
information ovailable from the nefwerk.

The solution fo provide en effective, sfficient
and sushoinable solution for o conrol and
manitoring system is based on an incrementol
approach jo daveloging the distribution
Retwokinfo o smar grid, The asses deplojed
have o relatively fong Iietime ond will not
proclude future work. Howsver, this opprocch
allows solutions 1o be developed in o
relafively shart time, and affords on effeciive
means of manitoring the network providing
fore information o help decide on which
Buiomation points wauld hove the most
IMpoct o the system is developed.

This proposal considers the ufomation
intensity and network complexily o3 @ means

of justifying the level of distribution aulemation
fhrough an incremental approach. In order ta

implementotion of natworks where the full
scopa is unclear o foo expensive 10 achieve
without & Ionger term salufion

Rameie monitoring

The approoch s o deploy m

be 1o monitor the flow of currsnt with
communicating feult passoge indicators, This
would typically comprise RTUs, FPis, GSM/
GPRS’ modems, and an uninterruptable
power supply. The GPRS/GSM is a relofively
low investment. approach and will allow the
netwark 1o be monitorsd fo help make future:
decisions, The options available are ilusiroted
inFig. 5.

This is not precluding aher communications
options such as rodio, pawer line carrier
ond fibre aptics. In fuct, the communications
protocol may be chosan 10 suil the purpose,
but would operae within @ virtual privats
network (VPN) and have appropriate security
measures in place such e firewalls and
secure authentication. This approach bensits
towords developing a more relioble grid
because it is possible o idenily the fauli
vulnorability of the nahvark in advonce of
furthr investment. This can als apply fo LV
o5 wall as MV meosurements (for when the
RMU is connected to the LV network).

Switch confrol

Upon analysis of the network and fhe
frequency of faults it may be required to
romotely control the NOP and 1o odd a
single switch confrol o o disconnector
on an RMU mid-woy along he open ring
dividing the customers inta roughly equal
Holves. For this it would be necessary to
dd o conirol medule t6 two of the installed
manioring unils, and unless the switchgear
CE

show
of on utemation selution, and 1o colculate the:

z Y {os shown in Fig, 3), 1o
retofl @ means of physically controlling the

s
recessory o idenify key indicators. Factors to
consider include average cost of aperations,
SAIDI, SAIFP, customer distribufion and feader
lengihs. For the purposes of illstration this
paper will consider theoretical values of SAIDI
and customer distribution
Incrementol investment
This is bosed on having or encbling
“gutomation ready” swilchgear and providing
o modular autometion solution which offords
the fleibility and Upgradeahility fa ollow
further incremental enhancements. This
solution, if used for self-healing, would ba
besed on @ centrolised approach. The aim
s 1o help with cost savings in planning and

{os shawn in Fig 2). Retrofiting
a ramoe-control facility 1o legacy RMUs

physical ability of the switchgaar o accept o
retrofifted octuator.

Referring to the 1op curve of Fig, 4, and the
under laying network of o source breaker
supplying a ring of sie RMLs up o the NOP
consider a foult has occurred beiwesn
subsiotion C and D, The primary s8ufee
beeaker is ripped by the primary profection,
the: down sieam nefwark is isoloted from
substotion B, and the primary circuit bracker
is then reclosed bringing 400 customers
back on line. Adding further control points

Nate 2: Sa7

Note 3 - GEM [Global Sy for Aobils C

Wrstem. GRS ((Generol Rocket Rodio Sarvices i o wireless comuaication s

Jdor systam. G5 i )
Tor o ot o igh dvk et for comtinucus connection fo he intermet
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incremental soluficn suggested means that
Utilfies can maximise economiss within the
constraints of this bounded infermation and
doss rot fie down the utilfies fo o specific
technolagy or solution,

Cenclusion

The lavels of distributed ganerotion or ather
forms of congesfion may need 10 increase
substontially for the ecanomic juskication 1o
fully deploy disiibution outomation and control
techniques in active network managemant,
As viilies: nead 1o cofer for the maximum
contingency in the design of thei distribufion
networks their docisions are bounded by
having o accommodete fhe maximum possible
laad, This in isel is inefficient sspecially i the
maximum passi isinfrequent, Moving

Fig. & Improvements b SAIDI (2).

an integrol port in migrating fo active
networks bacousa they support the network
in becoming more complex. The complexity
of the network not only influences ihe
resultant performance, it also facilitates
integration of distributed generation/
renewable energy sources. However, ihis
complexity moy infroduce bi-directionol flows
thus infroducing higher faultlevels which will
have to be man

In most electricity netwarks, there is @ steady
Increase of load, but of the some fime a
netwark may be subject fo a more sudden ond
#peciic lood grovth such cs new idustial

foaim conshuion plan, Theefore, by using

towards on octive management of the natwork
would allow utiies fo moke more efficient use
of their network becouse they would be able
to manoge the elecirical headroom through
dynamic reconi of the network ond

oNOP.
o primary substation on o temporary bosis
would allow delerral of capital expenditure.
The incremental spproach proposed allows
his 1o happen.

Smart grid roll-out

The method proposed helps uilities to
understand their networks and where 1o place
control points. In doing sa, they con achieve
significant improvements in reliobility with
o minimel investment. In addiion this will
bring on enhanced insight into the My/LY
netwarks, The ilies decision to implement
such logies moy be baundad by

plons.
and planned aver a long fime scale, it weuld
be possibla fo have o rai #lan

the expecied. levels o rework cangesion,

based on o shorter fime scele thot could lead

changes in government policy. However, the

applying fime reloted constraints o generation
and demand customers.

Fmdrddudwn isolotion and restoration con be

However, o centrolised approach ollows
integration of diferent vendors thus avoiding
locicin on the secondary equipment (occepfing
that there oy be lock in on the SCADA/OMS)
M he inkastructure enels o moclor approach
will help in providing o soluion for ciferant
system condifions and conligurations, allowing
integration of existing squipment.

Conloct Rick St John,
Lucy Switchgeor, Tel 011 025.7490,
tick stiohn@lucyswiichgear.com
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Secure reliable communications:
The backbone of a successful LV smart grid

by Andrew Goedhart, Uil Labs

Deploying the smart grid inte the LV network creates a number of challenges relating fo the sheer size, security

and reliability of the network. If we are to obtain maximum benefit from the LV smart grid the network has to

support both command and wn!vnl as well as information retrieval. This paper examines how features such as:
and

network planning, theft detection, cusfomer communications,

tariff structures, load muneuemem «and matching impact LV smart grid networking requirements.

The smant grid is being driven by the global
need of utiities and government o increase.
reliobility and securlty of supply in the face
of constrainad and ageing distributicn,
tansmission and generation infrastructurs
ond varicbie: intermiient generafion from
renewable ¢nargy sources (1], Thisis coupled
with an increased variability in demand.

The focus in the utilties hos mainly besn on
the HY and MV partians of the grid. This
is in port bacousa it is better undarsiood,
logistically simpler to implement-and wholly
under their cantral. The integeation of the [V
network hos baan largely limited 1o the roll.
out of elactranic maters. For the purposes of
ihis paper the LY smant grid is defined as the
pertion of the distribution network from, and
including, the L wansiormer and exanding
into the customer’s home {Fig. 1)

The impact of renewables

Historically the majority of South Africa’s
generafion copacily has been made up of coal
fizmd onl nuclear power plants fhat provide
o stable generation copacity. This means tha
in tha face of constoined supply the focus is
shifting to controlling and reducing demond,
Demond pecks during winfer are typically
from 08HO0 — 0900 and 18h00 — 21h00
and diven primarily by residentiol demoand
{51 Thase pecks one tifven by housshald
demand locoted in the LV distribution network.
Traditional peking solulions of pump siorge
and gas turbines are expensive fo build
and operoie,

Wikh Increased consiroints in supply likely fo
continue for the foreseacble future ihers is
incrmased foeus on residentiol damond side
manogement (DSM). Grid stability requires
that the DSM devices implament rsliable fwa

way communication that can support reolfima’

control functions and faedback

The South African Depariment of Energy has
completed fwa rounds of e Renewable Energy
Indapendant Power Producer Procurement
Pragramme {REIPPPP) end is continuing
with o third round. Under this programme
1850 MW of wind and 1650 MW of solar

power will be added fo the grid [3]. The
depariment infends o increase this and has
a farget of 42% of new build capacity 1o be
allocofed to renewables [2]. Only 200 MW
of the current renewables include grid tied

storage. This means that the output from
generation capacity is variable and |
dynamic as well as wasted i not uffised.

As more renewables come enline the focus
will have to change from remaving demand
in fimes af consirained supply fo matching
demand fo supply.

Multile stratogies 1o implament load
matching that are currerly being piloted
include real-time peak pricing [4], two way
ripple [9] and residontiol demand market
porficipation [10]. This change fo load
moiching has huga impacts on the underhing
communications protocals bacovse i forces
he LV smart grid fo be able fo respond fo
changing events in real-fim or near reol
time, It also mears fhat the LV smart grid
extands info the privofe homes where fhe
loods ore situgted. This hos direct impocts
on system securily, dofo ond customer
privacy and ulfimately, if not implemented

correctly, can affect grid reliability by cousing
ascillations in the grid's dynamic response.

Increased customer communication oround
dynamic arifing or billng requires o secure
oudit rail 8] This is parficularly imporant
where customer connecied devices incur
cost o they respond cutomaticolly. Security
concepts such o enticotion, authentication
and non-repudiotion become crificalfor such

communicafions. In dynamic situations, speed
of respons is very imporiont and thersfors the
ability to broadcas informotion securely 1o
muliple parfies with one messoge is required

Increased distribuled micro generation from
solar, ogeing distibution infrasiructure and
changing lood profiles due 1o changing
stondards of ving and increased alecificafion
(7] require lacal contral to ensure load
matching ond avoid stressing of the LV
ransformer. This local cantrol must function
evenin the event of
back end,

k failure with the central

Operations and maintenance

Optimal operations and mainfenance
strategies require mal-time fesdback from
tha LV network to locate the source of foult
during an astage; Faster fouh cotegorisofion
and lacalisation lsads 1o better response
times in group fauls. Betier identification of
faultlocatian during initial cusiomer contoct
allows for faults on customer premises fo
be identified and closed during the inftial
cantact (see Fig. 2). This reduces call outs
tha have fo be handled by the fisld staff by
up 1o 30% ond allows foster resolution due
1o proper vectoring and reduction in "no fault
found” calls, Real-time feadback requires
a protocol that suppars: pushing of alarms
from the underling network. Polling of o large:
number of devices increoses the underling
network resparise fime ond load, especially
whan Iocating group fauls. The machanism
used in the physical and network loyers 1o
control access 1o the underlying network

Fige 1: The focolion of the LV smat i,
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is importont bacause most candom access
network protacels collanse under heavy lood.
Heavy loods in operations and maintenance
networks typically hoppan during svens such
a8 group and areo foults, In general cantrol
neworks tend to have very bursly rather than
constant traffic. It is imparofive that under
these < tions the network behave in a
deteministic way and thot the fhroughpu!
of the network and the responsa fimes do

not collopse.
If the comenunicotions and power nework
are co-locoted, it llows for easier foul
localsation, This howsver is caly pessible i
e nodes in the network confinually montor
anch other, bacouse the fink between devices
may be inoparable during fault condifions.
Colocotion of communications ond power
ollaws for better mapping of the customer
netwerk link (CNL), especiolly under changing
dismbution topologies. The co-location also
allows for accurote mapping of the LV grid. I
the network topology s trocked cecurstely then
the loss of communications can be used fo
accurately locate foult. In most municipaliies
the customer configuration balow the LV
transfarmer is lorgely unaveiloble, Even
where it s oveilable, the 27 000 supply poins
sampled during the feld tial conducted by
Unl Labs shows thet it is only about 75%
Gcctirote. More accurate CNL allows for beffer
maintenance planning as well as better fout
location and shorler response due o mors
occurate dispaiching of field feam

The of LV smort grid is critical
1o its efficient function. The LV smart grid
neads fo implement sufficient mechonisms
%o enable it fo funclion reliably even when

Dﬂtr‘iﬁm

unnivm-r

tumm-r ‘

Fig. 2: Reakfise customer nehcrk lnk st foeddbock used by customer care from the el s

Digsal
modulation

Toblo 1 Gazened open hands for SRDs.

add varicble deloys that interfera with
extracting the required millsecond occurote
timing informatien

Fraud and theft detection

Fraud defection requires accurate
configuration manegement and change
iracking. I roquires canstant ouditing of
configured parameters and high fevels of
sacuriy around change managemant. Usars
and network devices need fo support proper
securly messures in line with FIPS 200 (12]
ond EN 62443-2-1. This includes proper
denti i 0

the underying chonnel s
inberertly unrehable.

Asset management and network
planning

Accurate CNL tracking is raquired for both

ond dotapucks! tamper defection os well os
auditrails on the individuol devices. Becouse
sacurly is @ holisic endeavour the nefwark
end protocol implementation needs to support
hese measures to ensure the compliance of
ol i

CNLinformation. This information needs fo be
kept up 1o dote during network mointenance,
new builds etc. The quality of dato coptured
by manual processes is usuolly low. Even
if & huge effor is expended fo ensure o
high input quality during the nitial roll out,
the quality tends io decoy over time due
1o network maintenanca. The only way fo
reliabilfy obtain the Informaticn: is fo ensure
the underlying netwerk monitors and reports
on this cutomatically, This requires that tha
communications network be co-localed with
the power distribution nework. Ensuring
that the energy balance and subsequent
theft detection can be performed with o
low false olorm probabiliy, requires that
phase information of the metering paints be
tracked occurotely, It also requires eccurole
clocks fo ensurm proper synchronisation of
the

network plonning and asset
Better CNL allows more accurate fracking
and prediction of network and transfarmer
loading. Accurote prediction allows better
planning when allocafing new builds. Accurate:
tracking requirestbioth co-lacation of nefwark
ond power netwarks and energy balancing
fo ensure new builds, missed points, phoss
changes and ofher network fopalogy changes
are wacked. Energy balancing and phose
racking requires millisecand accurate.fime
o be distributed betwaen the field devices
This requires either o seporate fime source
such as GPS recaivers on every device o
for the underlying communicatians network
%o guarantee and provide occurate packet
timing when broodcasting fime synchrenisafion
packets. It olso requires thot oll nodes in the
same LV distribution network ore rsachable
in a single hop as multi-hop networks

o be given o system securly boundaries
especaly whare fhae is & hand over of

This requires tha the
undertping communicotions network be oble
1o distibute and repard an timing informofion

between sysiem i

in

To minimise the window for fraud, the
deployed devices need to pedorm regular
audits of their own configuration and push
the resulls fo o centrol server for checking
and verfication sgainst cantrolly siored and
authorisad configurations. Frpically ths needs
to be done at 06h00 and 24h00 haurs. This
requires the netwark profocols fa suppart
push, and increases network fraffic.

