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Mogale City substation upgrading and
construction programme

Information fram Royal HaskoningDHY

Following on from the successful

HaskoningDHY has been awarded the contract by Mogale City local

of the Krug P North

upgrade in June 2012, ﬂnyﬂl

of the Condale substation with a value of ¢lose 1o R140-million. The contracl, which was awarded in the latter part
of 2012, is on track and due for completion in early 2015,

The existing Condale subsiation, buh over
60 years ago, was in need of on upgrade
o accommodate the grawing populeion
of Mogole City and 1o snsure stable
sleciricity supply capachy for the expanding
comemunity. The upgrade wos also necessary
1o accommodate the proposed new Eskom

with 6 foull current roting of 15 kA, i being
upgraded to 25 kA New and improved
control and protection systems incorporating
the latest tachnology ore asa being nstalled
Condale is the: oy main infeed substation for
the whole of Mogale Ciy.

Thys van Raoyen, Royal HaskoningDHV's
design and project manages, soys that one of
the chollengas the Condale project prasents

yord condifions. This makes i dongerous
os the substation is currently operating of
full capacity, and so safety is of paramourt
importarcs

Tha high sleciricly demand in he winier
months. had 1o be faken into considsration
when planning tho switchover fe the new
systern, ond back-ugs need % be in place. In
addition recent minc operations and recycling
in close praximity o he substotion has caus
many problems. The acidity of the mine dust
domages equipment and golvonising on
stealwork. New mainfonancs procadures have
been implemented fo clean and maintain
heavy duty galvanising

The project to upgrade the 33/6,6 KV
Candale substotion includes the supply,
deliver,

olt-loading, installa
commissioning a

n, eracion

sroper working condition of all moterials
and equipment including all reloted cable,
stesl, civil and other works required 1o moke
the substation fully kunctianol, This includes
the western ond eostem extensions of the
substation; upgrading of the existing yard and
33KV switch room; a new 10 MVA 33/6,6 kY
transiormer bay; and the new 6,6 KV switch
room including all equipment and switchcwer
of all 6,6 kV cobles.

he western extension of fthe substotion
cludes the axtension of fhe 33 KV busbors
wih thres new bays (3200 A, 25 kA) which
comprises twa new 33 KV line feeder bays
and one new bos-coupler boy, The sastem
axtension of the substation includes exension
of the 33 kY busbars with fen now bays
(3200 A, 25 ki) comprising seven new
33 KV line feeder bays; one new Eskom
incamer bay and the ralocaticn of the existing
incomer; one new bus-coupler bay; and ene
new bus-section by

The upgrading of the exising yord and 33 kY
switch room comprises the medification and
upgiode of 25 axisting bays; the upgrade
of the existing tubular busbor system 1o
3200 A, 25 kA; the vpgrode of control and
or the. exisin
control and profection panels for naw 33 kY
boys; new sell-supporing fransmission poles

o relocate Spruit 1 and 2 feeders; gantries
for new Bohonia 1 and 2 and KON 2, 3 and
4 overhead lines; new duat battery and dual
charger wil
and DC distibution ponels. In addition o this
s the provision of o naw 10 MVA 33/6,6 kY

wranstormer boy for a new transtormer.

hangeover systems; ond new AC

Equipping the new 6,6 kY switch raom ond
the switchover of ll fhe 6,4 KV cables involves
she demolition of the old Teddie Niell
switchyard and the consiruction of o new
6,6 k¥ switch room. i includes o new
110 ¥ DC batrery chorger and bofteries; a
new 2407415 V ehop-over supply in the new
substation bullding; fhe replocement of olf of
the: medium voltage, muiticore and low volioge
cabling; the extension of the exising earthing
and earth mat; new earthing and a new earh
mat for the 6,6 KV subsation; two new ripple
control units for the 10 MVA rensformers
ond the relocation of the existing two. units
for damand side monagament (DSM); two
new copacitor banks and fhe relocation of
the existing two units also for DSM; swing
over of ol xisting 6,4 KV foedars o the new
subsiafion; ralocation of the feeders from the
old Teddy Niell 6,6 ¥ substation 1o the new
substafion; and the dismantling of the old

6 k¥ swilchgear in the existing Condale
6,6 KV substation

Contact Hillary Erasmus,
Royol HoskoningDHY,

Tel 011 798-5000,
hillary.erasmus@rhdi.com

Fig. 1: Condolo substotion upgrode.
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B \WelcomeAddress
.

Welcome address by the AMEU president

axpress sincere appre:
. half of all the dal

enes ond significantly conributes to making this canfersnce

possible and worthwhile

90 1o tha AMEU Secrstariot and the organising

ittee which have worked firelessly 10 ens

od o maka this a memorat

eoctical dateils that ensurs acili

s that ultimat

ing a voluable lsarning

It would be remiss of me ot to maka mention of th

ogram for partr

ricipote

behalf | record appraciation 1o the

+ who have mode it ll possible.
colleagues, and that when you finally retum to your offices you will

averyone, | say *Thonk you* lorwhe you hove confrbuted
mation to the benefit of

is & memorable convention and trust thet a:geot dook ai e

information token fro presariations, from
from the networking with

siclent

LEADING THE ELECTRICITY DISTRIBUTION INDUSTRY -

The City of Johannesburg invites all AMEU members to attend the
25th AMEU Technical Convention

to be held at the Sandton Convention Cent
from 4 — 7 October 2015.

www.ameu.co.za
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Incoming president's address at the AMEU
Convention 2014

head the Association
of Southern

wish to fhank my colleagues,

ndustry ossociales and stakeholders for
expressing their confidenca in me by alecting

siion.

me fo this important

| assure you that | will cany out these duties

honour and dilig
On behalf of the AMEU members, | would
ity to thank tha
‘outgoing AMEU President, Me. Hannes Roos
for his fudicious and estute leadership. Mr

also fike fo fake this opport

ihe AMEU grow in sfature under 1
fobe reckoned
with. As the incoming president, | have big

Roos
leadership to become a fc

shoes o fill and | sholl certainly defer fo you
for counsel and advice.

Bullding on the impeccoble work thot bas
been done by my predecessars, | plon fo hit
the ground running and tackle head on o
number of substantive issues

One of the most importont inifiatives that |
wish o drive in my tenure is transformotion
The indusiry is one of the leost ransformed

indusiries in the country. Women still ploy o

miniscule role in this sector and | believe that

this needs to change. My objactive is make

women, parficularly African women, a criical

mass In the sleciricity supply industry

Driving ond f ki

Sicels Kulu, AMEU incomiry

icMlog, renewble energy and smort grid

inftiofives, just 1o mention o few.

As the AMEU we need fo redouble cur efforts
inta using matros as pillars that drive the
AMEU agenda. Metropoliian municipalities
have the capacity and fhe budget 1o drive
the AMEU mandate of promoting quality of
sarvice and management excellencs amengst
s members in the field of eleciicity supply
through communication betwean members

and the tachnical, ecanomic and palificol

women's advancement in fhe sector will not
be eas res polticol will and o firm
undertaking ta changs the composifion of fhis
sactor. Transloremation of the sector should not
be obout icking boxes, but about achieving
ful transformation by identifying

1t reg

ls sef,

and providing coaching and mentoring

opportunifies fo enable them to add volue

15 the AMEL.

strangthen and re
nts the AMEU has entered
ber of industry siakeh

such o3 the South African Lacol Government

spartment of Energy,
NERSA, SASGH, LGSETA, SACCI and EIUG.
It is impartant that we revisit some of these
‘agreements, review progress made and fost
irack dafivary o what remains ouistonding

Some of the perfinent issues which come

to mind are industry restructuring, fariff
harmanisation, service dalivery ogreement
security of supply, hunding of the infrastructure

1, inthe o
effciancy.

In line with its mondate, the AMEU needs fo
provide support fo municipalies, sspecially
smaller and rural municipolities, and
copaciiate them 1o enable them 1o ochieve
ih
will go a long woy towords

objectives. The provision of this support

them to

daliver senvice efficiently and fo deliver on

their mandatos
We should olso be mindiul that municipalities
derive approximately 40% of their revenves

om electricity collection. It is therefore
eting
thess unfities with the tools to help them 1o

| that the AMEU assists copac:

mei the

objectives in order 1o ensurs fheir
viabiliy and long term sustainaiily,

The AMEU neds to bacame more relevant o
municipalites, poricularly those that ara.on
the: poriphery. We will need to play o more

e voice of these

aciive role and become

municipolifies: through

bbying on their
behalf and playing an aduisory role

1 s important thot we Fncreuse AMEU

membership, porticularly among rural and

smoll municipalities. In crdar for this to
materialise, we need 1o win the heors and
minds of potentiol members by demansiroting
the tangible beneits of being members of
the AMEL.

Municipalities also need 1o
and play their rolfe s well. Thoy need 1o

ome fa the party

oot out carruption ond molodminisiation in
thair midst. They should demonsirate a firm

commiliant fo good comorate governance
and opply zere folerance o cormuation wihout
feor or favour. They should be seen fo be
octing dacisively ond firmiy agalns cormuption
and malodministration

Municipalities nasd to daliver on thei
mandote and become diligent sarvants ef the
constituancy they 38rve:

During my tenure, | will be focusing on
number of areas, including speeding up the
ad:

need 1o fost-track the adoption of

jon of altemative sources of energy, We

rewible
energy sources 1o ollevite the pressure on the
grid, and lessen our corbon footprint

We olso need to buld on the concapt of smart
cities ond help big metros o achieve their
abjectives of becoming smart clies. | know
fhot concerfed efforts have already bean
put in place fo bring Johannasburg closer 1o

achieving smarf ity stotus

Cable theft canfinues fo be o niggling
challenge which needs fo be deall with
docisively
momentum and tighten the serews further

We need 1o keep up the

on unscrupulous peaple throughout the
value chain, be they our smployees or
nserupulous serap yord dealars. We have
10 fortiy and strangthen the muli-staksholger
engogement ond ensure that the work we
do with low enforcement agencies and our
communities brars fruit

The anncuncamant thaf the first phase of the
much-owolled Medupi pawer plont will go
Jive an 24 Decernber 2014 s greot newe for
all of us - we couldrt hove asked for o better
Chrismos presen, Medugi will go o long way
fowards providing the grid with much.needed
capacity

1 am looking forward to working with oll of
you, and | remain confident thot togethar we
can propel fhe AMEL 16 new heights

Sicelo Xulu, incoming president
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With speed and efficiency, we pride ourselves in providing exceptional service to electrical utilities
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Keynote address at the AMEU Convention 2014

This
programmes af the Department of Energy (DoE).

eray's Dr. Wolsey Bornard, soys Sou

African

ity service delivery ond clear
e occoss fo sleciicty.
wanion held at
) of srergy progrommes and projecis, said
higving

ountry has mode ma

delivery has il
challenged with regard to ity supply
uman capecity, finoncial coy nerotion

wih,

apaciy The i Sfenergy as o simulus

he said, cannot be aversia

Power generation

1t be
rhy's pravious admir

South Alrico's generation system s very

ion had put some sirategies in

Dr. Barnard said

phoce fo make sure that the couniry would have sufficient eleciricity

1o support acon some of these projects ore

running behind s e olreody generating electricity

nd-o-hall years ogo
wer producers progre
ariginal projects are ¢

ment's rerowal
ne. (REIPPP) wos founc!
ly exporting 900 MW onto

the grid
Earlier this

sacure sup

ests of ensuring that South Africa hos o

ity, Tina Joamot-Petierssan, fhe minister of
inister from the DRC signed on ogreement
go hydros

uih Africa needs to source 2500

eneny, and the equivolent

velopment of the joc

from phase

Barnard,

a future of Sauth Africa’s energy rescurce

i farms of generation, includes gas, renewoble energy
fimporied hydrostectrici, coal ond nuclear. These will ol o
& mojor rolls in coming years to make sure that the country will have

P a nuclear energy, he taid thot

adequate power supply. Regard:
ont nucloor technologies offered by

the: Dok is shllinve

eatigoling

anititios. He said thot

& procurement pro
i terms of nucl

o, s not fust o supply electricity but 1o supply ofh
Dok also inends fo procure 800 MW fror
3 2400 MW from coal-fired pewer sto
2015/2016, will odd

will ba comple

Maintenance bocklog
Dr. Barnard said that the couniry needs fo address fhe poor quality of
supply 03wl as s slow service delvery.Inine with this, ho s0id

ksholder engogements regording alectricit

rgefs con be sef, ond industry con bel ossure

oy services. He clsa oddressed the. ekl
rading backlogs
ily undertoken shudies

infrastructure mointenance, relurbishment

show that thess backlogs currently stand af R68-b:

from R27-bili

Munic

Dr. Bornard admitted that dealing with Eskam's sustainability as
e main contributors

on ety s @ big issue, and said hat ona of

is @ summary of the keynote address presented by Dr. Wolsey Barnard, the deputy

irector-general of energy

i of Enigy

* Wobey Bomord, D

o Eskom's financial problems is the motter of unpoid debis by
cerigin municipaliies, He said that in some municipoliies revenus
manogement systems areni! lways managed as efficiently os they ore

supposed to be. This i horming the y, he said, as figures thot

he plug” on the country's

had sees

sre conceming ond mey

rical supply industry {ES) volue choin

Ieg

ections

Dr. Bamard said that the matter of llegal connections is very serious
and hos o be addros

solve. He described

m which

wghitis & prob
where a householder
gency pover supply m poss

ed eftacively, even i
ot

ole

s not acsy

powsr from e cellphone tower’s eme

use ond

acable under & tarred rood betwe
Energy ebiciency

Energy efficiancy measures need o be considered very ser

locol cutharities, he added. Aliough this moy require the us

arid upgraces and ofher fechnology improvernen
for power which s beter and chaaper

enargy ¢
helps to reduce the demar

fhan generaling more power o mee demand. These sarious concams
iy, he said, are sa impartant hat if
having o graaer generafion

tribution of electr
d the country will end

oddress

copacily than it has means to distribute

ication

Dr. Bornard reported that, 05 o the and

g 0ccess to electr

illion corinections hod bean mode,

fastfinancial year, over &m
00 grid connections being sstoblished lost yoar
0 residarts beneliing from off-grid

with closa o 307 0

here are also over BO U

Canfinued on page...11
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solutions

Conlog, a proudly African company, established in
1965, has been at the forefront of pioneering solutions
that meet the needs of utilities worldwide. We specialise
in providing a holistic electricity metering solution to
enable utilities to efficiently collect, manage and protect
their revenue. Our complete range of products and
software solutions are designed to cater to every
requirement, further more we are able to customise
these solutions to ensure they are seamlessly incorpo- General Manager,
rated into your current system. Dudley Miller

Qur range comprises the latest technology has to offer Ssine works ot
in electricity meters, vending and revenue management h questions, Team Conlog pride ours
solutions, as well as all the necessary support, consul- iging an:
tation and training required to ensure your project is a mart solutions.
success. Engineered for excellence, our 3 tier product i thinking yet adaptable and sc
pyramid is designed to transtorm the metering industry. an continent. Beir A
Each offer is designed to address the unique require-
ments of both the Utility and the consumer. =
h of our great land. I
Conlog solutions are engineered to meet the needs of draiges:
the world today, though we will continue to reap the our fell 5
rewards years into the future. Smart solutions are ‘matters most.
crucial to ensuring we leave behind the legacy of a
world rich in resources along with the skills and knowl-
edge to conserve them

Conlog, changing the world with smart solutions.

Solutions for utilities
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Speech by Phindile Baleni, CEO of NERSA

ven the cpportu

few

on behall of tha National Energy Reguls
P . Cangratul
onvention held urder the theme: s

< on this s

he AM

canvention .

s Southern Africals

ing fowas

alacricity industry is chonging

ight be looking at o very diflerent

nain fopic of the

he possi

are being spoken about have
and perhaps even thousands of new jobs. However, th qusstion

st ba oskad whethe

Uit in new jobs or new vacancies?
are fo

The jobs that are 1o be skilled pacple, bul where will

wat this changing industry

. As the National
o sector in general

2 in porficular, 1o et up raining p

ot just be for the large

the needs of

e for the industry. This 4

1o craate o pool that can also m

lor municipol s like the

2 also appeal to organisalic

which has o

erarching inferest in the indusiry as o whole,

0 take uf eships fo pravide for

ause of froining

@ industry in the future

security and the systorms

ontrol s really o problem of stock control,

snalogy. This is well known and

stood by
manager, but these skills and processes have not baen

st be poid fos, however, the moment that you separae the stock

it system, exira measures nesd fo be

put in
separation is wha is happenin

nsure proper stock cor

hese are requ

payment

om, which seams to ba implicit with fhe move fo smart metaring

This separates the point of sale fros

ihe point

of delivery.

e are fhree reconciliations require

the foken:

Id o the maney recei

ed o the to
st ane well, the second one
d 1 ot all, One of the key
on is thot the second and third reconciliations require a

vary well, and the

jasans. for

ints. This is 50 fhot thare can be appropriate

acean @ costs

ecks ond Balances 1o

idantiy areas of loss, wi b. The third reconciliotion

alsa requires that the m oble to be in d 1o

de

rmine the unused omount of fok

Ladies d v

4 genilemen, these thrée siaps nesd 1o be reconc
y for stack loss; and s
esses. Mony supermorkets have ch

loss, if unchecked, closes bus

due o lack of stock control

o is that municipalities may

ol g0 aut of business in the same woy — they will rsquast o higher

e Balew, CEO of NERS

price increass. The problem of uncontrolle osses cannot

add

sed through higher-than-guideline

increases

The challenge is that the indusiry does not

view energy and anergy

sales in the same woy that a refailer or supermarket views their siack

hat we ol

mavements. | sugge:

n our approach 1o the changing

energy indusiry with fhis approach.

In this regas

odopt mony new
o just recondile the f hers needs

it i eritical fa nate that the amouns of

0 be o full reconciliation

us there is fremendous incaniive

ey involved aro sig
and oppor
eans that there m;

the unscrupulous to defraud the municipalifies,

ndous incentives of fino

cial

reward for fhe municipo

Security issues also ofi

‘any netwark can be hocked by det
ople. This means that the municipalities need to have plans. and

procedures in ploce fo handls this evanuality,
In the USA,

o smart melers, olthoug

the possibility of hacl

1a hos driven much of the resistance

they argue their cose on the basis of

wacy, which also needs ta be faken info accaun
is regord the LIS Department of Energy hos just releosed o droit
valuntary code of conduct for doto privecy and the smart grd which
pint of discussion for the AMEU to draft
cilically for Sauth African municipolifies.

The cther hot tapic is that of raafiop solar instollatiens, which hos

are forssean, but many are
oot fop solar
te neod 1o loke G

many implicaticr

for the industry. Son
unseen, We cannct adopt the ideolistic view the
panels is the answer fo all our energy problems.

as

be:

more pragmatic and reafistic oppronch, which while seeing the

5, also sees fhe d exdract
while ruducing the disadvantages. In this regard, the
Jlotor will be publishing o cons

odvantoges. We then need fo fry

the ben

Nficnal Energy R

tation paper in

Confinued on page...11
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FAST MOVING TECHNOLOGY

y fve years according 10 the Elscricil Pric

so working on o fram:

mare charity on whot

for EMEA at

by having thriving

ses of discretion | wil

anclude my rem:

ning prosic

word 1o @ confinu

wish you fruitful

cabla theft and hallenge aps

Phindile Balers, CEQ of NE

.Coniinved from page 8

Funding

Or. Barnard said that funds have been providad for th
rafurbishment and upgrading of squipmant so that new
connechions can be made to supply additional households with
eloctricity, Hmh-m-dmummdmmwmm |
nspent. As o result, ‘

nmuma.mmmmmmmmnmmmni |
1. 30% of the appraved projects wero uncompleled; i the

and in the 2013/ financial year, 40% wers uncompleted.
Solar water heaters

Dr. Bamard anded off by saying that many of the sofar water
heating systems which have bean nstalled countrywide were
impared, rot 6f o high qualiy and pocrly instolled. In rsspanse
10 this, the DoE has decided fo inifiote o local pracursment
programme where only local products will be used. The
specifications will coll for 70% local content for both the fank
and tha collector, with fha intenfion being 1o roll aut o full scols
Soulh Aficon manwlactured product, intalled by locally fained

and cortfied indiiduals. More details will be mode ovailoble Tel: 011367 0607
regarding the qualification and froining of these instollers and Fax: 0114873708
ShAEs in Hus Saticra) Cell: 082893 4409

Email:  brian.scott@telit.com wwwtelit.com

Dr. Wolsey Bornard, Depariment of Energy

— e
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SOLUTIONS FOR A
SMART INDUSTRY

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

Power
+ Renewables

+ Transmission networks
+ Power & co-generation
+ Nuclear

+ Gas engine plants

Infrastructure & Environment

« MV & LV electrical reticulation, networks &
electrification

« Management & analysis of electrical networks

« Power distribution, sub-and-switching stations

« Control & monitoring

« Highway, street & high mast lighting

Our services include studies | | |
| full

! [
P" management (EPCM)
Durr Pieters

Consult Manager
durr,pieters@worleyparsons.com
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www.worleyparsons.com
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Promoting telecomms and ICT - essential
ingredients of tomorrow's network

by Peter Moray, Uil

s Telecoms Council, USA

This paper sats out the case for establishing the Africa Urility Telecoms Council (AUTE) as an international

division of the Utilities Telecoms Council (UTC) based in Washington DC, USA.

Ad pres
within the

there s o body or organisafion
ity sectors which addresses

what is rapidly becoming o crifical element
in the energy and utilty value chain. UTC
is  glabal trode associafion dedicated to
creating o favourable business, regulatory,
and technological savironmant for companies
that awn, manage, or provide critical
telacommunications systems in suppor
of their core business. UTC hes already
estoblished international divisions in America

Lotina, Canada and in Europe. UTC and

the international divisians represent elactric
gos, and water ufiflies; notural gas pipslines;
s and other

eritical infrastructure: compan
indusiry stakehollers.

Business drivers in the energy and
utility sectors

Energy ond ufility companias around the
world are examining the traditional energy
delivery cycle of production, transmission
and distibution and ars under pressure to
reduce raliance on fossil fusls, incraase the
use of renewable sources of energy, improve
dsmond managemen!, ensure odsquate

o Use of microgrids either as siandalone
unifs or running interconnected with
primory grids.

In ads n, viilities are being encouroged
o develop infernational connectivity in
fransmission system powar pools and in
davaloping oreos to use the felec
assets of energy infrastructure to support

number of MY and LV assefs is very high,
they are distributed across relafively large
geogrophical locations and fo dote, here has

ider the high level of

been no reason o co
investment requirsd.

The evolution from dumb energy networks 1o
smar energy nehworks is turing this principal
on its heod. The key anobler to ol of the

tha devels of el

services, Such business opportunifies exist in
fransmission nefworks fo support @ wholesale
telecoms morkst ond in distribution networks
whers there is the potential fo also support
the rollout of beoadbond o businesses and
hormes

Whila the initiaives ideniified abave fend to
be focused on the energy infrasructurs and
can lorgely be considered as operational, o
uilfies are large enferprise businesses and
59 need fo implement ond maintain large T
networks ond the range of enterprise services
neaded for the business fo funcion properly.
Many of thase nitatives will rely on snhanced
intelligence in all voliage layers of eisting
energy networks and extended use of many
different fech

supplies and

Africa region the need o rolk

dworfs these other concams but nonethelsss
infing anergy businesses aro baing asked to
ddress o range of businass drivars by thair
governments, requlntors and customers.

Tipical of these are:

& Greoter afficiency thioughout the energy
life cycle, production, transmission,
disteibution and in the woy energy is used
in businegses and in homes.

» Emphasis on reducing fossil fuels and
meving 10 renawable ganerotion.

« Introducing local generation and demand
side management.

* Inraduce load balancing in distribution
networks.

o Improvements in quality of services,
reduced outage fimes.

#  Improvements in energy network utlisaiion
and monagement

« Implement smart melering solutions o

improva customer billng, protect revenve
ond Improve refums on investment in

anergy,

and IcT

The treditional approach fo the provision of
telecoms sarvices in olmost ol tiities hos been
10 consider two sarvice elements, Firstly, there.
ore the corporoe felecommunications services
which support oll of the enterprise functions,
providing communications between offices,
supporting customer contact cenires efc.
Sacondly thers are the telscommunicafions
which ars essential for the canirol, manitoring
and managemant of he anergy networks, the
operational telecommunications. These ara
ciifical fo tha safe operotion of the snergy
etwark, have diverse routing, backup powar
and qrefpacilied with very high perkormance
chafotteristics essential 1o maintaining
sofe; reliable high voltoge networks, Most
companies provide these telocarhs services in
support of their HV and EHV networks.

The majerity of distribution businesses,
whether in fhe developed or the daveloping
regions, da nal, today, monitor, manage or
coniral their medium voltage (V) and low
valtage (LV} distribufion networks. Where the

for smart enetay
networks i @ relionce on an increasing level
of intelligence, not only in the higher voliage
fevels, but olso in the fans of thousands of
assets in medium volfage ond the millions of

assels in low volloge networks
Teonsmission ond distibution companies
across the world are being challenged 1o
consider how they wil provide communications
systems and services fo support the complex
applications which are required 15 deliver on
cing the energy sector

the challenge:

There s no shortage of fechnology. Fised
networks. have choices in opfical fibre,
microwave. point fo point and point to
multi-point networks. Wireless technologies
include traditional private rodio in many
forms, TETRA, P25, DMR and then there are
new fechnologies such os mesh radio and,
most racanty, LTE, all capable of operating
in licensed and unlicensed spectrum bands.

®

The decision to build, own and oparate iy
telecommunications is no longer a forgone
condlusion. Uility companies use public
mobile phane services, fhere are competing
providers ond prices are driven down by
competiion. Some uilfies look to speciollst
service provision companies 1o manage
thair operational felscommunications and
some hove fully outsourced fair. tolecoms
provision

Teleom companies are sbandoning their
traditional digitol setworks and moving
to packet based solutions, so-called next
generation networks {(NGNsj. Public
NGN networks cannat support fhe special
charocteristics demanded by the range of
jele-pratection services and so new invesiment
js required to replace felcom leaser fines.

The wtility TDM/POH/SDH
telecammunication sysiems ussd today are
being phased out by vendors and suppliers
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can deliver

as they are clso now promoting IP/packet based platforms whi

le plotfarm where shared serv

or corporate
rational telecoms con exist on the same salution. The move 1o
packet solufians raises the issue of cyber security: whet are risks, how are they
defined and then mitigated? When asked in & recent board of d

tors mesting
of Europsan UTC fo name their single greatest concern, felecom directors and
managers pointed fo cyber securily

Utilities Telecom Council and the Globol Advisory Council

tors, mano;

or thase operotional dir
chollenged with finding

and engineers ocross the Africa region

st appropricte felecoms solutions for fronsmission

and distribution businesses, UTC's ufiliiy members around the word provide a

wealth of knowledge and experience willingly shared in pe

Formed in 1948, UTC hos, over hwenly years, evlved info a dynemic orgonisofic

that represents electric, gas, and water utiifies

rol gos pipelin

crificol
infrastructure companies and ofher indusiry siokeholders.

its headguarters in downiown

shington DC, UTC provides information,

sducts and services that help members:

«  Manage their ielecommunicaiions ond Information fechnology mora o

and efficiantly,

o Voice their concems to legisiators and reguisiors.

Identity and copitolise on opportunilies linke ta deregulation worldwide

o Network with other felecom and IT profession
Within the USA, UTC is alsa on authorised ceriified frequency caardinator
for the Private Land Maobil Services below 512 MHz and 80D - 900
C is also the sole frequency coordinator outhorised fo
coordinate channels previously allocoted exclusively 1o the Power Radio Service
e Carrier (PLC] database

licensed gavernment radio services in fhe

Rodi

MHz frequencies. UT

in addifion, UTC maintains the noticnal Power

for the coordination of PLC use wi
10 - 490 kHz band.

Serving the industry for over 60 years has given us @ unique position as o markst
leader for utility telscommunication advacacy and educaior

To suppon and enhoncs the sharing of knowledge ond to.promate education
and of skills in wtility tel . UTC, formed the Global
Advisory Council in Februory 20
international segions, USA, Canade, Europe and Lotin Americo, The coundilis an

The council consists of all the leaders of the

odvisory body concentrating cn adding value 1o ol members of UTC around the
world. In proctice, such o process was already in ploce prior o forming the cauncil,
formolly and i was ogreed that addiional benefits would be
rmal struclure fo approve o progr of work, mo:
cchivities and ensure the delivery of maximum benelit, The first formal mesfing of
Monaco in canjunciion wifh fhe Europson
conterence. The first chairmon of the GAC will be Miguel Angel Sanchez Fornie,
diractor of telecommunications of Iberdrolo, Spain

JTC annuel

The leadersh
have equal rights and occass ko all the GAC i

Jeam of o futurs Africa LITC will sit ot the Global Advisory Ceundl ond

s

Tha GAC hes pricrilised four inifial arens of ocil
of work. Each of the four aefivities was already work in progs

y info an internaticnel programme

ess ond being manoged
within. different infemational regions. but without any central coerdination from
within UTC. A director of globol progrommes now coordinoles efiort fram across
the internationol regions.

The four activities for intemationel eollaboration are:

Packet/IP natworks working group: It is cleor fhat thers are UTC ufifty members
who have mode the dacision fo fransfion their felecom networks to @ packet/
IP based solufion, The vasi maority have not yet made such @ decision and the
UITC Packet/IP Working Group (WG] will be a peer to peer ufility WG providing
‘educaticn and knowledge sharing on fhe issues, pilolls and lessons learned in
designing, focuring and implementing packst bosed services. The first activily
of this group will ba o webinor illustrating fhe experiences of three member
wtlifies in Europe and North Americo.

| e
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Wireless specteum far future
s-v'm'g ds: Many of the applications

o be implemented in support of future
smnngrwdg will rely on the medium of
in order o gather doto and
insfigate netwark cantral funclicns
Europaan ufilties have been promoting
the:need for additional wireless
spactrum for smartgrids with the
otrol cegulotory body In the European
ommission. A perceivad weaknass in
fhe arguments hos been thot ufilities
lly recognised
1 the World Administrative Canferenca
IWARC) as users of spectrum in o
similar woy fo fhe aeranauticel industry
or the moritime sactor. UTC will
coordinate the arguments which need
10 be mode in diferent infermational
furisdictions 1o ensure utilities are
recognised as users of wireless services
i the WRC mestings scheduled for
2015 and 2018. This work & now
progressing with UTC in USA, UTC
Latin America and UTC Canado
Suppor i also being provided to EUTC
utilty members in Alrica

Cyber security: Cyber security is
ropidly bacaming the number ons
issue for the world's energy and utiity
companies. Government bodies in the
USA and in Eurapa already coopsrats
and share kaowledge on all aspects
of eyber security. UTC belisves o
utllity based knowledge shoring
forum discussing ond oddressing
the specific issues faced by this
mission critical sector will benelit all
members. The work of the ITC Cyber
Security Commiltea will be prometed
10 all UTC uniity members and new
alliances with Europoan experts are
undar discussion within EUTC fo
consider cellaboration an educational
programs.

Uty felcom nemwork KPls: UTC hos
developed o dioft documant seffing
oul the key performance indicators
which could be used o datermine the
overall pedormance of utilily felacom
networks, This inifiofive wes prompted
by request from a South African utilty
member who previded on initial drafl
document. An intemational review
process with parficipation from all
international regions has produced
a final document which will form the
basis of o data gathering exercise inthe
fall of 2014, The dota provided by o
selection of ufiity merber companies
from all regions will be anolysed and
benchmarked to show the range
of perfarmance of uility networks,
identifying best in class and how such
performance con ba achieved. Dato
gathering will commence shortly and
<onfidentiality of oll deta provided will
be assured

The formation of Africa UTC

Sii years ago, UTC/EUTC received on
application for membership from Eskom
Research and Innovation ond if was
decided they would become charter
members of European UTC. Two years later
Ghena Grid become the second member
of EUTC fram the Africa ragion. In support
of both of these companies, UTC/EUTC
held utity telecom conferances in 2012
and ogain in 2013, The feedback from
these svents, supplamented by research in
South Africa and by very positive reactions
from industry badlies ineluding the AMEL,
PIESA, SAIEE, AFSEC, SAPE WAPR FTTH
Alfica 604 SANEDI/SASG, has mads UTC
believe tha tim is ight %o launch Africa
UTC using o similor business model fo
European UTC

Europeen UTC wos formalised in Ociober
2004 with fve ubilty rambers. The budget
ollowed for the appointmant of a European
director to develop and promote the
acivites of EUTC taking directon from an
Eurcpeon boord of directors. ELITC now has
23 charier members and seven associote
members, The board of direciors agrees
on the ecfivities and programmes thot the
association will provida for il members
and the European director is charged with
delivery, affen through lioksons with oher
uility associations, energy and felecom
regulators, and the bodies within the
European Commissian.

All back office functions are pravided by
o contracted essociotion management
company which i responsible for finance,
membership erganisotion, fhe annual
conferance and appropriate project
management of oddional technicol and
business related projects. Management of
o annyal budget i the respansibility of the
director and the associofion monagement
toam, The budgel is sef by the Europeon
board of direciors which includes fhe CEQ
of UTC in USA. EUTC is an operating
division of UTC.

Technicol support and resources fram
mamber companies are encouraged ta
porticipate in projects, some of which may
be fundled by sponsars andor he European
Commission

s propesed that Africa UTC will use the
#gme business model and will hove o board
of directors drawn from utilily members
across the confinent.

Africa Wtility Telecoms Summit and
Afriea UTC
The launch event for Africa UTC will

be the Africa Utility Telecoms Summit
o be held in Sandion, South Afica, on

1710 18 Novembas, The summitis siructured
ta promote dsbate an o range of felecom
technical and ness issues s they affect
uliity companies in the region. The content

of these sessions has come from direct
involvemant of African enargy companies and
the municipol uliltes of South Africa

Atthe sarme fia, two sessions in the summit
hove been rassrved for direct discussions on
forming Alrica UTC and these sessions will
explain the proposed structure, organisation,
govemance ond funding of Alica UTC. The
benefits of membership will be explained
together with a proposal for octivities
and deliverables for the short ferm. Once
established, the AUTC boord of directors will
se fhe direction and programme of octivites
for the association in accordonce with the
needs of the membership.

Conclusion

The energy and wtilty sectors around the
world cannot ignore the demands for
areoter efficiencios and the challanges thot
will be ploced an thair businesses over the
coming decade with the introduction of
smarlgrids. The kay enablor 1o smart anergy
is telecommunications and information
communications technologies. Thare is
no single soluiion, what is best for any
particular company 1s dependent on o
number of local condifians, government
ond regulatory environment, appetie for
invesimen, securing retum on invastment,
technology, avollabilily of spactum ond the
level of compeifion in the telecoms market

African ullities hove an opportunity fa
come together as port of the wider UTC
community to:shore in o global farum of
whility talecommunicotions while addressing
local issues. Alrican uiilfies:can learn from
other utility componies and can share their
innovative ideos and solutions with others in
UTC. Together, the UTC infernational regions
caninflusnce the vendor communites fa create
ond deliver suitoble producs and sevices that
mes the exociing requirements of the enorgy
infrostructure. All uiilities will foce the same
challenges, the fimescales for implementation
mey be diffarant but e are-all giming fo
deliver relioble energy ot an economicolcast
ond under the best envirenmental condifians
for oue parfcular region.