Theh defaction reguires energy baloncing of
supplied energy with consumed and paid for
energy. This is the only method of reliably
detecting thelt in o network. Both delecting
and identifring eoergy theft requires accurate

a tho energy
thetl iz detected! within 24 - 48 hours of it
accuring requites very frequent measurements
(<5 minute intervols). This also increases load
on the underlying communications network

Physical environment %

The tapology of the LV distibition network in
Souh Alftcer s hierarchical. Typically o ring
mins fesds o number of LV fransfarmers
From the LV transtormer o number of overheod
or underground LV disribution cobles are
run. At points along the cable o distibution
Kiosk services @ number of supply poinis. In
overheod lines the number of supply points
servced from a single pole is usually lower
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From the kicsk or pole, a cable or overhead

wires runs fe each individual customar:
The physical layout of the distribution
infrosiructurs impacts the chesice of underying
technology end communications pectocols.
The masirum length of the coble runs is
espacially important e it impacts whether
tha underlying physical technology needs fo
employ a muli-hop netwark or nat. Mull-hop
networks decreasa the bandwidth and increase
the complexity of installation and mainfenance
af the underlying retwork,

ficense is required unlass fhe device operates
in'ane of the current open bands. These
bonds ore defined in ragulations published
in Goverament Gazette 31290 [14]. (See
Table 1.}

Currantly there is o mismaich batween
EN, SADC and RSA regulations in regards
fo the usage and allocation of the
863 - 868 MHz non-specific shart range
device (SRD) bands. The regulotions siate
that all SRDs are operoted on a non-
bosis. This

Fig. 3 shows the distribufion of maximum
distance between 1V distribution ransformers
and furthest kiask fer oll the netwerks in the
field trial. The maximum distonce: roquired
by single hop natwarks is reughly double
the distonce fo the furthest kiosk because
nermally more then one cable is run from
the LV fronsformer and usually in opposite

makes high reliability of such network
difficult to ensure. Listen before talk [LET] is
defined in EN300 220 [19] and s currently
the only reguloted mechanism to ensure
co-gxistence between fransmitiers in the
SRD bands. LBT is enly upplicable to the
8648 MHz specirum. Duty cycle requirements
where the. duty cycle is high and there is ne:
hanneli leads to heavily congested

coverage. If the underlying communization
protocol wants to ovoid packet colisions and
heavy perdormance degrodorion under lood
due to multiple nodes fransmitling af the same
fime, the nodes af the furthest points on fhe
network need fo hear ane onother. This issue
applies sgually 1o radic and PLC networks and
is known os the hidden node problem [11).

Regulatory environment

Deploying o communications notwark for
an LV smant grid impacts on regulations
and stondards outside of those conrolled
by NERSA. Thase include the Electronic
Communications Act (36/2005), ICASA is
responsible lor issuing regulofions in ferms of
this act. The Act requires all communication
networks 1o be licansad by ICASA. This is
separate from the ficensing of rodio, PLC
or ofher spectrum. Currently o network con
be exempled from licensing it is "o private
network used principally for o integrally
ralated fo the intamal operation of the
network operatoc” (15] (Section 640}, This
requiremant means that the network must be

bands. The 169 MHz bond reserved for
meler reoding is only able fo accommodate

o single channel given the requirament for
50 kHz channslisation. This means the
complete deployed network is required 1o
shore o bandwidth of less fhen 25 kbps.

SRD equipment in the 2400 MHz band
competes with other equisment in the same
band tho the regulations ellow fo ansmit
ot much higher power outputs (100 mW.
and 500 mW). The main water absorption
frequency of 2450 MHz is locoted in the
middle of the band. This mokes devices
operating in th band very susceptible o
dvarse weother conditions. This s one of the
reasons this bend wes odginally allocated to
SRDs as it was deemed not suilobla for fixed
microwave links,

The Radic: Frequency Migrotion Plan issud
by ICASA [18] intends to migrote fixed links
ot of the lower fraquencies 1o ree this up for
mobile communications. This means exisfing
licensas in the lower bands for exclusive point
1o orea spectrum will be migrated out cnd

= |
a0 |
|

Maximum distance (m)

Maximum Distance from Mini-substation to Kiosk

¥ the opes
traflic on behalf of third parties.

Under this Act ICASA can publish regulaions:
inthe government gazatte around *Approval
of Type' for network cemmunications
equipment [15] (Section 35) ICASA has
‘ublished “Regulations n Respect of Technical
Standords For Electronic Communic
Equipment* [17] thot datemninathe e
the telacommunicotions equipment has 2
comply o

Radio

I terms o ths Elactronic Communicafions Act
36/2005), oll rodie bosed communications
require o rodie squipment type approval
certficate to b issued before being allowsd
1o b marketed or sold. In addifion o spectum

i 3: T dtorce o 1 onsformer b s
iosk i tha hial sies,

T E——
ferminaians and transfocs

Table 2: Bosic securty requirsments
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new licenses will becoms increcsingly difficul
fo obigin.

Narcow bond PLC

Cumently narrow band PLC is not regulated
outside of the normal raguirements for
compliance with SANS 222 [21] and SANS
224 [22]. These stondards cover radiated
‘and conducted emissions above 150 kHzand
EMC suscoptibilty, The only published SANS
standard is SANS 50065-1:2012 [23]. Whilst
the standard deals with 10 - 149 kHz PLC,
the forward of this standard resarves the band
upta 500 kHz for uily use.

inverters and acfi

Currently low cost gri
power comection devices pote o huge fhreat
16 the <150 ki band due to SANSZ22 and
other ragulations only covering emissions
starting of 150 kH.

In Germany due fo the interierence being
experisnced from solor convarters, the
regulotar hos accepted a number of Yechical
files" for G3-PLC cparating using FCC-1
profies [150 - 4BO kHz). As more solar comes
on line this frend is likely fo spread 1o other
areos of Eurcpe.

Regulations an cyber security
Electronic Communications end Transaction
Act, 2002 [14] covers issues around
aulomated fransactions (Section 2

Fig. 4: Loy

cover securily required for smort grids. The
USA hos taken the lead in fhis orea with he
publishing of NISTIR 7628 (26) - ‘Guidelines
for smort grid cyber securily'. Care o fhese
guidelines are FIPS (Federal Infarmation
Processing Standards]. Of particulor intarest
i3 FIPS 200 [12] that outlines the basic

g as o secudty mecharism to lmit securly bredches

ond loyering easures that their sfiecs limited
and racoverable. Audit trails and proper
outhentication and identification then ensure
that th responsible: pory can be identilied,
It is eritcal the the organisation then takes.
action fo ensure tho the perpetrators ars
deolt with oppropriotely, There must ba

mecsures foken o ansure the privacy, inegrity
source and quthenticly of transections and
dota when submitting electronic evidence
16 -court (Section 15), lts definition of
personal information does not directly cover
measuraments or information normally
tramsmited during the operation of LV smart
grid, unless thot information is usad os @ basis
for corespondance, billing ond outomated
transactions. This is particularly imperiant
where: cusiomer actions lead 1o billable o
retundable events and where connecled
devices incur cost or obtain credil as fhey
respond automofically.

NRS0S7 [8] s pert of NERSA licance condifiors
and requires securs audit roils for oll billing
The Protection of Personal Informotion Bill
[25), first tobled in 200 and awaiting final

far all fedaral

for ene’s actions or the entire

information systems. These ore brokan int
\hree oreas: users, manogement ond
protection and era show in Toble 2.

The evaluatien of o securly system must
always be done in the contex! of on
erganisation. Technology and sysiems can
aid in the deployment of o secure system,
but the procedures usad within the deploying
orgonisation are crifical in ensuring the
security of an operational system. In fact
FIPS 800.53 "Guide for assessing the
security controls in federal information
systems ond organisations® [13] foaks
almost primorily at hew the sscurity is
implemented from an organisational context
and views tachnology in supporfing but
critical tola, Cenfral fo. this belief is thot

sacurity systems ore complex and therefore o
i ot

opprovol by porliament,
holding personal information including
information round financial tronsoctions
ond communications to foke oppropriaie
reasanoble technicol and ergonisaliona!
meosures to prevent loss, domoge or unlawlul
fccass to such informaion (Section 18 (1))
and 1o identity gl reasonably foresesable
ks and implement safeguards for them
[Section 18 (2))

Basie security eoncepts
Currently there exists no SANS stondards that

covarof h various ospech oafsled n FIPS
200 above.

Another central theme is thot security should
be loyered and compartmentolised to ansure
ot single successlul aftack doss not leod to
e compromise of @ large parl of the system
or organisation. Bacause securily hos both
sactal and fechnicol aspects a compromise in
same part of the system is almost guaranieed.
Regular oudis ensure such compromises are
discoversd early ond compartmenial

systom fals opor
Existing AMI protocols

SANS/IEC §2056-21 “Electricily metering

Dot exchange for meter reading, forfl
and load contral® [24] defines one of the
maest cammonly used protecols fo configure,
conirol and extract doto from o mefer It was
intially designed to configure and query o
stand alone meter v locol seriol port, Over
fime it has been ndopted and extendad 1o
covar many diferent transport mediums and
addifional aspects suchos aloming,
Unfortunately it suffars from majer draw
backs oround security, scalability and
standordsation.

SANS 62056-21 i session based. Every fime
contoct with o meter is required, o sassion
has 1o be established, he communications
completed and the session torn down,
This st up/teor down process is.slow ond
requires a large amount of communications
overheod and state fracking. Links cannot
be kepi apen indefinitaly because of o
60 3 fime-oul in the profocol. Tris mokes if
difficut o scale in stuations where o back.
nd needs fo communicate with millions of
davices simultaneously aver o short period of
time:such as during an emergency demand
respansa incident.
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SANS 62056-21 defines four |
security which are based oround passwords

and physical occass. Tha protacel does nof
provide for any means of ideniifying the use
This means compliant implementations do
ot maet basic securfy requirements around

and oudit

PLC physicat oyer

Currently normow band PLC in South Africa
s not reguloted. ICASA is accepting PLC

equipment for tyae opproval that
al frequencies up 1o 500 kHz provided
that if can be shown that it doss nat couse

ansmits

rails making if impossible fo hold people
accountoble. This lack of accountability is

with existing radio licenses
and meas requirements of SANS 222. The
process issimilar o the ‘technical file’ process

listed os a specifi v
daployments in MISTIR7628 (27
The standord also leaves crificol aspects of

tha implementation such s the outher

ication

algorithms unde
because many of the algor
¥ and not open to public review,

od. This fs problematic

s are

props

Some of these-are not sacure. This variafion

Inad fo incomputible: implamertations. This
rasults in meters. hoving fo be configured
and managed fhrough vendor specific

master slations.

Implementing & LV smart

grid pratocol

Betwsen 2009 and 2011 Uil Labs rofled out
& 40 000 device netwark 1o do emargency
demand side manogement. The majority of
the devices were insialled in Norhern Suburbs,
Johannesburg but sites in Cape Town and
ided. The functionality
grew over fime to include mefering, faull
datectian and outoge managemen, customer
disconnact/recannact, snergy balancing,
network planning, fransfarmer manitering,
messaging, and customer nefwark link
‘mepping

Durbon were olso

The system wos designed o use PLC o3 the
communicotion medium in the LV network ond
GSM GPRS was used for back haul from the
1V ransformer Radio wos nitally considered
bt was eventuall discorded in favour of PLC
The reasons for this included:

The distance from the distrbution kiosk fa
where fhe display was located in the house.
wes in some cases grecter than 70 m.

The foct that some of the kiosks wer
mede from CRI2 stainless steel and
would require extemol antennes that were
suscepiible fo fampering.

The difficolly in penetrating multiple
loyers of re-enforced concrets used in
e consiruclion of some of the customers’
houses.

The duty cycle requirementsfor the system
os o whole.

Difficulty in managing pubfic
sentiment fowards rodio due problems.
with competitor AMI installafions in
neighbouring Blairgoweris

PLC was able fo properly map the
customer network link

Y Europe under the IEC

regulations.

The 150 - 500 kHz [FCC) bend hos o number

of advontages over the CENLEC bonds

(10~ 149,5 k) Thasa include:

®  Less noise due to FCC band being covered
by the existing conducted emissions
fromework of SANS 222, Currently
CENLEC A bands have no regulotions
limiting conducied emissions from cther
devicas such os grid tied invarters which
is problemafic

o A much lorger bondwidth avoiloble.
350 kHz vs 60 kHz in CENLEC A

Higher and more slabs

line impedance.
This is typically around 5 € far FCC
and vories down fa less than 0,5 0 for
CENLEC A, Low impedonce requires
higher driving power and leads 1o bigger
power supplies and greater cost. Yoriation
in line impedance leads to greater
chonnel non-linsorty, increasing signal
distortion,

CENIEC A requires considerobly lorger
fine cauplers. This s due fo the size of the
salely capacitors in the line caupler circull
being inversaly proportional 1o the lowast
fransmitted frequency.

The mave 1o SANS 50065 specifcolly reserves
the frequency band from 150 - 500 kHz for
utly use. The increasod bandwidih ovailoble
iscrtical for obust commuriations as i allows
modulotion techniques 1o work around noise

suficient bandwidin
mmand and control. Due fo when if wos

sources whilst stillprovid

for

implemented, the PLC implementation used in
hefeld Wial is 0 modfed version of home plug
cammand ond canirol. Curranily however there
are FCC vorionts of G3-PL implemented by
Wi, Ti and En
band providing greter fhroughput ond similer

v that operote in the some

robusiness. During the field frcl we fasted the
lementafion on seme of the wars!

i ond received throughput
of 150 kbps evan in the presance of active
inteforess ot distonces of >500

Robustness of communications is o crucial

component of any blanket roll out as the
reliabilfy of the network is crifical. Such o roll
oul does niot allow for coreful placement of
network compon
network parameters. The devices must just
workwhen place in the field of the predefined
locations by the installation feam. Experience
gl during iniial roll au of the field devices
during the isld trial

#s and fine tuning of the

dicated thot the success
ersaly propartionol
o the amount of human infervention required
during set-up. Eventually the set-up process
was completely automoted through o hond
held device wit
being the sele
if mare then one master was detected on

of the inssollation was i

 only aperotor infervention

n of the network master

the etwerk,
Protocol level optimisatins

The network and application lovel protocols
were designed-for  bod communications
environments. It was ossumed thot links
would not olways be ovailable ‘and certain
cases there would be high srror rates on fhe
PLC network dus fo noise and inferderencs
was also ossumed thot tha noise would result

« PC information
rogarding fault location and detection
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in lowar available bendwidth and thot traffic
would be bursty resuiting in o requirement for
determinism in nefwork oecess.