Alrica UTC s the oppartunity for ll those
involved in defivering miision crical services o
camefogether with the common im of driving
befter voive and impravement in qualily of
services for busTnesses through the use of new
telecommunications technologies ond services
Conlot Peler Moray,

Utilities Telecoms Council,
petermoray@vic.org
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Open smart prepayment meter solution
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advanced smart prepayment metering needs. .« G3-PLC

The new generation E460 smart prepayment meter = STS prepayment standard (IEC62055-41/51)
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flexibility.

+ DLMS/COSEM communication protocols
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it provides a future-proof solution that protects
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Open industry standard, G3-PLC OFDM technology for
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the P160 Customer Interface Unit and the Data
Concentrator.

Split metering solution, which typically consists of two
parts; the E460 meter and the P160 Customer
Interface Unit.
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on-line smart prepay and post-pay configuration modes.
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as well as remote disconnect and reconnect
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Economically viable smart grids within
municipalities: lessons from local case studies

by Bruce

ow, Peter Al

15 and Ken

Smart grid infrastructure in municipalities can improve the efficiency of eleciricity pros

Kotzen,

GreenCape

on and present new

opportunities for economic growth and job creation. This patential business opportunity is currently hamperad
h

by barriers wi

imit municipolities' ab

ity 1o commit fo large-scale roll

out of smart grids and ossociated

distributed generation technologies. These barriers to smart grids have many causes, including a lack of natienal

standards which may result in obsolete infrastructure once standards are fin
the capabilities, benefits and financial viabi

The mol

Grids

ation for ihe GreenCope Smart
he feasibility
of impl smart grid technols

of these technologies.

within Western Cope: municipalities, identily
borriers ta implomantation, and facilitate the
uptake of fhese echnologies. The undsrying
aifns were economic development fhrough
incrsased electricity network efficiencies,
incraased lacol content and job creation.

In 2013 GreanCope ran thrse cose sudies,
in Drakensiein, Witzenberg and Saldanha, to

develop business coses for implementation
of smart grid fechnologies. In these case
studies o roadmap wos developed for sach
municipalityto help plan the lang term futura
spect o smart

o the municipal grid with
technology [1, 2, 3]. In 2014 fhres more
case studies will be conducted with o slightly
heavier focus on smarl grids role in enabling
the green economy, as a sustainable port of
ity business.

the municipal el

Sevaral lessons were learnt during Gesn
Cape's various engagements within the
municipaliies os wall as during the modalling
ond development of fhe business cases.

2013/14 case studies

In 2013 GreenCape conducted a project
+ grid business cases
within thres Western Cope municipalifies.
These case studies set out to determine the
expected requiramants and aspirations for

1o develop sm

eoch of the municipalities in terms of their
electricity business, identify potentiol smart
grid o , explore the business
case for @ smarf grid implamentaicn, and

make recommendations on he benefits and

challenges for smart grid implementotion in

municipalifies in the Western Cape
Methodology

This project, consisting of case studies of thres

selected municipalifies in the Western Cape,

the development and implementation of

grid projects is vary cose specific, and so the

outlines 1o follow merely describe the process

followed. The five-step process is summorised

in Fig. 1
Drokenstain

The selocted business case project for
t1o

Drokenstein was o smart metering proj
implement o time-of-use tonff for domestic

metaring pilot and the extension of fhe smart
ng pilot 1]

metas
The cast bensfit modalling of the project for
Drakenstain showed thot is it possiblo undsr
1o poy

the ight condifions for smart mae

Fig. 11 Diagrammaic represantation of business case development pro

ised, and limited knowledge about

itself o e
benefits are foken info aceount

i lfespon whan allthe muricipol

During the modelling process e loami that the
tering implementetion

viobility of o smart n

can shift dramalically, depanding on the tariff

used and the customer’s response to this
torifl, A groph of the cumulalive net beneli
of the prapesed project con be sean In
Fig. 2, showing & perback period of just
under 15 years, giving the project @ nef
present volue of R76 0G0,

The business case for smort metering s not
particularly strong if you consider anly the
financiol benefit for the: municipolity. While
ihe project should pay iisel off it does not

offer o large on invesiment during the

meters! lfaspan. However when the customer
savings are token into oceount, the result is
dramatically improved.

This showed thai thers is great econom
valye fo be gained through lood shifting eve
cipoliy is low.
understand

it the dinct value fo the

ue requires users to bo

as well os have sufficient incentive

10 shilt lood,

Saldunka

The business ease projectfor fhe Saldanha Bay
municipality explored o substotion mefering
proposal followed by a fault detection
proposal. The project covers the fis! three
oroas of the raadmogs initial development,
iamely: communicafians plafform, substation
metering project and mini-subsiation foull
detection [2]

The implemeniation plan far the Saldanhe
project wits equired to be split inta sections
of wark that could b implemented and
seo benefll within thee 1o five years. This
restriction mode it difficul a build o plan
1o roll out smart gid technology bicause
individval implementations odd litte value as
stand-olone soluions.

Witzsaberg

The Witzsnberg cose study focused on the
impact of net metering as: opposed 10 the
current situation of defent-free mechanicol
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melers [allowed to spin backwards) 3], The
proj
is fed bock onto the municipal grd o cost

posed feed-in tarif in which slectriciy

¢ the some torif as paid fo

sunicipality), shows the reduc

from @ typical customer Installing PV is

aduced by about 19%, This means thet the
metor cost Is easily recoverable.

The business case thus calls for e well thought
invanfi o mifigate patential fhreats o
nicipal revenue, whils olso encouraging e

outfee

uptoke of renewable energy generation. This
wil contribute fo national efforts a sustainable
development ~ poricularly through chonging
theraby roducing
emissions from slechicity provision.

the country's energy

2014 case studie:

In 2014 GreanCape will be running fhree
odditional cose shudies. These cose studies
are plonned fo focus on fhe rale of smort grid

technologies in enabling the grean economy
whilestll being por of o sustainable municipal
slectricity business.

These new case studies will look af the
iteractions between various grid technologies
‘and the rapidly chonging space of disributed

and embedded generation and energy
efficiancy,

mort metering

Smort matering forms o largs part of @
smar grid, and os such is o key component
when looking into smart grids. 1§ was quickly
iied that o

a lorge borrer for most municipald

lack of stable stondards was

s

i smort grids project feom hos also bosn

metering standards. |
specifically on the development of o standard

has been focusing

for © smart splif' prepoid metes

At present there is limited ovellobility of
sutable smort 30l prapoid mefers. This is

becouse split prepoid meters ore not widely

of direct financial refurn fo the uiilit. A large
part of the benefits gained dimctly benefit

the «

stomer. Nevertheless, due fo the fact
that service delivery is o core principal of
ipaliies
moivation for moving towards o smart grid. It
il b .

mus

ese bansfits serve a3 good

used infemationolly and fhe ented Soulhy

African markst is nof currently large enough o

ogreed Sauth African standord was in ploce.
The situation right change in the light of the
recent designation of smort meters for locol
procurament

manufocture [4].

which will encourage local

This standards process is ongeing, and we
will confinue fo assist the process in any way
we con.

Currenly the business coss forsmar melersis
ot very strorg for the municipclities we have
fooked at, s the high price of the mefer mokes

it dificultto racover costs fully. Smarl mefers
do add significont saving opportunities for fhe
customers, however, so- if funding becomes
availoble thot does not require short poy-back
fimes, 3ot melers are very aHtaciive.

it is olso possible ta get o much siranger
business cose i the rollout s done only fo
repiace meters that ore being replaced anyway
rathr thon o full replacsment project
Lessons learnt: building

business cases

One of the mos! vi
business case mode

ssons leam from
g i thot the finonciol
case for smart grid tachnalogies is not ohwoys
easy fo build [5]. Many of the benefits goined
from technologies such as smart metering and

involved in res

rching smart

e nat come in the form

500 000

g

(500000)

Net benefit [Rand]

1000 000)

Cumulative net ixesent benefit

— — ears
123456789101112131415

¥i

Fig. 2 Cumulofive net benlt of project.

o smort grid technelagy thot these customer

benafits be included,

Nee that the mur:
to. make @ prof

ipality’s abjective is not

but to pravide the ogreed

service delivery in the most cost-aflective

way. Custe

mer bensfits can be regarded
G5 a port of sevice delivery, 56 in this sense
the municipolity’s decision to invest in smart
technology moinly for the bensfit of the

customer is pol

The difficulty with the motivation of these
fechnologies, bosed purely on service delivery,
is thot they are competing for funding with
other prajects thot also offer improved services
1o the community. Smart grid fechnologies
do, however, offer significont value to the
municipality ouside of sarvice delivery which
when combined with the ustomar benefts,
conlesd tolarge benfits for the municipality,
ot lfle or o net cost.

Pulot peojecis

O dificuly is idenfifying where oll of the
qaing for the municipolity will be found.
There are many variables that can impact
‘autcome of the project by very larga margins,
such os the user’s response to smart metering
Without occurote infoemation it i almost
mpossible to predict exacty whot value will
be gained from o project ond, in our cose

studies, it wos seen fhat this information will
only be goined ofier impk
project hos begun.

renfation of the

eis o this reason that, in ofl sur project plons,
we suggested starting with o pilot projoct or
smoll initol rollout 5o thot risk con be properly
managed, ond maximum banefits con be
drown from the investment.

Tarifis

Duting the modelling process if wos noficed
that the foriff struchure impached the business
cose for beyond what was inifially expecied
While it was olways obvious thet odjusting
the tarif, weuld hove o significont efiect on

municipal revenue, when looking et time of
use tarfs it was quickly seen thot this effect
evtends post just raising or lowering the cost
of elecriciy.

Thare ora links between the toriff and the
user's respense that moke modelling the

Note 1 Spil meers haves the meler el in 6 sacure kisk oulside the customer prerisos and o display unir pls o keypad insde the premises.
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effects of a foriff change complex. Increasing
the differentiol between peak ond standard
pricing not anly impacts the revenue callecied
when the farf s implemented and the change
n revenue when o customer shifis load, but
alsa h
iheir load. Making the differential too high
means that the municipolity will lose revenue

ikslihoad thet the custamer will shift

e custamer shifts load and making it 100
low provides no incentive for the customer
10 3hift lood.

in the modalling done for Drakerstein, it was
found that it is possible to make o foriff thot

provides the customer incentives fo shift lood
ond increases municipal gross electricity profit

whil

stil ensuring that the average customer
Hill is not changed whan shifling on o fime
o use.

This tariff development process requires o
good knawledge of the consumptian of the
users fhat ara gaing fo be an the fime of use
farifl. Acquiring detailed cansumption dota
‘and carrying out appropriate modelling is not
atrivial process; however it con make o large
diference fo the success of the ser.

Road map

The high cast of smart grid technclogy makes
It prokibitive for & municipality o roll ot an
entire smant arid in o single project, For most
municipalities fhe cost of upgreding o a smart
grid is mony yoors” worth of budget,

This means that smort grid intervantions
need to b stagad in managsoble paris and
because all of the parts of o smart grid derive
addiional benelits from the ather parts, how
the infarventions are selected is impariont.
Prepuring a long ferm vision and readmap
for progression 1o o smari grid will allow
municipalifies fo befter manage theis choices
as they mova forward and anable them to
make fhe best selaction of technclogy to suit
their needs ot each stoge (6]

Conclusion

The smart grid projects have highlighted
some of the diiculiies which will ba laced
by municipolities looking ot moving towards
smarter grids. Whils most Western Capa
municipalities ore not yat of tha point whers
It mokes sanse for large investment into
smort grids, it i clear that the path of the
wid is moving fowards smarfer fechnology.
1t s important far municipaliies fo develop
a roadmop for moving fheir grid fowards
a smarer grid and plan their upceming
spending wisely. The business cases for smart
meters and ofher smart grid sechnologies are
not abways viable just yer, but as technology
becomes cheaper and energy more expensive,
the cases get betier. Neverthaless, if customer

u,
2
(=3
g

Net benefit [Rand]

4

-1000 000

Cumulative net present benefit

12345675%913611 121314 15

Fig: 3: Cumulative net benit of projeet with eustomor savings inchudad.

ond municipal benefits ore included in the
business case, smort moters do moks
and the dacision to invest then becomes o

poliical service delvery decision.

The foriff desion for time of use tarfs hos a
much larger impoct on revenue and i a let
more complex than standard farif design.
Residential customers do not have the same
Hexibilty as large industricl users in ferms of
shifling load, and as such require o different
tariff for fime of use fo be successful. We
strongly suggest that great care be token
in the development of residential time of
use torifis. Time of use torifs, # designed
and implemented corractl, con increase o
i stobylty and ulimately
te. themsehves agoinst

municipality's finen
allow them fo insy
the impoct of price
generafion fe.g. roofiop PV) end energy
efficiency inferventions.

creases and embedded

Municipalities nesd o signiicant amount of
information about their ged before they con

following © roadmop is safer and more
financiolly vioble. In adopfing @ phased

opproach, it is necessary fo understond
that the individual phases don't necessarily
eoch pay for themselves but, faken together,

they do.
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An eThekwini Electricity perspective

by J Hunsley, J Pershad, M Mihembu, S Jogannath, V Moisy, § Sewchurran, and K Annamala, eThekwini Electricity

The benefits of a smart grid, including improved customer service, network reli

P ge response,
exceed the current challenges experienced by eThekwini Electricity. This poper discusses the approach followed by
eThekwin Electricity in achieving its objective of a smart grid and highlights the challenges encountered. These
challenges are not unique 1o eThekwini Eleciricity but impact on all other electric utilities within the South African
region. The paper further discusses the achievement of a fully automated network which can ensure two-
flow of electricity and information. The implementation of various projects fo meet the smart grid objective is also

highlighted.

eThekwini Electricity is one of fhe lorgest
and most raspected uilies involved in fhe
transmission and. distribution of eleciricily

@ shrinking worklorce that must work morm
efficiently and cost effectvely,

o Legogy information fechnalogy systems

‘within South Africa. The |  supph
i fh Ib

plications. Undetected

v
2000 ken?. aThekwin i the anly meiro within
the country which operates o o voltage of
275 K, receiving pewar from Eskom a five
infaed substations disbursed around the
municipal boundory.

The vision of the utilty fs 1o be a leader in
electricity distibution providing energy for
the future. This vision is underpinned by its
overall strategy 1o develop the ufiffy o5 an
undertaking that maximises the value of ils
elecricity supplies and makes effective use
of all s resources (see Fig. 1)

Current challenges in @ municipal
environment

eThekwini Elactricity prides itself as o
progressive utiity with highly skilled technical
personnel who continuously explora innovaive
ways of improving fhe eflective monogement
of the utility. The implamentation of thase
innovative ideas have placed the organisation
o3 one of the leading uiilifies within the
elecricity distibution industey of Sauth Africa

The major strides ond gains made in the

technological space are, however, af

times overshadawed by the vos! majority

of challenges faced by the utility. These

challenges include

o Provision of eleciricity to customers within
informal settlements.

& Thelt of infrostructure,

o Theltof snergy

An ogeing network with increasing
mainfenance costs and poor mainfanance
procices.

Unplanned oufages from overloaded
refworks compounded by o rapid growlh
in demand and geographic sxpansion,

# Thalack of insitutional memary as  result
of experienced emplayees refiring without
the necessary skills transier fo other
employees ar systems. This s resulfing in

and misallocations of
resources nesd 1o be identfied.

Increasing complianca requiremens
respect fo quality of supply and senice
finance, health, sodety and environment,

However, eThekwini Electricity continues
o be mofivated and commited due fo its
recognition of the benedits of achieving
@ smart grid which, in the main, includes
improved customer servics, network raliobiliy
and improved cutage response.

Smart grid workgroup

oThekwini Eleciricity has and s implementing
vorious projects with the aim of improving
the smartness of the grid and, monoging the

grid more effsctively, The approoch currerly
would seem fa be fragmented, her
need to consolidate all offorts 1o achieve o
common objecive. The need I consolidote
all inifictives and develop o commen visian
and stralegy for the reafisation of o smort
arid led fo the establishment of a smort grid
workgroup in May 2013

o the

The smari grid workgroup is dirsctly
accountoble o the electricty exsculive and
aligns ifs ac
Smart Clty vision, It alsa oligns with ond
provides inpu fo the South African Smart Grid
Initiative [SASGI), established o5 o mechanism
for the strategic direction and implementation
of Sman Grids within South Af

e with the municipolity's

The scope of the work group includes:

Developing o high lavelvision of what an
eThekwini smorf grid might look like and
the challenges it would help oddres.

Masem
Deman

380 MW

Fig, 1A braak down of st custarners, demand ond saies ot eThekwini Elctricy,

1

ao

el

_ B

—

Fig. 2 Smon grid workgroup governance sruckr




P G 4 thAMEU Convention2014
..

Fig. 4: Smart grid moturty model levals and dameins

» Evaluating apfions pericining fo grid
nielligarice.

& Ascertoining the level of international
experience of smar grids o dote ond
future plans.

+ The ossassment of smort grid reloted
developments wilhin the South Afican
eleciricity supply industry.

+ Establishing g baseline position i.e
assessing the current netwark capabili
for smort grid applications.

* Propasing research, development and
deployment epportunities fhat should be
pursued in the immediate future to ensure
readiness to deploy smert soluions

*  Considering pilot projects and svaluating

pilot projects

* Determining 1K high level cosls and
benefiis of developing smort grids.

® Providing input 1o standards and
specifications.

©  Devalaping a smar grid ction plan which
will

Set out detailed actions required fo

implement the sirtegy.

Define roles and responsibilfies for

the diffarant smart grid role ployers
Committees

The committaesserve fo provide the plafform
Through which the actual ectivities of the
workgroup ore executed, The scope of the
various committees is elaberated furiher
in Fig. 3.

These committees receive their mandate from
the smart grid workgroup. The interaction

within the commifiees serves to break down
the siko mentalty and sireamiing fhe nfiofives.

Smart grid stategy development

The establish of o lid

aThekowini racognised the need to determine
its “0s is" condition and thersfare fock
advaniage of th apportuniy provded by
SASGH. This involved the assessment of the
utlity with regard to s smari grid maturiy. The
methodology used was via @ model developed
by the software enginaering insitute of the
Carnegie Mellon University bosed in the
United States of America. This model has
worldwide recognition and has been utilised
by numerous utlities worldwide

The smart grid maturity madel — essenially o
matrix o almost 200 outcomes, capabiliies
ond benefit, plofied and fracked in various
wark domains - prograsses through five
levels of maturity, Not every ufility will need,
ar want, fo go 1o the last level. Depending on
a utility can select which level
is optimol for their smart grid vision. Level 5
{Fig. 4] for example, perpetuates innovation
into new frontiers of the energy business [1].

their situation

With this generel progression of fhe “levels
of maturity* in mind, let's fake o look af
the eight domains in your ufility that ore
impacied by the changes brought about
by the smort grid fronsformotion. The core
business areos that are mast offected in o
smort geid trorsformetion are reflected in
Fig. 4 1)

The outcame of the ossessment in some ways.
provided an independent canlimation.of what
the utility had mu acknowledged, among

governance structure for the utlity with the
workgroup as the driver of the smarf grid
fourney has led o the need fo develop o
strategy os ifs framework ond faol. The
development of this sirotegy is mot underioken
n isolotion but dovetails with the utilfies
overall strotegic plon s well os the cifies
smart vision

he slaments of the siategy wilinclude, but
ot limited tor

Roadmap and oction plon.

Technology plan
Overoll budget,
o Resources required

o Consolidoted approoch.
Smart grid maturity assessment

As utlies consider undeneking the jourey
fowerds achieing o sman gnd, and hoving
undersiood whot a smart grid is and why it
neads to undertoke this joumey, there are
three questions which it needs 1o ask itself:

Where om | now — an “as is" analysis
of the utilty understanding is smant grid
moluriy,

» Where do | wont 1o go ~ *fo be” siate of
the wilty by developing  vision.

» How do | get there -
development of o strategy.

“roodmoap”

ather arsas, Th is commitied
1o explore opportunities o enhance their overall
business performance and sustainabilty
Numerous technslogy implementation
nitiafives are faking place within eThkwini
Electricity which is commendoabla. The
technalogy implementation initiatives
are not necessarily faking place as on
integral porl of an integroted smart grid
strofegy. The survey resuls reflect the level of
“inconsistancy and obsence” of an infegrated
technology deployment approach (level of
silo approach). The opproval and odoption
octoss Lines of Business (LoB} of the smart
grid vision, technology deplayment plan
and an integroted implementation sirotegy,
will significantly contribute to the: sman grid
maturity level of the utility. 1t is essential to
focus an employee porticipation and fhe
business struclure alignment fo suppon the
smart grid journey. The eThekwini team
demonsirated commitment fo the smart
grid maturity assessment process ond the
porticipation was outstonding.

Fig. 5 provides o representafion of & Thekwini's
current maturity. While this outcome may be
seen os bleak, however, it's viewed os an
apportunity for improvemant and growth with
an appreciation of the poth which the uflty
must travel over the nex! fow ysors ta realise
its abjective of modemising the grid
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Implementation of various
initiatives

As o usity embarks on this fourney fowands
ochieving smortness/modemisation of s grid,
's important ta get the building blocks right
Fundamental tothis is having an appreciation,
05 o uility, a3 o the ownership of ifs assets,
where are they locoted, what their condition
s and what their usehul lfs is. The utlty has
observed fha fhe creation of o fromework
to monage end manifor the of

comply with GRAP17 fisancial reguations
Howaver, fhe exercise also enabled asset
managament fundomentals by providing
relible and detailed assef information
This information wos captured and will be
stored ogainst on equipment hisrarchy that
will link the technical aquipment register
o the financiol asset register, This would
enable ransparent daily transactions of new
additions, operafions and maintenance and
disposal, allowing the infomation to be

thesa assels is key.

Witk these & , o utilty can

moking.

In order fo overcome the challanges of
o fla’

row bagin 1o consider introducing smariness
the grid such as

* Introduction of infelligent devices ond
sensors (automation]
» Instaliation of vorious communication

n-site devices and
the back-end [cantrol centre)

mediums between an

Madernised the metering infrastructure to
enhance the customer experience

Exploring differant forms of generation
and their impact on the grid

The next saction of fhis paper highlights the
work which aThekwiri has underiaken and is
in the process of implementing in realising
objactive of achieving smorness.

Assef management

True smart grids can only be succassfully
implemenied f you have access to information
obout the network, communicating if fa
the right people, systems and customers
and anable sell-heoling functionolity ond
infelligent dacision making on the network [2]
The asset managemen initotive daliverobles
support these fundamental principles, theraby
ollowing eThekwini Elactricily fo hamess the
benafits of smart grids.

At the core of the osset managament
initiotive wos the asset field verification and

information and lack of information
mainienance processes, a draft fechnical
information sysiem framewark wos established.
This will assist eThekwini Electricity in moving
towords integrotion and development of
informafion systems and establishment of
best praciise processes which will mifigate
technical information disparity. In suppert
of the tachnical utility informotion system
framework, o draft fechnical wility dota
model was defined. The technical dato
modsl will facilitote on anvironment where
information and inforn
well documented and ogreed upon. It sets
the responsibilities for the various sections

tion ownership is

e network performance
and service dalivery, thersby enhancing
customer satisfaction ond improving
health, safety ond enviranmental
performance.

o Improving

Optimising return on invesiment and
obiaining value for monay. Cost sovings
can be achieved on refurbishment by
extanding the equipment Iife cycle due to
improved maintenance procedures, which
wald have an added benefi of reducing
insuronce costs and levies.

Legal, regulatary and stotutory compliance
through controlled and systematic
processes [KPAs and KPls].

Improving risk manogement and
<orporate govemance and providing @
clear audit truil for the opproprioteness
of decisions token and their associcted
tisks, There should be o bolance between
engineering, operational and financial
Tisk,

.

More efficient and effeciive procursment
supply chain would

Ensuring thot sustainability is octively
considered os part of asset ufisafian and
selection.

Improving productivily as a result of better
planning and fargeted human resource

and personnel in adeguaie
o The fechrical iy dota odl provdes
the perfect foundation for future system
expansion and infegration planning.

As can be seen from Fig. &, information
integrafion is required 1o ensure all the
systems have @ similar and ccurate view of
the required assei's information, and that na
one system hosts all the requiced information
abautfhe assel, Alsc various systems will play
a role fogether to provide a comprehensive
representotion of all asset information, which
can be viewed through business intelligence
tools/saitware [2].

The benefifs achieved from improved msset
prochices inciude

i

|

T
”
H

BT p—

Fig. 5 Smort gric moturly model per communy

Improving decision moking as  resul of
better avoilable information with respect
1o infrastructure, people ond processes.

landscape

The intelligence of the smart grid relies
critially on geospatial data fo represent and
track the locations of numerous devices within
the connectivity model of the distribution
system [3]. Traditionally the network
reticulation records ot eThekwini Electricity

were stored In o computer oided design
(CAD} package. The transformation from
CAD fo o geographical information system
[GIS) environment incorporated metadato
and odditional intelligence to the database.

Fig. 6 Systoms involvoment - nsset Uecyca [7]
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GIS of aThekwini Electricity provides a spafiol
platform for the technical records of all the
etwork An upd

field verification project. This dota model
incorporctes exsting eTnekwii Elcticiy'

a quicker response in spatially locating
underground infrastructure and fouli finding

existing o
dotaset is reliont on the receipt of accurate
os-bullt drawings from the variows works
branchas ond is supported by the Master
Dato Change process hosted by the Assot
Care Centre.

As more branches and their divisions are
axposed o and interact with the GI5 they ore
beginning 1o realise the benefits of having
a fully connected geospatiol network data
model. The revised dota model has peovided
o platform ta integrate the GIS dato with
other enterprise systems of the organisafion
It has olso addressed the issuss of network
conneciiviy n the GIS and provides the abiliy
1o perdorm netwerk tracing.

Objective

The main cbjeciive of the initictive is 1o have:
afully connected network of he High voltage,
medium valioge and low voltaga electricity
reficulation in GIS and 1o have o reol-world
geagraphicol representation of the electrical
infrasiructure. Secandly,if provides o platform
which will allow for the interaction with other
anterprise systems of the erganisation, viz
autage management system, rovenua billing
system, enterprise asset managemant sysiem,
customer informalion system, efc

Progress

A new datn model wos designed to hast the
additional dota from the cssel management

e
communications inkrastructure, cable ducts
‘and cabls [oints, and terminations) that ware:
excluded from the osset veriication project
In cddition to the data that was collected
in the asset manogement field verification
project, the data wos furiher enhanced with
existing data from the eThekwini Eleciricity
dataset. ArcVisio femplates were designed fo
roplicate the equipment in the fisld ond assist
GIS copture process.

The enhonced data model has been exscuted
in a third of the network, viz. tha south

region. Electrical network connectivity for
components of the medium vollage and low
voltoge equipment has been achieved in this
madel

Challenges

Same of the chollenges experienced include:
o Very complex datoset with extensive

atributes thot needs to be moinlained.

» Relionce on the entire erganisotion to
provide doto

+ Dofa disclpline is @ problem and needs
10 improve thraughout tha organisation

'+ The organisation needs ta adapl 1o new
dote medl

Benefits

Assets ore batter managed by having an
accurate spatial record. A fully connected
geospatial network databuse supports

Fig. 7: Camparison of old and new doka mades.

Fig. & Communicaon networks swategy.

This also plarning for new
construction and exiension to the nenwork and

for planned maintenonce
Communications infrastructure

In considering the role. of communication
networks in the smart geid, i's impor
emphosise thot the first enables the s!mnd

Adding intelligence fa the electric grid
primarily means: autom;
functins. And automa

g verious grid
n isn't passible
ble

witheut communications networks that en
 two-way flow of dato (4]

Historically all systern communication within
eThekwini's elecirical network was via o
coppar pilot syster consisting of cables with
vorying numbers of cores

As the copper system aged, it bscame
susceptible to faulfs which are very costly
to repair. As the pilot cables were also
unble to meet the communicafion demands
of o modern utlify, on overall long ferm
communication network srategy was adapted
in 1994 which Included implementing fibre
optic based systems and wireless systems,

& naw communication networks branch wos
esfoblished fo concentrate an the rapidly

increasing communicaion requirements of

the slectrical astwork
Objes
Thekwini Electriciy's communication network
steteqy is 1o astablish o privarte, infogroted
muhi-tier, hierorchicol communication network
as shown in Fig. 8

ive

The system is required 1o cover the enfire
area of supply. 1 needs to be reliable, secure
and scoloble. As a modern communication
network it will be required fo provide averall
high bandwidih ond law lafercy performanca
To ansure effcient and efleciive operation and
maintanonce, the system wil be required to
be fully manageoble through o centralised
management system.

Benefits of a private communication network

Electricity utiliies have o long tradition
of owning and controlling their own
commonicalinns networks for missioa-criicol
opplications bacauss of concarms about
relikilty, sofety, security and cosl. Even in
cases where tha cost — in terms of copital
and operationol expenses - is greater than
@ nen-utilify alternative, the guarantee of
reliabilty, safety and security inherent in o
proprietory utlity-owned network often trumps
cost concers (sea Toble 1) [4]

Progress

Fibre optic cables were installad inside
tha earth wire on avarheod line systems,




{optical ground wire or OPGW), os part of
refurbishment projects handled by the HV
operations deparment. Underground fibre
optic cobles were clso luid fogether with
clectrical cables between mojor subsiations.

The second ohiective wos to insiall ¢ fibre
optic SBH muliplexing system between mojor
substations, ond to provide connections
for prataction schemes, SCADA, remate
inferrogation of protection relays, quality
of supply recorders, security systems, data
communications, and other services of the
slectrical network, This has been ochieved,
ond all majors are now reachable and
ore serviced by the mulfipleser system. In
addition; o loyer'3 doka netwark hos basn of
these mojor substotions 1o accommedate the
rew, requirements for Ethame services such
s distrbution automation traffic backhoul
‘CCTV ond access contral.

The fibre optic system is olso used for
odministation systems. Al eThekwini Electricity
depots have been connected using dedicated
fibre links. In oddition, & commitment has
also been mode to make o poir of fibre cores
avallable on eoch routs for use in eThekwini
Metro's broodband venture, MetreConnect
Cellular radio technology was intreduced
to provide the communication channel
bock ta the control centre. This provided
communication links 16 the apprazimately
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Tablo 1 Bangils of o privote communication nebwark.

Recruitment of competent fechnical
stafl, compounded by rying to- support
ogaressive smployment squify proclices

11 ¥ level of the elachical systor. Although
not under internal conirol, this fechnology
was accepted as an interim solution due
16 the readily ovailable infrastructure ond
extensive coverage which enables fastroll-out
throughast the rsgion

Thesa ollowed the obsility fo connect mini-
RTUs ond RTUS of new IECA1BS0 distibutor
substations to the control centre, for
automation purposes. This cellvlor system
will most probably clso be inifially utilised
in linking up mini substotions, outoreclossrs
6nd other remale equipment in th slectricity
system

A focus hos elso been placed on network
management with moderm systems being
procured fo support the evolufion owards
Etharnet services within the eleciric utility
enviranment

The current focus is on seffing up @ private
Yier 2 communitgtian network fo coter for the
11 KV level of the elecirical system. Progress
hos been made by inifiting o proposal fa
instoll it optics to all distributor substations,
05 well us in undertoking a piot project to
tollouta corrier grade wireless mesh soluicn.
Chollenges

Challenges in deploying, operating ond
malntaining communication infrastructure
include:

» Lack of support from administration
sactors of the arganisation, ronging from
supply choin menogemen fo appraval of
for evolving business needs.

+ Adoption of the comect stondards ond

technalogies os new ones conlinu 1o

emerge,

The need fo support legacy systems.

The reluctanca or inability to occept

change within the organisation.

« Missing core functions, pracesses and
fundomental procices ranging from werk
planning and control cycles fo project
management.

Lessons

The lorgest lesson learned was the need far
an overall sirategy within the orgonisation fo
ensure that Tha massive needs and changes
required o implement a smart grid is met
An example would be eThekwini Electricity’s
initiotive te updae its medium voltoge

planning and construction processes fo
include the planning of communication
infrastructure 1o accommodate future smart
arid applications, Atterfion yst be paid fo
the operation ond maintenance stralegies
of systems as these are often overshadowed
by the instollotion and commission phase
of 6 project in excitement of adapt new
technelagies.

Distribution aulomation

eThekwini Eleciicity hos a long-ferm goal
1o ablain full Supervisory Confrol and Dofo
Acquisition (SCADA) visibility fhrcughout the
distiibution network, terefore aims fa install
intelligent devices fo remotely manage and
control all medium volloge equipment in
the distributor substations, ring main unifs,
autoreclosers, mini subsiations, and Kiosks, to
ensure network reliability. aThekwini alsc gims.
o install through foul indicators 1o monitor
the overhaod mains (OHM). The distribuicn
outomation project has been broken down
into thres phases and each phase furiher
subdiided info the respective order of priarity

Fig, 9: Disiibution aulamation project breokdown.
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for which the DA proje

daployed (see Fig 9|

o

network in alignme

making valuable

planning and construction divisio

sence

furthe e future reinfon
operatian of the network

Imp

systen outages and greater
This is made possible by the inf

system which allows the ¢

and manage the MV network in real fime.

Distribution auto
s 1o ansure o secura, relioble and sofe

6 o smarer grid

larmation available tc the

oves network performance by reduction
iy of supply
Jigent SCADA

snirollers to monitor

ly being

\proves operafor efficiency and

contrallers are mode aware of fo

they occur by receiving alorn

soon

operatar can therelore respand quicker 1o o

fauhi, monitor the locds at each substation

and remately control switchgear

Improves the confrollers visibility fo unsafe o

insecure situations on the network
The infelligent devicas ollow for sorly defe;
of squipment failure and assists in foult

location, ond improves restoration fin

Enhonces averall cusiomer service - improved
detection and resteratien of faults f

reduced outage

customers on the status of cutag
Progres:
Remote terminal units (RTUs} have been

installed and commissioned in 455 distributor

substations from o fotol of 755, A tolal of
507 of these

been wired. Th

tributor substotions have

ebijective of this

, enable remate mor

confrol to hese substation

these sites is regularly monitored 1o e

o 1h

ommunicatio intellig

Communication ta the RTU

possible by the installation of Imemet Protacol

(1P} Modams using GPRS. The advantages of
IP communication include the ability for

engineers 1o do updates, configuration

stics of foults

changes an
without the
1
wos implemented 1o fake care of sec
winerabilifies which GPRS introducs

site, 50 improving

esponse fimes fo faulls., Open YPN

A tatal of 71 ring main units have been

ere nine of the

sites hove
74

sialled wi

been commissionad and o fotal of
autoreclosers have been instalied with
SCADA functionolity, but none have been

ommissioned.

i o

Two fhroug ndlicotor [TFI) sites have

R < =y = ol

.
-

Fig. 12

~oThakwni Al solufion,

digured and comn

been o

surposes fo monfior fhe perfos

devices o e they meet aThakwini
Electric

on indication fo the personnel a3 to whers o

s roqui
foult accurred on the OHM. If o foult accurs,
the TFi will rigger an LED
ne-and on olor

he sarsing unit
will be sent

mounted on the

he cantrallers

s occurred and the foulls

veilfy

thot o fault b
n then be dispatch

1 as soon as possible
o repair the foult

o kiosk pilot site has been tested and
of kiosks is
ond prepored for the

ommissioned. The fiest boic!

currently being wi

= This will allow fhe

RTU insfallafien.

llars o detect when a fuse s blown ond

abtain earth fo otions, as well as the

i loads of the subsiation.

Challenges

an the

Physicol secusity, vondolism ond thel

elechrical network are o growing cane
acations

Communication media

are unreliable due to the fow signal strengths.