The first optimisction wes 1o minimise
packet sizes. Assuming fhat the probubility
of & unrecoverable: bil error is constant for
a channel, the chance ef kit error will cause
a packet fo be discarded increases with
increasing packe lengih. Minimising packet
si28 reduces the chance thot pockets have fo
be discarded.

Packet size can be minimised by raducing
rauting and pocket overhead and olso by
using binary poyloads ond data compression
techniques where oppropriate. If is olso
beter to spht lorge packets into smoller ones
whete the averaga packet loss rate dua fo bit
artors excosds the pocket everhend due to
framing. For home plug the this wos typically
less then 100 bytes on noisy networks. The
packet overhead is vary much depandent
on implémaniation of the physical loyer and
will ehange for protecols such o3 G3-PLC
thet ransmit muliple byles per doto symbol
This optimisation was crfical fo ansuring
roasanable link throughput becauss on cerlain
PLC finks the pocket loss rote for long packets
was as high os 50%,

Smaller packets alsa oid in ensuring
better response fimes becouse on overage
othar devices have 1o wail less fime 10 gel
access 1o the chonnel. This makes the
natwork more deterministic lor commend and
control applications

Htha finks sra frequently dropped and muliple
links xist batween the devics and the server,
then the chance of o session based protacol
succeeding decreases with the number of inks
o5 shawn in Fig. 5. To work oround fhis fwo.
fechnique were used i increase reliabilly
of the cammunications, The first was fo use
store and farward mechanism similar o SMS
where packets ore held ot o device and only
torwarded onto the next device when the fink
is availoble, Provided the buffers on eoch
device do ot ovarflow, thara is no fime limit
a5 10 how long each packetis held s would
e the case with o sassion based profocal.

The second fechniqua is 1o get devices 1o
push messages 1o the server rafher than being
polled. The removal of the request messages
reduces averall network traffic. Since processés.
‘xscuting on the server are not lorced fo roit
for mspanse, this results in less state trocking
ond therafors greater scolability

Store and forword coupled with push alsa
help with bursty traflie becauss they can
bo used o smaath out the bursts. However
most random occess natworks eollopss if the
network utlisotion rises abova 40% due to
he high number of packet collsions during

PLC

0,98 x 0,98 x 0,98 x 0,98 = 92%

P

98%

Radio  Network

Fig. 6 Chance of session based protoca! succeeding.

sronsmission. Ensuring thot all network devices
hear ane nather ollows callisions ovoidance
techniques o be used by fransmifling nodes
and this substantially increosss throughput
wnder heovy load. In the field wial the home
plug command and control protocal was

can fypicolly sfore six monihs worlh of dota
before oldest entry in the log is overwritien,
On recelving o pushed message, the server
chacks for gops in the receivad sequenia ids
and requests any thal are missing.

Security

adapted ode on the

wniue prioriy which resuted in o completely
datecministic occess scheme for the nelwork
ond completely avoided collisions during
tronsmission. This allowed the devices on
the network o uilise 95% of the availoble
bandwidih under heovy lood (6],

Systom optimisations: designing for
communicetions foiure

If the system is designed ta hondle
communications foilure grocefully it can
substantiolly mitigote the effects of such
failure. In the LV network the devices that
moke up the nodes of the network hove limifed
resources. This means fhat i o link is down
for extended pericds bufers can verflow and
messages will be lost.

Messages can be lost in both diractions. The
sarver needs 1o have o woy of identifying
when massages ore lost and recovering
automatically. Typically messages sen! fo
the davics rekate fo requests for information
or configuration. Requests will ime oul and
can ba resen, If all configurstion areas are
checksummed and the checksums ore pushed
fo the server on  regular bosis, then ony
discrapancy batween fhe configured sating
and devices current stafe con be defecied
and rectfied. This requices fhe server fo be
the single master data source for ll devices
and network configurations. This provides
an addad benefit tho if a devicas locol
configuration is tampered with, it will be
datacted and resolved quickly

To allow far the detection of lost messones
pushad from the device, sequential ransacion
Ds cre added to all messoges canloining

When applying security fechniques it is very
imporfant to undersiand the concept of the
system boundary, All traffic that crosses the
boundary need 1o be securad. Not comectly
identilying the system boundary and securing
it correctly can leod 1o & eompramise of
both systems. Sometimes whers the system
boundary is located changes due to the
corextinwhich o device is used. Forexample
mast PLC modems can be selup fo encrypt
trofficit racaives in clear text on fhe seria! link
befors it sands it eut on the PLC netwark, Il
the modam and the hest processor are used in
on unsecured environment, the whole system
moy be campromised becauss tafiic injocted
inte the serial link i seen as authentic by il
other devices on the PLC network

GSM SiM attocks

During the fiek ral, devicas containing GMS
modules were forgated by criminols for their
SIM cords. The SIMS were placed in phones
ond used with USSD fo enter competiions
1o win cittime. The cir time wos then sold
Though all services other than GPRS were:
maont to be blocked by the network operator,
USS0 could nof be blacked becouso it was
usad 10 serup GPRS sgssions,

The SIMS .had very low credit limits
Unfortunately the service provider only
recaives the SIM's ol doto records once o day
from the natwork. This ollowed fhe criminals
Up 10 24 hoursto run up very large bills before.
the er was disobled due to it exceeding the
cradit fimi

The use of o pin code as o mechanism fo
protet the Sk from uncuorised use does

These messages ore first writien 1o Jogs in
permanent storage before being sent. The
logs are implemented os circular buffers end

et work in this needs
10 be sent ia the modem in clear tex! during
power on, Using o chip 5. embedded on
the madem also doas not work because the




I 2 4th AMEUTechnicalConvention2013 WM
e e R e L L

eriminals remowad the modem from the device
and used a custom boord with the standard
modem connector o folk jo the modem ond
issue the USSD commands.

The devices could ot be physically secuisd
in the field fo prevent concerted attempts
1o gain access to the device, The solution
had 10 ba to remove the incentive for thes.
A three pronged opprooch was trisd and
proved successful. All SIMs ware moved fo
prepaid with limited funds being ironsferred
o the SIM at the beginning of each manth.
Up until this incident netwark operators did
not allow prepoid to be used with private
APNS, however dus 1o the fact that they
could not block the LISSD service from being
explofted they have subsequently ollowad
this. This limited the liability associated with
the SiM, To make fhe SIM less of a farget o
chip SIM was used ond bonded 1o the PCB
olong with the modem in such @ way thot
remaving it led o significant damage fo the
chip SIM. The phone book in the SIM wos
st up to only allow @ limited set of USSD
codes fo be dioled. This se! only included
the commonds required fo sel up 0 GFRS
sessian. The SIM hes o separafe gin fo ollow
access fo the SIM's phone book. This pin wos
randomised and discarded to ensure it could
ot be recovered nd any of the numbers in
the phone book changed. A label was stuck
onto the device to nolify thisves thet na SIM
was present in the device.

Aher his wos dona the number of device thefts
decreased subsiantiolly and for fhe lost three
months leading up o Seplember no devices
were stolan

Conclusion

appicotion oy, the effectv reliobilty of he
communication nework o8 sean by usets of he
system con be substontiolly increosed.

This incraosed reliobily is criical to ensure
hat the gains from fhe LV smart grd due
o increosed organisation afficiencies are
not offsel up by incransed maintenance
of the LV smort grid and the underlying
communicafions nefwatk

References
i} BT Ereeensoacrt
(em. Vision and Sategy lor Eurcpe's

B N s P by
Ofice for Ofcicl Publications of the European
Communties, pp. & - 7, 2006

[2] Deportment Of Energy: “Depariment of
Energy Annuai Perlormance Plarr, Submer
Publishers for Dapartment of Energy, pp 10,
2013.

18] Depariment of Energy: “Renewoble Enargy
Indapsndent Powar Producer Pracurement
Programma®, u.-:.m.amunu\mmmf
£990/203#po0e/303, August

Ml S Widergren, C Marinovict, r a.um...

A Groves: ° pricing domand

resporise in operations”, Pawer and Enargy

Society Genercl Mesfing, 2012 IEEE, pp |

-5, Ly 2012

IE Lans, 1) Hosgenboesem, GI Delport
Presart ond Fulure Naficnol Biecticty

Demand”, Final Regort for ESKOM by the

=

Orgosssatiora”, Noflonol Iihie of Skandords
and Technology, Goithentug, June 2010.
(41 i 2 oA v Comeiomicters
nd Tronsactions Adl, 2002 mement
Gecete Vol 146 Nia 23708, Frorone,
po 158, 2 August 2002
1151 "Elscironic Communicalions Ac, 2005"
overnman Garatle No 28743, Pretorio,
po |~ 128, 18 Aprl 2006,
(1] ndspunden Comeilcations Authorty
i Adr iations in respec of
bt s
tha electronic communications oct mod with
section 31(6) in respect of radio frequency
spectum, ecs and/or ecns”, Govemment
Gazetie No 31290, Pretoria, pp | - 18,
29 4ujy 2008
Independent Communications Au!hon\y
of Souh Ak Faulaions n Respes
ieal Standards for Electroic Equpmant’
Govenrment Gozette No 32885, pp 1- 19
22 Jonwary 2010.
18] Independont Commonicafions Autharlty of
Sauth Aea: “Frequoncy aticn
and Frecancy Migration Plon’”, Govermment
Gozzete Vol 574 No 36334, Pretaria,
pp 354, 3 Aprl 2013
119] EVSIEN300220.1¥2.4.1. “Eladromognetic.
compotibily and Radio spectium Wianers
(ERM);Short Ronge Devices (SRD); Radic
gt o be e n he 25 Wi 1o
Hit o quency ronge wih powe:
ol a1 500 o | Tachpica
d ristics and tess g ' Codex
France, Jomuary 3012,
120] (EC 62443.2.1 #d1.0: “Industriol

E

Analysis Gentre, Deperiment of Elecirical
and Elecironic Engineering, Poichelsiroom
Universtyfor CHE, Voo Trongle Campus Moy

(6] A Gosdbart, R Heymann, HC Fer
Mo tiomuPiog CBC. PLC fof vnd
in 0 fow voltage smort grid,” Power Lina
Communications and s Applicaions [SPLC],
2012 16t IEEE Intemationsl Sympasium on .
99,194,199, 27 - 30 March 2012.
Shofistics South Alrica: “Cansus 201 1 Staisiool
Rawote (Ravised] - FO301 4%, Preloria
Ociober 2012

The LV smart grid is network
used to retrieval daily measurement dota to
ane thaf needs fo support and enhance the
utliy’s day to day operafions. Operatians
and mointenonce, theit defection, asset
monagement customer communications,
network planring ond load management and
matching require hat the network support
command and gantrol fype functionolity in
additien to nomal data refrievel.

With increased functionaliy comes inereased
risk due to security breaches. Mechonisms
thal were used previously such os multi-level
posswords are no longer odequate and
need to be raploced with on holistc sacuriy
model that combines both technicel and
organisation ospects fo mest FIPS 200 and
800,53 mqirements ond snsurs sale secure
operation of the LY smart grid

The field is o hostile environment covaring

 large areo ond uses communications

that are inherently unrelioble. By foking @
holisiic: syster view and including mechanisms
ot multiple fevels, from the physical fo the

81 Electricity Supplers isson Commities: “SANS
47412006 Code of prociice for siectricity
meloring”, Pratoria: Stondords South Alrca,
2004,

|7l S Widergian, T Marinovici, T Berliner,
A Graves: “Real-rima siiing demand
response i operalon’, Power o

Saciety Genaral Msating, 2012 usz e 1
~ 5, luy 2012
[10F S Widergn
A Graves:
responss m operations”, Power and Energy
okaty Ganoel Mesiing, 2012 IEEE, pp 1
=5, kiy 2012
1] 1Y, Wog Gorcoluino-Aceves: “Farformar
I Calivas Avoiance Prosocols in gl
Clamd 5 Hot Networks”, Procesdings of
e 10 th IEEE Intermationol Conference on
Netwerk mﬂ. [ICNP02), IEEE Computer
Society, 200
121 ms PUB zuo “Minimum Security
fedorsl Informaton and
nfarmation Systems”, National Instiute. of
Standards ond Technology, Gaithersbuss,
March 2
(13 e Special Publcation 500-53A Revision
for Assessing he Security
Systoms ond

€ Morinovici, T Bediner,
al-tima pricing demand

networks - Network
syitem security — Fant 2-1: Excblshing an
industrial automation ond contral system
Heuriy progrants Inaimcionol Elec
ical Commision, 2010
1211 SANS 722:200%, imaton technalogy
equipment . Rodio disurbance character
- Limits and methods of measurement”,
Standards South Alrica, Pratoria, 2009
[22) SANS 224:2010: “lnformation sechnology.
equipment - Immuity choraclerisics - Lty
and mathads of measrement”, Siondords
South Akica, Pretoria
23] SANS 5004 2: "Signalling on
ow-voltage elecirical installation in the
iy rongs 3 ke to 1485 W Part |
ol ecuirements, frequancy bonds ond
sleciromognetic disturbonces”, Standords
South Akica, Pretoria, 2012
[24] SANS £2056.21:2003: *Elocriciy metering
~ ato exchange for metar reading, torif
and lood contred Port 21 Diact local doks
gicharoe”,Sondords Souh Arca, Freor

R Jiw et
Devalop
wmmumm i,
Pretoria, p

anal
“Protection of Parsonol
Gevernmant Printars,
55,15 Augup 2009,
261 mw«mmmwmu@mmw,m
Security Working Group: “Guidelings for
Vel. 1, Smart Grid
Crhlr Securlty Shrategy, Amhu.m and
Level Require mants *, National lnstitute
Msmum-nnmmm August 2010
271 Tha Smer G Intercparabiliy Panel - Cybar
Security Working Group:
Smart Grid

Arabyses and Reference °, Natonal Inai
of St ond Tochrology, pn 39, August
Andrew Goedhar,
Ut Labs, Tel 011 805-0094,
andrew goedhan@uiillobs.com



24thAMEUTechnical Convention 2013 | —

How software adds intelligence to the

smart grid

by Torben Cederberg, Venlyx and Karen Blackmare, energy and industry analyst

Smart grids are seen as a combination of technolagies, not just the power products and systems forming the
physical transportation of slactrical energy. Information fechnology such as smart meters, advanced SCADA
oo aoiit luth

systems, tools,

smariness fo the power system parts of tomorrow’s smart grid networks.