Advanced metering infrasiructur,

The advanced metering infrostructure
{AMI) programme s responsible for the

implementation of smart metering which

lation of smart meters, ossacicted

‘equipment such as communi

o unis (CiLs}

), as well as multi-vendor

dota
igement system (MDMS). Integrafion of

mpanents will ensure o seomless

d bi-directional communication
flow. This. inifiative will anable eThekwini
Electricity
objective q
ricity supply: AMI will also
tency and o
metering inifiatrves wi

misation of similor

Electricity,

The AMI programme will slign o the overall

eThekowini Ele

ty smor

id objactive which

anfolls g sustainoble and medium-o-long
ferm sirategy. This
part of
reating, ameng other prionties, a safe,

ategy is also an essential

Municipality ave

Thakwin

entolly and ecanomically

ty by eventuolly ochieving o
smor city cbjective.

AMI solution

»  Relies on the implementation of o mult
vendor moster siafia

o Relies an the implementation of o meter
dato managemen sysiem.

.

Requires AMI metars.

® Requires one or mors field insteller
service provided) 1o insfallthe AMI meters.
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Fig. 13: Conea

imientalisation of solution companents

safety hazord. I lef unotended, tha s
would become un

monogeable.

Inan sffort fo

control and manage these
installations befter, <Thekwini Ele
token bold steps in implementing @

tricity has
nterim

-au-—----—--------|

|

Requires communication infrostructure fo
facilitate communication between melers
and the MYMS. The current view is that

this will be achieved hrough GPRS over

eThakwini’s existing privote APN
. leverage its exisfing prepaid vending
. 6 Thekowinis exisfing prepoid
infeastructure for prepald vending.
Fig. 13 shows the key elements in the end
wole

Toble 2 provides o detailed description of
the various companants outl
concaptual design reflected in Fig, 13

Embedded generation

Load shedding and ihe rising electricity
prices have forced cusiomers fo become

ned in the

mare awars of their electricity usage. The
pay back periods and viabilty of small scale
embedded generation projects have aiso
become mors feasible. Small scale gene
projects, especially roaltop photovolicic (PV),
9 o popular sight within
of Durban, Customers are procuring
pre-packeged solufions aither lacally or
shipped from international suppliars. W
itthe 1

fion

man skills, the pro-pockaged phug and ploy
solutians bacome o kilowot-hour generaiing
machine o it absarbs the sun's fays

There seems fo be o reluciance to couple

14: A high level timeline.

batteries 1o the gener
the tendency fa synchronise the system
the municipal grid. There ore .
advantages in such o sche
for tha grid fo ot as o vinual bott
the local generating plant produces more
kilowat-hours fhan. the househald requires
This eliminotes fhe nead for expensive batiery
technologies and related mainienance.
dispasal procedures

While the advantages moke synchronisation
a logical choles, it olso friggers the nead for
technical, sofety and regulafory compliance.
With this concep! being relatively new,

thate is lack of clear guidance in ferms of
how theso generators need 1o ba reated.
Industrial role players ore ying 1o propose
solufions; hawever thare ore many chollenges
1o overcome prior 16, fhe infroduction of o

solution. It is of extrame importonce
that a national framework be introduced
immediately, s reverse pawer flow onto
netwark creotes safety and technical hazards,
among other ssues

aThekwini Municipality has come ynder
tremendous pressure from the public fo
introduce o mechanism o allow for the export
of genarated snorgy. Many installations hove

framework
Some af the steps taken include the proposed
implementation of a residential embedded
generaiion forif o create o simple buy-back

mechanism for generaied el

icity

providing eleciicily supply 1o any residentil
d-user, eThakwini Eleciriclty lovy chorges

by means of o farff structure fo racover costs

urted in providing such a service, There are
a variely of costs, however, For fhe purpose
of simplicity within the: conlext of this paper,
these cost can be viewed in Fig. 15.

The bulk eleciriciy costs refer t the cots thot
ore paid fo the generator of the clecticiy
which is Eskom. While the Network Costs
refer 1o the fseel costs incumed by 6 Thakwini
Eleciricity which includes costs such as repairs
and maintenance, salaries, meter
andr Stomming from th
it can be concluded that fhere are fired and
ble costs ossociated with a supply poirt,
irespective of the direci

eading

ted cost

of power flow.
Residential users currantly pay foc both costs
via: o single rate energy charge (par o kWh)

The intraduction of this new torff cliows
rasido nsume electricity
from the grid os wall as export generted
electricity o the grid, Asa result of implomenting
such a mecho

sm, the municipality runs the
tisk ofa inancialloss. ¥ the cusiomer generates
as much os consumed, than the payment fo the.
nicipaliy is z6ra, To ensure na free riding on
the network and the risk fo the municipality s
limited, o network racovery chorge is needed
The current torff recovers fhe nework chorge
os elaciricity consumed. Whilst this is not
cost reflective, i is workable and s been

successiul in racovering the network charge
in the past. To ensure consistence and equal
reaimant amiongs! the rasidentiol sactor, it
was proposed that @ netwark access chorge
be recovered via an energy usage mechanism
All ganeration stes need 1o be mefered and
metering of these small scole embaddad
generafion sites. ore done by electronic b
directional meters which record both the import
and export kilowatt-hours. These readings ora
then fod into he billng sysiem which had fa
be o manage this complicated

iy and
this hos resulied in mefers revarsing, posing
a severa finoncial risk fo the municipality
Uninown raverse power flow olso creates o

residential embeddad genaration tariff

With regards 1o the licansa raquirements of
small scole embedded generators, eThekwint




Eleciicly togeher wih SALGA and the AMEU

o 2: Concaplval component descrptions

L et e O R LT

meels ol the criteria then approvol 1o connect
o tmsad B i

genaration license requirements for small scale
embedded (<100 kW] generctors and sil
eogerly awai fhe outcome of s raquest.

A the outsat of this joumey, there were lack
of policy and guidelines guiding embedded
generation but over the years, fhere has
boen progress in the creation of guideline
ond policy towards embedded generation
rmmely; NRS 097, South Alrican Renewable
Energy Grid Code, SANS 10142-3 which
eThekwini Elecricity has been o part of. The
oThekwini Electricity framewark is in lioe with
ihe lotest codes and standards fo ensure that
all generators comply with the necessary
regulatins.

A simple application form thot can be
‘biained from the aThekwini Elaciricity website
has 1o b filled in by ony resident wishing
1o smehronise with the municipal grid. The
form nssds to be furaished with details of the
technical specification of oll the generation
squipment. This is then evaluated and i i

installation, a certficate of complation needs
16 be submitied fo e Thekwini Eleciricity signed
off by @ professionally regisiered person fo
cenify that the instaliation complies with off
the technical and sofety standards.

The abave simple process to promate small
scole embedded generotion has been
developod but s pending the approval of fhe
Rasidantial Embedded Generation Tarfl by
'NERSA and clary on the gencration licsnse
requirements

Failure o implement o policy of fhis nofure
vl result in the non-promtion of smoll scale
ranewable tachnologies by local gavernment
This is unfovorable as national Government
ras pledged s supgort o promote ronawable
technologies.

Conclusion

The challenges in @ municipal envirenment
ore immanso, especially when eleciricity
prowision is an essenfial service and o cosh-

onvention2014

cow. Due fo these chollenges, t is quite ecsy
for g ulilty o get bogged down in dealing enly
with its operational mandete o5 opposed 1o
wing o strategic view on ifs long term vision.

This paper has clearly demansirated
eThekwini’s infention fo madernise its
eleciric grid over the m edium o lang fem
This infertion embroced by the util
execufive monogement ond is driven of o
senior level with o strotegic locus. There is
ocknowledgment thot this is o lang term
joumey however. eThekwisi has commenced
its wolk en the path fowords o smort ufiliy
via 9 co-ordinaled ond systematic approach

Colloboration by the various stakeholders
within the industry Is crucial in snsuring
the successful achievement of a smorf and
modernised grid within the country. The
Deporiment of Energy is key o provide
the policy imparative and budget where
necessary; SASGI o consolidate national
effans, provide siotegic dirction and support
the development of standards; National
Enargy Regulator of South Africo fo provide
the regulatery framework; Manulocturers via
the innovation and approprite technoiogy;
ond buyein from the Customer
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Municipal tariffs: where to from here?

by Hendrik Bamord, Elexpert

Municipal electricity tariffs are in @ shambles: NERSA tariffs (IBT) have created chaos beyond comprehension,
Electricity is being sold at prices below the Eskom purchase cost. More and more low usage customers are increasing

the subsidy burden. High usage,

energy solutions. NERSA is

are g fo
stipulating large customer tariffs at Eskom plus 20%, thus deplefing any option of making a surplus.

Daspite all of this, large profits are being
hidden. This poper will describe these
problems and propose an opproach in line
with the governmant s Electiciy Pricing Policy,
where o foir deal is given 1o all customers
and yat the municipality is ensured of o fair
income and preiit

Domestic cost of supply

Beforn assessing various issves, | will do @
shon cost of supply (COS) study for typical
domestic custormers in o municipalify.

The figures used ore averoged from a ronge of
municipolities, which | have undedoken torifl
s b i e i B R

It s olso important fo note that this is Aot a
comprehensive COS study. The inoceuracy
o the study lies mainly in one aspect, namely
that averoga network costs ors used insteod of
diffarontioting the costs ot the various generic
points on the network. That means thal the
costs of domestic networks, which are much
higher than that for large customers supphes,
ot higher vollages or higher up in the supply
network, are undersiated. This shows tho! the
domestic supply costs are undersiofed.

Table 1 shows the fofal costs for o typical
municipalty. The purchass cost, sdministration
and customer service costs are deducted 1o
abloin the network cots anly, The last column.
shows the costs, excluding capital which is to
e the minimurm for poor customers.

Table 2 shows the calculation of the
average natwork cost per kYA for the whole
municipality. This figure should be much
higher for domastic networks

Table 3 shows the colculation of the unit and
total cost for domestic customers of various
consumplion levels.

Whenever these figures are shown, it seems
tho this is a st of complicoted calculotions
which are incomrecd. Far fhis reason, | have
also included an aliemative calculation
method. Table 4 shaws fhe vorious cost
companents. I is clear fhef i elds the same
rasuls as the ofher opproach.

Fig. 1 shows the fofol cost af the various
consumption lavels

The bl

il

[ E———
i wovarieen
;= e

Dlomestic supply costs

Aenmanth

Fig. 1: Totol cost o various consumpion fevels.

Toble 2: Calculgtion of overage netwark cast per VA for the whoid municipaliy.

® The fixed cosiy essocioted with

100 kWh/month are close o R85/month.
o The averoge prica reduces hom 171 1

115 c/kvh ot 100 vs. 1000 kihmonih,
Based on my experience, | would estimate
thot the averoge costs would not diflr by
more than plus or minus 20% for e diflerent
municipolities in South Afco. This gives o
qood basis 10 stant anolysing some of the
current practices in municipalies.

Inclining block tariffs (18T)

be mode fram thi

The application of I8T hos bean
since it has been farced down by NERSA

The issues relating o process will not be
coverad here, except fo say thot NERSA
hos never answered the questions roissd by
AMEU/SALGA. Various workshops were set
up by NERSA fo discuss this, bt these were
sither cancelled or only issues of practical
implemantation ware ollowed.

Besides the many concems with the (BT, the
key problems that the industry now faces in
respect of IBT, are as follows:

The fact that the BT tariff daes net cover
the operating cost of eleciricity supply.
This means increasing cross-subsidy
requiremen,

.
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Table 3: Colculation ef it and toto] costfor domestic customers.

Table 4: Yorious cost companens.

« The on-gaing low incraoses for the first
blocks, below the Eskom/overage price
increases.

The emengence of renewable snergy and
the eroding af the municipol revenue base
from high users.

a Th ‘ Awith BT

The negative impact on some of the

municipaliies are exreme:

o Municipality A in Gauteng, lost
R53-million with the infroduction of 1BT
toriffs. Four years lafer this municipality
now owes Eskom close o R200-million.

. B in the Free Siate lost

‘are n buth convertional and pre-poid-
Negofive financial impect

NERSA recently sent cut o uestionnaire where
#he staius of (BT implementation is requestod.
One of the leading questions is what successes
hove been achieved with (BT and whot the
evenue impact was. Thesa impacts should
0w be known and hopeiully NERSA will make
these ovailable to the industy.

R75-million dus fo the implementation
of IBT.

Municipaly C in Eastern Cape will lose
R15,5-millian, clos to 14% of totel
revenue, which will wipe out the fofal
surplus income on eleciricity.

A small municipality in the Western Cape
I losa RB,é-million or 16% of fotal
revenve and wipe out any surplus income.

Daspite the massive reduction in chorges to

oo customers, non-payment is growing of

an even foster rate. Al it has coused is a

non-appreciation for @ very scarca resource

‘and an-going increased usage.

The losses incurred have either put

municipalities in o very serisus financiel

shortlall situation, or the brunt of the burdan

hos been ploced on large. customers. 1t must

be undersiood that this burden s showing its

impoct in many ways such as:

= Mines not being able to poy their workers
properly

® Factories and businesses clasing down
and jobs being lost

Costvs. revenue

The reasons for a lot of the revenue losses are
becouse municipalities were appling tariffs
that are claser o cost reflective thon the IBT.
| will itlustrate this by comparing it with the
COS study results. Remember that these are
the most conservative figures possible. In the
real situation the costs would be much more.
This is shown graphically in Fig. 2
The following obsenvations can be made from
fhis comparisan:

At 100 kWh/month lha :harl'uﬂ is
RIOT por cusiomer per s
350 kihimonth 1 K70/ momh.
Customers with 40 A circult breokers
typicolly use less thon 600 kWh/month

and no surplus is made from thase
customers

Custemers with 80 A circuit breakers
will break even with cast close 1o
900 kWh/mondh.

To understond the impact of these rariffs,
we need 10 know how mony customars are
using ot the diffarent consumption lavels. The
table below shows the situation for a typical
municipaliy.

The following ean be concluded from thi jn
respct of the financiol impact:

o 56520 customers use 350 kivhmonth or
less and are subsidised by onaverage R8O
per monih which is equal fo R4, 5-million

There are 3982 customers which use
mora than 900 kWWhimanth. They would
need fa be avercharged by R1135 per
month sach, 1o make up for the shorfoll

This would be dlose 106 100% overcharge.
Surely this is not sustainable.

An even bigger concem relates fo the fact that

these shortfolls ars going o increase aver fime

because of the following:

®  Thenumberof poor (low usoge) customers
e increasing

®  The foriff increase allowed by NERSA on

the first IBT blocks are below ths average
cost increases.

T T T m—
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Fig. 2 Domestic revenve vs. cost

Ranaimonin

o ¥

Fig. 3: SEC 51 domastic PP stots,

This means that the cross-subsidy impoct
is conlinuing to increase expanenially and
unsusioinably

Compliance with LGMSA

Local government is governad inter alia by
the: Local Government Municipal Systems
Act of 2000 which makes the following
stipulotions:

In the intraduction
“Ensure thal municipalies put in plocs sarvics
tarifisand credi control policies thatfoke their
neads into oecount”

“(2) A farft policy must reflect o least the
following principlas, namaly that

Poor hauseholds must have aceess fo af least
basic sarvices through:

(i) sariffs that cover only opsroting and
maintenance costs;

{41 teriffs must reflect the costs easonably
ossociated with rendering the service, including
capital, operofing, maintenance, odministrafion
and replacement costs, and inferest charges;

Tariffs must be set ot levels that facilitate the
financiol sustainability of the: service, toking
into account subsidisation from sources other
than tha service,

(1 the sxten of subsidisation of tariffs for poor
households and ather categeries of users
shauld be fully disclosed.

[1) The ecanomical, efficient and effective use
of resources, he recyeling of waste, and ofher
appropriote enviranmental sbjectives must be.
encauraged.”

The quesfion that needs 1o be answered is
whether the current farifis being enforced by
NERSA, applies with the legal requirements,
This wil be tested below
o In respect of points () and (d). Table 3
shows that the average cost fexcluding
copital) of a poor cusiamer using 100
KWh/m with 20 A CB is. 157 c/kWh,
This is more than double the NERSA IBT
fiest block and 70% more than the second
block
In respect of paint {i. With the IBT tarif it
s vary difficult to quontily the subsidies os
there ore no cost rellective farifs in place
to compara i with. None of the NERSA
documents even reuest fhis
= Because the energy price for the high
IBT block at 148 c/kWh is more thon
double the energy cost of 63 c/kWh,
inefficiert energy usage is ancouroged
‘and customers are moving 16 alfematives
when electricity should stll be used.

Renewable energy
The emergance of offorduble ranewable
energy sources ore beginning fo moke big
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Toble 6 Frofile impacr of eficiency measures

inrushes in South Alrica, People ore begin
fo undertake mary octions fo reduce their

electricity consumplion

This frend for more efficient use is welcomed
and must be encaursged. The problem is that
the municipol revenue base is being ercded
by for mare than the cost savings, which is
causing o financial squeere.

Eoch of these measures hos an impoct on
fthe consumption level ond on the maximum
demand (MD) of the municipality. The impact
of each is shewn in Toble 6.

Allofthese wilimpactthe kWh used to the full
extent of the efficiency impact, The impact on
system WMD) is hewever very diferant for sach:
Efficient lights

The lighs are used fo some extent during the
early hours of the day, whers it has g very
small impact on system MD, or largely in the
evening, whers it will have o full impact on
the systom MD.

Solar water geysers

These will have a significant impoct en
reducing fhe MD on the system during the
morming and evening system MO,

Provided the system is set up for the
slement not 1o be an during fhese times
The general advise should be to boost the.
system with eleciricity:
From 04h00 to 06h00 before system
demand sharts climbing and then thare
will be hot water for morming activities.
From 16h00 io 18h00 befors the
systum storts gaing info its highest
k. These limes should be adjusted
between summer and winfer.
W the systems ore not set up [ike this, it
could impact the system MO negatively
- if the slement comes an from 18H00
1020000, which by the way s the ideol
fram a fotal kih perspacive,
because than the sun is full sel.
This could even couse the MO o be
higher than when & normal geyser is
usad during o cloudy day,
PV systoms
Tha PV systams mostly insalled ore without
batlery storage and thus will only impact
leciicity profile whila generaling, PY systems
‘will reduce the demand, based on the ypical
profile of o PY system, which is ilstrsted in
Fig. 4.

PR

o

it is imporfant 1o note thot this applies o most
of the country, but in the Westem Cape, the
output wil be on avernge up 1o ene hour
ecrlicr. This means that with the evening
peaks (18h00 to 20h00), the impact wil be
minimurm, exceptfor ihe three summer morihs
in the Westem Caps, where Jess than 20%
of demand will be impacied. We can fhus
conclude that PY systems will in itself hove
a minimel impact on system evening paak
Gemond. IF customers move same of thair
loads fo the dayfime 1o maximisa the usage
of the PV system, the systam peak demand
wauld be reduced.

The real problam comes on very cloudy doys
when if is mostly olso cold, the PY system
autput will be reduced significontly, thus
raquiring the customars fo moke full use of
grid slectricity, The customers con thus olso
not reduce their own circuit breoker sizes
significantly, i they wont 1o aveid being
without electricity during these criical days

The conclusion is thot PV systems will not
reduce the system peok MD significontly
nd also not the customer's required circuit
breaker capacity. This is mors o realiy in the
Westem Cope, when due o the roiny ssoson,
have a lot of cloudy days.

Fig. 4: kW ot of 100 kW PV system in Cape Tawn

Gos for cooking

Using gas for cocking is very good for the
eleciricity system, becouse it reduces the
systém MD more than il impacts e kWh used
This hogpens because it i largely used during
the system peok fimes {18h0D fo 20h00).

Gos for spoce heating

Whan cusiomers use alferafives for spoce
heating, inchiding gas, it is very good for the
system. The trpical onnual load factor for

e heaing is less than 4% (ihree months
for four hours per day). At least two of these
hours ore during fhe system peok fimes. This
should thus be welcomed b u
the toriffs are set comectly.

Ganerol owarneness

Generol aworeness should impoct the kWh
and system impac! fo o similor exen, excep!
when the customers experience an exreme
cold spall or having a big function at home
This may resul in paople fo ignore al savings
ond foll back into old hobils and thus not
reducing the sysfem MD.

The impact of raducing KWh and reducing
MD is shown in Table 7.

Table 7: Logd reduction impoc.



The following should also be considerad in
this respect:

.

In Toble 7, the effect the the energy
cost is more expensive during peaks and
especially during high demand period,
baen considored, This wil
moke the impact of light, cooking and
especiolly spoce hecling, much befier.
It hos been ossumed that if customers
infroduce these measures and af the some.
fime downgracla their ircuit breaker sizes.
1f they do not, the COS tarifi option wil
ook even betier
The following con be conduded from this:
® The big reason why the infreducrion of
ranewable ensray will be negative is
because of the opplication of the IBT
tariffs and thus tha very high prices for
marginol sales (the highest of units per
month).

The negative impact can tetolly be
avercome, and in foct be fumed info
o positive impact, if COS teriffs are
applied.

o In coses whera pawer is injected into the
system from PV systems, ¢ further benefit
can be snjoyed by the municipolity
rovidad:

The COS tarifs are opplied
- Energyls purchased from the cusiomer
in TOU basis equal fo the Eskam
energy charges, plus levies
When o customer's consumption reduces,
they will eventuclly move fo the scenaric
where they wil not contribute fo the cross
subsidies, bt will not even cover their awn
costs, NERSA's whole cross subsidy plan
will thus not succaed

Large customer cost of supply

A 'simplified cost of supply [COS) study is
dane here a3 o basis for the analysis of lorge
customer tarifs, Table 8 shows o simplified
COS study for large cusiomers.

Toble 9 continues this analysis by adding the
surplis and losses and comparing the cost
wih current chorges A foct thet has o maiar
impact on the results of these anolysis, relota
10 how the Eskom MO and oceess chorges are
applied o sithar:

An access chargs or MD charge fo
customers

* s port of the energy cost 05 0 e/kWh
o

The method used here, is fo use it os opplied

tathe municipolity and thus sxposs customers

1a the same signals, This s the recommanded

method,

The following can be said in this respect
The energy charge is less than cost

* The demand charge s by for overstofed
The total revenue excesds the cost, plus
@ surplus of 16% by o furher 17%

Wis thus clear that lorge customers cross

s R T e

Tobile 8 Simpidied COS study for lorge cusiomers

subsidise domestc. customers, espacially ot

low usage:

Large customer time of use

The next issue fhat needs debate i the fime

of usa (TOU} forifs for lorge cusiomens. The

EPP stipulates the following an this issue in

December 2008 (8 yeors ago):

Folicy position: 31

Torifls mus! inelude TOU energy rates os

follows:

o all cusiomers supphied o MV or above

within o years;

all eustomers above: 100 kA within five

yeors;.

o ollcases where the metering provides such
fetores withing five yeors; ond

o ollother customers where i is worronted.

Mony municipaliies have progressed far in
fhis respact and mors and more TOU metars
are being installed for large customers.
These mefers aro expansive and many
municipolities have fakan fhe raute of
providing communications fo the mefers,
which mokes sense, but is even more costly:

| want to oddress the problem of tarf structure
and levels. Basad on yaars of experisnce, the
following is proposed for the design of the
TOU forifs, which s very similar to the Eskom
Megaflex (MF) tariff:

Table B: Large customer analysis at MY for 201472015,

Basic chorge

This s applicable per point of supply and
should be as close os possible to the
customer's services cosfs including the cost
of metering. It should be differentiated by:

o Customers supglied of low voliage [IV]
Customers supplied ot medium volioge
(MV) 6,6 k¥ 10 22 kY. This chargs should
be higher, becouse more affention is
given o these customers and @ mare
expansive. mefering installation, which
includes a VC/CT unit and in some coses
o dedicated ring main unit er T-switch
TOU periods

The seasons and time of day periods should
be similar to thar of Eskom even if the local
peaks are different from the Eskom peok
periods.

Access charge

An occess charge should ba applied 1o cover
the dedicoted part of the network cost and the
Eskom nccess charges.

It should be bused on the highest of he
nofified demand or the previous 12 months
highest demand.

Maximum domand (MD) chorges

A maximum demand charge should be
retained, but only opplicable in the peak and
standard fimes. |t is to cover the rest of the
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network cost and Eskorm MD chorges, and be
s clase to cost os possible.

Active energy chorges

The energy roles should be set equol fo:

o The Eskom TOU energy rotes (the bosic
rotes plus the c/kWh and all the other
Eskom /KW levies)

Plus o fixed c/kWh mark-up. This ensures.
that when cusiomens shifi lood 1o cheaper
anergy periods, the municipality does not
lose ony monsy by incurring o sovings
in Eskem purchase cost equal to the
reduction in revenue

The c/kWh should be set by undertoking
on impac study for a8 many 03 possible of
the large customers involved ond ensuring
that the revenue cr the new MO teriffs
equal that on the new TOU farifs

Reoctve energy charges

These shouid be opplied similar o Eskom, fo
elso provide o signal for cusiomers o canfrol
their power facior during ofl peak ond standord
periods, even if it is not during their own system
paaks. In the absence of & study i this respect,
o charge similr 10 Eskom s proposed.

Differentiation batwesn MV and LV customers

Thesa need to be set equal to that found in o
COS supply study. In the absance of this, the
some percentoges for the mazimum demond
tarifs can be applied, but ths should be ciose
o 5% higher an energy and af least 10%
higher an demand for LV customers. This

should be opplied to the access charges, MD

charges, and fhe active energy rofes,

Public holidays

These should be trected a3 follows:

o The same as Eskom in coses where
the meters are equipped with ramate
communicotions and con be programmed
remotaly.

o As nomial week or weskend doys with na
alterotion. The toriff-rates must be sat fo
ensure foir compensation. This s o avoid
the onsite repregramming af the mefers
anaually

An example of such an impoct study is shown

in Fig. 5. shows the annucl impaci of all the

MY customers in @ municipalit.

Alibough if looks like many cusiomers wil

be less, the averoge impact wos equol fo fhe

average incroare of 7,39% required by the

The only way recommended for
implementation, is fo do ell lorge cusiomers
on on involuntary bosis.
First the MV customers, then the other large
customers which can ba phased In thase ith
MD > 200 kVA, then > 100 k¥A and then
tha rest
The reason for this s o ensure thot the
municipalty's revanus bese is not eroded,
due o only thase customers paying less when
converting
This will snsure that the current level of cross
subsidisafion by lorge customers s refoined,
but of least ot increased end allowing them
fo reduce their bills through load shifting.
NERSA TOU tariffs
The biggest problem starts when the required
anolysis has been done ond you apply 1o
NERSA for approval. NERSA hos o stondord
that says TOU farilf imust be equal to Eskom
plus 20%. NERSA was challenged on this
bosis, buf na reply was ever received.
Table 10 shows the sffeciive markwup on
the Eskom torff when opplying the NERSA
guidelines
This shows that if the NERSA benchmarks
ore used 03 o bosis, an overage mork-up
of 71% should be allowed on the porchase
price. Furtharmare it shows that the rofio of
selling price to purchasa price should be 1,71
compared with its own benchmark of 1,6.
In assessing this figure the following should
be recagnised:
o i tariffs were cost reflective, the mark-up
for k lawer than

municipaliy. for hig

payments are as follows

 Higher load factors (LF)
increase more fhon average

generally

» Vary high MD for only few months:
generally hava higher than averoge
increasn

= Efensive usage during peak imes
generally hove higher than average
increase

»  All customers: Big increose for June, July,

August ond a very small change in ofher
menths

Tobe 10:

for small customers due to the lower cost.

With the massiva cross subsidies 1o
domestic customers, largely becouse of
NERSA's BT tarifs, large customers have
to pay more than cos!, thus requiring &
higher mark-up.

This st sactien shows that o mark-up of 20%
does not olign with NERSA's other banchmarks.
There is great sympaify and agreement with
INERSA's sirafegy fo recuce the overcharging of
large customers. It can however nol be dore.
in the way they propase becouse.
o Itisonlyenforced for new TOU torifis. This
means fhot existing sedous discrimination
of 85% mark-up is unafiected in any of
the NERSA strategies
This means that municipalities simply
connot apply the new TOU forifs at the
Narsa levels, becouse they will lose oo
much revenue which means TOU is not
progressing
I it is NERSA's strotegy fo reduce the
overcharge of lorge customers o proper
siralegy much ba develaped which must.
= sei forget raduction of tariff fevals
for the lnrqa customers poying the
subsidi
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and forge! increcse of foriffs for the
domestic customers receiving the
subsidies

with o phase in plan.

Another problem with the way in which
NERSA is applying the benchmark, is thot i
is proposing the same percentoge mork-up
be applied on oll the Eskom rotes. This s
@ mojor problem and will cause massive
distortions from cast raflective, bacouse of
the following
o Ifthe same percentage mark-up i opplied
1o hi Eskom rofes, o maor distortion will
take place ond the toriff will not be cost
reflective. This is bacause the mark-up
on the Eskom network costs, should be o
much higher percentoge to cover all the

Table 11 Affact of NERSA TOU ol

municipal network cost, typically more
than 100% mark-p.

If a fived percentoge mark-up is applied
to the energy rofes, the c/kiWh mark-up
an fhe most expensive rotes would be
o3 much as four fimes more than on the
cheaper rafes, This means that when
custamars shift load from the expensive,
to the cheoper time, as i is one of the
objeciives, fhe municipality willose much
mors reverwe than the savings in Eskom
billand thus net revenue, This i iusiroted
inToble 11, The mark-up sheuld be based
on cosi ond enargy mark.up should deatly
be in ¢/kWh excaptin case of losses.

NERSA should thus rother develop o proper
basis 1o determine benehmerks for municipal
TOU torifs

ARINT offers a wide range of engineering services in:

«  Asset Management, Maintenance and Reliability
*  Consulting Engineering

.Q:

ARINT

South Africa

and C (EPCY

*  Project Management
* . Risk Engineering
dimning

712 658 0927 / 5935
ntza.com | www.arintza.com

4 Offce- 85 San Telmo's Piace, Bondey Park.
i g

Centurion, South Africa

Conclusions

It i cloor thot the indusiy is facing serious

chollenges from o tarif paint of view

& IBTtorifs hat are applisd are causing on-
going escoloting cross. subsidies, cousing
fosi revenue and boih of hese ore ot
sustainable and are impraciical,

If TOU torifs far large customers are st
according 1o the NERSA benchmark,
muricipalities will lose revanua when
customers convert to TOU and when
customers shiftload fothe cheaper periods,

The challenge thot NERSA faces when
municipolities do not provide odequate
information and submit thei tariff applicatians
late is recognised. This wil contributo fo
NERSA having to moke hasty decisions,
without allowing adequate fime fo onalyse the
municipal proposals and ge info meaningful
debate with the muricipalies.

On the ether hand however, there hove been
many incidents where such oppartunities
did exist and NERSA has been unmoveobls,
despile sound arguments baing made
Where to from here

In view of these problems the following
processes is proposed for municipalifies:

o Municipalifies must develop farifls which
comply wih the EPP.

Thase tarifs must alio comply with the
MFMA

Torif opplications need 1o be made fo
NERSA in fime.

o Municipalitiss must not acosp! appravals
which de not take their needs into account
and oppeal the NERSA decision.
NERSA must develop banchmarks
thot have baen properly onolysed and
consulted on

NERSA musi negotiate with municipalities
s thay know thair local circumstances bes
Municipalities ora thus encouraged to do the
fallowing in ferms of farifs:

Apply cost reflective chorges for all thair
small custimers with o basic charge, and
Amp charge and energy chorges (possibly
svasonally differentioted)

Make availoble  life line torff with a
single enerdy role, resiricted 1o 20 A
maximum, which equals the opercting
cos!

@ Lorge customer TOU farifs mst be based
‘on cost and must intally snsure ravenve
neutralty, with existing tarffs, with anergy
roles, with o fixed ¢/kWh surcharge

If arge customar cross subsidies ar to
reduced, il nseds to be torgeted as a

specific stategy and if must b diear fo

everyone and not hidden behind a TOU

ank

Contact Hendrik Bamard, Elexpert,

Tl 083 6548402, hbbarar@mmeb.co.z0
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Are lower prices an illusion or reality in a
deregulated market?

by Angelo Corolus and Aldene Nelson, SAP ISU ond Nothi Mhlongo, Zi

The South African energy market has been solely managed by uf
lying and distributing energy countrywide,

transmitting and, in other cases, su

With this in mind, the Sout

s the: prospect of embark

African energy
g on

g the current energy market,
both local ond foreign investment,
forming o more viable solufian fo the eneray
erisis ot hand.

In light of this foct, this poper intends 1o
address the issus of o compliive energy
morket, and the consequent efect theroof

The current South African energy
outlook

"Prasident Zuma's call for o radical
transformation in Soulh Alrica's energy sadior
s State of the Nation Address hit at the
core of the country’s anergy catasirophe
Without energy, the Netional Development
Plan (NDF) and all plans for growih are deod
for jobs.

in the woler, olong with prospec
Sauth Africo hos mediate ond future
@nergy crisis. We need o rodicol policy to
secure affordable and refiable energy 1o
solve the shorl-tarm emergency and the

ial GDP

m supply o power ass
srowth.” (1]
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ET Y
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Fig. 1: No ntervension fproposed increote|

Percentage Price Increase

5230/
TR

nele Technologies

The National Development Plant (NOP) ferotes
that the economy urgently meeds increased
compstifion in elactricity generafion, thot
gos should be mxplored and new generation
capacty should be divided befween Eskom
and Indapandent Powar Producers (IPP).

“Ecanomic growh and development through
adequole investmen in energy infrasiructure
and the proision of quoliy energy senvices that
«are competitively priced, reliable and efficient.
Local production of energy technelogy will
support ob creation.* [2]

What are the consequences if South
Africa continues with a regulated
market?

*Eskom Energy Generation Company has
been ot the heart of the South African energy
market, generaling appraximately 95% of
the electricity used in South Africa and a
significant 45% of the electricify usad in Africa,
Eskom generates, fronsmits ond distibules
elachricily to industrol, mining, commerciel,
agricultural end residential customars ond
redistributors.” [3]

00%
Bo%
100%
0%
o
sngom | 4187 hwn
wzns ||| 201012012

Percentage Price Increase

e

company Eskom, accounting for generating,

Many foctors,

ncluding *load shedding’,
pressure outhorifies fo devise mere than
one energy producer ond fransmiss
company. Therelore i no alternative fo
Eskom s estoblished 1o enter the market

ond compete, the track record of Eskom wil
dacline, rasulfing in Seuth Afrca refinquishing
foreign troda investment opportunities. The
consequences of confinuing with a reguiaied
market leads to increosed theft, poor revenue
collection and increased energy tariffs.

Ropid peogress and partnershigs must be
established with IPPs, ensuring that the
demand on the slectriciy grid is sustained.
In the past, one out of every three South
Africans had access to electricity. Currently,
over 80% of the population has occess
1o power, This rapid growth will impact
the state-owned utility, resuliing in poor
domestic and ¢

mercial services, support
ond infrastructure, This alarming issue I

evident in today’s climate of vandal

and desiruction of propery by end-users
axpariencing high tarifl increases and lood
shedding

5230 cown
20112012

6057 cwn
201272013

Fig. 2: Government infervention (new increase)
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Are lower p usion or @ reality in o

o

an

de-requicted enviro:
In retrospect, telecommunicotion gian!
Talkom, being the only commun
compony for decades, with no compatitors,

required drastic deragulation as the
com

cation company could not susfain
the demonds of the m

rkel limeously.
With the cormect market camgetifors and
stimulation, consumers now have o wide
range of products and service praviders io
choose from, resulting in a more canclusive
communicolion network and increased
er satisfoction; fo mention o few,

custor

Transparency concerns raised in the de-

sequlotion of felecommunication company

Telkorms included:

& How can and-users rally check what o
porticular phone coll costs’

o How many minutes have fhey aetually
usad when the statermant arrives more
than 30 days ater?

o Whot are sef-up costs or kick-back rales

and what s breakage?