The reader wil lean from exomples dealing
with the operafion and optimisation of the
smart grid bul olso an example dealing
with the smorter asse! management af the
elecirical nehworks. The Jatier is of special
interest since it 1s o very evidant way of fying
investments in the network (enterprise osse!
management) with the performonce of fhe
ossels 03 measuced in safaty, rellabiliy efc
(network operations).

Finally an exampl of how forecasting and
smart data management s used by a ullty in
Europe will conclude fhis paper by showing
‘hew they aro using software adding infellgence
10 their current natwork operations.

‘Smart grids are dynamie and
information rich

As g result of worldwide promotion and
invesiments i groen enefgy as 0 woy of having
sustainable grewth in the demond for slecrricol
energy, lomarrow's electrical grids need fo be
smarter than those of today. Why is this?
Mony sma grids, unlike traditional networks,
contein o larger propartion of renewable
ond distributed genaration such os wind and
solar pawer. These new sources of energy
productian are much more unprediciable
since they are dependent on the elements
for their production capacity and availobility
Tradificnally i was enough fo simoly predict
the load and then size the production
accordingly, Adding o dimension by the
infroduchion of wolatlo anergy production in
the distribution grid leaves o challenge for the

produced and reodly ovailable, (os dapicied
by the ones ond seres in Fig. 1). Many utifies
alrsody today experience an valanche of
dato, most of which is simply sfored, bt fol
proparly processed. The oluable information
{s confained in the dafc, but net made visibla
or obvious o the ufilities, This is where
smart grid software con moke @ signficont
differerce and, used coredtly, con fur the
massive amount of raw dofo into involuable
information to help tha utilites in making
beiter business dacasions and 1o moster the
operation ond ownership of tomorrow’s
smon grids

Smart grids require both intelligent power
systerns o3 well o3 intelligant system support,
This i quits o chollenge for the industry.
Understanding wht these chollenges ore
s fist step, but what are the components
of @ blueprini fo masier the challanges of
fomerrow's smart grids?

How fechnology ¢on enable o
smarter grid

There are theee key components ha form the
blueprint for fhe most successhl smart grids
of fomorrow:

Inieligence: unlocking the welih of new
dota glang with existing knowledge 1o
drive octions and outomation

Integration; optimise the entire elecirical
valua chain in a responsive and
rmsponsible manner

much more dynamic: and chonging condiions
Pouer flow 05 ust one exomple; may change:

direction and ampltude: saveral fimes ver

tha course of a day, putiing securiy of pows
dalivery to a reol test. =

ill politicians ora puffing prassure on the
industry 1o grow ifs flest of green power
saurces, while stil keeping forifs low, and
are ko increasing pressure for o soble ond
predictable service.

Changes in the power flows of distribufion
networks s just one smart grid chollenge.
Ancther, and pechaps ana that is more
urgent 1o resolve, is the huge amauni of date

adding

Innevation incorporate. new technology
8.1t comes about in an agils mannet
ond recognise passibilities a3 odditional
knowledge is gained from current
implernentafions

Thase componients will anabla ubilities
1o adop! collaborotive, responsiva and
heurisiic business models that give aew
meaning to tha ferm “smant grid” - providing
he energy for tomarros while preserving the
environment

Intelligence

1 ordor 1o fully unlock the wealth of new dato,
uslities are investing in sensors and monitars.
The data from ihese seasors coupled with
indusity specific key perfarmance indicators,
olgerithms and existing knowledge form the
bosis of increosing smart grid inlefligance
While big dota is ofien talked about in ferms
of intelligence, smart ufilities will be looking
ot fargéted data. Usilities will want the dato
o anawer questions such os:

o What dowe want fo know?

o Where do we need fo leam more sbout

the grid and s functions?

How much do we trust the doto and the
systems within the grid?

How doour customers st thainfarmation
we supply them and how do they frust us
0 do whot we say we are going fo do?

What components within the grid ore
missing that would supply more answers?

Fig. 15 The smarfer grid s ieh with dola,
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How much do we “don’t know that we
don't know"?

o Wha is the nexi siep?

As o utility continues fa drill into the
data and gein valuable insights info the
significance of applied intelligence, it will
unlock answers fo the above quesions
and be able fo act upon situations tha! are
happening within the grid.

Integration

Many utfies curently working on smart grid
projects ara speanding fime on information
technalogy, T and operation fechnclogy, OT
converganca. Blending thess two fechnologles
to provide rue integration is o key o the puzzle
of “connecting the dots” in the network. In
addiion to the integration of the lechnologies,
processes mustbe infegrated 1o foke advanioge
of the outamation that can occur once T ond
OTami 4

hand; but had o vision of the grecter picture
and goal. Utilities tedoy that are innovative
about smart grid solutions dream cbout o
better plonet and conditions for quality, of
Iifo-ond fully sustainable systems for eleciric
resources that supply all people regardless
of location or income. Bul those uilities
are awore that the problems of foday must
be solved first in arder 1o reach the sneray
needs and dreams of tomorrow. VaosaETT,
while doing the reseorch ond analysing
the results from thair smart grid globol
research project, found thot innovation
was o deciding factor in successful smart
grid projects.

As we will e nexi the three *I” compenents,
intalligence, integration and innovation are
oll essential for bullding the sclufions for
fomermow's smart grid applicafions.

‘What are the solutions that add

‘automation fo foke place withou! infervention
‘and oloris for responses that require: manual
intarvention, additional decision-making and
nctions thaf connof be completed with the
curent systams in place. Once the processes

1o the smart grids?

The orsas described will all exampliy how
software solutions are processing data, in
mony cases, alisady existing and reodily
ovailable, for utifes fo form sirofegies and

are infegrofed, there is h that
invalves custormers and theis respainses to events
such os outages o peak demands ond the
employess who help the customers undarstond
whot is involved. This integration of customers
and other stakeholders is as imponant as the
convergence of the tachnologles.

Innawation

The third “1°, innovation, is fed by
intelligence ond integrafion. Innovation is
whot led fo asironauts walking on the moon..
Hewever, 1o get fo that point, pecple hod
10 solve fhe problems of fraveling in space
and then landing on and returning from
the moon. They hod 1o solva problems at

asset o5 well o3
in opergtions in @ mere opfimised wor.
Seversl vandors ars sfiering solutions in
all mentioned areas, This poper will be
describing the general principles in each
area ond ill usa examples, nomenclatura
and illustrations wsing exomples from
ABB and Venlyx, Ofher vendors may offer
similor solutions using other nomes or
configurafions, howaver the principles ara
similor. The utlity reader of this paper is
encouraged fo research what solufions cre
evailable ond how they can be cpplied to
ts unique netwerk and company siructure,
1oking infe consideration company (and
network size] os well os business impacts.

2

Fig. 2: Asset haaith cenire

ot 11 VoroETL

Asset health
The valus of a uilty is very much dependent
upan s assels. Many uliies stugale fodoy
with @ sef of assefs. thal are neor or sven
past their and of life doto and o lot of maney
is put inta vorious “prolong the equipment
lifetime” progroms, Mony of the maintenance
programs are still done in a time bosed
manner; ond therefore the optimal Gsoge of
the power equipment may nol be achieved
The good news is that there is o batier way
‘an osset healih opproach fo mointenance.
Today, asset maintenance approaches typicolly
raly on an od-hoc mix of information from
mulliple sources like time and usoge bosed
inspection dofo, clorms from remoe sensors,
‘and indusirial enferprise sysiems, All his dato
Jonds fogetlost in diflerent organisational sics.
Offten, viities raly heavily an human experts
o manyolly review this data, identily trends,
ond oddress the risks of the asset porfolio, As
more of these exparts refre, utiies wil noed
ko presasve his expertisn 0s part of fhe ongoing
emaintenonce data process.
Asse health eenire merges the subject matier
expert knowledge with historical ond real-
time dote. By infegrafing an organisations
speratianl technalogy (OT) with its
information fechnalagy (IT], organisations
have the obility ta consolidate the wealth of
data on systems loods, markets, inspections
and equipment sensors. This solution
helps identity frands with industry-leading
performance models that copiure decodes of
experience building and moi

aining criical
equipment. Asset health cenire doesrt just
olart the utlity when cssais. are about to

it lso helps anticipate issues before they
into problems.

In proctics, asset health centre will leod fo &
stats of knowledge where the most volucble
‘assets ora mopped and categorised according
o theic current siates ond expected listime.
Proactive mointenance is part of this os
well o5 risk-based decisions of updating,
prokonging lfe time or exchange of equipment
s performed. The result is o reduction in risk
of criticol osset foilure by combining many
types of asset doto fa form predictive
actionoble itelligeace oround the heal
eritical assets.

Using this improved level of insight, utilities
can take ocfion now and priorifise Their
response and resources. Orgunisations con
optimisa théir mainenance spend to get the
most from their ossets and budgets, build
business cases for repoir/mplace decisions
arid codify the experiise of fheir sioff in order
fo moke if accessible for new employees and
mainienance ouisource pariners.
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Outage lifecycle management
the utility hos with its
cuslomers is often just as important os the
heaith of its assets. Customers volue a relioble.

The relationsh:

(ond inexpensivel) service of uninfarrupted
electrical powr and if it has fo be inferrupted
for maintenance reosons they will want to
know fior how long — and be able to trust this
information

Outage handling, whether plonned or
unplanned, easily stands out among
the mast commanly performed fasks by
operaiors in any contral room of o modem
utility. The difference betwaan warking with
planned outoges and unplanned oulages
is quite significant. In the first instance, the
aperator knows what is planned and fies
ohead and the chollenge is fo opfimise
the work maeting deadiines and budge!
In the latier instance, outage management
in terms of system restoration is quite
different with o much more stochastic
process. Whot the two share is the need
1o make quick decisions minimising the
number of affected customers when doing
mainienance and system restoration works.
It also needs fo keep customers (and
other stakehalders) Informed of wht is
going on ond when normol sewvice will be
resumed. Luckily for the ufilifies, but olso
for their customers, planned outages by
far sutnumber unplanned outeges. Still
the overall goal of restering any outage
remoins the same, which i fo resume service
quickly and safely for improved customer
safisfaction and reduced outoge duration
and frequency.

How can this be done in the mas? efficient woy
and what is the difference in doing thisin &
ore convantional newark compared with &
smart grid environment?

An autoge usually follows this life eycle:
plonsing — pre-avent preporations —
restorafion — closaaut. Also in most, if nat
all, ubifies these life-cycles ore managed

3: Guiage il cycle

N ——

by different people using verious computer
systems. 500 first attemat weuld noturolly be
o map these systems and the flow of data 1o
see how this can be smartened up and mode
more efficiently. Wa have done extensive

solution portners and drawn o map (Fig, 4).

This illustrates a typical mop with the
different functions perormed during on
outage life cycle mapped on the horizontal
‘s while the uilty depariments supporting
the (job) funclions are mepped on the
verticol oxis. Highlighted using different
colours ore the point sclutions that perform
the various functions. We can see that the
management of outoges, both planned
and unplonned, is quite camplicated and
involvas many sieps, people and exchanges
of dofe. Wouldn'l i be o nice idea to put
all these functions info ane single system
or solution? There are vendors that are
about to do this by intogroting ts point
solutions and already in the research and
development stage of a solution develop it
os a port in @ bigger pictura. Naturally the
point salutions can siil be used as stand-
aline teals and also infegrated with other
vendor taols using fhird party integrators in
the classical manner. The fake-oway from
this is hat now for the fist fime there is alsa
the option of o much more holistic solution
that will hove advantages when it comes
1o both copacity and more impartantly,
efficiency, compared with roditional build
solutions

n related

The second porf of fhe que:
to outage management in smart grid
versus conventfional networks, what's the
difference? First of all, most networks are
still trodifional 3o there is not & ot of field
experionce et b through the sarly work
of our innovetion pariners we hove gained

insights of problams that are foressen when
moving farward ino. the smart grid network
siructures.

The most obwious challenge is the distributed
renewable resources introduced in or near
the adge of tha grid. An ouioge is no longer
anly affecting the disconnection of loads but
possibly olso production sources (PY-panels
and smaller wind generators), moking on
aven more complicated impact to the system
restoration or outoge planning process, The
real-ime anolysis of the optimal vs. oetuol
pawer flow must now be foken into cecaunt os
well o5 safety precoution when having islands
of the network perhops sl being energised.
Agoin the selution 1o this is even more
integrafion and innovative shaing of data, As
this tends o get more and more complex Hhere
is.0ls0 6 need fo buld sefety and rule based
management into the systems responsible for
managing cutages, Outoge management
is actually part of o biager scheme called
dishribution system optimisation which is faking
the some principles fo the total distribution
sysfem managemen

Distribution system optimisation

The ability to opply predicive andlytics 16 o
combination of agerational and information
system dota helps enabla control raom
operoiors 1o have befter awarenass of
capacity and demand situtions, The key is
1o batter manage peak demand. Confinually
increasing demand ploces oddifional sirain
‘on the aging grid infresiructure. Much of this
demand is relatively short (paak] durction
such a3 0 cold snap and may not require
additional long term investment in generation
if other measures con ba opplied. In 2006, a
shudy wos performed under the Indepandent
Elctricity System Oparator, in USA, which
showed thotthe fop 2 GW of load were served

Fig. 4+ Functional map of outage monagament syshem suppo,
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during only 32 system faurs (less tha
of the time), underlining that fhe lorge omount
of capacity that is used is very infraquarily
There are o number of srategies available
to utilities loaking for innovative salutions
1o this issue, One smant opproach involves
attocking tha issus from both sides -
managing the peck using consarvation
volloge recuction, andl bringing new capacily
online through distributed generation ond
demand response. Thesa sirategies are
brought together under the distribution
system optimisation solufion.