Similar transparency concems could relote
o Eskom

* How can Eskom provide key customer
service ocross South Africa in on effective:
and conclusive manner?

o Transpar

ey relating fo costs invalved
th maintenanee call-outs,
installafions, if no allemative exists for
pricing comparison,

What are the consequences if South
Africa moves fe o deregulated
market?

Aralioble energy market, which is competitive
in pricing and service deliver, will be one of
the major driving foctors for the success of the
NDP The average household will be abla to
choase batwaan competive snergy suppliers,
resulting in more manogeable toriff increases
The consaquent facters of o deregulated
morket hove for reaching beneficial impacting
factors, i.e. incrensed revenue protection,
job creation, sustainability and increased
productivite

‘enorgy sources

viotad marke, 5
baod

A ully dn
4

. w

s
g forca in

Some noceable benefits experienced by
countries positioned simiarly fo South Alfica

Regulators will no longer be allowed ta
datermi

which firms will be given fhe
privilege 1o serve consumers via exclusive
franchising orrongemants ond olh
1o ey,

borriers

o Lowar prices for residential users by
smpowering them to choose fheir
slectricity supplie

Direct compefition posed by new firms
entaring the morket would also develop
higher quality of servies and innovation
within fhe industry

an amoog firms wil lead 1o
more responsive 1o

Competi
organisgtions being
user demands,

Deregulation means empowering the
end-user with options and ulimately frus!
in the sarviea procuct.

Callectively, commercial users especially
small power users, stond to benefit o
large parcantoge of overall monthly
costs allocated 1o utity bils, in porticular
electricity. The most cost-effective
service provider will be chosen, within
these smoller organisctians, ensuring
sustoinabilly,

vortect with o
lowering costs of

ative sources of

Tariffs increases in South Africa

The cost of electricity will most definitely
change, bosed on ofher use cose studies

across the world. The impact of dereguiafing
the energy marke! resuls in most bonefits
reclised
market willahways be a challange, experienced
by most counfries

i increases within o regulated

“The 2012/13 farifis are NERSA approved
rofes os per the 9 March 2012 NERSA
decision on electricity fariff in

oses
averaging 16%, which is lower than the
25,9% originally approved by NERSA. The
2012/13 toriffs ore effactiva os of 1 Apnl
2012 for non-lacol authorities and 1 July
2012 for local-authorities.” (4]

Molti-year price determination (MYPD3]

The lowar elactricity price increnses
are the result of a combined sffort by
govemment and Eskom 1o lessen the impact
of higher elactricity tariffs on consumers
and the sconomy in the short ferm without
compromising Eskom's ability to keep the
lights on and ensure ifs long-term goal
for financial sustoinability. If this hos not
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Small scale on-grid PV embedded
generation methodologies in South Africa

by Poul Tuson, Mott MacDana

The IRP 2010-30 update [2] states that 9770 MW of solar photovoltaic (PV) capacity is planned to be installed in

South Africa by 2030.

The update also estimates fhat embedded
generotion (EG) residentiol and commerciol
PV could reach 22,5 GW by 2030 based on
iving standards measure 7 [L5M 7] households
and 5 KW PY household installations 2], Even
i estimata is particlly correc, this points to
o significant lovel of installed small-scale solor
PV embedded generation (SSPVEG) capaclly
in South Alrice by 2030

The AVEL guideline on embecided generafion
3] stotes that the foliowing P market uptake
is projected for Johannesburg over the rext

ten yeors
= Approximatsly 45 000 PV systems in the
resdentiol marke

= Aopronnly 4000 PV sy i he
com ket
o Approximately 870 PV systems in the

industrial

The AMEU guideline en £G (3] reports that
Municipalities and Eskaen are being imundated
with opplications from customers 1o allow
them to install some kind of grid connected
embedded generation (3]

This shows that interest in small scale solar
PV EG (SSPVEG] is growing and that SSPVEG
instollotions are curently eccurring in South
Alrico, with or without @ national SSPYEG
framework

Thers is on obvious affraction fo on-grid
residential solor PV installatios as the cost

of solar PV systems decrease 1, 2, 3, 7)
the cost of ufility eledricity increases |2, 3|,
Eskom’s reserve margin reduces (2], and
envicenmentol and sust

abillty awareness
fy wsers increases [3], EGs in
i sedeeisl vt ol P
con also derive income when their generated
elechricity exceads thair lood and they export

their surplus lectricity o the grid
Besides the high SSPVEG projections ond

growing installations, there is o level of
frustration in

renewable energy (RE}
industry [3, 8] thal nol enough is being done
fo encourage SSPVEG in South Africa ond fhat
s 1o the growh
of the solar PV EG indusiry in South Alrica
Some of these cbsfacles cre perceived fo be
as lollows:

in foct ther are real obs

o Decraase in municipolity revenue bose.
Up k2 70% of municipol incame is derived
from elecrricity sales in some cases (3, 7

o Reducad obility for municipalitios 10 cross
subsidise ofher municipol services using
elecircity revenue (3]

o Risk of IV and MV system overlooding
from high simultanecus solar PY EG
generafion into the locol grid of for
exomple midday [3, 5].

o Safely of utilily personnel (3, 5, 9|

Lack of pre-opproved, generic siandards
forthe solar PY EG/ulty interlaca (3, 5]

PV Panels

Uttty Moter

1: Sell-consumption salor ¥ EG.

o Regulatory and legal obstacles (3]
* Quolity of supply (QOS) impoct of PV
equipment [3].

attempis fo address decrecsed

municipal revenues. It facuses predaminantly
on on-grid or parallel-connected SSPVEG fas
opposed to off-grid and other RE echnalogies)

i and small commercial
level and attempts fo find progmatic and
sustainable solulions fo SSPVEG roll-out in
South Africa, SSPVEG
sforuge is naf addressed in

The current situation

Several siondards, grid codes, guidelines and
acts are being developed or exist in South
Africa, intended to regulate the planning and
implemantation of RE generotion ond SSPVEG
in South Africo

Thera is not enaugh space in this paper
ta discuss the main tochnical, logol and

regulatory elemens in all these decuments,
but certainly they have o majar impact an the
SSPVEG landscape in South Africa which will
be referred io in the document.

The draht NRS097-2-1 standard proposes
he following small-scale EG cotegories (in
line. with the renewable power plant grid
code [13]

Categary Al: 0o 13,8 k¥A

Cotegory AZ: 13,610 100 kVA

Cotegory A3 100 K¥A1a | MVA

Most resideriial consumars ara currantly
installing small-scale sclar ¥ EG systems
[4, 5, 9] in the Al category ond mest
<commercial consumers ore currently installing
SSPVEG systemé in the AZ and A3 cotegories
even in the absence of finalised SSPVEG
cegulatians and legislafion being in ploce.

From a legol/regulatary perspective, any enty
wonting 1o “sel” eleciricily to another ety
requires a generofion license from NERSA
[22]. While generating licenses are not diffcul
to obiain if the explicit llocation for that
anergy s not defailed i the NIRP [1, 2], it is
possible that NERSA may not identil a specific
allacation fo roofiop PV instoliations. This
could be o pofential blockoge for opproval
of such o license for EGs. Hawever, the
Municipal Structures Act 1998, Saction 84 (1)
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page 32 [23] states thot *Adistrict mur

has the following powans

icipality

Bulk supply of

des for the purposes
of such supply, the transmission, distibotion
and, where opplicable, the generat
electricity” (2, 3], It could be orgue

there re clready precedents to municipol
&.g: the purchase of Kelin Power

Station pawer by City Power in Johannesburg

gene:

ond the Renewabie Energy Independent

Powsr Producer (REIPP] programme [1] whera

eleciricity is purchased from IPPs and seld an

1o municipol cush

From @ technicol paint of view, prevailing
residentiol and commerciol meter
comprise the olde
"

hrelogies:

elsctromechanicol

hnology [rotating dise), newer digital

ters ond pre-poid meters. Bi-diectionol

matering systems are not cumently instollsd
in Hommal rasidentiol and commercial points
of supply (FoS) but are being invesiigated in
the drair NRS097-2-1 standard [3]

Currerly, most SSPVEGs o prasumers {7, 12]
wspecially in the A1 and A2 cotegorias ara

npensated for surplus or expon ooncl

isting SSPVEG installotions ove oking ploce
in ihe absence

o coherent regulatory ord
3, 4]

In the following sactions the authar explores o
SSPVEG methodolagies and torff

fumbs

mechanisms fogether with their odvontoges
and disadvantages.
SSPVEG mechanisms

Salution | - Seffconsumptian

I the self-consumption mechanism, salar PY:
eleciricity is sofl-consumed during th day by
tha resideniial or commercial consumer es
shown in Fig. |

The SSPVEG installoion i conservalively sized
12 supply o portion of the prosumer load enly
and not with the inention to export eleciicity

fo- the grid. Where 53

PYEG gensration does

load, the prasumer is n

reimbursed ond fs content ta s

arid with ef
compensoted
NRSD97-2-3

cricity without being

16] recommends simplified

nection rules os follows: “an individual
[ of 25% of NMD
will typically support a pensira

EG connection

level
{percentage of cusiomers thaf instell o
genarator] of 30%to 50%, which is considered

© reasorcble and acceptable comprs

se
betwean restricting individusl generator
sizes versus resiricting penatrotion lsvels®
16 “The NMD.in mory case s deterined
by the l; service connection

be limited 1o 25% of the prosumer NMD or

incos reaker rating (6]

In this arrangemen, the prosumer appliés to
y for o bi-dirsct
vic the necessary application forms [18)

ol meter

Solufion 3 - Feedin tarifs (FITs)

The FIT mechanism aftempts fo promate
and incantivise the deployment of RE ond
places an obligation an spacific anfities
e.5. municipalifies or uillties to. purchase
the electricity output from qualifying RE
generatars of pre-datermined prem um prices

us, RE energy has fo be
dispatched firstif i is avoiloble [12],

his approach wnuhm the
alter diversify moximum demand (ADMD)
system overloading risks mentioned in

the infroduction above, and allews more
fowdo for SYVEG focanned o e rd

iy systers anolysis and approval

In the obava arrangemant, the pr
notiies the municipelity or connected ..mnwm

he has instollad solar PV fox sel.
purposes. Notification procedures could align
with corificate of complionce and spplication
for Inection cuthrt orms os Incloded in
SABS 0142

[
Solution 2~ Net melering

I the net metering arrangerment, the prosumer

oth imports and exports electricity from

and 10 the uilty grid and expects to ba
compansated for net export electricity sold to
the grid as shown in Fig. 2.

The municipal meter is upgroded 1o o bi-
directional meter, and the net resul of the
manthly o other periodic slectricity impart
or export usage is charged or compensoted
ta the prosumer

s i the self-consumption mechanism aboue,
the KW size of the SSPVEG installation con

T d f electricity
by the prasumar i recordad infll ancl illed
ond compensated, The prosumer therefore
requires two meters o3 shown in 6ns possible
meter amangement in Fig. 3.

As in the salf-consumption and nat-matering
mechanisms described above, the kW size
of the 5SPVEG installation can be limited 1o
25% of the prosumar NMD or incoming circuit
breaker roting (6]

chonism,
the prosumer applies 1o its connected ufility
for bidirectionol meters vio the necessary
application forms (18]

Financial considerations

As mentioned in the infroduction fo this paper,
this paper aftempts 1o address the perceived
or real risk o municipal revanuss ks
implementation of SSPYEG (3]. It shou
st fime in 2013 annual

nated tht for

natianal electricity usoge dropped and
sevaral metropolrian eleciicity daparments
rapared draps in their slectricity soles in the
lost four years as o resull of reduced usage of
electricity dus to higher electicity costs and
energy efficiency (EE) measures undericken
by consvmers e.g. light emiting diode (LED)
ard compact fluorescent ight (CFL) lighting,
solar water heafing [SWH) and heatpumps [3

[l

Fig. 2: Nat mstering with bi-irectional mefer.
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& rsducion in municipal rever
is o realify thot is occurring ond needs 1o
be accommorated and confronied with of
without the infroduction of SSPVEG.

In il three of the SSPYEG machanisms
described cbave, the guestion of loss of
everiue exiss, For every KWh nof purchased
fom ty revenus

* To compensate the prosumer for energy
purchases from the prosumer o sellanto
o wheel [3] onto other grd connected
consumers

f the prosumer does not

import ony elechicity from the municipality/

uiiliy in @ month or o designoted period
cinalin

Therefore, even |

e still recoives revenue

bose is reduced.

Tuo-par fariff

One solution 1o this could be fo infroduce
twi-part municipal toriffs for SSPVEGs of
prosumers i.e. o fixed networkiservice charge
component ond & vorioble KWh energy usage
component, Where municipal or uilfy farifis
alreody include o service/network charge e.g.
City Power's fariffs [10], this fixed servica/
network charge can be madified (whers
apprapriote) when or f the prosumer

Notifies the utiity of his intention 1o self-

.

directional meter
Metering mechanism).
*  Requests two bi-directional meters

[FIT mechanicm).

Requests @ bi
M

The fixed sarvice/netwark component of fhe
o part municipol 1o is not dependent en
1he lovel of kWh import or export and can
be calculated bosed on o number of foctors
including

Esvcted g ol koo iy cset
. on the prosumer NMO or drcut

b'Enkn' size {or customer cafagory).

* Estimoted pro rafc cost of utlily netwerk
losses based on the prosumer NMD or
circuit breoker size.

* Estimated pro roto operation and
mainfenance costs based on the prosumer
NMD or circuit broaker size.

*® Copital charge on new bi-directional
meter/s.

*  Connection chorges

® Sales and customer services [SACS]
charges and edministration charges.

.

Subsidias for Ife-line or law income
electricity consumers

The sbovs fixed servicel network chorge covld
also be viewed s o use of system (UsS)
chargs, Le. o fixed chorge 1o the prosumer
For the privilege of being connected to the grid
{65 epposed to being on ofi-grid consumer]
espaciolly for the cccasians when fhe sun
9065 not shine and fhe prosumer requires
18 purchase powsr from the wility and for
the occasions when the prosumer wonts o
uilise: the grid 1o export and sel his surplus
eneroted slectricity

The anergy ar ki companant of the two-part
Municipol foriff can be colculated os follows:

To recover gleciricity energy purchoses
cotts from Eskom [ng. ot the Megoflex
tariff [21]) to supply electricity fo the
Brosumer,

B T L D S T R S e

1o cover it fixed service/nework charges as
described obove.

Advantages of the two-port tarif structure
ane o3 follows:

path. A NFIT of RD,70/kWh paid 1o the
embeddad solar PY generator (colculol
by Dr. Bischolf-Niemz but unves
the author of this paper) was ft d
sufficient 1o stimulote the embedded solor
PV market. (Normal utity power purchase
prica is R),2/kWh) [4]

 The CPPA compansates the municipality
for lost revanues due fo self-consumed
salar PV enargy ond tharefore makes
the municipality profit-neural 1o fhe
embedded solor PY ganarotor. This
would olso cover the municipal fixed
costs. Revenue compensation from th

o The municipality is for
s fixed costs or LoS costs sven if no
elecirical enargy i imported from the
municipolify by the prosumer.

w The municipality is compansated for its
fixed/LioS costs when the prosumer uses
the municipol petwork o export electrical
power fo ofher users on the utlty grid

» The energy kith usage s recoverad anit s

sl R
an motch the blanded Mwuu.. ot
21]. The prosumer impor k¥ih farif can
pessibly be reduced aver fime in o phosed

rosumer expor

PP s calculated 1o be

RO, /W [4]

® The funding far the NFIT and rovenve
compensalion to municipalities is
proposed fo come from o mork-up or
premium charge of R0,002¢/kWh on
all natianwide enorgy (KWhj salas for
cusiomers larger than 200 KWh/month
for the first 500 MW of PY [4]. Far
& GW of PY installation over & paried of
&g, twelve years, the nafionwide energy
mark-up opproaches RO,03c/kWh (4]

s Only remdeved NFIT Prosumers wd\ be

for surplus anerg)

Gpprooch
sariff)

Non-prasumer consumers. (consumers
without SSPVEG) will not be affected
and their billing mechanism can remain
unchongs

% The municipalify s aware of the SSPVEG:
instollotion as the prosumer hos fo apply
for o bi-directionol meler system and @
wo-part forifl or an updated two-part
il

Disadvanloges of the hwo-port port fori:

& The lower import or purchase kKWh

electricity charge [over time} may

encourage inefficiency. However, it
could be argued that LSM7 or higher level
customers who have gone fo fhe elforl
of being energy responsible by installing
energy soving schemes ore unlikely 1o be
markady less sficient ox o resull of lower

b energy tariffs.

Ravenue shorfalls to the municipality

remain in ploce

Net faed in tariff (NFIT)

The *Net Fead-in Tari* [NFIT) proposed by
Dr. Tobios Bischof-Niemz {4], proposes
central power purchasing agency (CPPA)
which would be fhe natica-wide sole offtaker
for oll surplus energy into the grid from EGs
The NFIT is proposed fo function as follows
o The EG or prosumer neads 1o insiall two
bi-directional meters, similor 1o the FIT
mechanism described above

When self-consuming eleciricity, the
prosumer beneiits by reducing his energy
costs of approximately R1,2/kWh (4]

The CPPA compansates the prosumer with
o FIT on the nef energy spiled ino the grid
(seli-generotion minus self-consumpion)
for twenty yeors ot o predefined torifi

iy b 1

The odvantages from the NFIT approach

could ba as folows:

o Municipalities ore compensated for fixed
costs and their revenue surpluses dve fo
the RD,60/kWh revenue compensation
fram the CPPA [4],

o SSPVEG generation close 1o the loads
will educe distibution and ovaroil system
losses in mosi coses especially with the
25% NMD SSPVEG limit as proposed in
the NRS097.2.1 document [4, 6]

o SSPVEG generofion close 10 the loods
may reduce ypsiream transmission and
distnbution of non-evening congestion.

o The R1,20/kWh versus the
RO,70/Mh impon/export i differeniiol
will incentivise load-shifing and consumer
efficiency behaviour [4].

o A centrally and municipally registersd
NFIT system will highlight distribution
congestion ssuasin fimeiand assist
plonning and system reinforcemant [4)

o Municipol and distribution grid operotors
will be fully awore of oll embedded solar
SSEGPY generalors which increases
mainienance safety [4).

* Cerfainty aboul morke! size
e.. 500 MW/year) will give confidence
fa solar PV madule/inverer and balance
of plont market participants 1o, e
up manufacturing facilfies in South
Afrca [4].

& The sociolised “lax* on eléctrical
energy users for solar PV generation,
RO,002/kWh, is spracd amang the
electiicily users only, 50 the “user.pays*
principle is upheld although non
prosumers or conventionol consumars
need fo contribute 4],
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o Beiter control aver the speed and
magnitude of SSPVEG development
by adjusting the NFIT according to
actual market development compared fo
goverament targets (4]

s Subsidies 1o life-line or low income
elactricity users ore maintoined.

Disadvontoges of the NFIT approoch could

be os follows

®  An increased torilf for oll customers of
RO,002/kWh so non-SSPYEG prosumers
or normal consumers need o coniribue
1o the socialised “fox”.

 Seting up of anothar government run
shuclure or crgonisation i.e. fhe CFPA

» Municipaliies ars subsidised by sociely
forlost revenues er fo mainfein a revene
surplos

Revenue shortalls fo municipalities from the
fwo-part forif

The NFIT (4] approach discussed above,
attempts fo address the threat of revenue
losses to municipalities by infroducing a
CPPAwhich compensaes muricipalities when
prosumars s
electricity.

censume their own genercted

This appraac
follows:

poses some questions os

* Should municipal electricity revenue
rocover municipol UaS costs os well s
subsidise ather municipal service costs
e.g- roods ond fibrories)?

®  How should the fixed network/service
charge component of the two-part foriff
be caleuloted 1o recover UoS costs ond
subsidies?

The AMEU embedded generation guidelin

repart (3] shows o colculated 1,5 1o 3,6%

reduction in municipol revenves for customers

‘over 400 kWih/marth depanding on o range

of SSPVEG uptoke periods and o range of

essumptions e.g. assumed sales growdh,

#0 ossumed soles growlh, SSPVEG uplake,

e (3]

¥ fixed chorges ore increased fo the point

of cancelling out the municipal revenue

shartiolls, litla or no incentive ramais for
prosumers fo install SSPVEG other thon for
anvironmental or altruistc reasons?

The AMEU EG guideline [3] furthar mantions

an estimated RS/kW/doy/installed PV servica

charge for SSPVEG for the municipality 1o

recaver lost revenues. This squates 10 &

SSPVEG service chorge of RI00/month for o

1 kW SSPVEG installafion and R1 500/month

for a § kW instollofion.

1f o axample is token of an B0 A City Power

single: phase “Thrse part flat torif” cusiomer

who uses 1500 kWh/month, the following
siuation could arise:

Service foe: R260,52/month
Network charge: R109,43/month

 Cumulated energy charge (for the
differant threshelds]: R1453,60/month
Total electricity bill
R1823,55

r the month

b customer instalis o 1 kW SSPVEG system,
he would hove 1o pay on edditionol SSPVEG
servica chorgs of R300/month, as mertioned
aboue,

If for the partieular month being onolysed,
the prosumer ochisves & kWh/dey [sun s
not bright for eight hours), he would make o
saving on his bil of R143/month. This s lass
thon the R300/kWh senvice chorge described
above and would be even less if the municipal
energy kWh energy torif were 1o reduce o5
a result of increasing fixed network/sevice
charges

This simple example shows fhat the calculation
of fxed service/netwark charges would nesd
fo be studied corefull i order fo bofh profect
munkcipol revenves and fo provide incentives
for SSPVEGs,

Altsenatively, Us$ costs anly could be
recovared from o reduced fixed network/
sanvica charge and other municipol services
casts could be recovered via Increasing the
rates and lazes compenents of the prasumer’s
eleciricity, wafer and rates bill. Thers is o risk
that low-incore consumers will be negatively
offected by incraosed rafes and faxes,
however this could possibly be resclved by
diffsrentiating rotes ond faxes farifs based
on various factors e.g. propery size, NMD,
geographicel area, elc

The advontages 1o the increosed rotes and
toxes approoch are os follows:

Sm—

ore provided (12), this paper proposes that
the energy kh teriff rote compensaion fo
prosumers when exporting powsr 1o the grid
in either the net-metering or FIT mechanismis
the same or similar to the blended Megaflex
torifthot the municipolity purchases eleciricity
from Eskom.

Conclusions

In this poper; fhe observation fs made fhat
SSPVEG insiollaions aro being caried outin
he absence of o finclised regulatory and legel
framewark, although siandards are being
finalised e.g. the smallscale EG NRS097-2
siandards [5, 6].

It was also nofed thai besides the high
level of exisiing and projected solar PY
EG implemantation, thers is o degree of
frusiatian inthe RE Indusiy that not enough is
being donefo encourage solor PY EG in South
Airica and in fact that there ore reol obsiacles
1a the growth of the SSPYEG indusiry n South
Africa (3, 8]. One of the main obstocles is the
revenue risk to municipolities resulfing from
reduced kWh soles os exisiing municipel farffs
are predominanily kKWh based wih relofively
small fixed nefwork/service charges (1, 3, 8]
The paper overviews fhe fechnical aspects
of fhree on-grid SSPVEG inferconnection
mechanisms os follows:

Sell-consumpian (no chonge in existing
meter required)

Net-matering [single bi-diractional mefer
requi

Faed-in rariffs (FITs) iwo bi-directionol
meters required)

The net-metering machanism moy be simpler
o implement os the instollation of anly one
clional meer is required, 03 opposed

. U i
ather sarvices i raduced.

SSPVEG:s financiol benefits ora no eroded
by othar-services subsidi

The disadvantages of the increased rotes and

taxes approach are as follows:

o Rates and foxes forifs for lower income
cizans may increase urless difisrentiated
rates and taxes tarifs are utlised

Net-metering versus FIT

The net-meiering mecharism may be simpler
o implement at the installation of anly
one bi-directionol meter is required, os
opposed to two bi-directionol meters in fha
FIT mechanism, howsver some prosumers
may prefor to know in more detal exacily
what mognitude of power was exported and
imporied and ot what times. These fuciors will
become mors imporiant os toriffs migrate fo
time of use (Tol) methodologies,

Due fo negolive experiences in countries
where aggressive SSPVEG incenlives or FITs

to two bi-direciional meters in the FIT
mechanism, however some prosumers may
preler o know in more detail exaclly whot
magnitude of power is exported and imported
and at what times. These foctors may become
mare imporant o tariffs migrate fe Yime of
use (Tal) methodologies.

Two financiol opproaches to compensafing
both the prosumer and the municipality
resulting from the instollation of SSPVEG are
discussed as follows

®  Two-part tariff

® Nt feed-in fariff (NFIT) 4]

The two-part toriff comprises o fived service/
network (o UoS) charge component and
o variable Wh energy usage component.
The fixed or oS companent of the two-part
municipal tariff is not dependent on the level
of kWhimport or export and can be calculated
to cover fixed costs bosed on pro rota assels
assacioted with the NMD.of the particulor
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prosumer or prosumer category. The energy
or kiWh companent of the two-port municipal
tarifl can be colculated using o blended
Megaflex enargy tariff for surpus eleciicity
sold o the municipoaliy by the prosumer and in
time (e.g. @ five ysar window) the municipality
purchase tariff con be raduced to maich the
blended Megafles tarif.

The nat faed-in fariff (NFIT) (4], propeses
o central power purchasing egency (CPPA)
which would be the: nafion-wide: sole:off-
taker for all surplus energy into the grid
from EGs [4]. In the NFIT approach, the
CPPA compensates the prosumer af o NFIT
of R0,70/kWh for surplus or export net
elsciricity and compansotes the municipality
for lost ravenues ol o tarifl of RO,6/KWh
[4]. The funding for the NFIT and revenve
compensation 1o municipoliies is proposed
fo come fram o mork-up of premium
charge of RO,002¢/kWh on all naticnwide
nargy (KWh] sales for customers larger than
200 kWh/month for the first 500 MW of PV
4], The NFIT does perpetuate the concep!
that municipolities should be allowed 1o derive
ravenues from electricity soles in axcess of their
energy purchose costs and LS costs.

The poper explores whather municipal
electriciy torfls should be mointoined which
racover bath UoS: costs and enargy kWh
costs.and cross-subsidies 10 othar services. It
also discusses how the two-port tarifl can be
implemantod 1o assist municipaliies to rocover
at least their UoS costs. Howsver, if firad
srvice/netwcrk chargos orincreasad 1o he

of

for dacades an

salutians regarding municipal revenue

recovery ore required
Recommendations

The author of his paper proposes that oll
thee SSPYEG machonisms fsel.consumption,
net-matering and FIT) are adopted in South
Adrica and that o phased approach may be
less thractening o all stokeholdsrs involved
Sell-cansumption should be allowed to
procesd immediotely bul prosumers shoukl
be notified thot exsting insallations should
comply with NRS097 standards. and thot
opplications and approvals fo genarata in
porallel with the grid need to be made fo
the municipality or the ufli; Approved self-
consumption prasumers will nesd fo migrate
o an upgraded two-pari farf,

Net.metering should be allowsd to
proceed fellowing the promulgofion of he
NRSG?7-2 stondards and ofher relevant
standords, Prasumers applying for net.
matering will ransher to o two-port toriff ond
wil apply for the insrallation of a b |

18] The Assaxiation of Muricipal Electricay Ulites:
(AMEU); *Guideline on
of ambedd

of Southern A
stallatic

the

lad gareration

d fhe impoct if moy hove. on ravenue o
monicnolter, Octaber 2013

Thischof.Niome: —m.m,n.-.m-.mmr oofiop
PV markel in RSA wi

Johannasburg, 10 Dacember

e
2013,
WG vola droft NI 097.2.1:2013 Edilion
d interconnection of embedded

3 imall-scole ermbedded
ity interfoce”

2: 4Gy
generohion”, Set

[6] NRS 097-2-3:2014 Edition |, ‘Grid
niarcannaction of Embedded Generation
Part 2: “Smoll-scale ambedded generation’
Sexion 3; “Simplifed ullty connadion crferia
for low-valtage connocted ganerafors’

7] Ewropaan Photovolisic Indusiry Association
{EPIAL: “Self consumplion of PV sleciriciy.”
oy 2013

G et i
o foasirock incenfives fo coniral solar
20 Nevembar 2013,

[9] M Rycroh: “Roshiop solor 4 dlaieg

ze, JonfFeb 201

10] ity Pomer Johovesbin rm-m./m.wt
20132014 wwnstmponsscnza

mater at the same fime.

The FIT mechanism con foliow ihe other
fwo mechanisms after indusiry exparience
is goined in the SSPVEG market and when
metering ond billing systems are sophisiicated
enough fo toke into consideration Toll and
other tariff compleites

Municipalifes should possibly explore other
i :

] & 2011-08:
s connacted 1o the low-valtage
on ||uMurL

requin
i ﬂpgm\-u‘ \ehiowsciege dertaden
notworks’

2 pscoul U Bt Tomcopie ool
on feedin o PV marker”, Energy
Py 67,2014,
[13] Grid connection code
moiein vt i PR i o
he disribu

rother than using slectricity revenuos. One
suggestion is fo increase residential and

poi
shorfall, litle o o incantive may remain
for prosumers ta install SSPVEG, other than
for enviranmental, selfsufficiancy or altuistic
reasons [3]. Adjusiment of fixed service/
netwark charges would need o be studied
corefullyin order o both cover municipal UsS
costs and life-line cusiomer subsidies ond fo
provide financial incentives fo SSPVEGs.

Foregone municipal cross-subsidy services
contributions from electricity revenues could
e portly or wholly recovered v ncreosing the
“rotes und taxes” components of residentiol
ond cammercial bills, however thare is the
social risk that low-income consumers would
then be penalised with higher rates and taxes
turiffs as a rasull, This risk could possibly be
miigated by diflerentiofing rates ond faxes
farifs based on @ range of crferia including
size of property, customer electrical NMD,
asidertial orea, efc

The reclity s thot electricity revanves are
dropping for municipalities due 1o EE
interventions, increased elect prices
and other drivers (3], In oddition, EG
fundamentally changes the traditicnal Eskom-
fo-municipality-to-cusiomer electrical supply
industey (ESI) model which has been in place

cial rafes and tones. The risk fo
low-income consumers can be mitigated by
introducing differentioted tanffs bossd on
various foctors &.g: size of property, customar
elacirical NMD, residentiol areo, efc
The NFIT approach [4] otiempts to find on
squitable approach o compensating SSFVRES
for electricity seld and municipalites for lost
revenues. If the hwo-port tarif opproach is
found to hove ciher challanges rot idenifisd
in tis paper, the NFIT opproach as pressnfed,
pt on NFIT approach that phoses out
municipal cross-subsidies sheuld possibly be
irwestigoted futher
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Distributed generation in municipal networks:
the revenue impact of solar generation

by Kevin Kotzsry Bruce Row. ard Peter Al

This paper highlights the financial impact of rootiop
g tariff structures. The elech
ies are explained und the discrepancy between profits sarned during different usage periods

focusing on the effect of var
to most municipali

, GreenCape

of electricity sales,
@ tariff structures applicable

is emphasised. The generation profile of a solar panel is presented and used to show that most solar power

is producey

business is then evaluated showing that up fo 60% of municipal electricity gross profits, from consumers who may

install PV, are af risk of being lost. A mitigotion strategy in the form of fime of use

effective and fair selution.

Municipalifes buy sleciricity from Eskom on @
time of use tariff and then sell that electricity
onta resideatial consumers at o flot rote (this
is the case in almast all municipolifies). The
time of use foriff applies different chorges
per kilo-Watt hour ot different times of
day and yeor whereos  flof torifl charges th
some rofe per kilo-Watt hour regardless of
the fime of doy (there is sometimes seasonal
variofion in flot farifs)
slactricity will thus vary. throughout the doy
and year. When applied, most flat roriffs
in elacrricity being sold ol o loss during
certoin high damand peak periods and o
at oll ofher times, As
eleciriclly

Profit me

gins on

ol of vorying amo
such, any

tervention fhat reducs

sales during high profit eaming fimes withou
8 significont decrease i loss-cousing soles
results in o potentiolly. disproportionate
decreass in gross profts

The insiallasion of an embedded generchon
e o5 roolop slor photorskors esus
in the cystomer purchasing less electricity
during sunshine hours. These lost sales occur
o a time when slectricity salos are most
profitable (because the Eskom ToU chorges
a8 close lo their lowes! at ths fime). ond con
therefore hove  lorge impact on fotal gress
profits. This threot is well understood by mos!
arge municipall however discussions
vaith o number of smaller municipalities hos
highlighted that the finer defails of oy
efficiency ond embedded generati
Municipal grass profits is ol n-:sluwdc-;mml.

In the past the threat from solar embadded
generation wes

y
cheah e slacircy ond tha bigh cos
™esidentiol photovolioic sysk
Price increasesapproved by NERSA
{mplamented by Eskom end fhe rapidly

declining casi of solar panels means thot

Price parily’ between solar PV and fhe i
tarifls is s60n likely to be realised, Once grid
‘<8 parity hos been reached, the number

Chor shawing Eskam wasidoy fin

of use peiods,

= # = High Season
===« Low Season

250 -
e 8 o
z o by
= 150 ] Lk )
o bR L
1
| & .&-i. oPe
| & s0 X RRRARAAAR *E
| wreead *
| ]
0 .4 80 33 A5 G- o4
Time (24h)

Fag. 2: Breckdown of municipol fanf per unit of energy bought and sokd

stoll

of solar embedded generation
il rise rapidly. Municipalities must be oble
16 adapt fo this chonge ond need to have
odequate siotegias in ploce fo reduce the
porentiol effect this can hove on the municipal
business. Eventusll, the growth of embedded
energy sources s likely 1o force a change in the
business models of eleciriciy supply utiites.

In what follows, o detoiled explanation of
re is provided, The
o from solor panels

2 current billing
ciricity generation prof

is explornd followed by an investigation o the
proft lost dus 10 solor embadded generotion
The overall effect thet solar embedded
generation can have an the businass is
quantified followed by o proposal of potenial
mitigation sirategies for municipalities,

Electricity tariffs

Municipalities typically purchose wholesals
eleciricity on 0 time of use basis Tol)) ond
then sell tho elechicily fo custamers af o

tho consuamer minis the purchase price of clacriciy



— 64thAMEUConvention2014

= & =Summer Load ‘
===+ Winter Load

= & =Inclining Block
35
200 3
180 " iAoty o 2 e PO
T s e | g x A
140 e e
| 2120 TR '---/..-’ oeeeey,
| 100 £ G R
| "% 80 B
| £ 60 205
| = ag g o
vy 5 gy W ey T h
0 200 400 600 BOO 1000 e {8}
| Units (kwh) s and winter ki profiag o the Gty of Coe fown, Locel
represested s parcenicge o e fool eneigy consumed. (Data from City o
iy ol Gopa Tt Inchh taeilf 2014/2015. Cope Town's electrical deportment, Shows masd consumption food incluring
fJ?m ned from the City rF(HM Town website.] sidfential oad commercial,)
— & - High Season [ it
===+ Low Season i 9 e e
150 | = P
= 38
= PR oo ..;“ | B2 i
£ 100 M.””’M‘ 26 il
T 1 =5 ]
= 50 e 1 ! g e
£ el i 23 iy
g o L 1 - <3 ¥ Sk
& LA,
%0 ¥ e 8 12 16 20 2 g1 H&u“’ baataded
] o doo S0
© 100 | TR . e
Time (24h Time (24h)

Fig. 4. Municipol unit proft generied through the

residential cusomers

marked-up flof rate. This results in o venation

14 thi ‘ardte Broll mAKIn o eleEirel

ty
said of different fimes of the doy and year
The ‘current pricing structure can result
in disproporfionate changes in gross
profits when soles from perticular fimas of
the day are increased, decroased or shiffed.
In arder o understand this effect the farilf
struetures nesd 1o b fully undersiood.