Cansenvation voltage confrol

Where regulation permits, conservation
voltage technologies cifer ulities at The

Historicol vahtoge contrel methods have b
significont limiiations. Local-based controls
wars highly lobour intensive and had difficully
allowing aperators fa fake changing nework
«canditions infa account. Ceniralised radio-
contrelled systerns did not permit systermatic
‘optimisation of valiage and var controls for
maximum efeciiveness in loss reduction and
also invalvad significant human oversight

I conirast, medel-bosed woltfvor optimisation
uflises mathematical opfimisation supporied
by detoiled network modeling and customer
load modeling. Tha banefit of utilising
o dynamic model is that tha vali/var
optimisction olwoys uses the “as-opercted”
state.of the network. As outages and system
reconfigurations ceeur, the controls adagt to
ion benefits.

During pilots in o large Nor
fheir estimates ploced reduction in peak
demand ot betweer 2 — 4% correlating to o
saving of $80-million per year.

Americon ulility,

The sovings in deferred generation plonts
or capacity procurement costs, lower system
lossas, lower cuslomer energy cansumption,

‘ard reduced operoting and maintenance costs

—ind generation
—Dermand

HEFLEEH FEH HEE R L
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Fig. 5 VPP/DR slgnaling for peok dlpping

results In model-bosed volt/var aptimisation
having one of the sirongast business coses for
smor grid functionality

Distrbuted energy resources

Distributed energy rasources can olleviote
overloaded areos ond reduce the impact
of ciilical pecks. To facilitate streamiined
utlisation of distributed generation, utilties
need woys to manoge registered resources,
foracost requirements, ond bring resources
cnline. For exomple, o peok demand time
during @ summer heo! wove may requira
ganergion above normol demand responsa
ond local wind farms moy need o be brought
online if wind is projectad ar excess PY
qenerction from the local school. Wih the
infegration of Information technalogy used
1o manoge the requirements and operafional
technelogy to manage on-boarding of the
resources, uilties can quickly activole hase
“virtual power plants’, Distributed energy
managemont systems provide real-iime
tracking, forecasting ond oggregations of
demand respanse and distributed snergy
ressurces info virtual power plant, enabling
improved forecasfing and opfimisafion of
these ossefs.

Demand response

Effactive demond response monogement
solutions need to communicate with demand
response davices, signaling an event
ond gathering data. Demand response
managemant system (DRMS) supports
commerciol and refail ity operations that
are requirad 1o deliver offactive damand
rasponsa programs ond distibuted a!
manogement for their smort grd deploymans.
Using the dsmand responsa fechnology,
utlities can give their cusiomers the cbility
o make more informed choices obout how
nd when they use power by providing them
wilh incentives for conirolling energy loads
n the network, This enablas utliies ta batter

Fig: 6: Fanecasiing predicis svents in fhe near future.

damand periods, minimisa the
impact of outages and decrease investments
in addilional generation, transmission and
distribusien ossefs.

DRMS solutions commuricots with demand
response devices, signoling on avent ond
gethering-octual dofo. DRMS enable ulliy
porhalio optimisation by supporting unit
commitment and dispatch for camplex
parttolios thot include tha full ranga of
portfolio components, including gaperation,
storage, renewables, virtuol poder plonts
and complex conrocts but olso industriel
and residentiol loads. When mony units are
collectively signaled ond managed from &
single: point it is often reterred 1o o8 @ virtuol
power plan, VPR

Demand response dashboards facilitote
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fhe speed of decision making to dispatch
disiributed energy resources and provide
a comprehensive. portialia view. Finally, @
DRMS management salution should include

an operations doshboard that brings all
porfolic elaments infa a framework 1o help
inol decision moking as well o reporing on
forecost and exscution results.

Utility example

The E.ON smart grid project in short

The situation: The company is one of
the worlds largest investcr-wned power
snd gus compories s more than
26 ustomers i aver 30 countries

The dmlh-hge: The grid company in
Swaden servicing 0 gecgraphically very
lorge ond disperse network with close fo
V-million network customers, needed to
pravent instability issues, minimise grid
losses, and reduce operolor stress by
increcsing the situation awareness oheod
of fime.

.

The answar; Combining information
(1T} and operaticnal fechnologies (OT)
in the smart grid contrel canire (SGC
will deliver o higher degrae of arid
automotion, sensing and visibility;
achiave greater conirol of distributed
generation; and further support regulatory
compliance.

Innovative, integration and
intelligence - it's all there

One of the innovative parts of his project is
1o wark with scenario based simulations of
whtis foraseen to hoppen in the near futurs,
The idea s vary much fying to address the

Fig. % Block diogrorm of the solution

suggest correciive octions. Con a possible
overload in o feeder be detected based
on forecasied doto? Whot
is dawn during high load canditions? Can
we allow o femporary overlood of 10% o
ihis cable for fwo hours in the afisrmoon?
Al these and many more questions
could be answered with o foir pracision
and therefare moke the operotors run
the. network more officiently and adding
capacity and reliability without additional
natwork

i o generator

challenge of “wait
hen react”, Moritoring elarms and then react
is fine for some processes in the troditional
grid bt in the much more dynomic smart
Grids it 1s not good enaugh. Fig. 6 illustrates
the closed loop control process that will be
implamented in this project.

What building blocks are needed fo do
this type of odvanced foracasting and
anclysis in real-time? First of all we nesd
o well-functioning SCADA systern with o
high resolution of measuring points in the
Qrid. The nex crugial building block is the
network medel (simulotor) with network
calculafinns being performed continuausly
in the background to simulate the rool
network. It s 1his simulator thot runs the
diferant scenarios and tests the “whokils”
being ardered by The oparotors. Whim we
have the nelwork companents in place
and infegrated, we need behavioral doto
Weather, load ond generatian forecosts
naed 1o be feed into the systam, this dato
s the input. Based on the tapology engine
and the forecost dote, the simulator s able
10 "run the network” for two hours of longer
and chack for prodicied events and olso

Smart grid intelligance solutions like: this
s ranwork companies 10 optimise their
distribution systems of o very modarate
investment compared with odding addiional
power system components. Saltware can prove
very effacive when fhe necessary dota is made
oveilable and comacly onalysed

Summary and take away

Sohwore solutions can odd intellgance and
produca significant value for uities planning
for the next generafion of smort grds. Thers
are three key camponents thot form the
blueprint for the most successtul sman grids
of tomarrow:

o Intelligence

o Iniegration

o Inowtion

The blueprin contains the increased use of
advonead softwors solutions. Turing the vast
amount of deta infa adionoble insights is o
big challenge for any ufty. Areas of smort
grid opplications 1o consider for rapid
deployment are; asset health soluticns,
distribution ond outage

lifecycls management. These areas address
some of the top challenges of tomorrow's
smarf grid and the best software solufions
cambine intelligence, integration and
innavation componants 1o form o holistic
solufion

Uslifies hove a lot fo gain invesiing in these
solutions starfing already fodoy, The process
is not o one time, big bang, project but
rather o fronsfermational pracess with marny
smaller steps. A first step is fo map existing
system support and data flows. -

The morket is offering several solutions from
differant venders. Even if the challenges are
globol, the implementotions can be slightly
diffarant locally, with Europe ond USA being
carly out but soon 1o b followed by utilties
in ather parts of the world

Tha solufions discussed cover both asset
management (asset invesimant opfimizatior
s well o3 s effciont and relicble operation
af the network. Because of this it is highly
racommended utlities form o companywide
strategy, before sngaging in ony point
solution. Hoving this strotegy in ploce and
executing accordingly, will lead uf
1o odditional businass gains including;
more ogile network oparations handling
the dynamic gower flows, servicing the
customers with & more prediciable ond
religble outoge management and deferring
additional investments while using &
capocity closer o its limis.

fing

Contoct Toben Cedsrbers,
Veniy,
torbe bb
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Johannesburg’s smart meter implementation
programme: from concept to reality

by Sicelo Xuhs, City Power

As municipalities struggle with revenue collection, the issue of accurate billing and credit control is becoming
more and more important. This calls for intelligent systems fo help the billing team 1o minimise billing errors ond

1o cope with the volume of additional customers comi
’ icipal

d entity, 10 add;

ing online on daily basis. This paper outlines the approach

adopted by City Power, a
grid concept.

Most ulilities are experiencing various
grablems ranging from poor revenue
collection, capacity constraints, elechricity
theft and poor cusiomer awarsness regarding
proper anergy usoge. South Africa has limited
altamativas 1o elecricity, which mokes it
the main energy source in most industriol
and domestic anvironments. Economic
growth mainly depends on the availability of
electricity and with the unprecedented rafe

For uiilty companiss, It offers the ability
fo distribute enatgy more efiectively and
efficiently and to disconnect servicas for
non-payment remotely os part of the credit
control process. For consumers, it would
enable them 1o get real-time information
of their energy consumplion, and wih fhat
information manage their loads accordingly
o lower their utlty bills: In order to move
jowards the smart grid, it is necessary to

of in the city of
according fo fhe 2011 South Aliicon census
[8], the populafion hos grown by 37% over
the post fen yeors. This is otfributable 1o
international and natianal migration ond
requires the city to continuously expond
infrastructure fo ensure reliobilty of supoly.
Alernative energy sources are sl imiled and
Very expensive. As the world's non-renewable
energy resources confinue fo deplete, thers
is an incraasing need to protect them ond
produce renewable sources of energy. There
is also o nead for systems fo distribute this
&nergy vio on intelligant and efficient energy
distrbution system, fhus the birth of the ferm
“smart grid” as illustrated in Fig. |

A smart grid offers signficont benaits for
both utilty companies and their consumers:

mefers used to messure pawer consumplion
with advoncad meters — smarl mefers, Smort
meters anable various applicofions required
by g smont grid [5].

City Power’s smart metering
programme

Smart metering s @ prerequisite for ony
effective demand response or demand-side
manogement programme. A smart meter is
an odvanced elecironic device which identifes
‘consumption in detail, and which might be able.
1o lood profile data and implement complex
fime-of-use farifis, and even measure quality
of supply. These mefers may be connected 1o

g 11 Block diogram af 0 smort grd sofon

part of the smart

with the local utlity for maniioring and billing
purposes. Smart meters on their own might
moks morvelous omaments for on elecircity
panel with cute displays and flashing lights,
but ore merely expensive replacements for
simple slactro-mechanical meers, In order for
smart meters 10 be of any practical use, they
have to ba intagroted inte o comprehensive
smort mefering system which involves much
more than simply puting a clevar meter on
o customer’s wall or distnbution panel, even
if it doss have o high-tech modem aftached.

One of the mast eritical companants of
any smar mefaring system, and one that
distinguishes if from o simple AMR system, i
the abily to communicats diractly with the
customer. It s vitel thot customers ses the
conneclion between thair iestyle.inthe case
of damesfc users) or business pracessas (in
the case of commercial and industrial users),
what they are paying for elecirici
this aects the ovenall sote of fhe elecricily
supply grid, porficularty n fimes of crises.

City Power’s smart metering
strategy: the need for change

Clty Power ot o glance

Ciy Power is o municipal owned entiy, its

sole shareholder is the City of Johonnesburg:

City Power's vision is to be o “world class

electricity utility”

The utility has over 460 000 customers

segmented in the following woy:

o Lorge powerusers (LPU), which accourt for
approximotely 1% of the cifys population

and coniribute over 60% of fhe tatal
revenue.

Prapaid customers, which account for
approximatsly 62% of tha population
and contribute less than 10% of fhe fotal
revenua.

Canventional domesfic and business
customers, wl account Ffor
‘approximately 37% of the population and
cantribute over 30% of the otol revenue.

City Pawer has annual revenves of
R13,8-billion, employs 1700 people, is the
only utilty in Alrica that holds three ISC

ntion2013 I
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PROGRAMME PROBLEM S

STATEMENT

. N 10% o

‘comuptad

+ Tho grid ia nol ready or aflectie maragement

o Installing bulk melering for infake points
ters.

o Insallation of copacitor banks in identified
reas.

Filla no. &: Confirmation of distibution
lasses and direct costs

Proposed solutian: estoblishmant of o
dedicated tenm 1o monage metering

= Establishment of an energy monagement
back office.

Estoblishment of a revenue protection
response feom (fo deol with byposs/faully
mefers efc.).

Introduction of energy champions te
provide energy service 1o large power
wsers.

Fig. 2: Programma problem statemen,

accreditations (9000, 14001 and 18001),
and s the first utifity in Africa 1o have
underiaken the smant meter deployment in
ihis mognitude.

Why the change fo sman metering now?

‘The smari mefering deployment programme
s designed fo respond lo spocilic challanges
faced by the ulilty and the city of Johannesburg.
t s anficipoted thaf reducing the non-fechnical
losses vill allow the uiility to see o retum
on Invastment within the first five years of
cperationa life of the smart metering solufion

The solufion s nat orly focused on financiol
aspects but olso on the urgent need fo
ensure on improved service is delivered fo its
custames toking into consideration fhe most
eritcal concerns

Risk of criminal acliity when they need 1o
allow “strangers” info their homes.

Cost of eleciicily will anly increase and
they have limited isibiliy of their own
usage patierns.

« Tha city and the uilty do ne! have correct
billing information ond fhe so-celled
“billing crisis” nseds to be resolv
Ty il e oy el
energy market when the grid is nof ready
fo incorporate il.

.

To cespond fo thase challenges, fhe uliy hos
dasigned six-point plan, which has resulled
in 6 foundation for the smart metering
deployment programme, the six pillas of the
plan are as follaws:

Pillr no. 1: Split prepayment

Proposed salufion: customers cansuming
<1000 kWh/month:

* 1o ba comered o o peposd meie
with bidirectionol

& Instollotion of ramote mefer moniioring

‘#ystems, equipped with the back office.
Pillor no. 2: Domesic smart melering

Praposed solution: smarl meters for domestic
customers consuming 1000 kih/month:
s Convert 1o smart meters (equippad with
load manogemen, Tol torf hunctionlty
ond the obility 1o be on pre-payment
or conventional metering with froud
detection capability)

Bidiractional metering infrastructire:
Scalability and the ob
aulage managemant fun

y o suppert
nalify.

Pillor o 3: St meters, lorgs pavwer users
Proposed solyfion: smort meters for large
power users:

»  Convert lo smart mefers.

o Pedform tachnical oudit on metering

Implemant Time of Usa tarifs.

o Power conservation scheme through
pricing signol.

Opportunity to opercte o3 prepayment
through o meter data management
systern.

Pillar no. 4: Smart meters, lorge pewer users
Propased saluton: technicol dota
completeness:

» Audit all siands in areas where supply is

o Locote ll maters with GPS coordinates,

+ Possible joint operotion with other entitis
of the city

« Communicgion campaigns
Pillar 16, 5: Conttmation of distribution
fossas and direct casts

i

* Inutollsion o aV indsamndent lsod

m | necessory.

. Irmullullnn ef pwln:ch structures,
round and pols mounted.

direct costs

o Installation of stots meters of ail of ifs
substation incomars, feeder boords and
switching siofions

9 strategic
and overview
Sirotegic placement

The pyramid in Fig. 3 describes how City
Power infands. 0. evalve 1o o smort grid
ulility in the portfolio of programmes
currenily being underiaken by the utility. The
areos in green pertoin to the smart meter
implemantation programme, the oreas in
red pertain 1o other related projects ond
pragrammes being run within City Power,
while the areos in orange show the enhanced
capabilfies th city vl have towards broader
implementation of the smart grid (e.g. solor
geysers, substation automation, efc.). I is
iherafora clear that the plan sees the smarf
meter implementation as o foundation of
the langer term straeqy, and the city and
its citians should see this programme in o
20-year conest

Programme averview

City Powar is managing the process of

programme management by virtue of

managing successtul pragrammes (MSP), an

international best prociice. The programme

contoins wark being done by numerous

confractors and service providers fogether

with City Power, The senvice providers have

been grouped according %o various projects

and activities Info the listed “high-lavel”

components for befter control. Each of these

report inko the siering committee on o weekly

basis ond they,

*  Have underying siruchures,

* Have numercus intricate and detoiled
components fo deliver.

*  Ave baing managed by project ond team
managers.

The high-level progromme overview is

dapicted in Fig. 4.

Smart programme:

erganisational impact and benefits

The ufility envis

s o holistic, fully inigrated

energy ecosystem in which smart mefering
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nformation is used fo optimise energy usage,

power system that is driven by the power
# marke! economics and environmental
requirements {1]

The implementation of o smart metering
Infrosiructure towards the svelufion of a smarl
grid is @ clear example of fhe uilfy respanding
o industry challenges. By implementing
advanced metes infrosiruchure (M), City Power
can limit ond conirol the dermard for electicity

ths impacting the environment with less
polltion andior €O, smissions. City Power
con imprave its anvironmental faotprint by:

e The infroduction of flexible fime-of-use
rates Vn eﬂrnwwae customers fo use of
off-pec
. Tmlmg sarvices fo specific customer
cansumplion patierrs.
o Improving environmental profection

through reduced carban emission fargets.

The reliability ond quality of service wil
improve a3 fouls and froud con more sasily
be detected ond addressed through improved
operational eficiencias by means of

Automation of meter reading with smart
maters and AMI
Reduction of the numbar of erors in the
meter reading process and prevention of
revenue leakage

Brown-oul avoidance through betier
demand management.

The ropid intreduction of new services
(customers’ aciive cost control, health
alarms, intermet connection).
Consolidation of management and
mornitaring platiorms 1o reduce costs
The use of AM will snable City Power to cope
more affectively with aspects of workior
productivity by means of

« Automafion of management of the smort

grid.

o Intelligent deplayment of maintenance
crews ond equipment fo specific problen

locations.

Improved occess fo information as

required by mainfenance crews deployed

in the ield

However, 10 achisve this, the smart metering
deploymant progromme wil have n impact
on how the curment businass operctes and
tha ufility is aware of this anficipoted change,

/g
===

e gt g b 1
SMART GRID PORTFCLIO

Fig: 3: Progromme stiatogic placement,
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* Proocts, phases and actilos nchce:

Lagacy Syviem Hapiacamare
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PROGRAMME OVERVI

Fig. 4: Programms avarview:

as o resul! @ working group with the sole
purpose of studying the business impoct and
monaging it for a successhul outcome hos
besn established. The output of the working
aroup val result in:

» The orgonisational siructuras being
racligned witkin o yeors

& The processes being re-enginesred os part
of the programme

Underlying support technologies
chonging.
o City Powar's copabilies changing

There s no doubt that the erganisation will
have an improved business at the end of the
implementation cycle.

Smart metering as load managemant fool

The city’s networks and the nafional grid are
experiencing overlooding pressure s well as
energy shoriage from generstion sid
<alls for mossive invesiment from the affected
lies ond most o these ulities do ot have
the required copitol to remedy the sifuaion.
Demand side monogement ssems fo be the
quickest short.term solution ta address the
problem

The city olso exparienced chollenges with
revenue collection and a solutian 1o address
both chaflenges hos to be saught hance the
development of o mefering strategy that
will address the demand side issues os wel
improving he revenue collection challanges.

Tha troditionol lood management programmes:
could nat be abondoned as they become
cheaper and quickar 1o instoll, These
programmes have been combined with the
resources hat have been put in place 1o start
rolling out the program. It is o very intense
programme bt more rsources have bsen
‘odded o ensute efficient and fost exacution. The
potentcl sovings thot con be realised with the
full ell-cutfimplemériation of sman mefering
and o sman metsr monogement salufion wil
havea significont impact on Ciy Power's overall
business. Furthermare, South Alrca is currently
in nofional erisis nnd connot keep up with the
demand for electricity - this project will also.
drive/promote energy conservation (1]

The strategy s olso inline with the gove:
requirement on load control to. oddress
network consiraints while new power stafions
are being built, The Deparmant of Eneray
hos gazstted Regulaiion 773 which compels
all licensees ta hove installed smort meters
with load management capabilities bafore
1 Januery 2012,

The exirac of the regulation is stated below.
“In respect of existing buildings, where on
electric water heating facilly s required, @
licensee shauld install o lacility to remotely
contral the supply of electrcity 1o any elacic
oeyser that does not incorparate o solar
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Fig. 5: Summory of progromrme beoef
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CHOSEN

CHNOLOGY BE)

Fig. & Chosen fechnalogy.

heating water fociiy; (i) sub-reguiation (b}
(i) must be in place not later than 1 Janvory
2012, in respect of space heafing, ventilafion
o cooling = existing buikdings, o be In ploce
not loter thon | January 2012, o licenses
must, (i} instoll o focility o remetely control the
supply of electricily to heoting, venttian ond
eooling system in ifs orea of supphi i} nnu a

licansee declaring the constrains in ferms of

invest moce on dofa management carires and
retroining of their staff and even hiring more
expertise on dota enalysis and management.

Utility o customer communication

Depending on ihe uilit's requirements, the
fachnology con bo used 1o the advanioge of
both the customer and the utilty involved.
The utility con communicate many messages
0 the customer and make sefling changes
remotely. Municipal communiqués can aven
e sent via this intelligent device. ! the meter
is infegroled info an outomated: metec-reading
system, it must be able o communicote with
the doto management system which s placed
on 0 server either a1 he uliily or ot the system
provider. Whare the Uty uses two different
providers for mefers ond systems, fhe mefers
must b compotible with the system. This
rmquires o kind of communication standard
such a3 the device language messoge
spocification (DLMS). The utliy con opt for a
one-way communication (an AMR-solution)
where consumption data are transmitied
directly to the uiility's central system; o they
can choose wo-way communication which
gives the uflity @ comprshensive control of
the meter with tha possibility of enhanced
customar services like the smor disconnect
ond remote upgrade of software (7]

Ease of biling

Smont meters will help the cify 1o accurately
get the customer’s reodings which wil be
outomatically fed into the billing system fo
generate o bill o the customer. This miniemises
billng errors and reduces billing fime 1o
customers. This will olso ollow customers
Yo view their bills online at any fime of the
month. This conversion improves tha quality
of both billing and collsction levels while
allowing customens real-fime access 10 their
consumplion patierns, whnreh, tacilitating

nefwork
o recuce demand” [2].

Dote monagemen{ - custormer profile

The: system will help utlites fo understand

sach cusomer's behaviour and will help fo
strsamline efforts on customer awareness. It

demo
Summary of progromme benefit

Fig. 5 summarises the smarf motoring
programme benefi which are outined below:

City Power will becoma mare piooctive
with regarel 1o customer ssrvice.

.

swimming pool

facilty that enables the licensee fo :mm#y
control its supply of electiciy; an end-user ar
eustomer with o monthly consumption of 1000
kWh and obove must hove @ smorf sysiem
ond be on time-ol-use farfis not loter thon
I January 2012; sub-regulotions (b) and (c)
do not apply in on event where the licensee
‘can remarely reduce or increase the supply of
elechiciy 1o the building using 0 smart system.
In respect of sub-mgulations (b) and . the
Icensee may remaiely control the supply of
eloctricity only during copocity o network
consroints 10 ovoid efectriciy blackouts. The:
system operator must issue @ nolice 10

Jhe amount of resources required fo look after
Jhoss cusiomers. Al the affention hos been
an chonging Consumer behaviour byt realy

* Theb
radduce power wostage.

® Accurate doto will ollow for improved
plonning

itshould

food ‘

upmum suppliers ond providing suppliers
with accurate demand informatian so they
can optimise the grid by reducing fhe
ameun of spinning reserve mqﬂim_‘di;::mu

soned whether enargy utlfies are
::pﬁmm with the flood of extra dota
which smort meters will bring. This is still
a big challange and wil require utles 1o

from the smaort metering lmphmamnun
plan [SMIP) os the foundatior

This i aligned fa the pmh\um stotement
and contbuted to the decision 1o roll-out
the progromme.

Tochnology chaice: “concept fo realiy”

City Power has been looking of o salution
thet will address both loed monagement
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Fig. 7: Selifion components.

and revenue collection challenges. The
traditional metheds hove been tried but the
utility has picked up 1o many challanges
with those systems. The ripple relay can
eusily be bypassed by customers. In
s0me coses the ullify receives cold woter
comploints dus fo the malfunction of these
nipple refays. With the old

recoid, Two of the strategic partners selecied fo
assit arm Edison Fower and iron, as they hove
excellent track records, ere globol leoders in
this industry, and meet the crileria required
by the eountry’s legislative framework, Thers
are clso @ number af suppliers supporting
City Power over ond above fhese delivery

implementafion is by no means issue free:
the utlity is deoling wifh various challenges.
With a dedicated focus from the organisafion
it plans 1o overcome these and improve on
procasses wherever possible, some of the
challenges encountered being:

Poor dota qulity

Propaid customes information limited

Out-dlated customer information

Dependancy on a third-parys data
Slow data update processes

Slow response times from business
resaurces

Rasistonce 1o change (internal and
external)

Access fo cusiomers premises
Par perception of the uility by customers
Deterloroed ‘an-field" environment

Exiremely manual processes within he
utity

Limited doumented processes
Poor customer support servi
cenires)

Desaite the challenges significant progress hos
been made with noficeable impravements:

s (coll

o Programme siruelures thot have been

methods, tha utility deploys o numbar of
matar readers but this systam also has its
own challenges as these readings hove fo
be entered manually and inaccuracies have
been picked up which lead fo unhoppy
customers. Tha ufility hos alse bean
experiencing problems with access fo
propertias which laaves tha wility with no
choice but o estimate fhe readings. I is very
difficult to manoge these methods hence the
increosing rafe of non-payment and manuol
cut-offs resulling in o lot of unhappinass
from customers. As o result, the technalogy.
choice had fo deal with thess issues and
be agile ond scaloble. The sefection of
* tachnology was key o the success of the
short, medium and long-term strategy.
Fig. & shows the high level components of the
chosen technology

« it canimplement hird-party deta collsction
services if ihey ore bosed on standardi.

Th Mple

portfolio marogemant
Technalogy solufion components
Fig. 7 provides o high-level exeoct of the
salution companants from the smart metering
implementation plan (SMIP) decument. The
solufion comprises the backend systems list
which will integrate with the utifity's current
The large powerusers will have access
1o o wab portal 10 be provided. Domesiic
customars will got o customar Intertace it
(C1U) as wel 03 o meter with aceess to an
anlina peril, All these components wil werk
seamlessly together. Further to the solufion,
customers can implement in-home devices
1o further eapitalise an the smart grid inf
the future.

Highights of project progress end lessons
learny

Tha campany is now over sight months info
the of the smart metering

as the city has vorious challanges in

different areas in ferms of communicating.

1o the back office.

The systems hove autemeted problem

resalufion features ond nofification
chonaliies.

o The meters themselves ore upgradable
which allows updates without full
replacement,

Over and above the technology choica, it was
squaly important o choose o supplier/service:
sy clishact

system, and nmmmm progress has been
made in the lorge pewer users envronment.

SMIP imglementafion plan has been
complated

Toolkit developed

Risk-and change management
approach documented

- Risklog

- Impact assessment matrix
lssve log

- Benefits document

Process documentation

Business analysis and workshops,
business slution design (BSD), technical
architectura design (TAD), setup and
configured developmen, e, interio ond.
production hordware/operating systems
ond salution components.

9350 maturs hows been looded onto the
EE MDM, 1925 domesticmeters instolled,
iust under 20 000 domestic melers
oudred, 6489 LPU AMR conversions of
registas/melers were audited, 4582 LPU
AMR conversions of registers/meters have
been campleted.

Tha next roll-out will be o prep:

# installotion

contributors 1o revenus collection challenges.
Cortoin townships hove been converted fo
different smat metering fechaologies and
City Power is monitoring the progress whils
rectifying challenges with current tachnology.
A dacision hos now besn token 1o grodually
roll-out the technology starting with those

y i The

of server to manage inlegration, interim
cnerm

wark order and commissioning sheet
ereation for domestic meter installations.

St up of warehouss; deployment of
systems, deployment of

field doployment

wo MDCs, preproduction smarf meters
instolled, LPU meters — domestic meters
and deployment equipment delivered.
Set up of troining facilifies, fraining



Remote Access Solution

Landis+Gyr's Remote Access Solution for its range of PLC2 prepayment meters, comprises of a three phase PLC
Remote Access Terminal supported by Landis+Gyr's Suptalk communications controller. The Remote Access Terminal
has modular communications facility, making it capable of being fitted with various  communications modules in the
future. This revenue protection solution from Landis+Gyr enables remote auditing and manitoring, fraud detection and

two-way communications with the existing range of Landis+Gyr PLC2 split prepayment meters.

visit the meter -resulting In reduced

operational

ored, resulting In reduce

ind improved cus

in quicker res
wd

10 the community

the Remote Access Termin

+ Prepayment meter auditing can done by the
offic

from the comfort and safety of the utility

Gyr

+ Two way communication with existing Landis+
providing

PLC2
sand maintenance tokens

it prapayment meters, enabiing the utiity 1o
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fion processes,
s trials developed

It is important fo nafe that the

has invested heavily in extensive planning and

saffing up of bock and systems over the.