Time of use tariff

The Eskom Tl fariff wos designed to
“[promote] efficlent allocotion”, “[present o]
reflective supply cost” and *incenfivise desired
load change” [3]. Tha 20142015 Eskom
Municipal Megaflex taritl is broken down
into two seasans and three foilf periods.
High demand season (HD) and low demand
season (LD}, standord time (ST), peok fime
(PT) ond ofl-pack fime (OT). These periods
ore shown in Fig. |

The Eskom Megaflex pricing applied o sach
of these periods is shown in Fig. 2. There
is 0 large difference in pricing batween LD

sales of aleckicity 1o

P& Mrcpol st of sl v hedog Cos s shown 15 0

parcanoe of the folal doily expendit

and HE periods and the price of elscricity is
significantly incrensed during PT, especially
10 during HD-PT. Elecricity bought during
HD-PT is 700% morn expansive than elecir
baught during LD-OT.

Throughout this peper only work days (Monday
1o Fridoy) will be cansiderad. Wackends hove
o peck toriff pericds, and os such the negative
offacts of flot billing are amplified over
his fime

Residential flat/inclined block tariff

A inclined block toril s designed 1o “moke
eleciricity more offerdable to the poor” and
*promote energy conservatior” M4]. The City of
Cape Town Domestic Toriff hos two blocks as
shownin Fig, 3. This tariff applies throughout
the: year and does nat vary with season, Any
electricity purchased above 600 kWh/month
is charged o 20% pramium.

Gross profit realised on
weokday sales

Profits ans gensroled from stectricity sales by
salling electricity for more than the overall

cont. Fig. 3 presents on axample of municipal
gress profits for eleciricity sold of vorying fimes
of the day using a flat fadf. It con be seen
that eleciricity is sold of o p
levels firoughout {he day and that sales moda
during HO-PT incur o loss

Customer load profile

An average lood profile for the City of Cape
Town is presented in Fig. 5, There are two
clear daily demand peoks that occur ot araund
0800 and 20h00 corresponding fa the pra
and post work peak periods,

Electricity revenue structure

Applying the relevant municipal purchas
price 1orifs to the load profite reveols on
electricity cost of sales profie. This shows
the municipal exgenditura on elactricity
ot each point in the day as preserted in
Fig. . In this figure the lood is represented
s the percentage of tofol energy cost o the
municipality for thot day. Analysis of his dotc
reveals that for this example load profi

Spproximately 40% of the totol cost of sales

RS eSS S I e



Kabelflex

Underground buried
cable conduit

Kabelflex is & revolutionary s Jointing
purpose designed flexible Joined with push fit couplings providing IP30 index
cable condut sy:

developed in Germany

Impact resistance
in South Africa. Fa ¢ 1o UPVC sewe pipes

ique double:

Excellent compressive resistance

walled cormugated construction

Due to the reinforcing effect of the external corrugations
UV Resistance
(Can be stored outdoors for up to ane year

and is manufa

from high
fene (HOPE)

density poly

Installation
Light, clean and &

asy to handle

Technical data: kst condt size

DN5O
0 110 100
) 9 137
et Allspocifications are  © '5"; :ﬁ :0 ;s
subject to manutacturing e e o, e il
tolerances. "
o 150 20 30 50

Technical Properties HDPE

HODPE Unit

appr. 095 glom?

i srengt 7n-2 Nimrr?
Ballindentation 30-65 N’
N >5 mmem’
040-04 wimK

15-20x10* K

800~ 900 Kyfem
appe 10% Ohm . om

= 7 ans
dura-line (s
www.duraline.com www.nextube.co.za

Tel : +27 11 708 1659 | Email : info_sa@duraline.com




64thAMEUConvention2014

- & = Low Demand Season =
=%~ High Demand Season = 140
z
35 o
g5 - W sesesees eu 3
2 2 ndwm*x.ﬁl(x &
T a8 et @
=2 1 i ! ] S
S 05 e i bl (]
S08 e L £ 2
g"’io 4 Ysr 12 atho u 5
g . ! - g o
§-15 foex fok )
2
Time (24h)

Fig 7 Munkipal gross profits same

= & =No Solar Generation
= =3 = Solar Installed

Lost profits

8 12 16 20 24
Time (24h)

bt the day

Irradiance (% Total)

= & =Summer
== =+ Winter

ed with and

aross profit o risk of being impacted by solor
embedded generation.

PV ponels hove low output during HD-PT
and thus offer itle direct besefitin reducing
manicipal lood during this fime. While it is
possible fo optimise PV for HD-PT production
1o some-extent, it s unlikely that this will hove o
significart eflect. Solarembedded ganerofion

should fherefore not be considered as o peak
load raduction mathod, unless other actians
such o3 customer load shifiing or energy

sforoge are undertaken

Overall effuct on gross
profits generated

9 8 Graph showing imadhance/gevergion pro

f a solor panel in

Cape Town during summer ond winter

is incurred during HD-PT which only makes
up 14% of the fotal energy purchase.
Similarly when gross profit margins are
applied 1o tha load profile o gross prolt profle
is developad. The gross peolit profile for this
axample shown in Fig, 7 confirms that profits
‘are made outside of FT, with 50% of torol gross
proff caming from ST soles.

PV generation

In order o defermine the impact that solar
embedded generation wil have on the gross
profits from slectricity sales, the ganeration
profile of tha salor panels needs o ba known.
Photovaltaic (PY) electricity production is
diractly reloted 1o the irmadiance level of
sunshine, The study below focuses on the
sffect of PV ganarafion, but similar results will
be found from any dishibuted anergy source
e.g. solar hot water) that has ifs primary sflect
during sunshine hours.

PV irradiation/generation profile

A narmalised irradiafion profile for Cope
Town is shown in Fig. 8. Up to B7% of total
energy is generoied during ST (befween
09h00 and 18h0D). A small amount of
glectricity is generated during 7T and no
electiciy is produced during O. Significantly
mors electricity is produced during LD than
during HD.

Embedded generation impact

Given the electricity gross profit profile
{Fig. 6] and photavaligic generation curve:
{Fig. 7), the effect that solor embedded
gensration has on municipal gross profits ean
ba caleulated, Solar embedded genaration
only affects profits which wers earned during
sunshine hours. As such anly OT gross profits
‘ore unoftected by solor embedded generation.

OT gross profits oecount for 40% of the tofal
gross profit samed, leaving 50% of electricity

ke, 3: Block 2 i the highes foufh in the inclived block forf used I this exoinple

present and would ypically anly be installed by
high-end customars. These cusiomers consume
slecticity from the most expensive residenial
inclined block torff and thus even a small
reduction in sales from these customers can
resull in @ big loss of highly orofitable sales.
Figs. 9 ond 10 showthe change in gross
profits whan 0 solor embedded generation
system is installed in on averags large
consumer household

The effect of solar embadded ganeration on
municipal profis is best demonsiroted with an
axampls. Example 1 presents o quoniitative
illustration of how this would offect o typical
large housshold in ferms of lost gross pr
fa the municipality,

Exomple 1; Given the instollation of which
1.5 kW peak PV systerm on o household uses
an overage of around 1000 kWh of eleciici

a month. The municipolily siands fo lase an
average of 270 kWh per month of sales from
the Block 2 electricity 1o, The last soles
oecur predominantly during standard fime
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and are equivalent to about R3A0 per month

s represents a 25%
decreose in 1otal gross prolits eamed fom

of lost gross profis.

this housahold.

‘What can be done

Muns

polities can take o number of steps
fo mitigate the impact of salor embedded
generation on electricity gross profits
Legislation con be used to prevent cusiomers
from installing sclar embeddad generalion, o
o manthly solar embadded generation fo
can e charged. These octions may howaver

be cansidered punitive and may resul in an
increase in llegol solor embedded geraration
modifies
consumer electricily pricing o reflect the cost
price [e.g. from Eskom) could be considared
the maost fair. Residentiol ToU billing with o
lied service and connection charge i

implementoti

eonnections. A salufion which

1 of this torff structure

Effect of residential ToU tariff

A basic analysis of the effect of o residentiol
ToU toriff on the impoct of selar embedded
Qeneration was carried out, This analysis
compares fhe revenue lost based on o flat
tarif, compared 1o that wifh a revenye nevtral
Tl tarif frotal revenue on Tol fariff does
01 differ from thet of flot tarif for the some
consumption). This onalysis does not include

any lood shiffing from the uses, which would
©dd odditional comiplexities, but is genarally
sean us beneficial fo the municipality. The
reducion in unit gross profils in HD seoson
due 1o solar embedded ganeration for a flof
tarift 66d o Toll farifl are comporedin Fig. 11

While the ToU forif
for the duration that PV praduces during

sults in @ small loss

PT, for the major paien of the day the loss
is significantly decreased. On woskends
there is no peak, and thus on even greater
1555 raduction is realised. Again using the
scenario presented in Example | the overall
81035 profit losses ore now reduced by
SRproximately 40%
down o oround 10%

inging the tofal loss

Note: A change in torff structure will ofiect
the finonciol model of solor embedded
Generation for o customer, This moy res

r customers insialling PV which may have:
A0 Impact on the locol economy,

Conclusion

asymmetrical buying and seling
different level
91085 profit being generoted from the soles

of electricity results

ot elactricity on on hourly and seasonal
Bosis. Eleciricity is sold af o loss during high
eimand peok fime and for o large gross o
during low demond standard and peak time.

| — # = No Solar Generation
===+ Solar Installed

Generated (c/kWh)

Profits

Time (24h) a

unit prolis generared with ond without salar

g g

=

2

= 60

% 40
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—a—TOU

—&— Flat Tariff

Time (24h)

Fig. 11: Compavison batwwan unilprofis los) due fo PV for o fia ond residenviol
fime of use forft

Solar embsdded generotion produces most
margins are

o s energy when gross profi
greatest and hence can hove o potentially
disproporfionate efiect on kilo Wit hour sales
Jost ve gross prolits fost. Time of vse billing
is explared o3 o mitigation strategy ond is
shown to have a positive impoct in prolecting

municipal revenue
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The impact of small scale embedded
generation on existing networks

by Jaca Alberts, Motla Consulting Engineers, ond Prof. Jan de Kock, North West University

Load forecasting methods are based on selecting ADMD values for vorious load closses, summating the load class
load profiles and the application of diversity factors while looking ten 1o 20 years into the future. These factors,
especially diversity, are altered through EEDSM and small scale embedded generation initiatives.

Throughout the world thers is o drive %0 The South African Grid Code hos defined  master plonning, various cssumptions have 1o
improve energy eliciency, reduce slacticty  severol classes of embedded ganertion [1].  be mode whiletha designer or lanner considers
demand and encournge ranewable anergy Forthis paper, smbedded generafion of Closs  fulure kooding and scanarios. Load forecasting
genaration. Tha public is genarally informed Al (1=, <13,8YA) ond EEDSM infiotves for s o el port of oy newwork design andl
through media that this is geod for the  the low valhage domesiic Ioad cioss will be considors o safuroted maximum demand siate
anviranment, will prolong generatian and  considared. This form of generation iscolled 151a.20 yearsnkathe fuure, The food forecst
arid assats o5 wall @5 notural resources  @mbedded generotion, because it cannot be s defermined by considering o combination of
such as fossil fuels ond woter. Howover,  cortolled by the nafionol system operotor. divsenty foclon, locd lacoes, el peohles, lon
it may be possible that these initiotives I this papar only the tachnical impact on <10 growth rate and ofterciversily menimum
chonge the parformance of planned (future)  distribution network design and planning  9emond (ADMD). Once the end stafe load is

known, network elements can be sized bosed
on volioge deop, curmant corying copabilfy and
foullevel consderations.

and design Power quality

(existing) networks withaut  poramelers are consider
engineers reconsidering pas! assumptions  and financial impect 1o revenua streams are
or iradifional methods. Quita o number of . not considered. While snergy saving and
assumptions are made in the selecfion of
suitoble parometers and combinations of

#uch work has been done infernationally
over the yeors ta develop tools and

parometers fo.predict futurs load ond o Mo utltes do il ollow he conection of  formulas fo pradict and calculate diversity
plan and design infrasructure accordingly, Ml scolé embedded generators of present from os early s the late 17305 (3] on
1 paromaters are ofoctd and the impa of "0 her dnbution netwsrks pending fuher  domestic loads for LV netwerk design and
o chonge & ot candered, unaxpecind o eulations, by.lows and coriainly obow o calculote maximum demand from ADMD
cven dospoded avfomonce o reerkamay e impact it will have.on ther neborks  during the sorly 1950s [4] (deterministc
o dagrocied . Qi rovenit. s 1 igile o williss 0o i
result while utilities and municipal elecirieity - o aelodi)s
allowing small scole smbedded generation,

re-sellers may have fo loy out unplanned Colncidence ond diversity by definition are

it exisfs in the distribution networks olready in
copital to recty or oddrass problems caused.

South Africa, and the locafien thareof in the

Distribution networks ara not designad fo neiworks.are nol only unknown fo ufiities, but  Coincidence = ﬁ"‘ L
cater for raverse power flow or o diversity- <o ko not be controlled by utities s

less scanario (e.g. solar PY power injection NRS 097:2:1:2010 Ged Inrcommacon sl 5 _

ot rocftop level into the grid). Tha paper bedded Genaration [2] atiempte o provida it ek

will investigate the impact EEDSM and small guidance fo the implementation and  Piversity = e 2)

scale

mbedded genaiaficn, may. hive on complisnce’of abedded qenerction.
these parameters usad for master planning
and designs, how it will affect existing
networks and which concerns we should

Boggis [4) and Mequeen [5] related moximum
Load forecasting, related planning demand, ADMD and diversity factor (DF)
and design parameters as

addrass for our fulure cifies in this regard. In eleciricity distribution netwock designs ond  MD = N x DF x ADMD ]
g o E
= 10000
03 i
0,25 | 8000
e
0,2 -0 <5000
=
z 0 = 0w
2000
0 o
e s B RS 00:01 04:01 08:01 12:01 16:01 20:01
Current 24-hour day
Fig. 1: Betc disribution curve with paromaters a= 1,37, =339,

=80, ADMD=5,3 KVA (NFS034 Tabla 2. L5M & high and)) 2: Domestc 24 ex
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Table I Ripple contr

ADMD = limy.., SE¥., MD, 4
&
DF= 14+ )
oy 5
where
k = Coincidence
N = Number of consumers

Later theory suggesied that o homogenous
group 0s small as 100 consumers were
sufficient fa produce an accuroe ADMD
value. However, he CSIR [6] suggests that o
1000 consumers form @ represenaiva sompla
size 1o determine an occurate ADMD.

I some cases, os described in 4], Eqn. 5 olso
existed in the form

8)

Valtage drop calculations were initoll based

mpcict 1o Beta distbution eurve modelling paromelers

maasureman, while future ADMD dravs on
the experience of the plannar fo combina
load growth, income level and other foctors
to produce o suitoble figure. Consider
following |-minute domesic load profile:

For thes lood proiite, the maximum demand
of 7817 WA wos recorded of 18h47 on o
iven day. For 1511 domestic consumers ond
sirsefight lood of 62 KVA, he present ADMD &

(761762 /1511 = 5,0 VA / housshold

I s to be nofed fhat the macsurement
intervel plays  significant role in the ADMD
measurement. The longer the meosurement
interval, the larger the error betwesn the
infegraed peak and the insfanianecus peok

The projaction of this ADMD inte the future

4: Effect of colopi
icoling on ADMD increase.

oad on o ripple

efficient sireetlights, domestic CFL roll-out,
replacement of fluorescent famps in offices
with mar efficient lamps, replocement of
conventionol geysers with heat pumps and
solor geysers efc.

Demond side management usuolly involves
laad shifing, which is in eflect o combingfion
of peok clipping and valey filing. Domestic
ripple control is one such on example rolled
out 1o domestic users to mckice the maximum
demand during the moming and evening peok:
I his cose, o enargy s conserved, fust moved.
When lood profiles containing ripple controlled
geysers are investigaled, | has bean observed
thot the cold lood pick-up resuling from the
load shift somefimes exceds what would
have been the ariginal peok. By definiion,
the ADMD hos Increased ond the lood foctor
decreased due o lack of divesity on o cerioin
foad portion of the network, in this case the
geyser lood. In many cases, the utlities sove
o thei revenue bills purely by consuming the
energy of & mom cost efeciive fime. Considor
aypicnl recent example, Fig, 4, where the load

theory, as well as knowledge of netwark lood
maturity. I this nefwork wos designed aof o
5,3 KA ADMD, it is 943 moture of presant

Following of @ final food, the

on s |
such o Siish ond AMEL diversiy correction
curves with naural unbalanca cempenation),
followed by statistical distribution curves
[probabilisic methods) such as the Herman-
Beta method |7, 8]. Lately, the USA and
Ausisalia ore considering siochastic mefhods
a5 opposed fo the probabilisiic methods,
considering g larger dependency on other
factors such os fime, temperature, humidity,
cloud cover, eic. (5],

The Hermo-Beta distribution curve (7] sl
raliss 6 an ADMD parometer fo be solected.
whill: diversity camection is opplied through
he selection of a and B porameters to model
the probability of o consumer drawing a
specifc cument ol pack fime,

Present ADMD is sl the bast determined by

network can be designed. What happens wher
design paramotors change? The following
o sactions of fhis puper axamine simplo
changes 1o e.9: ADMD through resideniol
load control, such as rpple controlled geyser
awitching, s well as small scale embedded
generation such as solor PY.

EEDSM genarally rafers o energy efficiency
and demand sids managemant, Ganerally,
the following figure is used fo oxplain the
vorious fechniques:

Ensrgy efficiency, o conssrvation, generally
reduces the demand ond energy, which doss
ot have a negative effect on the disiribution
notwork. This is olready daployed by many
utlities erd customers, such o3 mora anargy

profie of un vricontrolled doy

From this observetion, the ADMD hos
increased by 11,6% while studies by an fiolian
distributor have indicated as much o o 25%
incesase [8]. Very ghten, control doss not toke
place af the 11 kV lavel, bul of the biling
level, e.g. 132 kY, in which cose occurrances
ch as hese con be expecied. Tha discussion
of improved cantrol algorithms af muliple
network levels are excluded from this study.

It must be noted that measursment error, when
considering for instance 30-minule infegrated
dato vs. 1.minute integroted dato, can be os
high as 15% (specifically observed for the
foad-controlled prafile in Fig. 4)

By considering on example low voliog fseder,
designed of 5,3 KVA ADMD, the impoct of
on ADMD: increcse. can easily be shsarved
through Ioad flow analysis.

The Befa distribuion curve porameters based
on the design ADMD s well as the revised
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ADMD for twe scenarios, should an increase
of 11,6% and 25% respectively occur to
present day ADMD of 5 kVA, are as follows:

Vi feeder system

For an example kowvalioge
tw scanarios are considered:

A: A fapered LY feeder with only cartain
cable sizes used. Here, o circuit breaker
5 requirad at e

change In coble size
B: An LV foader wilh the some size righ
threugh. Here, a circuit breaker is anly
required ot the transformer to. protedt the
cable,

All LV cables in these two scenarios are
copper cables. Service connections ore
16 mm? two-core, 30 m when on the same
side of the road os the LV distribution or
Metaring kiosk, ond 43 m when on the
Opposite side of the road.

Two additicnal faeders are shown con
1o the: transformer secondary wind in order
1o comectly simulate voltoge drop across the
Ironsiormer

The phose allocation is such that each fasder

contains an equal number of consumers
Ber phase, although the hree foeders are
of different length. Fer Scenorio B, the
feeder is designed to include os many
domesfic customers as possible to be just

Table 2: Rosuls of lood fiow

QO S R s

02:30

<

14:30

| 24-hour day

e Solar PV 3kW
e Domestic 5.3kVA ADMD
=== Combined 1HH

Fig. &

poct of solor PV fo on averaged

dormestic load probie,

within the maximuin allowed volioge drop,
considering nominal tap fronstormer setfings
and nssuming o | p.u, MY voltage. The
cables were then changed for Scenaric A, and

covared only four types of cobles, os many
uslities anly stack @ cerbain aumber of coble
sizes in their storss.

The resulbs of s load flow anolyss ore as ollows:
These results demonstrcte thol

o Thelowestvoliogs ol o cusiomer distribution
board drops below the minimur ollowed
valtoge of 0.9 p.u.

Transhormer locding increosed by 17%,
clthaugh in his example the looding is
sillwithin the everload condifions.allowed
by the tronsformer manulocturer, provided
that the overood duration ramains below
four hours in a 24-hour cycle.

For scenario B, the conducor section
clasest fo the transtormer hos exceeded
rated capocity.

For both scenarios, o significont ADMD
increase, the allowed masimum volioge
drop is meached before the end of the
feacler

Embedded generation

Embedded generation in the LV network
gions of ditribution nefworks are dificultto
control by utlities. With rising electricity prices,

it Is possible thot the levelised cost to install
.. solar P¥ moy soan outweigh the cost when
purchasing from the utlity, Thare cre lraady
solar PV panels installed on distribution
networks wih the possibily of reverse pawer
How in the case of excess power. Distribufion
networks were traditionolly not desigoed for
reverse power flow since almost all V feeders
in South Africa are radial feeders.

During low load, conditions are such thet
oy excess energy nol consumed by the

premises itself could Hlow into he network

According 16 impedance paths and phase
jected o

, the sneray wi

flow 1o the
nearest lood on that phasa. This in itself
creotes unbalanca eisewhers in fhe nomwork,
which inceases voliage drap. Generally, the
voltoge rises where o generalor is connected
while the disinbution netwark is traditionolly
designed to mitigate voftoge drop. Distrbution
transformers are on fixed tops, and cannot
sdjust iself 1o compensate for incroasad
voltages on the LV netweork. The neworks'afe
further designed with diversity between loads
in mind. I the amount of enargy injected into
the network during low lood condifions is
ot controlled, there exists the possibiliy of
verloading sactions of the ¥ cable nework
dus 16 a lock of diversity between mubiple
solor PV embaddad generotors.

for i scrmple foeder designs at 11,6% ond 25% ADMD increase.
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Condlusion
In this poper, the foflowing has been
demonstroted.

. throughe.g.

I fean i DD, with

ransformar
o fasder

possible overlooding of LV feeders ond

below compliance limits.

o Theoddiion of ane single phass embedded
‘ganorfor will increase unbolance.

e The oddiion of embedded generafors con
cause the vottage under low lood conditions
fo increase abave complianc limits

Based on the findings, it is necessary for
utilities 1o confemplate:
» The oddiional burdens

s unknowingly

their
already

'+ The future burdens aver which they wil
not easly hove control

» How they wil deal with the technical
implications of future EEDSM ond
embedded generation aspects

Much work mus sl be dore to increase

aur of the impect of new

Toble 3! Solor PV ambed
(Megatve nansformer kood indicates. reverse flow)

The effect of solar PV power injecled into the
nefwark from hause-hold level en voltage
fise will be demansirated fhrough laad flow

dect generafion load

low resuis

single phase power during the peok period
resubing in unbalanced conditions occuring
onapreviously bolonced feeder desgneco

anlysis. Although fault
incraase whan generolors are connected fo
the network, the effoct an faul level will not
be lusirated ar discussed further in this paper
Consider a 5,3 KVA locd profie, averoged
for o single consumer, with a 3 kW solor PV
plant fat unity power factor)

From this graph, # is evidant that @ surplus
energy coukd exist during low load condfions
whan the snergy produced by the solor ¥ call
cannot be utiisad b the household. In reclit,
th load proflle of a single consumer s nof as
smooth, and the solar outpul can be offected
oy ombient temperature or cloud covet Dufing
reversa onergy flow conditions, voltage rise
con foke place. This is especially @ concem
where solar PV embedded ganerotion tokss
place close to transformers with interral boost
(3,75% for 415 V secondary or 5% for 420 ¥/
secondary side translormans, or raised ops.
i 0lsd clear from the vertical scale in thisgroph
that any larger embedeed PV system wil send

liemits,

The affacts of vollage rise and the impac to

feeder ampacity are illustroted considering

the two leeder systems in o lood flow nalysis

For scenarios A and B, the following solor PV

scenarios are considered a mazimum reverse.

pows flow condiions

« 3 kW solar PV embedded generators for
a tronsformer with 3,75% inferncl boost
(. @ 415 V systom)

9 kW solor PV embedded generators
{415V system)

Fer the 415 V systam, voltage drop per phase

is shill mecsured relative 1o the declared

nominal voltoge of 236 V in South Africo,

The results are shown in Table 3.

From these rasuls, i is noted that:

o Voltage rises as generators are added

Undar higher embedded gensration
load, and high penetration, fhe maximum
| 3

o
1t is further clear that the impact during fhe
evening peck will be vidually 2810 (the solor
curve has been drown for o 06h00 10, 18h00
solar day), while the maming peak con be
considerably reduced.

it must be notad thet if ancther form of
generation, o.g. micro wind turbines. or
systams with axcess storage would inject

power flows across the rarsformer info the
MV network.

o Athough ro cobles were overoaded under
any reverse power flow condions in these:
examples, under very high embedded
generation load (e.g. each house inject
80 A afier own uhlisation) LV feeder
sections wil become overloaded due 1o o
lack of diversity betwean generators.

technology and 1o develop new design
methods in order o ensure continuous robus,
complicnt and safe networks.
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Typical technical behaviour of LV networks with
varied levels of renewable penetration

by GV Moadiey, Di GD Jennings and ¥ Fillay, DigSilent Buyiss

The i

of LV, PV

is steadily growing worldwide, largely driven by the reduction

in PV module costs. In South Africa there are several technical concerns about the impact high penetration
levels of embedded PV generation will have on LV networks. A typical 400 V network was taken and the impact

of 23 and 54% p

was analysed. The results show that for moderate

of 2%
penetration levels the effect on the feeder voltage profile can be positive. Reduction in losses and the reduction
in feeder peak demand are also noted. Where there is little correlation between gencration pattern and load

profile, the shi

th Alfrica s silin s infaney with regrd fo
renewable energy insicllafions and all of this
s of ansmission ond swb-

level.
igh penetration
of embedded renewable generation, the
bulk of this is at LY lovel, e.g. Germany
approximataly 90% 1] of its fotal PV
installation of 35,67 GW [2] instolled on
roafiops. Current trends indicate thot for

However in countries with

the renawable merkat 1o reall toks oft in
ith Africa, embedded generation needs
to foka place of LV level. The question then

raised is whot fechnical impocts i this going
1o have on networks which were designed
to transfer power fom the "top down”. This
paper presents resuls of studies tha show the
typical fachnical behaviour of LV networks,
varind penatection levels of renewable
genargticn, and gives some indication o3 fo

how fa manoga these developmerts.
Global frends

Whilg South Africa il finalises fhe policies
ond regulations surrounding fhe instollation
of renawable generction sources of LY level,
the world continues i1s development of
renewable ganerotion sources with 22,1%
of global slec being produced from
renewable energy by the end of 2013 (3]
China and the US continus 1o leod in the
ivestment into. renewoble: generation. Most
significant in 2013 was tho there was more
PV installed (39 GW) than wind generation
(35 GW) 13, This ia o signilicent rand for

ing of the feeder peak and veliage "swings" are noted.

South Africo becouss while soloc geysers

and heat exchongers remain o primary

sourceof LV load reduction, PV panels are the

most viable source of electricily generofion
To further strengthen PV installation groth

worldwido, the instollad copocity of PY
increcsed while the investment into PV
dacreased, as shown in Fig. 1. This is primarily
due to the reduction in madule prices. Such
a trend is ignificant for developing nations
as the cost of

newoble

gy siill remains

a major faclor,

Concerns of effects of embedded
generation on LV Networks

¥ networks ore troditionolly designed fo
transfer power from the “top-down'. With
global rends indicating the steady increase
in insicllations of PY ot LV level, the concerns
on the adverse effects of LV embedded
generation needs to be carefully studied
ond managed, especinlly as South Alric
nemworks ara diferant in their design from
Europaan networks.

Some of the fechnical concerms cumenfly being
discussed are:

s Effects on volioge

cis on thermal loading and peak
demands

Effacts on the natwork losses

Eects on feeder protection

o Solety

lavant, and
of voried levels of

cerlainly

These concems of
onolysis of the
embedded generatian af IV level is
vitally important fo quantiying these effects.

elore

Case study results
LV feeder studied

rlorm studies, @ ypicol LV feeder

e feeder has the following

properfies:

o 400V

& 470 m long cable network
o Peak demand = 198 KW (no embedded
generation)

The embedded ganeration considersd on
der was PV af randomly chosen injection
points. The pensirafion lavels siudied were
0%, 23% ond 54% of pack feeder demand
(0 kW, 45,9 kW, and 107 kW)

a schematic representation of the
udies woe done using Digsilent's
Powerlactory sofware, V15,1 [4]

Generation and load profies

Traditionol network plonning studies consider
moinly the feeder peak demand. With
embedded generatian, tha nat
‘genaration ond the

e of the

pattarn must be taken into account, As
using enly the peak ioad damand is no langer
adequateto fully onalyse the feeder and o full
load profile over the some fime period 0s the
‘generating pafiern is requirad

Fig: 1: PV growth despite recuced invesimen for 2013 [3].
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Fig. 3: Domestic load profile
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Tobie 1: Redluction in fewder pook dermond.

For the feeder considered, two load profiles
ware used, namely o domestic loed and
a light commercial/professional load. The
ik of the load types in the losder was 33%
domestic o &7% light commercial/professionol
Figs. 3 0nd 4 show the profiles of the lood fypes.
The generation prokle of o typical PY plant st
8lsa be considared, Fig. 5 shows e generofion
Profle of the roofiop PV wih fypical operdling
hours betwean 06h00 and 18h00.

Effect on vohoge profiie

The feader profile volioge was menitored
lood connection
Point) and of the lost connection peint
Slong the feeder. No volioge chonges ot the
v . The resufis

ot ihe infeed point

ol lood profie wih peak 6t 24H00.

1234567891011 124314 151617181920 21222324

5: oo

Hour of day

1 P ganie

noled where the generation maiches fhe
loed demond and thers is @ modarote
peniration lavel

n the case of o generation, the maxmum
volioga swing is 5% occurring between 02600
ond 0900, With high generation penetration,
o 5% valiage swing s st ncted but t cecurs
between 14h00 ond 19h00. The resuls
this study show that the high penetration level
shilty the maximum volloge swing, but does

ot ulleviats
Effact on feeder peak demand

The efiect on the faeder peak demand
is shown in Fig. 7. The resulls indicofe o
rachiction in the feedar peak demond and o
shifting in the fime of the feeder peok

ost noficecble & that f he gensrofion profile
does nat maich the lood profile there is no
significant reduction in the reduced peak
demand. Table 1 shaws thot ihe PV generoion
has managed to reduca the peok feeder
demand thot was predominantly caused by the
on increase

Howee,

indicats thot the impact of the embedded
P¥ ganeration on tha feeder voltoge profile
s most gignificant at the end of the feeder
Fig. & shows the feadar voltoge over a day.

Wh

ile the effect an the voltage profile
8 most pronounced af the end paint
the improvement in voltage profile it

‘»vim 2% 10 54% genorafion penetrafion has
(il effect on feedar peok, which is coused
oy the domestic load peck at 19h00 (afer the
PV plonts have stopped producing power)

tosses

The most significan reduciion noted is with the

Fig. & Effect an feeder valioge o

fosder losses. LV networks ore: predominontly
resistive ond the impact on losses willherefors
be significant. Fig. 8 shows the reduction in
the foodar losses

Challenges for Southern African LV
Networks.

Unlike Eurcpean LV networks thet are
balanced, Seuth Alricon IV networks are
predominantly single phase. Load balancing
between the phases is 6 problem that has lang
foced network operotors. With single phose
PV bacoming more offordable, the cortdpt
of single phase “generaticn bolancing is
alsa likely 10 become o faclor that hos to be
carefully assessed on o feeder by feeder basis.
irs order to perlorm this feeder leve analysis,
knowledge of the fesder is required, An
advanced database and GIS systems wil be
requinsd inorderss hold inforation such as:
o Feader coble types ond lengths.

o Feeder peok demands

*  Feoder Inad profles.

& Customer connaclion hypes,

Further 1o this, this informotion will nead fo
be processed and ssomiessly passed fo fhe
simulafion and analysis fools. Bulk analysia
of muliple feeders will be raquired
Conclusion

Embedded PV generation is going 16 bscome
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Smart metering implementation guidelines

by Kobus van den Berg, Aurecon

Smart grids and smart meters are being lnﬂnllad b! wtili

the * of the utility

ies internationally. Very large investments are made in
networks as well as mefering installations. Manufacturers

are releasing new smart equipment onfo the market every day and every offer seems fo be the solution to all

challenges facing utility managers.

Financial managars may perceive fhese
technolagies to be o quick fix for theic
revenue losses and financial viability, The
big challenge however is the substontiol
investment (financially and skill} required fo
instoll and operate fhe new desices.

The abvious question arises: “What should my
utility do to ride fhis new wave of technology
ond how should we. go about doing it if o
olfer

The basic definitions and functionality of
smart metering systems ond he opproach fo
ensure effective rollout and operction of thase:
systems are discussed. The implementotion of
smart mefering in the South African confext
Concantroting an the cbiectives and s
will e discussed without digging info camplex
fechnical detail to0 much

Smart grids and smart mefering

Smart grids {SG) include smort metering
(SM) andl is essentially o process of instoling
Inelligent devices in distribution networks
fa'monitor and control the system by

- = A e

wsing computer and data commu
technology. All these devices are linked to
the ity bock office computer sysiems via

ian

communicotion channek o transler dota from
and fo field instolled devices. The power of the
SG s embedded in the use of this information
10 conrol and managa the distabution system
fo improve relibility ond efficiency.
According to SANEDI's {South African
Nationol Energy Davelopment Insitute) vision
decument a smart grid includes fhe following
fonctions

Advanced metering infrasiructure (AMI)
Customer side systems (C5)

Demond resporse (DR}

s e

Distrbution mnnugemsnl systam/
distribution automation (DMS)

»  Transmission snhancement applications
Al

Asset/sysem optmisation (AQ)

«  Distibuted energy resources (DER}

Information and communicotions
integration (ICT)

Fig. 1: 5G huncionol companents.

What is SM?

AMI (advanced mefering infrastructure)
or SM {smart metering) is o component
of the G and includes remote mefering,
load centrol, remote connect/disconnect
as well as establishing o bidirzctional link
from the ufilily to eoch custamer sarvice:
point, This s more than offen the first and
4 very important component rolled out
in the 5G implementation strategy. SM
enobles diract communication with the
customer consumption meféring vio various
communicafion medic. The utiity is abls
fo tead consumption as wel os information
regording the state- of the meter and bosic
power quolity parameters like volioge levels
automaticolly. The profle of the customer
consumplion con also be recorded os
well the tarifl updeted when requirad. The
customer on th ofher hand can access his
consumption and billing information via
the CIU [customer interfoce unif) or on the
utlty website. via the intemet, Many uilifies
olso provida smant phone 0pps to access
cusiomer ond consumplion information. The
basic connectivity between field device, utlity
and customer is thus established in this first
phase of implemanting SG technology, SM
aliminafes @ number of manuol pracesses
like mater reodings, disconnections, meter
‘audits and load management, I olso creates
‘o medium for the cuslomer to take ownershi
of his consumption with near real-time
infarmation

‘What is the investigative process.
1o implement SG?
SANEDIs "Smant Grid Vision 2030, March
2013" document proposes the following
methodalogy, which provides o guideline of
the processes required.

Vision: What do you want fo accemplish?

As s anolysis: Where are you now?

Gap analysis: What naeds 10 be done?

Ststagy and rood map: How do | get
thera?

o Use a pilot installation io evaluote
functionality

o Business cose ond value postion: Vihat
will the cost and beneiits be;

. Funclonclties requiec Whm does: the
system to-do for me

. \mplmmalmns,;m:mggmwahh oll

ouf and operation
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Why and haw utilities
implement SM systems
System objectives

 Meeting leg

e requirements

In many couniries regulatory requirements
motivated the swiich fo SM. Ufilities were

narmally given a farget dote for comversion fo

SM systems and had 1o plan and impleme
the 5M 5, perations.
Some counlries offered soms govemment
tion
vers for
the various

tems i their distributio

grants to partially fund the implement

of the required technology. The
the legislation can be diffs
Sauth Africa the main driver

for the promulgation of regulation 773 of July
2008 wos the shertage of generation copociy
The regulation busically requires ol customers
with an average consumpfion of mars than
1000 kWh per month fo be served via o

smorl meisiing sysem on. ime of se fork;

e S should olso ba oble fo contral nan
essentiol loads ke water heaters. The main
objectives ware thus o reduce elechricity use
by implementing mora eficient fechnologies.
1 losses

o Solve revenue/u
Many uilities
subsiont
technical os el os revenue collection losses
nomally rsferred 1o as ATCAC [oggregate
technical, commercial and collection lossas)
The implementation of SM enables utiies
o use technology 0s a taal to improve fhe
management of the losses in the volue chain
by improved méter reoding, famper defection,
metor failurn detaction os well as revenue
management processes supported by SM
and back office computer systems. Utlities
will however have 1o reclise that the systems
are merely faols and by iself cannot sohie

South Alrica axparience

! losses in tarms of technical, non

Hrocessiond procedive pedbiani: Krissds o
be used and managged vary well & realise the
required and eflacts.

s improvs operational eficiency

Many operofienal processes cre very manuah
and cumberseme. By insialling SAA fhe il
has @ dirsct view of fhe distribution network
p 10 the point of serice point. Troditional
SCADA systems could only give an indication
of the high woltaga network status. Outoges
will b visible 1o operational staff vio the
SM and SG communication system and
enabl them fo react timeously. The visibilty
‘of tha network will also improve the ouloge
restoration process and improve nefwork
availabiliy
o Improve customer service

Customer sarvics nomally lacks in the

raliobility of metering, mater reoding and

correct billing. Cusiomens should be betier

informed regarding thair consumption levels
d

Policy objectives

icies will hove to be devaloped o oddress

following subjects to

s Torget custon

The uiiity should clearly deine wi

aroups fo targed with the new fechnology. It
sense to instal
oquipmen fo manage
 very small consumer where fhe exsfing

ighly. sophisticat

metaring sysiem may be more thon adaqute

eagraphical argos
The utility should ensure that specific
geographical areos ars identified for the roll

out. Most communication systerms used foe S

are financiolly more effective if implemented

on higher density dwellings I o sp:
area

geographical dhtib

o Electricity forifs for smart metering
S is capable of implementing TOU fariffs
ation 773. Tarif palicies

o Enhance the bylows io suppart he polcies
Municipal utilities should update their bylows
1o ellow the use of SM, TOU tariffs and remote

disconnaction os el o lood conirol facil

Business drivers

The following business drivers should be

token into consideraion when motivating the
) aSM dols fiad

Customer services

Revenue improvement

.

®  Loss reduciion

o Cost reduction
«  Ensrgy effciency
Cost factors

RFP/project consultancy

of o 5M system s
project
manogament and experientiol skils. It s harly
ever possile to usa your line staff fo perform
their daily job as well as monage @ fime and
knowledge intensive project like SM. Seriously

The planning and roll out

o frivial tesk. If requires tachnico!

consider contracting an experienced company
e your project and assist you during
the Sh plamning and implamentfion process.
De this from day one. SM is probably one of
the mast complex systerns that utl

o man

ios wil be.
implementing. It needs o mulfi-disciplinary
opproach fo be successh

‘en and maintenance

The quality and reliobiliy of o SM system is
heavily dependent on the carredt insiollotion
and implementafion of the mefers in the field
Consider fhe cost of
the m

solling and mointaining

rs carefully, Plan the instollation
offctivaly, centract the right company for
tha installafion jab and meke sure your sioff
acquires the carmect skills in fhe process. You
install ence but mainiain equipment for fen
yoors afier the initial roll eut.

in the business cose for the project. Be
howaver very spacific in your utilify to address.
the most pressing issues first. | is hardly ever
possible o salve o multitude of challenges
all at once. Plan the ofal project but use o
phased appro
itama that will have the most drariafic effect
and implemant that functionality first

and concenrate on the

o Legisiotive

« Operational sficiancy

[ installotion and aperofion

An impartani cost factar 1o fake into
consideration is the insfallafion, maintenance
ond operation of the communication system
Effeciive SM oparation depends on o reliable
cost effective communicotion system ond one
should consider the opiins carsfully. The
choice of communication systems could make
of breck the reliobility of your SM system.
Maintenance cost could escolate beyond
finonciol viabifty i you have 1o betle 1o keep

service fo customers

2: SANED! S implamaniction sioges.
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the system operational. Customers will lose

faithin your system very quickly i simply does

ot work or they recsive estimated readings on
a brond new stato of the art system.

Back office systems and softwore

EIM (enterprise inform

monogement

‘enables raw dato fo be umed into informatior,
nielligence, knowledge, and wisdom. As
information systems are bocoming critical

to the success of business, informot
management must be dealt with holistically

This component can ba very expensive 10

instoll and operate. Especially in smaller
utilties the meter data management and
analylics which is o vital part of the S sysiem
could cost @ major portion of the systm
investment. Many IT componies provids o
cloud based servica where all the complex
software is ovailable 1o o utility on o confroct
basis. The system, software and funclienality
are thus supported by o service provider
and the ulility steff can concentrate on fhe
wilisaion of he sysfem. Thesa systams provida
the following functionality
» Enables utilifies to fake ownership,
responsibility and accountability for
the improvement of dota qualily and
informafion aceuracy ond consistency,

Enables uiilfes 1o establish single versian
of truth for dota over time

Improves ufiities process and operoional
efficiency ond effactiveness

.

Provides o strategy and technique to
mifigate. he risks o3 well s maximiss
the value of implementing commerciel
packaged opplications.

Reduces the number and sffort of
integration aver fime.

.

Enables the conirol of unnecessary dota
duplication and proliferation

Enables o more flexible and scolable
pracess inegration.

Improves ihe dato quality, integrity,
consistency, availabiliy, ond accessibiliy

.

Maximises the return on invastment
of SOA (service oriented architacture)
echnologies.

Establishes o crfical component of the
Enferprise Architacture

Provides guidance and services, ond
anables consistent implamentatian of
SOA and informotion management
ocross major prograrms.

Provides the essentiol meter dato
management and analylics engines
requirsd fo manoge and procass mefer
dota

T systems

Systoms intagration, porticularly for
municipalitis, of many of the autamated
onally it

be cost prol theis
purchase pric
tied up to proparly implemant ond suppod
tham. A municipality needs on incremeniol
“boten
wheee each increment s bult according o the
highest business priosities while contibufing
1o an overoll long term master plan, Some

five — not orly in terms o
but in terms of the resources

up” way of bulding its smari grid

form of services-driven outomation is most

appropriate for this situation, where eoch
service can be owned/lecsed/operated or
autsourced by fhe utity. Whether achisved
through “solutions as o service® or not, fhe
key to success will be establishing o SOA
orented architecture] and analyties
integration inkostruciure basad on

(servi

dota. To ackievs service-oriented infegrafion
design, technical inferoperability (using
o b Services) and semaniic

Customer safisfaction

*  Personal energy management

o Cost ond consumption feedbock

o TOU tarifls

Energy efficiency

o Peck demand and netwark management

e CO, emission management

* Reducion in anargy consumption per
cusiomer

Demand response

®  Oplimising network load

»  Energy sourcing opfimised

Revenue protection

o Tamper and fraud detection

o Improved billing ond revenue collection

interoperabiliy (using standards such a3 1EC
CIM) must both be oddressed.

Skiled st

The reskilling of stoff on new procedures
and fechnology is probably the most under
estimated companent of implementing &
successful SM system. The complasity of
the new system is ahten not roalised until 1
s 100 late and it becomes a real challenga
new systeens. Offici
and customers lose faith in the new system

o efectivly use th

and it could become @ burden rother that o
solufion. Toke the cost ond fime into coreful
consideration when a SM deployment is
planned. Get oll stoksholdars involved and
ensure that sach person knows what s
expocted of them. Troin.and empower paople
10 use the naw system cfiectively. i

. N hi loss reduction

Revenue collection
o Improved mete reoding processes
o Improved billing accurocy

o Batter revenue m

gement

* Improved cosh flow

Systems intografion

o Improved management af information

«  Improved management decision making
Information availobility to oll siokeholders.
including fhe customer

How do | plan the rell out

of a system?

Ge! professional ossistance

are particularly prons ta bad communication
betwaen sections ond dapartments and
this could affect the successiul rall out very

regatively
Possible benefits

The following pessible benefits could be
realised by using SM systems. Remarmber
however that the Si systerm is the ool that
should be used by your highly siiled siaff
Chaase the functionality required by your
nstitution and make sure that the corect
processes, stalf and mafivation s in place
1o realise your benelis. Manoge the systom
intansively by using dedicated stoff. It will
not work all by itself. Do not fall in the trap
of throwing money of a problem, buy all the
best technolegy and not manage it effectively.
Opearatianol effciency

@ Improved processes

»  Network visibility and upgrading

«  Qutage management

. \ usad by lorge uiliies can

.

* Know what you would like fo accomplish

o Clearly define fhe objactives

o D objectivs.

o Take oll cost faclors info consideraion

o Ensure thotyou meauie proven tachnology
from a company that will support you for
th lfe of the equipmert. SM technalogy
has improved significaty over the lost five
years. You do not have fo be @ pianeer
by buying unproven technology ond
risk incompatibilty, suppli lock in ond
ineffactive-technalogy soluticns

* Siick to the correct standards 1o future
proof the sysfem o5 much as possible

s Ensure shat the new system is inlegroted
Ite your existing system but also
odapioble o any new systems you may
ocquire in the nex! fen years.

®  Ensure thot your siuf s effactively skillad

® Acquire the services of reliable system
support staff or outsource fo expert
‘companies.

What happens 1o my

current systems

Legacy systems wil have 1o co-esist with nawer
#ystems lika SM back offics and metering
frstems. The plonning of new systems will
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date older me
waly read meters; sxisiing

have to aceo

e systems

9. occept m

s o5 well os financicl

Prepayment syt

billing systems. One of

big challenges in

the implem:

tion of newer systems is the

integration with older systems. Ne wilty will

b able 1o reploce all exiting systems in the

short ter

As for as metaring systems ore concemed

older and new SM systems can co-exist

The: utility may hove o sirategy te retain

say exisfing prepayment systems in enlry

leval cansumplion areas. Integrafion o

consumption and sales dota can foke ploce

in the meter data managemen? system of
the billing system. Processes will hove to be
odopfed 1o accommodate new ond legacy
systems to be effective

SM compenent selection

Use proven fechn

logy

tis ssentiol o use proven technology. So
many exomples of unraliable SM componens
G bo cited andit is not necessoryfa re-invent
the whes

Also be aware fhot m

 eastern

Countries sell their products under different
brond names. Ensure that you know who the
actual manulocturer i. Rebranded tems can
easily be disconfinved and compansns from

other sources be offered.

us

& proven set of standords

Do ot use systems wi

proprietory fechnology
or mefer system profoc

5. I will coteh up

with you and cost you deorly. Although

ter-operabiliy is sl not generally possible
at this stage of technology development

should be oveiloble in the neor future, Any

interoperability betwaen different suppliers
implemantation wil have to moke use of
praven standards, It i fhus essentiol o
support occaploble open standards in all
saclions of o SM syster. Le! your professional

odviser or consultant investigate and

recommend a suitable sef of standards
for your equipment. Although fechnology
ages very quickly o good set of standards
implemented in the Sh system will ensura

that older and newer technolagies con
co-exst A lof of work by mony experts has
sulted in many good and proven siondards
being adopted by the major standards
orgonisations. Typical standards applicable
10 South Africa include The following
SANS; IEC, CENELEC, EN, DLMS/COSEM,
CiM and TS

Implementation team

Experienced project manoger

Use well experienced project monagers
The team should include al sickeholders

(deporimants and sectians fro
fechnical siaff) and problems tha may arise

during the instellation program should be
addressed immediotely and sffectively by
the team

Experienced insiallotion leams
Ensure thot the instollation teams ore
experionced ond well irained 1o install and

test installations in th field. Remember that
these teorms alsa inferface 1o your cu

Moke sure that they assist customers ond not
aggravate them

A processes

A weil designed and managed GA (quality
assurance) team is vial 1o ensure thot tha
instolled systems have been insiolled accord
1o specifcations and it i functionally sound.
Rolling out large metering and communicoticn
systems withoul on effeciive GHA process is a
good recipe for disaster and many customer
complaints.

Instollotion dota management

Many mefer insiallation projects have londed
up In a siiuation whare the Insiollation data
was. nol coptured comectly. It immediofely
maars tho! you do nof know which customer

s metered by what metec. All your billing will

ba incortect and in many cases you will not
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ow whera the meter has baen insialled. This

will require o costly oudi o cormect the mater

om day one on

snsure

customer/meter databas is clean

tandard communicalion profocols

i be availabla
ot supplier stoy
manufacturing of o particulor product your

A propristary system will o

m one supplier and if 1

llotions wil be ot risk. Prop

inst

ietary systems

sing
equipment fram only one vendor, This could

he

ay also lock the uiility in to p

prove fo be g problem with municipal fender
legislation

Uneelioble communication sysfems

Obfain communication services and
equipment from proven suppliers and

systems that have extensively been tested

Under-skilled personnel

Ensure thot your stof is effe

ively toined
and informed about the operation of the new
system, Unsilled sfaff can sink your systen

very effectively

Technology aging

Technology ages very quickly resulting in
obaolete systems and meters long before the
plonned Ifaspan hove been reached. SM
systams ore being improved of a significont
rote, By using standerdised equipment

one can “futura proof” systems fo @
large axnt.
Cusfomer acceptonce

Cusiomars are a viral link in the process
1o succassiully imploment SM systams. i
customars do nof experiance any odvortoge
their perception ond mejeciion of the system
con nullfy any placned benelit from moking a
significant nve:
fomers ora informed and sell the cusiomer
benefits 1o the

nent in SM. Ensure that your

m. The visibllty of customer

consumption dato i of vital impartance. Moke:

it easy for customers 1o use and opprecicte
fhee new system.

‘Communication options

Smart grids and sman metering systems. are
highly reliant on effactive and reliable data
communicotion systems. The requiremants

ot the vorious nodes. and applications also

vary according fo the bandwidih and
allewed a1 the specific

protection devices for example wou

fency
nodes, Electicity

req

millsacond response fimes whereas metering

davices could be read ond date collected of

various time slots during o doy,
The establishment of utility owned
communication networks versus the use of
extomal communication service providers oo
need some evoluation. Third porty cellulor
and RF spreo

covering the sl ulliy orea. 1 should

specinum networks moay be

hos ot
be necessary o duplicate this infra-siructure.
As far os the last mile communications
ore concerned
communicafions could be installed ond

the PLC and radio mesh

owned by the il Once these finks hove
bean insialled it will serve the purpose of
establishing dedicated communication
between meters ond concenrators and will
have no overhend operaiicnal cest apart from
maintanance. The commurications betwesn
meters end concentrators ore to.a large extent

nherently pant of the ofiering of  porticulor
supplier ond will be port of the AMI roll-cut
infro-structure.

For the purpose of ro

g out AMI systems

the follawing e ations media wil

atiens

be suitable in most cases, Com
of these technologies will be used in SM
systems, Choose the mast reliobla and cost
ot methed for the roll aut of larger
al choice of

effic

metering installotions. The &

nunication madium will be dictated by

cor
physical and geographical attributes and one
should allow for o combinafion of systers fo
be used in @ parficular area. Whera radio
transmissian is nof relicble. due fo buiding
constru nearby
rodio transmission devices PLC may be the
bettor chice. PLC on the other hand may
be unrelioble due to noiss intoduced on

in or interfarence fron

fhe electrical network ganarated by industriol
devices and insfollafions,

Technology oges very quickly and systems
deployed wil hove fo ollow for the upgrads
the dota communitations devices used
in o porticular
have o service e of fen 1o 15 years but

wtallation. Meters: should

communication and retwor

ing will change
significanly during this period. An efective
strategy 1o fu
assets will hove to be deployed. The adoption
of very stable standards are: normolly the
only methodology 16 ensure that technalogy

re proof communications

survivas the technalogy development phases
and pro)

e finonciolly vioble senvice before

the recammandations

Neie. 1 Addsianal deoil

rovkdad i A 8.2 ENISA Rocomriand sbons

it will be phased out. If is alsa o foct that &

ve o ¢

wtilty will ibination of older and
newer tochnologies installed in he fiold. These
tollations will have 1o ba compulible fo
ide o seamless AMI sys

» Callular wide area)

«  RF mesh {shor distonca).

® PLC (shorn diss 6}

e Redio spread spectrum (wide areg
network)

» Fibre opiics [dedicated WAN links)

Security

The Eurcpeon Network and Informalion
Security Agency (ENISA) repor “Sman Grid
Security — Recommendations for Europe
and Mamber States”' also recommends o
broader contest, A summary of snlerprise level
recommendations inlcudes
& Consider cyber security ond privacy os
vitol pant of your system implemeniation,

Securlty effors should ot only include
smort meters.

» Sacurty triining of operstions stalf and

consumars.
® A set of standards and guidelines thot
Judes fomeng othars)
Reforance risk assessment methodology
« Methodalogy for ossessing
interdspendencias
Incident handling sirategy
- Estoblish securily govemancs
*  Consider eyber secuityin all domaing ond
phases of the systen [ifecycle
Conelusion
The planning and implementation of SM

systems fequires asparience and knowledgn
of the systems.and siondards in the industry
It is alss essenial to select appropriote
technology fo-ensurs compatiblity with future
03 well s existing and legecy systems. Uiilies
should embark on this road. with caution.
Comile a cost Bonefit analysis and ensure
fhat the wilit implement functionality whee
the maximum benefit con be derived for the
supplier and the customer. Ensure shat your
staf, customers and allthe utity stoksholder
form port f your implementotion teom, The
success of o SM system roll out depends on
co-operation between techical, financial, ICT
and mansgement. Manage the risks, quolity
and functionolty of the nawe system effectively
o eperationaliss information o the advarfoge
of tha ufilify

Contact Kobus van den Berg,
Autecon, Tel 011 845-3734
kobus.sf vandenberg@aurscongroup.com
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Rotek and Roshcon

Transformer and
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Transformer and Switchgear Services, a product
group within Rotek and Roshcon offers
modification, maintenance, refurbishment and
repair services to transformers and switchgear,
both on and off site, through its high tech
workshop and on-site services. lts workshop
and test facility is the most advanced in Africa,
and the only facility that can repair and test
transformers of sizes up to 920 MVA and 765 kV.

4 iy mn w g
ot e el

A

Contact us

For mere information on Transformer and
Switchgear Services, contact the Key Account
Manager on the number listed below:

Manie de Wet

Key Accounts Manager

Email: deWetM@eskom.co.za
Cell: 083 675 2314
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Revenue protection success story: The River
Park (Alexandra) case study

by Xolani Lembede, City Power

Due fo low level of payments in low income areas, City Power has been experiencing high levels oF elwmw theft,
netwark overload and a high rate of repeoted failures. The uli ion to the problem
about the benefits of paying for services and the consequences of abuse and theh of !Ieuruiry The experience
has however proven that it is human nature that once you have experienced free services, you develop a sense of
entitiement and it becomes difficult to adapt 10 paying for those similar services.
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Net-metering concept for small scale
embedded generation in South Africa

by Dr. Markus Pélles; Méller & Paller Engineering

During meetings in the offices of SALGA with AMEU as o reference group on 25 July 2013 and 7 November 2013,
possible options for o legal and technical framework for the cannection of roaftop PV systems in South Africa have

been discussed.

The net-mefering concept is proposed
@ follo

the base of these discussions. T

g

main aspects should be considered, as

stondord canditions for small scole embedded

generators

& Ensure sofety of operating personnel

o Ensure that impact on power quality in
Iscal distributian netwarks s low,

Low administrative overheod so fhat

privae cusiomers can alse porticipate in
it

o High security of investments info small
scale embedded generatars (mainly
rooltop PV systems).

o Export toriff that provides sufficient
inceniive to avoid illegal conneciion of
smoll seale embedded generotors.

o Export lariff that is sufficiently low for not
croating an addifional burden fo overall
elactricty costs,

o Tarifl that provides on incentiva for timely
generation of eleciricify.

« Low averhead cests for additional
cquipment, such os mefors etc

o Foir covarage of costs of grid sage.

This paper is fo ba seen es a proposal
ot as binding document

Background: net-metering
Net-matering concapts ara used widely an
intamational level for remunerating roafiop
PV systems, e.g. in fhe USA, Morocco and
Brazil [1], and in the Philippines [2).

Unlortunately, there s no generally opplicoble
definition of the term :

Therefor

“net-matering
some definifions are required for

explaiing the meaning of *net-metering” in
this document.

In this documant, the term net-metering is
referred to o tariff schama having the following
characteristics:

* The ariff scheme is applicable o a local
generotor-load combination cnly {and
not fo a generator without load, of 1o
configurations where gensrator and load
ore installed remoteh]

» A net-metering client is stil considered to
be a consumer and nof o genarslor.
A net-mefaring cliont can export nd

mport electrical anergy.

Torifls for expont ond import con either
be the same (“clossical nel-mefering’,
e.g. USA) or different fe.g. Philippines.
Germon

.

Over o billing cycle [s.. ane year) the
remunerofion of exported electricity is
capped o the volue o
(no net payment possible)

The actual metering
for implomenting o net-metering scheme is
dapicted in Fig. 1. The ecivol mefers can
cither be realised by one bi-directional meter
or by two unidirectional mefers. With such o
melering arrangement, it is possible 1o essign
individual tarifs for nef-export and netimport
of anargy and hence crealing an incentive for
timely delivery of eleciricity.

jement raquired

Proposed concept

Anaf.mefering scherme covering the following
aspects is proposed

» Masimum site for opplicobility of nat
mlering is equal fo 100

Fix impert torifl and fix export rorift

Costs for grid usage is bosed on
connection capocity (kVA, import or
expor)

Net billing cycle is one yeor
Chligation of the

d operaiorfo foke the

exported energy [under normal operofing
condifions)

expor ariff for o duration of
yoars.

nical rules for inferconnection: no
application of the grid code for renewable
genaration, but infroduciion of o simple
set of rules for the installation of net-
metering systems based on NRS 097-2.3

This list caprasants of tha some time the
relevant parameters thot must be defined
for finalising the concept. An overview of
proposed seftings of the relevont parameters
is shown in Tabls 1

Discussion
Applicabilify

An absolute limit of the applicabiliy of net
matering should be foreseen. In any case,
only installotions hoving o conneciion fa an
grid should be entifled 1o use the net-metering
schames. All othar connections should be
wreated os gensrotors, irmespactive of the
associated lood.

=
x

Export and import meter or
One bidirectional meter

ERTRR Sy o - Ty 5 armangermont for net ok




. 6 4thAMEUConvention2014 M
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(which are much larger than the associated
load) unprofitable.

Metering orrangerme

Since the propased concapt for smoll scale
embedded generotion foresess on export

tarifi which is di

importtorif, the mefering setup must explicilly

distinguish imporied and exported energy

according o the following definition.

» Import; Locol lood = local PV
generalion = > residual lood = 0

o Export, Locol PV generafion > Jocal
load => residuol lood <

This.con be realised either by two unidirectional

meters or ons bi-directional meter with fwo

00d, generation and residy

load

aind therefore, o PV system con be sized so thot
the complate enargy produced can be used for
self.consumption (of least on working days)

These considerations lead 1o the following
conclusions with negord to the proposed
toriff scheme

o The proposed tariff schame provides
befter incentives for cammerciol end-users
than fer private users.

o The proposed torifl scheme provides on
incentive for fimely use of energy (e.g.
heating worm water tanks/swimming
pools ec. turing midday and nof during

connaction copocity fin kA) insteod of energy

4 concept, when used in
njunction with a kKWh-only farif,
of eleiricity which is generated
scale generator [1.e. PV) reduces the cost of
grid supplied power — but becouse the PV
system {without storage) does not actually
reduce the moximum power consumafiarn,

full grd copocity is not reduced.

This justifies & tarif scheme in which the grid
usags s paid for in @ KW or kYA basis and fot
o kWh basis. On the ather hand, such o fariff
schem considerably reduces the sconomic
,..,w, of most small scale embedded
wators. Therefore, the connection fee fon
KA bes) b cortl lly defined for not
‘andangering the economic viabilty of smoll
scole embedded ganeralors.

When deciding on the actual tarifl, the
following cspects should olso be bome in

mind:

Introducing o fixed componant in the
tariff (VA basis] requires lowering the
wariable part (on KWh basis) of he tarf.
Otherwise, avorall cost of sectrcit would
increase, which could not be justiied

The forif for net.matering wsers. {fix/
vorfable charge) should b confiered
ina way that for o user with average
consumpion, cost of electicity does
increoss when switching over fo o net-
metering forif (aven without eny credits
for generated elecricty,

time--of -usa tarfs

The proposed tariff scheme will
automatically limit the site of rosfiop PY

register),
o3 shown in Fig. |

Toriff

From o costumen/investar perspective, nel-
metering, in combinafion with o raofiop PY
system, is economicolly viable when there i
© refur of investment within an accepiable
peniod of fime. This depends on investment
<asts, produced energy, electricily torif ond
tha toriff considered for exporied electricity.

Initiol expanditure mainly consists of
investment for the PY modules and inverers,
with additional cost for ifs installation.

W the ramuneration. concapt uses an export
tarilf which is below the end-user tarif, the
incrementol sarnings per kW will decrease
when the locally generated enargy exceeds
local consumtion during some fimes of the
day. This will basically always happen in the
case of rasidantiol consumors, whose load
can easily drop down fa almast z8ro during
mid-day, whan nobody is of home. However,
inth cass of commercial end-users, demand
and PV-generation are much better correlated

load, which will automatically reduce or
even ovoid grid problems ralafing fo
sitvations wilh high power reversals (a.g.
high valtages during high power expors).
Basides the octual volue of the expar tariff,
the following cspects should be considened
y of reoftop PV-

for anabling bankabi
invesimans
o Exporttorifl should ideally be fxed over
a period squol 1o the poy-back period of
the small scale smbedded generafor
The grid aperator must be obliged o fake
and remunerafe. the exporfed elecirical
energy under normial operoting conditions.
during the soms pori

Withou! thesa two criteria, the requiced
investment securlly wouldn't be given and
the bonkability of rocfiop PV systams would
be endangered

Grid usage
For residentiol users, grid usage is usually
poid on o kWh basis, sven il in realiy, grid-
dapendent costs depend on the insialled

. That —
high for covering the DU's expenses for
rid services ond administroian.
On the other hand, it hasto be considered
thot high fixed charges lead fo lower
variable charges, which in tum reduces
enfives for investments into increased
enargy officiency,

Hence, the decomposifion of residential tariffs
inta fix/vorioble companants réquire coreful
balancing and # is recommended that every
net-metaring fariftwill hova 1o be appraved
by NERSA.

Technicol rules for grid connection

Curently, there are fwe standarls or guidelines
in ploce that apply o small scale embedded
generotion;

s NRS 097.2.12013

* NERSA Grid Coda for Renowable

Generation (3]

From o lagal poi of view, the NERSA grid
code i & much stronger document, bacouss
itix legally binding,

Howaver, ity applicability 16 small se
embedded generators is very low and
fechnicol tequiraments are not complete
(e9. with agard te safety or protection
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Impact of the new health and safety
regulations on electrical engineers

by Dr. Willem du Toi, SAFTEK Technologies

two separate

as separate functions which HES

Municipal engineers and in particular ing staff have traditi seen health and safety (H&S) as
ial entities: H&S an i ive H&S
are solely for, and view H&S
I health and and the thereof,

as mare dosely

than with engineering. Most municipal ele
as ensuring the safety of staff during m

Howaver, the new consiruction regulations
require elacirical engineering staff and
other engineering deparments, including
the appointed town enginssr (who is @
compstent person in terms of the Genaral
Machinery Regulation 2 of the Occupoticnal
Health and Sofety Act], 1o be professional
canstruction health and sofety agents
(Pr CHSA) ond to become mors invalied os
the client representotive in the interaction
with design engineers, procursment ond
appoiniment of contraciors and odvsors on
H&S Defined agenfs for HAS). The construction
regulatians defines *construction work” (in
terms of municipal slectrical octivifies) as
any wark in connection with the erection,
mainfenance, olieration, renovation, repal,
demolifion, dismantiing o, or addition 1o
a building or siructure end the installation,
erection, dismaniling or mointenance of
o fixed plant (switchgeor, powar lines,
cables fc.)

The process fo follow for both mointepance
acfivities and projects in seciricol reficulation
work raguires that a baseline risk ossessment
be made before any design or plonned
mainienance activifies take place. Such
baseline risk ossessments should indicate the:
risks and miligation procedures which must be
déveloped. Intarms of designs for consinucion
projects, such basaline risk assessments must
be included in @ sife specification which is
specilic o the planned project. This will then

T r—n———

ctrical engineers perceive their electrical engineering responsibilities
enance and canstruciion activities only.

(et e(SEEEEET

Fig. 1: The role of designers and the client in pew prolocts

Town electrical engineering and
consulting engineers

To ensure full complionca with the new
construction regulations, an understanding
of the requirements and procedures of the
new conairuction regulations s imparolive
o alectrical enginesrs and designers of 1own
slectrical anginsering reficulation networks.
According fo he new censtruction regulations,
the designer s defined a3 o "competent person’
who propores checks, approves o design and
includas an anginesr contibuting o, o having
overall responsibily for,a design.

Electricol dosign enginesrs” responsibilites,
i terms of fhe new construction regulations,
now extand beyond mare involvement in the
design phose, but also include responmbilty

Nt anly are fown enginears advised fo make
use of rogistared Pr CHSA agenis, but they ore
alsa forced to employ such agents in terms of
the: new construction regulations for csrtain
projects. It is advisable that only agents who
are tagistered with the South Alricon Council
for Project ond Construction Management
Prolessions [SACPCMP), and who have o
background in electrical engineering, be used

A person without an alectrical background
would not be able to give odvics on speciic
processes or undersiand the dongers involved
in low, medium and high valtage switching or
working on or near live electrcal installations.

for ensurin d instollotion

of their designs as well as the usage and

maintenance proceduresof their designs.
iy

legislative regulations and safety standords,
or codes of prodiice. The design engineer,
overall, must ensure fhat required, specific
methad stotements and procedures are
ovailable for the sofe installaion of designed
projocts. Practicol examples would include
electrical switching procedures reloted o the
commissioning of new elecricol equipment
and reticulafion nehworks

Methiod statements for the safe insfollation
of services ore not generic but specific fo
fob tasks which ore not rouinely conducied.
Such tasks ore usually in o mairenance and
conshucion enviranment which, due ta the.
nature of new work, requires guidance on
specific procedures. Pricedures may include
o manufactrer’s installotion methods and
accepiable writien enginaering pracices or
international and locol safefy stondords. Design
smginesiing s 1o adise on correct and sofe

Design enginsers’
their designs in term of risk thot their designs
may pose, include interaction with health
and safety professionls ond cedification of
their work.

Althaugh the responsibilly for ensuring HAS
during the construction phase s largely the
responslbility of principle contractors, specific
specialisty and subcontraciors must also
ensure comect installotion and, in the cose
‘of cerlain low voltage electrical installations,
certification according fo the specific OHS.

instellaions, ond fo ensurm that the procedures
followed da notincrease fhe risk af njuries but
rofher miligate any risk identiied. Designers
therefor need to toke cognisonce of fhe foct
thot anincorrect method stalerment can be used
againstthem In legol proceedings.

Elecirical engineers, consultants ond In-
hause designers involved in the design of
town slactrical networks are responsible for

the following, aceording to Construction
Raguletions &
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To ensure that the opplicable safety
standards incarparated info the
consuction regulaticns and cpplicable
regulations are complied with in their
designs [e.g. SANS 10142

To foke info consideration the healih
and safety specification submitied
the client, before o contract is put out fo
fender, and moke availoble in a report
fo the client all relevent health and
sofety information about the design and
installation of the relevont structure that
may affect the pricing of the construction
work

by

To inform the client in witing of ony known
or anticipated dangers or hazards relafing
o the instollation and consiruction work
o their design, ond make ausiloble olf
relavant infermation required for the safe
execution of the work fhey designed, or
any subsequently aliered designed work
(ihis includes sofe work preesdures for
their specific insiallatian).

To refrain from including anything in
thair dasign thot requires or necessitofes
the use of dangerous procedures or
maerials, hazardous fo the health and
safety ofthe persons deing the installcfion
ond construction work, which can be
avaided by modilying fhe design or by
subsiituting materials

To take ime occount the hazards reloting
to any subseguent maintenance of the.
releiont siructure or installaion and make
provision n their design for that work fo

be parformed, in order fo mirimisa the risk
of future mairfenance octivities required

When given o mandate by the elient
o carry out the necassory inspechions
of oppropricie stages fo verify that I
consiruction ond instollation of their
designs ore camied ouf in accordance
with the desigr's specifications; if the
designar i not so mandated by the client,
the cliant’s agant, feg. professional health
and safety agent - Pr CHSA] will ba
msponsible to corry out such inspections

The designer or the client’s agent {e.g.
Pr CHSA) must stop any contractar from
executing any construction work which
i not in accordance with the relevant
design's health and sofety aspects
provided thot f the designer is not s
mandated, the clients appointed ogent
must stop that contractor from exscuting
that construction work

When mondoted by the client, the
designer must do o final inspection of
the complefed siructure in accordance
with the Notiznal Building Regulations
ond include the health and safefy aspects
of the structura. Then, os far as is
reasonably practicable, declare the
structure sofe for use and issve a
complefion certiicate to the client and o
copy thersef fo the contractor

The designer musi, during the design
stage, take cognisance of ergonomic
design principles to minimise ergonomic
related hazards in all phases of the lie
cycle of the siructure.

Maintenance of lown slectrical
networks

Fram baseline risk assessmants provided by
the town electrical enginear, in tha form of
1 site-specific haolth and safety specification
{usuolly preporad by the cliznt's ogent -
Pr CHSA] designers should be capable
and able to analys risks involved In their

design for futars mai

nance purposes, and
designs offord and mitigate
r os reasonuble practical. They

ensure tha
risk a8
olsa need to provide procedures including
method statements for correct H&S
instollation and maintenance of fheir

designed stocirical insiolictions, éwiichgear
ond reticulafion natworks.