« St up structunas within the crganisation

Extansive business anclysis done
o Training focilities set up ond various
the and-to-end v chain
Set up and implemented the wareh:
and relevant process
.

led interim end production backend
ms

& Raplaced faulty meters and convered high
valus customers (LPU)

& Started the business trials

Conelusion and key milestone for
the next quarter

s it proceeds, City Power plons to have btier

traction, as the initial

to change
ndation for the

s subsiding,

SECURE UTILITIES - SAFER CITIES

SECURE MOBILE VOICE
SECURE MOBILE DATA
SECURE SCADA
SECURE CCTV
SECURE DATA STORAGE

e hos been sel. Onca oll processes

reamlined the programme will begin to

sea more bensfts suracing. In

llestones will be undertoken:

the following

MDIM operations fe
@ from defivery 1o

s Tronsition from IEE
City Powerand the

. ftor General's respanse fo plan
s Business triols
Complete field trials for ¢
ience
sign-off of field and bock-o
systams pricr to roll-out
« Completion of business trials prior o mass
roll-cut
o Addifionol anolysis workshops [business

/) and phase one of
s integration

and technic
production syst

Aworeness compaign

Improved communic

monogement siruclures

Improved customer support centra

o Final planning for moss roll

o Completion of meter audits

» Busin

jgn-off

artation plan

In conclusion, City Power firmly believes
that despite the chollenges, f s pushing fhe
on inlo 0 well-needed chonge. The
eight

@ and

organi
prog:
ths, is confinving a1

ade good progra:

1o expedite delivery
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Bring city lighting to life: dynamic, intelligent
and flexible control of city lighting

by Daniel Gooijes Philips Lighting

It Is expected that the global urban population will grow by about 44-million people every year. Of this world
population 70% is expected 1o live in cities by 2050. This puts huge stress on resources and forces us fo change
the way we think and operate cities. We need to do mare with less.

Lighting ploys a key role i this transtormation:

19% of world electricity consumptian is

lighting. This makes lighting the obvious place
ta star: intelligent LED lighing con save up
fo 85% and can bs o key driver in pushing
back energy consumption and CO, emissions.

We need to act.... and act fast. The infelligently
connected, energy-efficiont lighting sclutions
we need for o sustainable future are here
ioday — the one thing we cannot afford is fo
delay their implementation

Your challenges
Outdoor lighting presents many challenges
for a municipality. You need the right levels
ollumination to moke the ciy sale, affraciive
and inviting, but you also wont 1o be seen fo
be green. That means keeping up fo speed
with new fighting technologies, which could
put increasing pressure on your municipol
bucge. With the right lighting solutions you
can overcome all those problems and make
the city more liveable, today and fomorrow:

Sustainability
o ies

Smart grid
The smart geid is coming, The EU bas clready
set 20/20/20 torgets and municipalities wil
be required 1o balance energy production
with demand soon. Moke sure your street
ighting is ready by choosing a future-prock
salution todar.

Budgets
In the current economic climate, mony
municipolities ore fesling the burden of
escalafing dabt. This is not the time for
contemploting huge investments. In fact
you're probably locking for ways to reduce
the budget you need to manage your
infrastructure invesiments, mainfenance,
manpower and energy cosis.

Cost savings

Suae lighting can reprotent up to 60%
of @ municipal government’s slectric il
depending on the municipality's size, the
Services it offers ond the efiiciency of s public
lighting. This mokes it an araciive place fo
stort fo make cost savings.

New business models

With incraosing cost pressure on copital
il

is the incraasing emphasis on environmental
regulation. Acting respansibly towards fhe
plonet means finding the right balanca
between meefing your city's energy saving
‘and CO, redution fargets and providing high
‘quolity lighfing that can enhance moder city
life. 's all about competing for the greenest
image.

Energy sovings

Legislation is pufling pressura on municipaltes
fo renew existing lighting infrostructures with
mare energy-efficient lighting sources. More
than 35% af street lamp types will ba obsolete
by 2015, 50 you need o act fast.

€O, savings

Carbon neutrolity & the aim of svery moder
city. To improve your carbon foofprint you
need o grearly reduce the amoun of energy
needed fo run your street lighting. The
challenge is finding out which new lighting
technologies will mawmise your CO; savings

por

you'll also be looking for smarter ways fo use
what budget you have. New business models
such as energy performance controcts or
outsourcing muricipal services 1o o dedicated
provider could provide a beter solution.

Total cost of ownership

What's more, in addition fo reducing on-
5eing costs, the fotal cost of ownership of any
lighting irvestment will be key fo your decision.
That's because any savings you make in this
regard can be redirected fowards making your
city more safe ond secure.

Future

As existing lighting becomes obsoleta
or phased out by legislation, you must
embroce the challenge fa move o infolligant
solutions that con foke advaniage of smart
arid fechnologies. Thase days, lighting
technologies like LED are o for more
affordable option fhanks to their high energy
efficiency and long refioble fifetime. So,
when you upgrade fo LED lamps it mokes
sense to invest o itle more in on infelligent
solution thot will help you fo maximise any
energy and maintenance savings. 5o your
city con lock forwerd fo a brighter, mora
prosperous future,

Fig. 1 The systam provictes o integraed nfrkoce 9 co-cedinate munple ypes of k.
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Fig. 2 indiidual dimming schedules are created.

visbilty, @ mojor contributor to road safety
becouse drivers can defect roadside movement
foster and of o greafer distance. That gives
them more fime o siop, preventing accidants
and serious injurles

Management

Ughting yaur liveable: ciy s nat a short-tem
veriure, As more peapla and businesses move
in, you'll need 1o add extra copacity and light
new naighbouthoods and business disticts
The challenge is o choose a soluion fhat can
adapt and change ta your city's needs, with
the scolability to cope with rapid urbanisation
Afuture-proof woy ta bring your ciy lighting
1o ke

Future-proof

Coslly legacy equipment is rapidly becoming
and the trend is towards

|

o— whaseine

B spewaz

Fig-3: The ciy's eneigy use can be evaluoted and imcked.

New lighting fechnologies

LED is driving the move ta digifal in olf
lighting applications, including oufdoor. The
cost of LED has already dacreased and wil
contnue o400 n the e, But s oriyin
ot

ba connected 1o the smort grid for ciies to
achiove EU sustainable energy forgets.
safety

Lighting enviranments to make them fsel sofe
and welcoming is key fo creafing o livoble city.

thot un. wil achieve the hwqheﬂ possible
enargy and maintenance svings.

Hardware and T

The cost of processing,
transmifting infarmation hos collopssd, A1
the soma fime, open standards and interfaces
have increased. The resull is  growth in
cloud-bosed computing which relies lass
on hordware and more on software ond
intelligant solutions, something your city will
need to embrocs.

storing fand

Mew regulations

The Enargy-using Product Directive (EuP) will
occelerate the move towards more erergy-

e llnda s SEa b
1o suit aach zone, from residentiol areas and
public spaces ta busy highways ond industrial
parks. Light whan and where you nead 1o, in
precisely e rightlevels fo make the ciy sofer
for drivers, pedaestrians and residents

Crime reduction

G of yourmaior concerns will be ta keep
the city stroets free of crime. Keeping light
levels. high will reduce the security risk in
industrial zones and business porks outside
office hours, In residentiol areas it can
make peopls, shapes and cbiects easier to
distinguish, reducing onxiety and making
poople foel much saler aher dork.

sliciont slutons. Morethana third ch ol rest 27470 300
lams willbe obsolele by 2015. What's more,  Rood and highwoys safely wil also need
gy sing produc, lighting High quality :

cloud-bosad sernce platiormms. You'll need
fo explora ideos that shift the emphosis from
hordware to software, shielding you from any
odvances in technology that may happen in
the future.

Freadom of choice

Locking your lighiing invesiment info one
vendor or manufacturer may not be @
good idea in the lang ferm. To overcome
any obstacles in the future you'll need o
lighting solution that allows you 1o conteol
heterogensous lighting controls rom diflersrt
brands. So you hove complate. freedom of
choice on haw you light your city {sae Fig. 1}

Satware ihat grows with you

Cities.typically deal with muliple systems 1o
excute their workllows, The best solufions
today integrate assel manogament and
support all lighting-related workilows in @
simple end-fo-end solution. The saftware
storts f the right size for your needs, grows
with you alang with the changing needs of
your business and tailors araund you over
the yeors

The solution: intelligent LED lighting

Why choose for an LED rdod lighting
system?

An investmentin LED road lighting heralds an
effcient, brighter and sofer future. A switch
from conventional to LED lighting brings:

Increased efficiancy, anjoy 50 ~ 70%

energy sovings and reduced CO.
emissions. 3

Extended lifatima, good LED systems
last 50 000 hours or more, providing
enamaus savings on expensive labout
costs and replocement lamps. This
compares favaurably with the 15 000 fo
20000 hour lfefime of mast canvantional
lomgs,

& A suparior qualit of light, LED lighting
s suparior to convertional low pressure
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Fig. 5 A user inlerloce provides occes o ol the systom s features

sodium lightin

colour rendering
and offers enhoncad sight tme visibiliy
Your road

it in easy-fo-see white
light — moking them brighter and safer
e E

ded controllability. LED lighting is
easy to control, You con moke pracise
adjustments fo_brighiness and monitor
fixture oparation from o centralised
contral raom. It has big impact on @
on s paople and en its aparofors

Wihy intelligent lighting?

Cites understand the advanioges of bronding
themselves as unique, beautful and secure
places. Lighting ploys o special pertyin
establishing that identiy. But with resiristive
legislation. and the United Nationg’Kyoto
Protacol, switching to anargy-eflicient light
saurces is high on every city's agendo

Intelligent lighting creates o unique identity
and transforms the night scane with lighting
solutions that also enhance your city's green
credectials

Sustainabibly

With concams about climate change and the
impact that out lives and actions have on the
planst, the race for green is on, Inelligent
lighting gives you highly energy-efficient

your ey in the most suikcinable woy. Sa you

can minimise you: nent

mpoct on the snvir

‘and maximise your green imogs.
Cont soving

intelligent lighting gives yau 215t century
lighting wih the most energy-eficien, lveable
solutions. Intelligent lighting management

could ganerate precious enargy

vings
for your municipality: You'll also save on
maintenance costs with lighting selutions
that perform brillantly for longer fo extend
raplocement cycles and real-time foult
detection in the event of unespecied failures.
Lighting con transtorm the city ino o vibrant,
sxciting space that people want o spend
time in aiter daork. But it must olso respect
the reeds of it residents. Arificial lighting
is responsible for 19% of all the energy
consumed worldwide. 1t con oiso result in o
night sky that s 500 times brighter than s
naturol. Ineligent ighting achisves the perfect
bolance between a beautiful city ambian
nd preserving the dorkness tht makes our
cifies more liveable.

Sofety

iabting a tht o lumingte

by providing the right light levals ot the right

fimes. With managed light levels on demand

intelligent lighting maximises illuminoti

and safety during smergencies, mainfenonce
progroms or special events. High qualiy, white
LED olso makes the city fee! safer. Iis higher
perceived brig
rendering makes colours, shapes and people

ness and superior calour

sh, impros
reducing acciden's ond pr

easy 1o disf

driving safety,

enting crime.
Well-being

Adtificial ight ha
hythms which can offect our quality

enimpact on our sleep and

natur
of life. With intelligant lighting you con limit
e it's needed. Light
an demond gives you the power 1o opimise
light levels based on activites and evenis or
dim street lights 1o raduce light pollution. So
you cen reclaim the dark skies that promate
a healthy, resthul sleep

fight to when and

City beautification

Intelligent lighing solutions like Intelligent
Lighting can enhance the sireets; squores and
parks that give each ciy ifs unique personality,
They beauify and inspire, bothing the city with

crisp white light or dynomic colour schemes

10 creote oftrodtive
Enhancing I
saciolising more sparkle and appeal

Steset lighting service companies are looking
for value odded services that they can provide
1o fhair customers. Intelligent Lighting is
an affractive way of making the city more
Iiveable through intelligent solutions that are
enobled by informafion and communication
technology. It provides flexible control with
intelligant ighting thot respands 1o fhe city's
changing needs.

Future-proof

Intalligant

fting is fully scoloble with o
dynomic. user interfoce that can handle
millions of cssets. The online service plofform
works with ony mixture of multiple ond
co-existing hardware, so customers are
completely profecied from-any changes in
tachnology. ntell gent ighting i ulso prepared
for fufyre extensions fao,

e real-time
waother datn infegration thet could turn lights
‘on when wsibilty is poor.

Savings

Intalligent lighting is & *one-stop-shop
solution including all IT and connectivity
conts, making it much more cost-slfective
than in-house salutians. By ochieving fh
highest possible enargy and mointenance
savings, f helps you to get a good return on
your invesiment

Simplcity

Intelligent lighting is on end-to-end solutien
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with @ transparent ‘poy-as-you-go" service
nokes smart

fee and no hidden charges.

lighting sosy and simple for you.

How it works

gentand

igentlighting i o dyn e
flexible way fo bring iy lighting o fe. I's
awebk
points, conirols
fging mansgement lcoons. el
sroet lighting service componies

wased ICT salution that connects light
nd cabinels with advanced

einsightinto he siotus of the
ckly 1o

detailed, real
lighting to enable them fo respon
g needs of the city. A seamless way

the chany

o bolance city ambionca with the challenges
of sustainabillty and sofet

It controls and manoges lights of an
city and is not restricted fo sireets or cerlcin
areos. Its feotures ampower you fo gonirol
the lightin yaur city dynomically, infelligently,
and flexibly. You can atively dim or brighten
00d3

comers, sireets, or whole neighbourt
~ whatever the demands of the situation or

e event are

Remote lighting management

Toke complete control-of your doily lighting

operatians with inferactive maps and detailed,

reabfime tracking of information and system
activity, Create flexible dimming schedules o
reduce light pollufion or pre-configure light
levels for different events. View charts and
energy repors fo see where you can make
patentiol energy sovings. Remote lighting
monagement should be o flexible serace that
ollows you fo manoge mised control hordwore
Juding third parly, through oo
simple user interfoce. It gives you complete
controlover your ity s doly lighting operation,
chuding defailed anolysis on system aciviies,

solutions, i

racking and energy reporing
Freedom of chaice

T ble, integrated

system provides & e

interdocé to coondinate muliple types of lomp,
luminaire and cantrol. It allows customers to
manage hetercgenaous lighting conirols from
diflerent bronds, without locking them in fo.a

particular hardware supplier
Dimming schedules

The system enables you fo create individval
possible fo failor

dimming schedules. It
Tight levels fo sult every aspect of city I,
helging fo reduce light pollution and make
valuable energy savings up to 40% lsee
Fig. 2)

Energy repariing

With the system you con evoluaie the cify's
energy use (see Fig. 3] and track when ond
where any savings have been ochisved. To
optimise nargy efficiency you con easily

mecsure and compare the energy usage of
single light poirts, cerfain groups of light

ity dis

poins of enti cts.