In respect of preventative planned
mointenance or reactive maintenance on
municipal elecirical infrasiruciures, eleciricol
town engineers must ensure fhat defoiled
tisk assessments hove been made for each
onticipoted job fask, accompanied by specific
methods and procedures (methed statements)
on haw fa perform fhe specific job fask safely

Such pracadures will, cccording fo tha risk
idenilfied, include risk mitigating procedures
(safety plans) on how 1o perdorm such fask
safely, including administrative procedures,
enginsssing mathods and the fype of personol
prolective gear and equipment required for
specific fosks.

Responsibilities of the fown
electrical engineer (the client)

Representing fhe client as the respansible
person in terms. of the General Machinery
Regulatians 2, the fown eleciicol engineers,
responsibilities hove expanded dramatically
in the new construction regulations, and it
would ba adviscble fortown engineers o seek
assistance fram professional heakh and sclety
agents not anly with new projects but also 1o
ensure that mainfenance activiies comply
with fha new construction regulations. Such
professional health and safety speciolists must
be seloctad based on fheir knowledge ond
experience reloted o sléctrical angineering
Projects and maintenance, nof only related
to their legislative knowledge but lso their
engineering knowladge of the specific project

In ferms of the niew construction regulations;
fown anginedrs, as the dlient, are force fo
oppoint and make use of Pr CHSA ogens
The own elackical engineer or appointed
Pr CHSA ogent (clen) i respensibla for:
The praparation of o boseline risk
assessment foe an intended work
Preparing o suitoble, sufficiently
documented and coherent, site-spacific
health and safety specification for the
Inlended cansinuction work, based on the
boseline risk assassment.

To provida the designer with the hisalih
and sofety specification
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tokes the health and so
during

* To ensure tha
ecification inte c

outall responsi

o Toensurethat it
i the

jesigner

ction reg

& To include the health ond safety specification in

Gbout o the design or

. nges are brought

nake sufficient health ond sofety
==z | Power People
. 510 be performed os o rasult of o design
o s of 1
arimstei i Our combination of local expertise and global reach
es cra avoilable o execute makes us a world leader in the power sector. We are
workmg throughout Africa to deliver engineering,

*  Wherse consi &k parmit is required s and advisor ACTOS:
ConsirixciionRaguiation w31}, ths client s, without dvr':gwwg 4 y the
from his or her healthand saety responsibilifies or liabilie following sectors:
oppoint o competent person in wrifing as an agent {Fr ‘TH;A‘
fo act as his or her representotive.

*  Renewable energy
* Transmission and distribution
© Thermal and nuclear generation

Interaction and role of profesional health and safety
agents

The introduction of a- profsssional advisor far health ond safely
herolds a new era whare H&S is nat merely seen s compliance

with cdministrative and legislafive siandords, or the advice and
monogsment by on-echnical people on ospects of eleciricel
consiruction ohd maintenance achivilies, but the reol input by people

ce of

that would have the knowledge, quolificotions and experi
enginaering concepis fo understand real slecirical enginsering
hrects and the impacis on slsetrical workens” heclth ond salety.

Although concepts of sofety enginesring, process safety and the
professianalisation of enginsers wha specialiss in the interaction of
sments are nof that wall established in South

human sofety e
Alica, the formation and regulation of peaple with proper knowledge
of the buik environment, including slecirical engineering, with on

undersianding of engineering principles, will assist
of electrical engineeing- related incidents. Tha regisirtian
entity by South Alrican Council far the Project ond Consinuction
Monagement Proessions the (SACPCMP) wil address fhe shorioge
in this field of safety angineering in South Africa

Conclusion

Town electrical enginears need to comprehand the following the
impact thot the new construction regulations will hove an their
operations, the role and need for proper HES
5 well as the inferaciion and funciion of Professional
uction Health and Salety Agents fwho are regisered with tha
South African Council for the Project and Consiruction Management
Professions or SACPCMF)

foun enginea

h consiruction and maintenance

Elacirical fown engingering in b
eroction with

Gctiviies poses unique risks which require proper
H from en etectrical

S manogement systems and an undersionding
of risks relofed to electrocutions, electrical
inderstonding

ginesring point of view

arch flash bums and elect

ol burns, Furthermore, o1
of elactrical angineering risks and concepts such a3 machan cal,
ressurisation; <apaciianca dischorge, induction, equal potariial

ngincering and personal prolective www.motimac.com

fall preventier

bonding and the nead for @

Squipment, fo name a few, are required. Specific
dures 1o be followed in isolation]
tmost imporiance fo preven

programmes.(and fhe

and permit sysiems which are of u

niury of angineering staf, 1ors ond the public wil ensure Jason Rowan
the HES gool of zero horm during town electrical enginesring, € jason fowan@mottmac. com
Sanstruchion and mainfengnce activiies. T 427 (0)11052 2485
W wwrw motima com Mott MacDonald

) Toi, Sabek Tochnologies
] |

Conioct Wik
Tel 044 873.2235, welut
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Substation accident: a case study

by Barry Gass, High Voltage Trainin

An authorised person received an eleciric shock and was badly burned when testing for voltage, at the back of
an isolated 11 kV circuit breaker, in a substation. The authorised person died three days later in hospital from the

injus

s he sustained in the accident. His assistant survived the incident, escoping with burns to his hands, face

and upper body. This paper is a case study and looks af the incident, causes and what could/should have been

done 1o prevent the accident.

in authorised person hod 1o solote an 11 k¥
coble in order to cut in & naw mini subsiation
MSS), between @ sabstation (5/5) and an
M hed,isoloted, fested

any spacial PPE (flash suiff. On penstrcting
the tape, there was an explosion, causing
third degree bums to 80% of his body and

burmsio his hands, foce.

and sarthed the cable on belh sides correcty,

A risk ossessment had been conducted and

company’s rul

s ond regulations. A work
permit is defined as o wriien authorisation

fioe wrk to be: carried out on electrical mains

or apparatus
The circuit breaker (CB] had integral earthing
and had been fested and placed in the earth
positian, locked off and a danger fog pplied
During the course of tha work, the authorised

parzon hod o remove the back cover of
the pane! [cable end bo 1o disconnect the
11 kV coble.

The autharised person chose to idaniily
the comact back cover 1o be removed by
counting the number of brackers from the
left hand side.

He walked around the back of the panel,
fram the right, and counted the breakers

ram the right hand side, instead of from the
left. The autherised person olso checked the
Iabel on the back of the pane fa confirm thot
he was af the correct bracker, Unforiunately,
this covar was a remavable cover and hod
been incomectly reploced on the wrong panel
during o pravious job that had been dens.

As the cable wos earhed of the MSS and
the circul breaker at the front of tha panel
by intagral sarkhing, the authorised parson
dacided that |t was not necessary fo weor
o flash suit when remaving fhe bock cover
ond testing.

He: rsmovad the back cover and decided; 53
an extra sofety precaution, 1o safey test fhe
conductors befors remaving the tape from the
conductors. He docided 1o se o live lesier
o panetrata fhe insulation before removing
the tape for sofety. However, inslead of using
an opproved medium/high voltage live
tester, 03 required in ferms of the company’s
regulations, he picked up o low voltoge
muliimeter to test for the presence of voltoge.

He also anlisted the help of his assistant
1o hold the multimeter, whils he fested the
conduciors. The assistant was not wearing

and upper b

oy

Cause of the incident and injury

o The cover on the back of he panel had
been replaced on the wrong panel the last
fime that wark hod been corried out.

® The authorised person counted from the
wrong sidswhen he went oround fhe back
of the switchgeor

o The authorised person used the wrong
festor to test that the coble wos dead.

o The autharised person wos ot weoring &
lash suit whils fesfing that he cable was
dead

® The authorised person cllowed his
assistant o work oo close fo the coble
without wearing adequate PPE (flosh sur.

Root cause

The wrang cover plate wos removed, exposing
the warkers 1o live 11 KV conduciors. He
counted from the wrong side ond used o low
voltoge mullimeterfo festthe liva 11 KV coble.
Contributing factors

The authorised person had nat foken all
the risks inlo occount when conducling
the risk assessment, nor had he explained
the dangers and hazards of the fask fo his
assistant.

He did nof follow fhe correet solaty rules
and operating regulations

.

 Hewas not fully concentraling on the job

ot hand

He was lats in perorming the.planned
suitching operations and was pressurised
by ather staff waiting for him fo finish so
Wik i ol ek o i ol

o Noflash suf wos wom

Conclusions

I the ensuing invesigatian, it wos found that

the outhorised parsons mind wos ot on the
ob, a3 he had had an argument with his wite
bedore leaving for work that morming ond was
lote in isolating the cable. He wos pressurised
by stalt wating 1o wark on fhe coble and did
ot fallow the correct procedure in order o get
the work done. He rushed the job and picked
up the wrang fester
W/ cable, He folled to wear o flash

o vollage multimeter] to
testthe 1
suit and did not moke sure that his assistant
was safe by ollowing him 1o work too close to
the back of the pancl withoutthe raquired PPE

Remedial action

All existing clreuit brecker panels, in ol
subsialions, fo be checked ko make sure
that fhey ore lobefled carrectly and in the
cormoct mannar, in ferms of he company's
regulations, i.e. ponels should be labelled
onhe front, back and fop oftha panel ond,
where possible, o non.removoble covers

A standard oparoting procedure (SOP)
needed fo be compiled, stofing the correct
sofety procedure fo remave e bock cover
and fest the cabls, befor
tape.

& removing the

gyl

Fig. 1+ Elecic nehvork.




SCALANCE
The SCALANCE product line is
in Industrial applica
everything for ultra efficient Industrial networks
and bus systems: powerful, future-proof network
components for reliable operation In all industrial

m for fast

ctians on site: high speed
and a

igned primarily
15 and provides

y for enhanced av:
signafing concept for permancnt network
component manitoring.

RX15xx
Siemens’ RuggedCom RX 15xx family Is a
collection of modular (field-replaceable) layer 2
and 3 switches designed for use In the utility
market. Dual redundant power supplies, shock
resistant hardware and high operating
temperature ranges (without the use of fans|
means these units can handie most harsh
environments. Boasting 4 large range of madule
types (including WAN. LAN and Serlal mogules|,
these units can be customized according ta the
specific application requirements.

RuggedNMS

RuggedNMS is fully-featured enterprise
grade network management software
based on the OpeniNMS platform.
Specifically for the rugged
communications industry, RuggedNMS
Provides a comprehensive ;uz(h:!m for
Monitaring, configurin
maintaining mission- mnml ll’ based
communications netwarks, such as
those found in substation automation
and “Smart Grids- for electric utilities,
Intelligent transportation systems. and i
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advanced gontrol and automation far
Industrial processes.
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Table 1: The b

Trairing nesded to be provided, on the
abowe SOP fo.all staff required fo remove
such covers

It was decided that an insulated rod or
pole should be held on the frant of the
panel that would be visible from the
rear of the panol, os well os the ofher
dentifying method used in fhis incident

L
Ve ey o

Fur-nmulb,

‘subsiiufing o fess |

o All conductors are to be discharged using
on approved single pole discharge device
before attempting te remove the fops
ofter confirming that they ore dead.

o All panels are o be painted different
colours fo indicote their fu
for o ring and blus for an incomer (s
can elso assist with identicatian).

i, red

 In order to maintain safely, it is essential
hata rigk assessment exists for each fosk.

one.

wnmmmm-uub
ldh&mllﬂlmwﬂnh

. (Take 5) must ke cerried

out at all work sites, over and obove
the ganeral risk ossassmant
changes af each work site although the
task ramains the same.

as the risk

» Risk assessments 1o be reviewed 1o
s il includin

This i the locs effectve risk control. The use of PPE
exa-nmndquned be supported by one:

serachy of control,

I was also decided that, i it were requirad
fo test 11 kY conductors in @ similar
situation before the fape is ramoved, they
sholl be fested using 0 proximity festar

«  Thetester thould be fied onto an approved
insuloting rod of the cormect vofioge rafing,
maintaining safety clearonce and an
approved fiosh suit shall be worn

the hisrschy of controil, fraining fo be
conducted.

o Itis o misconception that PPE is the first
lire of defence, in factitis the lost

Therefore, siaff are fa be trained on Hisrachy

of Canirol fo ensure safely of personnel.

o Al safety rules and operating procedures
to be reviewed, updated and monitored
reqular.

®  Enforce discipline of the wark site,

o Ensure compliance with rules end
regulations.

« Itis essantial fo comply with the OHSAct
and to fallow company safety rules and
operaling procedures, This is net orly o
Iegal requirement, but can olso prevent
damoge 1o equipment, prevent injury to
personnal, and save lives.

o Full Rosh suits most be worn when fesfing
for zero potential and during all MV/HY
operafions and oiher stoff o stand awoy,
in such a posiion that they connot be
injured by an explosion,

o Training MV/HV Oparating must be
conducied and reviewsd every o yeors
refresher courses conducted]

You should:glways consider what can go
wrang nd whot will ba the consequences. In
this situaticn, what vohiage o | testing ond
what safety pracautins do | need to toke?

Alwoys use g reasonable man approoch;
olwoys ask yoursell - would | let my
16-yeor-old-s0n or daughter do the job? f he
cnswer s nio, then why sheuld | do i or osk
someone else i It must be remembered
that for every acfion there is o reaction.

Na aperofing condiion or urgency of sarvice
<an everjustfy endangering the lfe of anyane.
Remermber; safely before production, not
production before safety There is no subsiitule
for sty

Contact Borry Goss,

High Vohoge Trining, Tel 033 239.5572,
bgass@vodomal.co.za
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South African power system status overview

by Alflouise van Deventer, Eskam

T

the forecast of the power system u

Eskom shed load for the first fime i six yeors

for 14 hours on & This wos

due 1o a mojor coal supgly incident in @ ve

tight sysiem, exaggarated by extensive rai

Demand reduction threugh the various
prod, e as wel

as voluntary requess have been &

demand respor

esshully

assisting during the winfer period to

tha bolonce betwaen supply ond
is maintoined. There s significant

*s generation division 1o improve
plant refiobiliy and execute maintenance o3

paper focuses on the status of the South African power system and electricity consumpftion. System status is as
recorded in Oclober 2014 and is merely @ snapshot of the electricity consump

n, the generation available and

planned

is paper gives on overview of the stotus of

can power systam as observed

the South A

in Oclaber 2014,

wing elsments:

us will be on the f
Demand ovenview slecricity consumplion]

current renewable

n of the

o The'symmer and winier profles, and the
ted with each

specifc chollenges assoc
o The actuol generation dispotch process
o Theusage of whot is known os emergency

»  Tha system status outlook for the next
months

Demand overview

demand for 2013 woas

35 421 MW, The year-io-date (YTD] peok

domand for 2014 is 35 677 MW (censidering

only Eskom g and firm import]

peak

These numbars include the confracied
demand reductions used on the day. When
considering the supply from non-Eskor

genartors (sald fo Eskom) the peok demond
for 2013 was 36 002 MW, and the YTD peak

of 2014 is 36 170 MW,

Current renewable generation
contribution

Ranewoble independent power producers

—o8sep 14
—09Sep-14
wo— -~
-
& — s
—rmagn
-

HHERAHHR

H

Fig. 2 Soloe Y protl for 28 ond 29 August 2014

contribute between 500 and 600 M
se.this s nof the fofal instolled capocity

of renewoble generation) fo the generation
bution is about

capacity. The wind cor
140 MW and fhe solar contribution is about
400 MW.

Fig. 1 shows the cantribution frem wind

generation for two doys in September 2014

From this profile if can be seen thot the
contribution from wind is significont over
the avening peok pariod (16h30 10 20h0g)
A simillar prof

was observed in fhe winter
period. This I very helplul os winter periods
have very high evening peck demand

The solar PY contribution is up 1o 400 MW o1
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is flat (table mountoin shape)

ihat the burden o

This implies
1 the peoking plant could

due to this

potentially be redu

Summer and winter profile
Polential shortfal overviews
(24 hours) |

The summer (Novamber to Fabruary

and winter periods (June to August) ore

acterised by different constraints. Winter

is the period whan the highast demand is

experienced in the country.In Fig. 3 the winfer

and sumemi ands ore ilusirated

Meeting demand in winter

IF generotion in wintsf was fo be redvced

col issues, the patental capacity
3 is what would be

ailable to meet demand. As can be saan

128 e e 88 BDuwmnnaN o =
oty illustrated in Fig

m the graph, there is o shortall (insufficient

generation). In the winter period the highest

demand is experiencad inthe evening between
17h00 and 21 hO
I

The consiraint is for a two

ur hour period o3 illusirated. The use of

peaking plant, speciicolly the expensive opan

cycle gas hurbines fo meet the shortfall i for a

twa o four hour period. Note that he open

cycle gos turbines ore considersd pecking
plant and part of the smergency reserve

otego e used o8 o last

st whenoll other sources have been used.

Meeting demand in summer

The summer demand s significanty lower than

the winter demand, so m

maintenance on
e

on plant is parformed in this perod

when, Even though demand is lowes, it is

hallenging fo meet demand during this
pericd than winfer. The nafure of

o demand

Fig. 4: Supply and damand effecis on frequency.

profile is flat {toble mountoin shape] which

heavily on peaking plant resources in

I 1 the event of o consivaint, From Fig, 4 it car
|- be seen that if there is o generation capacity
= i conatroint, the shorfiall generally i fer up o
. - ten hours or mere; This means if not enough
iy base oad plant s ovailoble, the peaking plant
- e— cluding the Gpen cycle gas turbines usage
B i is high ond very exensie.
" i Actual generation dispatch process |
| i Maintoining this bolance ensures that the
i A frequancy remains within 49,8 and 50,15 Hz
o L.
‘ o —otsarapg | oW Eskom meets demand
The process starts with the foracasting of
| - AR S TR demand [including the operating reserve:
L. ASERRE Y = needed. Operafing reserves is necessary lo ‘
Fyg. 5 Actual geneiation dspatched. cater for deviations on demand ar supply
and operating reserves. The haurly overage |
generotion schedule fo meet demand is
times. In Fig. 2 fhe solor contribution con be  typical dome profile of PV solar s sig determined. If there is insufficient copocity |

seen for fwo doys in Augus confribution during

s when

1o meel demand tha emergency reseeves will
From the:profie i can be seen thal the  the demand (eleciiciy consumption) profl be scheduled os neadad. Nole fho! s apen




N, 6 4thAMEU Convention2014

System outlook for the next four
manths (as ot 8 October 2014)
The system outlook i

whot con be expected on the power system

erely an indication

and how constrsined the system is lkely to

be. This can change regularly depending on

the generation copocity available or changes

nd. The generar

capocity gets
enced by planned ond unplanned events

1o temperatures, ar school holidays or other
avents fo.g. strikes).

The system status also ass:

s operating
2000 MW |

deal with unplanned events on generation

resarves ora ovailable up o

ond demand side). The columns reflects the
fightness of the system including, excluding
ond wih porfal usage of the OCGTs

In Table 1 the sysiem siaius shown using the

f unplanned events,

Tabla 1+ Systom st for e next four marihs

o ooy
e e i SeaT
et ke o
e oo —

T3 et o b e B P
o ot e

i o o e v o b et e 01

Toble 2: Usage of resourcs
Toble 2: Usops

cyele gos furbines are considered emergency

reserves.

In Fig. 5, a porticular day of dispotched
generatian resources s illusirated. Note tha
the intemational actual is the 1500 MW
import from the HYDC lines from Cahorra
Bassa (Morombique). The red par ilustrotes
the open cycle gos turbine usoge. The
dispatch process hos o speciic merit onder

thet is followed.

I oll resources, as per the merit order, have

been dispatched and thers is st insufficies
capociy o mest the demand a forced demand
reduction (load reduction or load shedding)
will be implemented. The purple sirip indicates
the incentivised demand reduction [DMP] thot

was used on thot day.

The graph only indicates plant thot
is dispotchable. The IPPs, including the
renewable plants, must run ead are not
shown here, bacouse at present this plant is
not dispotchable.

isindicalive thot the OCGTs will be used moss
fimes fo manage and mainioin the balance.of
supply ond demand.

The colours in Table 2 indicate the usage of
peaking plont resources and is reflactive of
how constrained the pawar system is. There is
o shight differerice from the usoge of resources

perspectiv from summer 1o winter Summer s
more of an energy prablem which places lots
of burden an peaking plant fusing it os base
lood). Winder is mare of a demand problem
with lesser usage of peaking plan.

The systom sicius shown in the figura using
the assumption of 6000 MW of usplanned
generalion events, is indicafive that the
OCGTs will be used most fimes 1o manage
and mointain

demond

e balance of supply and

The system ramains constraint specificolly
for summer with extansive usoge of peoking
resources, All effarts are made 1o ensure
the generafion capacity s sufficient fo
meet demand ond fo deal with dhplanned
|confingencies) events on the pawer system.
Custamers are strongly encouraged 1o reduce
demand especially for non essentiol loads
such as air-conditiening, the uss of pogl
pumps, ete. The system is dynamic and the
system siols overview is merely o snapshot
ofthe system o & poricular point in fime,

Acknowledgment
The graphs ore mostly compiled by Handr|
Bower, an engineer at Fskom
Confact Al'louise van Devanter, Eskom
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Design criteria implementation for the Network
Development Plan: Hursthill substation

by Riaan Swaneposl, Cily Power

The City of Johannesburg is embarking on a new spatial vision for the city in line with its growth and
development strategy 2040, based on corridor orlentated development. This approach envisages that growth of
1]

the future city will be guided by well-planned transport corridors allowing for high densified mixed resides

developments In close proximity to affordable transport nodes. The high residential developments must be

and retail

The legacy spacial planning left the city
with sprowling low density areos without a
viable public transpart system, The majority

of poor and working closs citizens sill live
on the fringes of the city, resulting in lang
distances o fravel fo work of o high expense.
The Mational Household Travel (2003 siudy
canducted by Stats SA found that the avercge
iravel fime for commuters moking use of
public transportis 59 minutes, This excludas
the fime to wolk fo the designaied pick-up
o dropped off peints. For a Johannesburg
resident staying in an areq like Diepsloot or
Orangs Form, it means waking ug before
dawn fo ensure getfing fo work on
tha CBD or northern suburbs

e in

One of the proposed comidars is the Empire
Perih Corridor. The propesed corridor will

creote o link between Soweto and 1
Northern Business areas liks Rosebark andl
Parktown. The role of City Power will be 1o
craate o favourable envircrment alang the
corridor by ensuring adequate copacily
esists for the development of high dansity
residential and commercial zones along
the Corridor of Freedom COF. Within the
current focus area alfecied by the COF;
the population count is 25 242. With the
craation of the corridor the expacted future
population count for the focus area will be

155 245,

Hursthill area

The proposed develogments cover varous
substation zones within the City Power
supply area. A key focus area within fhe
Hursthill substation area will be used to
discuss the changa in planning philosophy
o accammadate the increase in demand in
a small orea.

Hursihill substotion orea is 79 k. It s
fully build up arso with 42 604 residential
customers and 941 lorge power users. The
areas have lmited commercial developments,
and include areas like Auckland Park where
key customers like SABC, University of
Johannesburg, Helen Joseph and Milpark
hospials are haused.

The area s fully utlised and on increase in the
demand at the substation is mainly dus fo the
naturel growth of fhe exisiing customers and
not new developments fo date.

Planning methodology

The existing City Power electricity grid system
is.o mixturs of vorious methodologies being
used by different municipolities. It does
maon that difforent methodologies do exist
throughout the network and cegnisance must
be foken when fufure network development
plans are jmplemented

The Hursthill suk Is wi

1o support work and lelsure oppertunities,

88/11 kV transformers, The existing demond
of the substation is appraximately 80 MVA
The subsiotion hos been ideniified in the
Transmission Masterplan for the installation
of an wdditionol powar fransicrmer and
11 KV fender boord ot o later stage. With
the Initiative 1o establish the Corridors of
Freedom, the plannsd upgrode will have
fo be brought forward and an additionl
substation will be required

Al the proposed developments in the
Hursthill area will be in close proximity
1o the exisiing substation. The notwork

the central
grid of City Pawer. Capacily is purchased
from Eskom at 275 kV at Fordsburg
substation. The copacily is stepped down ta
o voltoge of 88 kV. The capacity is transferrad
to Orlondo switching stotion, from whera
tadiol foeds provide capacity 1o the relevant
substotions. The teanamission grid alvays

plon for fhe area must
consider methods (o devalag the electricol
infrastructure in the area A section of the
proposed development will form the basis
of the distribution planring methodology
thot will be used in the orea, For ease of
eference, it will be called Areq A

operates ot N- 1 condifion load
fo any substation will not exceed the cument
carry capacity of one overhead line. Each
subsiofion also hos an independart standby
iranstormer able to corry the copocity of ony
11 kV faeder board ot the station in cose of
an ovtoge/loss of a transtormer. Hursthill
substation is equipped with 3 x 45 MVA

the demand
usage in focus area A

The focus orea is located Nodhwest of the
Hursthill Substation. I s directly acjocent to
the Bus Rapid Tranit route making it on ideol
‘orea for the densification and redevelopment
o residentiol units. Al the present momen,
the orec is zoned as residentiol cne units

Fig. 1: Hursihill substanion coverage area.
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and ufifisetion coverage of the houses is
about 70%

The ADMD from the latest load centre/

thot individual residential
5and 6 WA af the
The units are ol
117 and the typicol
stand size Is in the region of 250 m? with

o FAR of 70%. The propose

readings indic

units are using betw

locot cenire,

zaned os *Raside

developments
ore oll to be zoned os Residentiol 3 ond
4 oreos, with target densities between 80
and 220 dwelling units per hectare. This

resuls in o tenfold increase for he housing

requirements within

sxisting developed
area which will result in smaller apanments
with less energy requiremenis. The typical
ADMD lood profiles for low to middle
income groups iving in medium 1o high riss
5 Is betwean 2,1 and 2,85 ADMD.
The design allows for on ADMD of 3,5 KVA

21 100 204,59 724,77 K72 at MV distributor fevel, allowing for 23%
7 120 334,95 1076,84 L7 growth per foad oliocation
2 [ 7079 257,37 0,25
2 2 e T e Akey foclor fo consider is the limited space
= - S . 7 on the sidewalks, alang the main BRT
= - S ot o5 carridors the sidewalks are limited 1o about
% o i e = 1 m, while on secondary roads it s roughly
2 2 between | and 2 m. The sidewalks contoin
53 130 337,43 109928 LB ql other sorvices (waler, Talkom, fibre ond
54 x‘:: J;:.:: '::§ l‘j-;: sewer) and the abilty 1o instoll new cobles
55 ; X X is limited
% 220 gy sl B e auisting disrb A h
| e existing disteibution netw he area
i - e o B2 i oo mors thon 40 yeur o, Pt of the
= now design must consider the possible
E] 20 326,72 986,17 115 =
. 7 e el placement of the exisiing networks, Thasa
: 2 propased developments wil il be driven
8 150 710 300, by private development. This will result in
8 150 104,79 353,34 sporadic develapment within the defined
& 180 75,14 303,43 area and esacly what soch development
B4 180 981,11 3240,33 will consist of is not known. For the design
85 150 412,27 1380,80 City Pawer will use the maximum rezonad
57 150 190,86, 662,58 density that the city will allow in the RSOF and
develap o network thet can accommodate
Table 1 Plon of ovaa redevelopment. 100% re-development of the areo

Feeder Board Option 1

T T
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Fig. 3: Foedes boord and distribufion of aption |
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Fig. 4: Foeder board and disibution of pawer i aption 2.

Distribution networks (capital cost
considerations)

Method 1

The conventionaldistribution network for City
Power can be summarised os follows. The

majority of City Power's distribution network
operates at 11 k. For main or rodicl ing systems,
iy Power uses 185 mri hioe-cors <opper of
300 mim? x three core ahuminium cobles. The
designed apacity City Power uses per cable fs

Swatching station and distabution of powss in apiian .

& MVA. Cobles are pormally looded 1o 5 MVA
ollowing about 1 5% for natural growth

At substation o 11 k¥ feedar boord consistof
2x2500 Aincomers, 1 x2500 A bus sectien
ond 14 x 8007630 A distribution feeders
Twa 45 MVA translormers are connected fo
o feeder board, one fo provide e capacil,
while the other fioots and will be cannacted
with an oulomated chop-over scheme if the
feeder fransformer frips. Seven feeders are
connectsd on ane side of the bus section and

Teble 2: Design comparisan

reluim via the orea to the same feeder board
Looding each of the rings to @ moximum of
6 MVA results in o maximum demand of
42 MVA per foeder boord with full N-1
The scheme is very reliable
n faclor of the cobles and

breakers is 50%.

Four ring feeders will ba required fo raticulota
the focus ars. Each ring fosder design wil
allow for @ maximum connected demand
of 5 MVA allowing spare capocity for future
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Toble 3: Network losses xparinced
during peak loading.

growth, The total lergth of MV cable required
will be 13,5 km utiising eight swilches of the
feeder board. Using this scheme within the
ubstation orea will result in a fofal
cable requirament of 65 km and 26 vew
11 k¥ feedars braakers [wo x iseder boards)
ot the substation. This will become impractical
of both the substation and sidewalks fo insfall
oll oddional services.

Hursthill

Method 2

Anather approach is 1o use a pure slandby
disiributar within the orea. The standby
distributor has ne loed connected to it and
i# connected to fwo radial distributors. Each
radial distributor can now be loaded fo
5 MVA as the standby will provide full
fsedbock capacity in case of o first port of
coll foutt, This s done by a fhree-leg design,
allawing full N-1 contingency bul the third
leg will not have o backup supply if an
independent foult occurs on the third lag.
This option does ollow for o saving in capital
«<ost and limit the amount of infrostructure
required. Although six cable circults ore
required, it sill proves o problem with fhe
total amount of switches required and
avoilable sidewalk space olong the BRT route
for the cobles fo be installad. The control
paint will be o o suilable end
distribotors. A kay disadvantoge 1o consider is
the number of customers affected when a first
port aufage occurs on o distributcr s shown
in Table 2. In option 1 cboui 40% fewer
customors will be ffected on a distributor
outage than in option 2. The affects can b
mitigated by meving tha open points inta
the distributors, changing the system from a
single point operating system to o two/dual
point operaing dasign

Anciher approach (option 3) is o craate o
switching station within fhe focus area. It will
allaw for the least amount of 11 kV faeders
required ot the substation which is imparotiva
for the specific application. The feeder cables
1o, the switching sfotian can all operota in
parallel, allowing o feeder cable, from fhe
substation fo the switching station, fo rip
without offecting the customars dawrsiream
Installing four x 300 mm fhroe:core copper
KLPE cables will ensure a fiem capaciy of
27 MVA. With four distributors looded at

& MVA, the switching stoticn will il be within
firm capaciy limits

Fig. & TOU torf high demand ssason) vs. dorestic load profle

From a purs capital point, option 1 i the most
expensive opfion. I raquires the mast amount
of coble and switches ot a subsofion. With
the standard substation dasign that City Powe
impleent, the limit of avllable switches per
subslation wil be excesded. A big limiting
factor is the number of cables 1o be installed
in the rond reserve. All the utilites ossocioted
with the: city will hove to upgrade services fo
i

however,less loaded which wil influence the
FR losses the cobla network wil experience.
Oglion 2 requires less cable and the total
coble natwork rasistonce wil be lowar, but the
current component, which is the main facior,
is higher o5 ench distribulor operates of o
igher MVA loading. This can be mitigated by
changing the open paits n the network from
asiogogptrofcna i 12 two perctionel

that will reside in the area, thus space on the
limited road reserve arec will be ot @ premium.

Technicol losses within the disiribution
networks

O of the biggest factors fo consider s fhe
PR losses fhot ore experienced when current
flaws thraugh the distribution network
By designing the network into differsnt
configurations, these fechnical losses can be
reduced which means o saving in operating
cost 1o the service:provicer

Corsidaring the SCADA data in the aren and
taking a load profile of these typical residential
feeders, it can be seen that he highest
damond is gxparienced batwean O7H00 cad
1000 and then again between 18h00 and
20h00. Eskom olso charges City Power on
a fime of use fariff scheme, resulfing in the
highest charges being enforcad during these
peak periods.

Assuming, thot the load will be constant
over an hour period and that the resistive
component of o coble is consfant, we con
consider what the fypical IR loss over o
designed network will be. This volue will
changs on o doily bk os the demand usage
of an orea is consumer usage dependant
and fhot open polrts in the networks can
change. For the comparison, the network
will be assumed fo be unchanged over a
24 hour period ond the maximum future
demand envisoged for the oreo over the
respective distributors will be used.

With option 1, tha coble: instolled in the.
ground is about 25% more than the coble
used in opfion 2 or option 3. This is becouse
eight feedars ore installed compared o the
six in the oither options. The disiibutors are;

‘point system simila the switching
station design. This will equire langer oviage
periods as operators will have to change
tws possible open poins but the saving in
operations| costs volidates the praclice.
Ogtion 3 uses minimal cobles 1o ransfer
copacily fram the subsiatian 1o the focus areo.
hese feedor cobles are permanantly under
o high lood as they ore the main capacity
rensier network. The rings fram the swilching
stotion will have fower losses os these rings
are relatively shert

Conclusion

It can be seen that opion 2 is the most cost
eflective option for o new installotion. The
design wil require long distributors from
the substation ond # does carry a risk of
large number of cusiomers being afectod if
cobles are domaged clase 1o the substation
Gption 1 will oparate with the leas! amount of
technicol losses on & continuous basis, but it
does requims & high copital cost to,nstoll and
may nof always be feosible to occommodate
ot the subsiaian level.

With: the prociical limitation of road resarve
space, option 3 s seen fo be the bast solufion
With o cable spocing of 200 mm, the four
circuits will comfortably fit within the relotively
small roed resarves. 1 also allows operators
o frace and restore cable faults on short ring
systems, cutting down on resioration time,
All foults can also be operated locally ot the
switching station ond will prevent comglete
feeder board frips if the feeder breaker fails
to oparate, thus no lirge loss of supply from
@ complete feeder baard takes place.
Contact Rian qunnpn!\ City Power,

Tel 011 450-7.
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86203 Advanced Genductor Mounted Fault Indicator

The most innovative Overhead Line Fault Indicator that delivers cutting-edge data acquisition, data logging,
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Applying an asset health solution for
transmission and distribution networks

by Steven Hog

nd Hennie Nel, ABB Ventyx

and

I strategies hi

been a dream

r electricity

and distribution (T & D) companies for decades. Now a number of factors have come together fo make that dream
reality with the help of an asset health solution.

On one hand, the requirement for such
solutions hos reached o point that T & D
companies hove seen that they can no longer
continue business as usual. Well over half of
these campanies are sesing thei operalions

maintenance of critical assets for immedicte

and lang-ferm efficiency improvements. It

accesses information from SCADA systems

and other online and offfine data sources,

and combinas this with trends bosed on
ol

and budgets flat or even
fall, despite ragular increases in the costs of
parts and lobor. That might be manageable
if the assets. being maintained were oll sl
e new, bt aven for criical asses ke large

transtormers the averoge oge is approaching
or dlrecdy beyond the design efime

Where previcusly asset replocements justified
themusives via o higher rote-base, now more
and more regulators are shiting to eficiency-
based rofe sefling In oiherwords, e demand
igher than ever 1o gef as much fife out of
thosa old asssis as possible. And finlly, 1o fop
it off, the exparts who have been meinfoining
these assels for the last 30 te 40 yeors cre
just o faw yoars away from o well-comed
retirement. Indeed, utilties must change to
odapt fo these changing requirements.

On the other hond, advances in technology
ore praviding the opportunity o use resources
more effactively, to copture the knowledge of
those experts befors they refire, and fo help
T & D organisofions oplimise and priorifise
their mairtencnce and raplacemert sirclegiss
like never before. Modern information
fechnsiogy (1) sohware solufons.ore uiing
he'masses

decades of experionce.