Asset management
Intalligent lighting should also support asset
e street lights and
cobinets in your city thot are connected fo

managemant for oll

1. Complete data sels are importad with
individual stroe lighting ossets shown on
o mop view. 5. sanvice with powarlul
search ond flxible: raporting copabilties
to help you moks the mast of your lighting
vestment.

Aesel hondling

With intelligent lighting you can esily
configure the atssl managussit sysiem o

enable the strest lighting operator 1o use his

own osset propetties.
Flexible query criteria

Flexble quey crierio s n o356t ond componsnt
search edor that encbles you o fier searches.
s clear ond simple with drop down manus o

help you novigate quickly thiough you ssets
by category, sireet and pows:

Visalisation
Any assets reloted 1o your query results are
listed in g defoiled log and visualised on o
map showing their sxact locafion in your

Typical system setup
The inelligent lighting systen
consisfs of three components, all of them
linked by network connections.

essentially

g web-based user inferfoce

The user-friendly interface is your occess to
all features, just 1 fo your account and
perform ane of the following fasks:

» Add and manage ne:
your lighting systerm,
= Gonke och harwors e of e ssen

down 1o the lost sireet light

* Monior properties and measured volues
f each hardware item

. mm the energy consumption of the
system's hordware fems
*  Adjustlighting individually and occording

ta demane

via so-colled dimming
calendors

Contact Jack Come, Philips,
Tel 041 367.5466
jack.come@philips.com

Get the book!
R375 inct 11000

oA

ostag

Is Chernobyl Dead?

ssays on energy — renewable and nuclear
by C M Mever techmical jour

“Is Chernoby! dead? Essays on energy ~ renewable and nuclear™ by
CM Meyer, is a fascinating new book from EE. Publishers, breathtaking
in its scope and gripping in ifs coverage.

Order online visit:
www.eepublishers.co.za

Pty CE Plisry
November 2011
ISBA: 978063091759
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LED street lighting: current and future trends,
South African standards and case studies

by Doniel Kaspes Beka

Public policies, | and energy saving g the local take-up of energy-efficient lighting.
LED, or slid-state lighting selutions are becoming more and more popular, owing lo their excellent levels of
performance and rapidly falling prices. The lighting industry's need for proper infernational standards or local
standards fo ensure the salety and measure the is obvious. As o being
infroduced rapidly, new standards are required quickly. laim the of
requirements is an impariant first step towards fair comparison of luminaires.

Among the many qualtty criteria fo be
considered when evaluating manufacturers

s v o 1 lom 2
elaims, the upcoming rd Type Unit e
document lists the tollowing: =

= Rofed input paver [expressed in el ot
is, the amount of energy d bya Xokliog c¥egoy = A
luminaire, including ifs power supply. hian garert
- ; A Lones por comagawar
i s o the light by Widih of soch looe ™
the luminaire ‘Mourting haight n
. LED liminaive-aficicy (ssprasind W |Crahong oFleft band sde ul
lumens per waff), which measures the Lomp hmen deprociation factor
inifiol lominous fux of a luminaire divided | Dint depraciafion foctor
by it inital input power. for P 6: 0,83°0,90 o5
. :’:nmlmen:i :ﬂdu,:hi:h I‘:m:‘;;::: P DT80 o8
v calour femperature, colour a | S — e
and chromaticity, Traffic wolume for rood without medi _.»?“ i
 Rated lifs of ths LED module. (e el
Som of these parametars, rated life in Qrarall uniformity u,
parfcuks, ore dificult to measure aecurately | bengiudina] uniorry ]
i d the k)
Tiaime of LED products s expecied fo be much
i 1. Sstem wooge, perlominais | W
Ught surce lumen I
LED performance update “Angln at il dagrees =
The LED market is showing highly dmarmic [ Pola sporing m s o]
development, pariicularly in the areas of Tuminance i
‘general lighting. Leoding market ressorchars Ouarollunormity 0
continue 1o pradict double-figure growih rotes Langitudinol unviormity U
for this technology. Continuous investments Threshold increment %
in the technology ond quolity lead fo higher
enegy eficisncy and lifetime reducing energ¥ |3 Number of years 1 ba considered for =
<costs and maintenance. avalugtion o
And the LED technology still holds a_great 4 ﬁ?.‘—.'.%”iﬁ;‘:‘.?;" KWh, overoged over the [3
daol of pafenfial in terms of efiidency. Wis e s :
still & young technology ond records are o
continyously being broken. In the process, & Unit price of fuminoie, inchusive of bght T
LED i ing dord sourcs i
salution in numerovs fields of epplication. 7. Schama price: (1000/1Z) * 151 18] [
o Efficacy! The LED efficacy will ranch (B, Power consumpicn per km: (1000/ i
values of 200 Im/W within the next 2] ([11/1000)
fow years for available [, Annuol anergy cost per bm, 4]"4C00"18] B
LEDs. Colculations and 5Cience prove [ Cog of owmarship or he evaluation pariod: i
that volues of even 300 Im/W could be 714131191
achieved. 7 ==
d Tobla.1: Tercher form for design crierc, design results e price schedle, Group A sveet lghing - e
Cost: LED prices, but especialy the system fiotons i e o
I e i whic plstrer ey
coats of audoor ch coukd o T
by 20~ 30% eoch yeor. This will continue grey shaded cell wil be adopled fo. the criteria of the customer)

e
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| Type of luminaire and lamp type

Unit

Lanos par cormogaway

Width of soch lane

Wounting height

Ovarhang of eft-hand side

Dint depreci

forlP 6: 0,89°0,90 |

hold Incrmen

1. System watiags, per lurincine

075
.68

Vehicles par
hour per
fang
cd/m?

Threshald incrament

12, Number of years

3. Electricity cost per kWh, ged over the prejected

| porad —iekee
3. Uni pice of luminare, indive of g source

[ Arcol energy cos per hyminai, o po ormula:
1111000 4000°(3]

IELVAL Y i ————
Cosl of ownership for the evaluation period: [4] +{21°15]

n criorio, design results ond price e
Table 2 Tander form for dosign crfera, desiy st el

Tnshallation, {Noke: Values whkin grey shoded coil

Fig. 1; Perforrionca updat

wntil the system costs wil be below the
conventicnal luminaire cos's see Fig. 1)
Lifetime: The lifetime of ceriain
commercially evoilable LEDs has
increased substantially, Where claims
of 50 000 h were the nom ane fo o
yeors ago, the suppliers predict Ifetimes

prove the ba

10 the end-user.

recognilion indices (CRIs). This will be
used in the near future 1o optinise the
perception of light in various applications,
like the food industry or offices.

Approved recommended practice
(ARPO3S)

The SABS guideline for the installotion ond
moletenance of sireet lighting has recantly
been revisad and redrafied 1o include LED
technolagy and give some guidance of
how o apply this fachnolagy correctly when
comparing and evaluating predominatly
cutdoor lighting installotions. Tables 1 and
2 provide guidance on new and existing
instollotions, ond emphesise that light
sources shauld not be compared by the
umen volye.

Reference installations in South
Alrica

Most end-users expect and ssume that the
LED technalogy is in it infant siage and not yet
readyfor roll-out o bghiing installafions in e
public domoin. Global sales siaiisfics prove
the opposite. Especially in North Americo,
Europe and Asia, hundreds of thousands of
LED light poinis ara lluminating the outdoor

ecd. Group A st ighiig - wxitig

v elficocy, cost, lumen soinkinance and lomen paicephion.

of up 10 100 000 h and somefimes even
higher. These claims are nowodays proven
by independent loborotories applying
internctional standards.

wception; The easy adaptotion
(:'":E" I;",Iﬂ‘ml distribution of LEDs
affers greot variety in different colour

with very high energy savings
of up fo 70 ~ BOK. Furiher cost savings ike
reduced maintenance are further reasons to
switch 10 the LED technology. Even in South
Africa various installotions have been installed
for & couple of years and prove the cancept
of bansfit to the end-user. Table 3 illusirates
this in mors defail

Performance SANS LED draf
standard

The IEC has prapared and published various
safety and performance stdndards for
LED-raloted canirol gear, lamps, modules,
luminaires and praducts. Some of tham
con easily be odopted in South Africo and
published 03 SANS documents. But espaciolly
the pedormance IEC standards relafing 1o
LED luminaires cannct be odopfed easily
05 not many intemational tesfing facilities
including our locol testing facility have the
capacity and equipment to successfully and
timeously conductthe rsquired pedormance
tests. The locol lighting industry, and-user
representatives and other key players
have therefore founded o working group
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#o address this and compose a local LED

luminaire parformance standard which will

be available far public comment soon and
published thereafter

This I
performance requirements for solid state

lly developad standard covers the

fighting products incle

interier lighting,

sireet lighting ond floodlighting. It covers
LED-based produdts incorparating cantrol
elecironics and heat sinks for operafion on
AC or DC voltogs power supply. t describes
o be followed and precautions.
1o be abserved in perorming reproducible

the procedures

meosurements of:
« Tofal luminous flux or efficiency marices
+ Elaciricol power

o Luminous intensity distibution

»  Colour temperature
Furthermore, it describes procedures 1o be

followed and the information which aeeds

16 be provided where lifetima cloims of
operational performance ara made. This
includes:

Roted fife in b} of the LED product and
tha associated rated lumen maintenance
(L)

Junetion referance points (1) of LED
product that comesponds fo the rated life.

for

Perlormance ambient lemperatur
aluminaire.

& Ambient femperoture (1, for a luminoire.

Endurance fest,

Each LED product will be issued with a finol
test repor. This liss oll significont dato for

Twin Arc Lamps

40,000 HOUR LAMP LIFE

The Greenest & Most Cost Effective Innovation yet!l!

&
vl N
workload equafly thought 'pé. Offering exreme
T e
e e
Mo

¥ 48,000 hor lamp Ul

N Awailable i MetaiHalide & HPS.

N Lowest carben fostprint
ansible

e N ENITURE

extending lamp ife and
e,

| LIGHT]

N C |

Office 021 709 0180 Fax 021 709 0198

each LED product tasted together with the
fost rasults, The. report lists oll pertinent
data conceming conditions of festing, type
of equipment, LED products and reference
standards. ftems reported are:
« Date and testing agency.
» Manufocturers name ond designation of
LED product unde fust.
Megsurement quontifies such os tatal
luminous flux, lumineus efficacy,
waticity coordinates and/or nominal
CCT and/or CRI for white light products,
input voliage V), (clarily AC (irequency)
o DC current (A], pewer (W) and pawer
foctor of LED product
Number of he
measuremen
products)

chr

operated prior 1o
[0 b for rating new

.

Total operafing fime of fhe product for
meosuraments including stabilisation.

o Ambient lempercture during meosurement

Orientation (burning position] of LED
product during fes!

« Stabilisation fime.

Photometric method of instrument
used (speciraradiomeler, sphere-
spechorodiometer, or goniaphotormater).

Designotion and type of reference
standard used (watlage, lomp fype,
intensity distribution fype — omni
directional/directianol) and is fraceobi

Phafometric measurement candifions
{for sphera meosuremen, diometer of
the sphere, 47 or 2 gecmelry. For
goniophotometer, photomerie distance).
Meosurad toral luminous flux (im|
(absolute] or reference luminous flux
(state porameters) and fetal Im/input W,

.

Luminsus

ntensity distribution
[ opslicoble]

Equipment used

Deviotion from standerd operating
procedures, it any.

Detcled wesults of tests, o.g. thermol,
sfress fest,

Conclusion

Tha future looks bright for LEDs, Rapid
improvement in sconomics, clong with their
fundamanial technical advantages, will see
them become fhe preferred option in olmost
alllighting nichus - both indeor and outdoor,
The LED lighting market is expected fo grow
by 0 compound rate of 20% each year until
ot least 2016, 1o reach morket penetrotion in
general lighting of well over 80% in most of
the world’s nations by 2020, Using the local
referance sireet light installations and the
avoilabilty of local performance stondords
will ossistfocal authorities e mars ecsily odopt
and drive confidanca in the technology ond
increnting sconomies of scale

‘Cantact Daniel Kasper, Beko,
Tel 011 238-0000, kosperd@beko.co.za

e 0
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LED
FLOODS

LED fioods with
Bridgelux LEDS
have 4 [EC
certifications and
Eskom approved

LED highbays
with Bridgelux
LEDs have 4 IEC
| certifications and
V' Esom approved

LED recessed with
Samsung LEDS
have 2IEC
cerifications
Eskom QppRIOve

. B gt 7
. Aboie picing Tt S

NF/A

TECHNOLOGIES » LED LIGHTING @ g ®

Locally designed and manufactured
range of solar LED street lighting

20-72w solar LED street
lighting models with
dimming functions available.

German PV components and
regulators. Autonomy from 2-4 days.

R9500 ex VAT for entry level model

LED TUBES

OurliDiubes gy

& with Samsung SHER
LEDshave IEC 12w (3ff) R215
certifications. 18w (4f) R250
5ABS and Eskom
petna il 24w (5t) R275

LED DOWNLIGHTS

LED downlights SwhRI
with Eplleds TR
LEDs and Cob Bw(GU10) RBS
Technology Tw(MR1&) RI0S

have 5 IEC

corificationsand 7% (GU10) R105

Eskom GPPIOved  Dimmans or on
ammatie avasis

7  LEC ot have a3 v
i R s s i e

www.sunfor.co.za | 082 447 4675
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LIGHTING UP THE NATION

One Community at a Time!
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Southern Power Maintenance brings the power of
true ta the homes, and
districts of South Africa. Our state-of-the-art power
station Installations, electricity transformer units
and maintenance services deliver vital access to
electricity across the nation. We keep the lights of
aur country switched on, and burning bright. Our
mission is to strive towards the establishment and

of units the

country - because every community counts,
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WWW.Spmsa.co.za

Contact Sydney Mabalayo, sydney@spmsa.co.za
Tel 0B61 6 SPM SA (0861 677 672)
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MAKING POWER PERFORM
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