For Ventys, this historical dafa is based on
ABB's deep experiise in building, servicing and
refurbishing electricol assets, but crifically olso
levrages he exprs ot s whooro sager

The medern osset health solution pulls
deteiled rol-time and neor reaktime doto
from ofl ossets elong with other olfline data
from disporate doto sources, to ensure @
complete picturs. is obtoined and efficiancy
can be optimissd. It aggregotes information
from anline and effine data sources, such
os costs, manufacturers’ dota and industry
standards. It then prioritses assets thot need
attention and can send this data 10 enterprise
solutions such as werk management and

o help their
iheir knowledge for future generations.

The Intelligence the asset healih s
assembles about equipment is used fo
predictably clert engineers fo assets thot are
at risk of foilure. It presents information on
dashboards in o voristy of formos 1o enable
befler decision making end provides pronctive

on

messages wih required correctiva actions
and the fimefama in which they nesd fo be
complated to evoid follures.

Beyand that it helps organisations prioritise
both their maintenance and replacement fo
help them get the most reduction in the risk
of foilure using the resiricied funds they have
avoilable

Lorge and smoll network operators are
now lacking ol how they. can leverage an
wssel health solufion 1o enable. dofo-driven
prodicive moicenonce ord ko opinise thei

systems, As wall
s providing oll data required o encble the
sirategic use of resources, this opprcach aives
the added banefit of hoving allinformation in
one, centrol lscation

When planning the implomestation of on osset
health solution, questions need fo be asked
about whot data should be gaihered, whether
the quality of the data is. suficient 1o bose
vital business decisions on and, for it fo ba
effective, how fo implamen a single sal

ian
fo cover crificol assets. The solufion needs to
address all of thase issues, pulling from bath
1T ond OT expertise.

Algorithms con monifor over 100 discrete
parameters for eoch closs of asset, bringing
togsther previously disparate dota such os
historicol corrective maintanance and near
real-time fseds of existing con

tions. To

ensure dato qunw is sufficient, it should be

technology (OT) in an [T/OT canvergence
that is showing significant performance
impsovements, increased reliability of systems,
‘and reduced aperofionol maintancnes costs
Today ot organisation trying te maintaiy
umeraus and varied ossels across one or
sites, information from disparate

bt
sources, including fime and usage-based
inspection data, needs fo be manually
reviewsd and assessed by human experts
o identif trands and evaluate risks, Ceiticol

maintenance and raplacement dacisions ore
based on the interpratation of this doto, but
this process i far from perfact. I is ineficient
and open 1o human amor, and is also proving
increasingly diffeul for the pawer indusiry as
key experts refine from the business.

An osset health solution allows utilities to
porform true pradictive manitoring and

Electric Power
{AEF) is the larges! transmission company in
the: United Stotes and is already benefiting
from the implementafion of such a solution.

Asset health

Effactive management of the health of ossats
raquires real-fime ofid historical data from
a variaty of IT ond O sources. To tum this
data into information, however, software
algorithms are needed 1o onclyse, evolucte
and feed bock required octions fo operators
and maintenance teoms. Such olgarithms
ore cenfered on in-degth undersianding of
the power indusiry and present information
bosed on a balonced view of operational
performance, financiol performance and
risk 1o the business, highlighting epportunities
for improvement and optimisation across
assety’ lifecycles,

ugh he use of smart
fitters, wr\u(\\ \aak ot fhe consistency, volidity
ond completeness of dato while akia checking
for duplicate doto

To cover rtical assets, the solution also
needs o be squjpmen- and sensor-agnostic
Evan older squipmen; with limited numbers
of sensors, can benefit from being includad
within & sse1 heolih soluian s many of the
dta points are nof near real-time. Obviously
areas such o3 dissolved gas anolysis (DGA} for
& transformar would sulfer fram not having &
real-fima fosd, but many ofher areas would
still prowide clear indicators as to sset health
and help 1o sireamline the maintenance
required and reduce failurs risks.

As the asset health solution monitors mubiple
‘ssat typss with a primory focus on risk of
feilure, information nasds o be displayed 1o
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rafors in o dleor ond consistent form 5o

ey can quickly identity any areas of concem
and rapidly navigate to detailed injormation
n o risk is

dual assat wh
d help o facilty gain

The system shos

tronsmission system in the United States

serving more than 5-million cusiomers
across eleven states. With ane-third of
their transformers. older than 50 yeors, and
anofher 18% older than 60 yeors, the

The Asset Health Cer
data colle

v solution ovlomales
; opplies odvanced analytic
e, transactional, and historical deta
1o suggest asse! maragemen dacisons; and
advances the ssefs throug

o ive business intell

fectivennss of

led w
of problems and failure modes of an asset
1o ollow them to implement effective osset

o significantly more da

management programs that help. prevent
es should
risk ond

unexpacted failures, Potential foilus

olso be objectively ossessed

colity, and managed with @ proactive
alert system o, ensure: relevant personnel
ore advised In good time fo prevent any

cofastrophic failures.

Data which s distributed across locations in
different formats can be brought fogather fo
aive o complete picture of fhe business ond
10 guide sirofegy for optimising opero

Armed with information from an asse health
solufion, maintenance and inspection roufines
an be oplimised using predictive rather than
time-based information. This can sig
reduce maintenance costs, and ‘
afion the system provides can help 1o

improve workforce eflectiveness ond decision

moking procasses.

Customer study
American Electric Power (AEF] cperctes o
£4 000 km network, the larges! electricity

Electrical, Mechanical & Electronic Consulting Engineers

Power system services

We pride oursaives in being able fo provide the following se

- Master planning of natior
« Power systerm
studies

« HV substation designs, including specialised

Indoor
= HV and M
systerns design

substations

nol ond municioal networks
modeling, load fiow and fout

power ne and cable feeder

o sireamline le maintaining
excellent senvice had bacome of paramoun

ited to 2nsuring the

imporiance, AEP com
reficbility of their transmissior infrastructure,
g moinienance, and

propery prioriti
oddressing the replacement of thair aging
ve these gools, AEP set cutto

assets. To acl
reote o robust asset health solufion,

experience in designing and implementing
systems thot balance information fechnologies
anol fechnalogies, ABB Ventyx
wos brought on boord fo develop this highly

strotegic and forwerd-thinking platform
With the surge ef unprecedented da
collaction by smarter sensors in the field,

ABB Ventyx wos capoble of merging this
practicel and acfionable dalta lo create o
system thot integroted ol technalogies. In
addition, according to Jeff Flesman, Director
of Advancsd Transmission Studies and

Technologies at AER “Te collaboration on this
opic brings fogether gichally acknowldged
experts in power equipment and business
intelligence, with AEP's scale, size and

sechnology experience os an owner operatar

of trensmission infrasiructure.”

ces:

Summary
The diaam of doing mainter
itis really required ond replocing assets just
belore they foil is becoming possible. An
osset health solution like the one offered
by ABB Venly anables T & D companies o
consolidate

nce only when

e rapidly growing volumes of
data about their assets. They can benefit from
industry-leading algorithms which identify
assets with o high risk

Tailure, and generate

predictive messages: suggesting fo O&M
personnel ihe fype, timing and even safety
conditions for required maintencnce. Thay

sptimisofion algorithms fo guide them in their
werk, while incorporating the knowledge that
their own experis have gained over 40 years
of maintaining these ossets.

An_asset health solution, along with the
internol change managem:
that solution, is the ke

1o laveroge
7 to making predictiva
ntenance and osset repldcemen a realiy
Contoct Hennje Nel,

Ventyx, Tol 010 202.6124,

hennie. nel@ventyx, abb.com

« Township electical raficusation
= Standby generalor sylems for kge consumers

= Pump stations ond telemetry sytems

» Gild connection, electical balance-of-plant
and selt-ouit consultant services for renewable

gy projects
= Hectiical saitway infiostucture services
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City Power Johannesburg: Response to
potential load shedding

y Stuort Webb, City Power

This paper will pro

the City of Johannesburg’s licenced area of supply, and will describe the various opt
impact of future load shedding should this be necessary fo maintain the stability of the nati

main stable he
city
sasumers

any elecirico

gid fo

available generation co
dofih

ihe load der
upply must match demand. At any one

ion capacity of o system wil

less than the installed capacily os
Il be out of service os o result
The diferanc
al masimum demand and
the available generafing capacity is relerred
rgin and in an ideal world
1d be oround 15%

If the system demand at any instont in time

ke

is grecter than fha available generatic

system will become unsiable, and extensive

and progressive blackouts moy sesull. This

for the cou

would be catastroph y ond

be avaided avea i drastic measures ara
ary. If the damand cannot be quickly
educed fo moich generation, lergs biscks

nacted.

In 2008 the netional generation levels could

ot meet demand during peok periads due
to unplannied unavailability of plant and
the country exparienced o series of forced
outages which quickly became known o

RIPPLE CONTROL COUPLING CUBICU

s

in extreme inconvenience to the publ
pe

economy

odversely offected < ies, businesses

and

e nafional This wos o new

phenomencn for which the country was il
prepored

A brief history of City Power

en tha now defunct Metr

was farmad, which wos the City of

Johannesburg’s electricity service provider,
it omalgomated several former municipol
dariakings inle one naw ufilty
brought fogether five essentiolly independent
systems, nomely Johonnesburg, Rondbun
Roodepoon, Sandion, and Johannesbur

South.

There were alsa o faw minor metworks

neluded such as Alesandro, Do

‘and Brink’s Viakfontein

In 2001 Metro Electricity was rebronded

as o new company and col

City
Mare recently the

Johannesburg
and areas hove baen

Modderfontein and M

added fo the supply area.

The technicel designs of the former

municipal areas are diverse in
and equipment, voltages and operating

Fig. 1+ Rippla conral coupling cell

e  brief history of City Power, the eleciricity utility which distributes power fo consumers within

ns available to mitigate the

s the majority of ifs

from the national generator, Eskom

nward distriby

360 00

2600

The challenges

s llucded o above, City Power procures tha

vast majority of its power from Eskom and

an altemative source of such magnitude [s

nat ovalloble. Over the years countrywide

load growth ond de

lopment has resulied
below fhe

in Eskom's resarve margin fall

tematicnally occapted level of around 15%

ue 1o various fuclars not olways within ifs

control

dition, Eskam's build program has

esperienced sevaral deloys ond o significont

reduction in grid copo

y pressure is only

axpacted fo be r

slised in wo to thrae yea

Asc

reduce

esult the possibility of having fo quickly
siem demand during peok pericds

or following a major system event is ever
present, Although o concerted effort hos been
made by oll parfies fa Inform the public of the
precoriods sifuotion ond fhe response fn

load sheclding sl remains.
The impact of oad shedding hos o sig
negative impact on the economy of the
region and, indead, on the country, os well

s odversely offecting the lives of the citizens
Curtailment stages
I tarms of NRS 048 — 9 uorious stoges of load
shadding are describad

e | is defined os o 5% reduction in
winter moximur

demand
+  Stoge 2is dofined os @ 10% redu
winter maximum demand.

* Stage 3 is defined as o 20% reductior
winter moximum demand.

T e i
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The duration of load s

trom a few hoy

Opportunities

The Ci

y of J

nesburg and City Power

b od the negative impact

shoddin economy

fizen:

of the city. As a result the city has mada o

of 2008

ommitment 1o ooid o rapeal

Several mitigeting opportuniies 1o avold

emergency load reduction have been

tified by City Powec and have been or

will be introduced. The various i
availoble will be described end discussed in
the

ollowing sections.
Key customer demand response

City Power hos o number of high

o

key cusiomers whose annual usage excoeds

The ac

5 G

ities.of these companies
diffsr widely but oll hove o potentiol obiliy

Ioad without

fo rex

haliing o odversely affecting thair prod,

of aperation. These com

anias ars fully oware
of the impact of comp!

load shedding r
their businesses o8 a result of the prevaifing

o willing 10 ossist Cily Power

s situation

Prasently City Power has identified around
112 key customers who have confirmed

thair wilingness to volutarily participote in
o demand response scheme. Tha proposed,
vfimed, repayment incent
rote is R1.11 per kWh and cortain cri

will
fig. 3 Kalin "B owar Silion. aply for fhe comp

participoe.
It is estimated 1 load curtaliment
o be ga
80 M

fative will be oround

Geyser control

Cify Powar hos instolled, over savero! ya

an exfensive

work of geyser cantro
infrastructure utilising ripple. contro

technology. T

s form of demand side

management is nos

lly aimed of reducing
the city’s n

and duri

morning and evening pock periads when
anargy purchose costs are af their highast

Geyser control con, in oddition, b

wpon 1o reduce demas

when system
s fight or in an emergency situation
The existing coverage is

60% of dame:

vited fo araund

o

ises. although further

expansions are

lanned. The prasent capacity

of the ripple control system allows for o
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Typical phot

immediate reduction in demand of between
50 o 80 M
and the season

depending on fhe fime of day

Gas turbines

of these uni

atal, The units

the 2008 lo

shedding experience two

nstalled, The un

s wers then operated, but

was found the control circuits ware unstable

and unsuitabls for relioble operation.

on o

sg forword to modemise
the control syst

ms allowing Ciy Power 1o
501 den

requests at times of system constroints.

run thess units d curtailment

3

Kelvin Power

City Power
3

05 0 20 year PPA (Power
urchase Agreement] with Kelvin Powst which
commenced in 2001 . Kelvin has o reduced
capacity ovailability of around 300 MW
following the recent dscommissioning of the
obselete *A* Siution. The unit prics of Kelin
is higher than the Eskom Mgallex torif and
pressntly Eskom has contracted to purchase

all outpust at the higher rate

However, City Power has an appertunity
o ullise Kelvin's ful available output os
ac dding quale,
althaugh ths clearly has financial imglicatic

ion o ifs load shi

Solar geysers
Arell-out of salar water g
in late 2012 and the first phase involved fhe
installation of same 60 000 units in various
reas. i the infetion in the current fincrciol
year 1o continue with the instollation of o
further 10,000 units

sers was initialed

Itis estimated these installotions equote fo on

avening peok demand reduction &f arcund

7 MW and avoids o

ture potarsial load e

45 MW from conventional elec

ic geysers,
Photoveltaic generation

Presently iy Power has received o s

mber of applications 1o cannect PV 1o ifs

grid. Eskom funded projects which amount

1o some 4 MW o

e, with further privately
sponsored projects in the
egulated PV programs

ine. Fully

uld yield tens
{ megowatts of power. Approval for grid
cannacted PY and surplus power buy-back
tarifls is cwaited from NERSA. In addition o
number of larger companies have instolled
generation plant ond they could olso be
«confracied o operate their plant af fimes of

systam constraints.

The repayment rate and applicable condits

are prasenly being developed for submission
o NERSA.

Smarl metering

A sirategic decision fo introduce smart
metering has been foken by City Power. Both
credit and prepaid options are availoble to
customers. Generally, consumers prasenily
conauming <1000 kwh

be alfered o prepold mete
automatic reading Tunctionolity the meters
have a capabi
switch dom
and pool pumps ofl. It i the intention fo fully
utiliss this functionality o control residaniol

v month will

In oddition 1o

for communication and to

ic appliances such os geysers

demand whese necessory.

Residential time of use (TOU) tariff

A residentiol TOU tariff
City Power customers. The previously insialled,

now available fo

alder tachaology meters wers not capable

Fig & Dom

tering TOU consum

out e introduction of

TOU tariffs is

1o incentivisa residentiol customess,

tasifl signals, 1o reduce consumplion during

peck periods.

It is olso post

contrel the actusl
consumption dufing pericds of constraint
by remotely setting @ load limit which, if
exceeded, would resul in disconnectian.
Summary

Currently severol options fo mifigote the
possibility of lood shedding are ovailable
1o City Power, olbeit a1 signilicant costs
With the opfions oveilabls City Power can
accommodate up 10 o Stoge 2 request, but
any appeal beyond this canaat ba complied
with without the deliberately disconne,

of customers

City Power will continue sxponding s geyser

control systen all arees ~ lood con be
quickly reduced and held off until constraints
ease up. The allaut of smort melers wil
procsed ond the use of thase meters fo control
netwark loading wil alsa be mplementad

New ranewable and energy sHficient
technologies are be
PV power and gnergy eficient streetlighting
The City of Johannesbur
with City Power, has

in eonjunciion

generae elecr
two lariil sites,

from the gas produced of

The Demand Response initiotive will be

expanded. It is confidently expected that
s will sigrificontly contribute 1o
effort 1o reduce system demand
ond thersby minimise the need for the re
introduchion of koad shedding

these meos

the nafinal

Contact Stuart Webb, City Power,
Tol 011 490-7171, gowebb
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Performance target setting and prioritising
electrical power system-level investment

by Louis Pieterse, City Fawer

informed through

City Power"

targets have

with overseas utlies, but this npprun(h o arget sefting has proven to be inadequate. An alfemative approach

based on th:

levals of !ha network, suh]en |u lhe existing

Dua fo a lock of system-specific performance
models and appraaches, international
{ond notional) benchmark studies are
most often applied in dacision-making to

form expected performance levels {and
herefore performance torgets}, Benchmorking
cutcomes should, however, be applied with
caution, as fhere are some detaled factors
ot must be considered for comporafive
decision-making. A fundamental flaw with
a benchmarking-based approach is that,

generally, banchmorking ignores current
naiwork fopolegy and fts influsnce on the
inherent pedormanca leval copabily of the
parficular distribution system in question [1].
City Power’s network fopology. customer
numbers and distribution an the network,
sperating environment and other network
topology reloted variobles are very difierent
from ihat of overseas ulilities, and henca the
“generalised” banchmarking-based opprooch
o turget seffing has proved fa be inodequate
for City Power's purposes [os well es clher
South African utiiies such as Eskom [1]). This
finding is most probably frue for any individual
elecirical power utility in the world, for thers
are o “idenfical” ar *

" notworks.

h of the

and its

the expectod pedormance of a namwork is
modelled, given the specific network topology,
customer numbers, operating envirenment
etc.

Several seftwars packoges are commerciolly
available for reliability modelling of electrical
networks, e.5- PowerFactory, PSS/E, etc, These
saftwore packages require detailed network
models 1o model the expected reliabiity of
‘pawer networks. City Powr network plonners
use PowerFoctory for the modeling of all HY
networks, but the City Fower MY networks
are not yet entered inta PawerFactory,
Furthermare, PowerFactory is not capable
of modalling the reliobiity of ol the diflerent
substation eonfigurations typically cssocioted
with these networks. Although o high level
of accuracy is bioined by modelling with
the specific software packages mentioned,
significant investment and effort s required
to crecie such models, especially when
large ufility-scale networks ore modelied.
Subsequently, an alfernotive eppreach
had fo be considered from o resource and
information availobilty ond fime perspec

This project mads: use of a simplied approach
1o relibity modeling, developed for Eskom
Distrbution over the pericd 2008 1o 2012 (refer
101 - 8. The opproach recogrises that, rom
first principles, cartoin ke network components
like length of line, numbar of fransiormers,
locotion of fises and braakers efc. hove o
signiicant impoct on the relicbily of o leeder
anclfor substafion. Recsonoble assumptions are
made regording the kilure rates, mainkenance
frequencies, travel fimes and repair fimes
specific fo the City Powsr context (corsidedng
.. differancas n high densiy urbon versus lss
dense rural type environments wihin the Ciy
Power service area), and relevont implications
associoted with the diferent componen's. A
ey ossumption is thot tha City Power nefworks
ars reasoncbly maintgined’ ond operoted
Tha number of companerts. of eoch type and
the relevant assumptions ave then used in the
simpliied opproach fa calculate fhe expecied
downtime eperienced by cusiomers suppliod
on diflerent points of the network.

The outcomes fram this approach therefore
provide the designed “realistically expected”
performance base for the City Power network,

internationolly — oaly specific netwerks
constructed subject fo spacilic network
topology requirements of specific points in
time. City Power's engineering operations
division therefore initicted o study info the
designed perormance lavel of fhe existing
network ~ with specific focus an SAIDI and
SAIFI,

The purpose of this study wos fo
inform the operofionally achiavoble
performance lavels of the nstwork
subject fo the existing infrastructural and
wcterisics

oparational ch

Approach
As meriioned in the infroduction, o different
appronch was followed for this study whereby

Thi assurmphon may rod bokd e n ol nces
lactonng i tha sapagrapAcal ond envioncnerdol ealie)

Hiote |

MrTR) B B2

L )

busbars

-—

LT )

usbor with equivalent unavallabily (odaped from (7))

e but 1ol
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cireun
It

Crovtiegt = Xy b a4

Yotelcable g = 3% 5, 42X 23 + %3
Fig. 2 Diogrom ilusiatiag coble sipcsure to common mode failure:

g 3: Outage duration companents. Fig. 4: City Power sub-vansmission
s with MV foeder cutoges. and distibution natwcrks,
.

Modeliing methodology with a bushar, of which the outoge frequency g1, =
The relobty modaling s splt nfo w4 0u1088 duroton ra 80uol 0 088 o1 (G L1« Cmy +
S e substotion equivalent. This equivalent systemn "
seporcte modelling steps, . ol hen i o ol th ey + ine)] il
{a) Sub-transmission netwark modalling. of the overall sub-tronsmission system. (02 % Aiae)  (Tetepatcn + Torawas

including oll substetions and + Toen + Raair)]

| s s Substation reliability calculation
5} Distribuion nebwork modelling, induding  The substation reliability colculation  whers:
'y considers o detailed model of the substation

oA e s 20k - AR e e O"'"‘"“ duration {per annum)
Bofh these ...D‘seu.ng seprore dmscribed in 1 T e the cumpanents of the line/cable modula (/o)
mrs detoll slows are connecied (i.e. the configurotion), the 7, Failure rote of the linefcable
Bk it redaliig associoted cilure rote and rapeir fimes of focc/km/a)

sach of the components, ond the customers

methadology L Line length fkm)

A decoupled approach was used for the
modelling of the sub-transmissicn nemwork
17. 8]. This approach decouples the
contribution of substotion events from the
ne relicbility assessment.
cotion betwaen the

sub-tronsmission.
The point of
substation and the sub-fronsmi
defined betwoen the feeder breaker and the
fine Isolafor [see Fig. 1)

P

jon fines was

As o first step, o detoiled model of the
substation is created, A refiobility onolysis
ned on this subsiotion ond

s then perf
an annul outoge frequency and ennuel
oufage duratian is produced for the

downstream busbor of each substaticn. This

is illustrated in Fig. 1, whers the substotion
shown in (o} is replaced by the equivalent
busbar in (b).

The next step is to genorate an equivolent
system model by replocing oll substofions

Nt 2- fh gctual busbor conliguration did ot

clasely 13 the relizbiiy measiee of fhe achial £0

impacted by each foilure, es determined
by the normal operating conditions and
protection philosophies applied on the
network [8]. The sub-fransmission model
mokes provision for rine standard busbar
configurations, ond each of the City Power
substation busbars were classified according
o these nine standard configurotions®
Planned maintenance rquirements were also
considered when calculofing he fotal outoge
duration experienced by the customer.
Sub-transmission line refiability
calculation

Failures of the line and the line isolators
were considered lor the subtransmissi
Tha annual downtime

ine calculation
experienced by o eustomer supplied from
o radiol network is calculated using the
following squation:

caspand wit . o he siandord configaroions, than e busbor wis clossfied ax he busbor e that cormspons mont

= Failure rote of the line isolator
foce/a)
Dispotch time ()

= Travel fime ()

Swikching fime (b)

R, = Repoir fime of the lins (1)
R

Repair fime of the isolatar (h)

Sub-transmission netwark reliability
calculation

If overlopping foilures are ignored, tha
fotal outage duration of a spacific busbar
iz the sum of the outage duration due 1o
subsiation foults and line fauls. This ig
illustrated by Eqn 2

Up e Ut 2
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where:

U, = Oulogs durofion experienced
due fo oufages an the sub-
transmission lines.

U,,...= Oulge duration experienced
due fo oulages on the substation
equipment

U Oulage duration experianced

dua to outages on the sub-
transmission netwar

network

Consic aquel 3 disribu

Toble 1: Disinbuion circut osse date assumphion

the fauly plsca of squipmnt.

(e %, = x, = x,| Eqn 3 simplifies to:

This section provides moe information on the
methodology used to model the distibution
network including all feeders < 20 k¥).

Equipment count

The City Power distribution networks consist
mainly of two diflsrent aquipmant types, Le.
cables and load centres, Each load centre
consists of different companents that can
foil and result in an outage on o feeder. The
following ossumptions were made 1o derive
ihe number of companents from the number
of lood cenres:

Each load centre confains an isslafar

Load centres tha supply cusiomers als
contain @ franslormer and o fuse

»  There are né bréakers in the load centres
Failure: rofes

Reasonable assumptions wers made for the
equipment failure rafes. These assumpfions
are based on the expaciation fhat the Cify
Power nenworks are reasonobly maintoined
and oparated. Failure rotes for lines and
cables are ossigned per kilameire, with a
realisation that o longer line or cable would
have o higher exposure o foults.

Coble exposune

In o typical urban elecirical network, cleciric
power cablas contribute most towards expacted
‘annal faults and faul durations due o the righ
‘proporion of network using cables.
Cable networks tend 1o contain a number
of sections where more thon one cable may
be connocted in parallel betwoen two nodes
(see Fig. 2). Porallel cables (denced by x,
I Fig. 2) are laid in clase proximity, or the
<ables are conneced 1o the same switching
device 1o isoleto the cobles in porallel
The customers (connected 1o load centres
dancted as LC1...LC4 in Fig. 2} are therelorn
expased to faults on oll parallel sactions
of tha cable. Consider the cable network
ilustrated in Fig. 2.

Tha tofal langth of cable that
sach customer is exposed 1o i

Tatal cable length = 3x %, + 2% 2; + 33 [3]

- Ml

Equipmen disiribution

The simplified reliabilty modeling approach
igacres the octual contribution of customers
and equipment along the length of the feeder.
An evenly distributed model is considered,
which means that oll components, e.g. load
cenires, are distributed homogencusly along
the length of the ieeder ond all cusiomers
are disfributed homogenously beyond oll
lood centras®.

Outoge duration

The total outoge duration per faull can be
broken down into smaller companents,
os illustrated in Fig. 3. Each of these fime
companents Is discussed briefly below.

o Dispaich

This is the (reasonable] duration from the
moment the faull is logged in the system
{through either o customer call or a signal
fom @ remofe ferminol unit (RTU) in the
substation], until an operator starts troveliing
o site.

* Tovel

This is the (reosonable] fime required by the
aparator o drive o the substotion, Different
times were assumed for different depots,
considaring foctors such as the overage
travelling distance bietwean the depot and tha
substotions as well o5 the expacted average
trewelling speed.

« Sectionalising

The frensoncble| sectionalising fime represents
the fime required 1o create open points and/’
or switch the bockieed point, in order fo
restore supply fo those customers that ors rot
supplied from the foulty part of the network
» Faultfind

This is the {reasonable) fime required fo
idenify the foulty piece of equipment, e,
the tims: that elapses from the moment fhe
oparntor armves on st urtl he con stort wih
the squipment repaic

* Repair

This is the (reasonable) time required fo

Diffsrent repair imes are assumed for different
pieces of equipment.
o Swich

Aiter the faully piece of equipment has been
repaired/replaced, he network needs o be
switched 1o normal, This time i referred fo os
the (racsonable} switching fime.

The sum of these time components rapresents
the total outage duration experienced by o
customer for the full duration of the foult

Customer restoration kactor

Supply can be restored fo some of the
inferrupted cusiomers before fhe failed
compnent s repaired. The percenioge of
customers fhat can be resiored depends an
the iclating equipment, backload-obilty and
corfiguration ofthe network, This percertoge
it reforred fo as the “customer restarotion
foctor". The cusiomer restoration factor has no
impact on the customers inferrupted during the.
dispach, travel and sectionalising duration,
but it affects the customers inferrupied during
the foult find, repoir ond switching duraticn.
SAID! and SAFl algarithm

An algorithm fo determine the SAIDI and
SAIFI for @ speciic feeder wat derived for
both plonned ond unplanned outages
The elgorithms for unplanned outoges are
discussed nex,

The unplanned SAIFI algorithm for o feeder
with fusas but without reclosers for similor
protection devices, is shown in Eqn 5

SAIF g ar = (HCable x FR; + WFkses x FRy

+ WDiscs x FRy) + (T2« Fry) 15

whers:

SAIFI,,,, = Unplanned SAIFl for a specific
foadar

#Cable: = Total coble length of feeder
fkm)

#Tfrs = Number of fransformers an
foader

#Fuses = Number of fuses o feeder

#Dises = Number of isclotors on feader

ote 3

for the approoch

ilobie. Howeves, in mio cases # i not eeodbly avaiiable, hence the aned
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SAID g - hasad e 3 oars

—
s me

D TeT See

Fig. 5 Nusktive SAIDI

orger fox the nast fve years

Approach focuses on outllers

| ‘contribution, to both SAIDI as well s SAIFI

Achu o by |
morm £ 39

i e Approvch o s

£, Transfarmer foilure rafe {ece/a)
R, Cable failure rate focc/km/o)
R, = Fuse failure rate focc/a)

R, Isolator falure rate (occ/a}
The unglonned SAIDI algarithm s similor fo

the SAIFI algorithm, bul includes fhe culage
The unplanned SAIDI algorithm
for o feeder wit

duration
fuses but without reclosers
for similar profection devices], is shown
in Eqn 6

S Dlunp e

+ #Discs x PRy + (S x PRy )i

+ ((ACable x £, = Riime
+ #Fuses  FRy « Retmey
+ 9 Dises x FRy x Reime)

% Fly x Reimey )] = (1~

o

SAIDI_, , = Unplanned SAIDI for a specihc
feeder

#Coble = Total cable length of fesde:
k)

#Trrs Number of transtormers on
fneder

#Fuses Number of fuses on fesder

#Dises = Number of isslators on fesder

s relative fo expecied pavkarmance

- but combined with overall

s s prmance e

3 Transtormet filure rote {occse)
R, = Cable failure rate (occ/kmvc)
R, = Fuse failure rese oce/o)

R, solator failure rate (occ/e)

CRF Customer restoraion focler

The sum of the dispaich, fravel
and sectionalising fime

Rime, The sum of the fault find,
transformer repeir and switch
time

Rims, = Thesum ofthe faultfind, coble
repair ond switch fime

Riime, = The sum of the fault find, fuse
rapair ond switch time

fiime, The sum of the fault find,

isckator repair and switch fime

The total outage duration thet o cusiomer
expariences due 1o autoges on the MV feader
is theredore §
experienced due 1o plonred and unplanned

he sum of the outage durations

outages. This is show:

inEgn 7

L -

SAIDI,,,,, = Unplamed SAIDI for 6 specifc
feeder

SAIDI, Plonned SAIDI for a specfic
feeder

U, Total culage duration

eparicad dve o aufoges
i the MV fseders

Total

ge

The forol ouloge durafion experienced by o
stamer con now be calculoted by combining

the contribution of both the sub-transmission

netwark and the distribution netwerk, This is

llusiroted in Eqn 8.
U, + U, 18

Outoge duration experienced
due to outages on fhe sub.

Wansmission network (see Egn 2)

Outoge duration sxper

nced
due 1o outoges on the disiribution
network {see Eqn 7)

Total sutoge duration experisnced
by o customer

System-level reliability

The opprosich explained above wos used 1o
calculote the “realisically sxpacted” SAID| and
SATFI of City Power's enfire network (depicied in
Fig. 4] this inclucles more than 100 substafions
(373 busbars), 276 siofion fransformers, an
mare than 10 000 MVA,
more thon 7000 km of MY coble, 14735 load
centres and mors than 300 000 customers.

instolled capocity o

This expacted perlormance wos sed o derive

the following voluable executive decision

suppor outcomes

o Informed sefting of network pedormance
forgets for the nex ive yeors [in ferms of
relevont meosures such as SAIDI, SAIFI
sic.).

evelopment of system-
level crficoliy mups 1o understond which
networks are parforming worse than
expected ond whers o focus efforts for
best*network performance improvement
refyms”

Determine the impact of diffecent
performance improvement infervenfions
on the neswork fo assis inhe developmen
of an impravament strotegy, considering
cost and perdormance improvement i
offs

Eoch of tese dacision support cutcomes is
discussed briefly below

Setting perkormonce forgets

The modafled system farget outcomes ware
used to degermine City Power’s perormance

targets for the nextfinancial year, The realisiic
designed parformance was less than the
2013,

further investigation and planning is requ

actual performance in 201

10 impove the performance of thase fee
which actual pedormance is much worse:
the realistically sxpecied periormance

City Power theretore considered u phased
opproach, whereby improvement
designed performana

towards the

level is achieved over a
five-yeor period. Forthe firt round, @ smplisic




i

irvear improvement fram fhe exisling performance levels fo the fargeted
ls was used fo determine the perlormonce forget for each
d approoch is lustated in Fig. 5. A 1€

performante few

financial year. Such o phas

band is shown, fo accammodate any changes

the assumptions and/or

corrctions of network data

the modelling opproach and therefore some eror was ol
e actul and expacied SAIDI w for difierences that could be
couses sions and/or dato deficiencies. A feeder
was flogged 0s prablematic only f the reported anaual SAIDI vas mare
DI. This approach is ilustroted in Fig. 6

by the modelling assumy

o threa imes tha expected SA

All feeders identitied through this approach were highlighted spatially
and a crificality mep (see Fig. 7) wos developed. |1 is claar from this
ly grouped together,

op that the problematic feeders are geographica
highlighting particular geographicol areas that require specific focus in

order to improve the performance

erventions

performion

Impact of differen

provement inferventions

performance

ity Power has idenfiied specib
srave the pedormance of their networks. The

implified approach wos

o is discussed briefly below:

could potentially hove. Eoch interver
o Chonge the dispalch fime

City Power is currently experiencing o longer dispaich fime than can be
recsonably axpected. It is estimated thaf ihis dispalch duration can be
reduced by almost 90%. The scanario madelled vsed a dispach time of
ted dispaich fime

12.5% of the current est

. Ief test bronch capacity

Long outage durations ore currently baing exparienced with c oble foults,
due fo limited capacity in fhe coble test branch deparimant. If addifional
capocity is buil in this depariment, # is surmised hot the coble repair
durgtions can reduce by up fo 50%.
restoratian fo

(CR foctor}

o Improve fhe customes

The Cily Power networks have o high level of inferconneciivify. A large
percentage of the custamer base intemupted by an ouloge con thersfore
ector while the netwark fou
thess inferconneciors

s baing repaired.

be supplied vio on infercos
However, operators do not olwoys make use of
due o the addifionl effor required with the switching of the networks. A
scencrio was modelled where fhe customer restorafion factoris increased
from BO fo 95% as o resuit of the effective application of

erconnactions,

The madelied oulcomes of these interventions are-shown in Fig. 8. This
n reduce the expacted

figure: shows that th -
City Power SAIDI by 67% i ol other porometers are kept constant. City
nce snginaors con use these results o make

Power network perfor
10 invest, in order 1o imprave network

an informed decision on where
performance going forword

Summary and conclusion

ined o5

The value of this simplified modelling opproach can be expl

follows:

By understonding the realisticolly expected, designed level of perfomance,
rosourcs com by cometly focused and applied o moke o diffeence whera

fhe most return on affort and investment wauld be ochisved.

ined using PowerFactory, this
o determine the

obt

Although o high level of accuro
simpliiad modslling approach snobled Ciy
expected “os-designed” performance o all their networks in less fhan
four months and with o relatively low finondiol investmen.

Power
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e e S

PaZ; Ol et iocating i ol foeder s
af S41D1is much worse thon the expacied SAID

possibla to develop cost- and fime-sffaciive
“whet fi* scancrios that can suppori betier-
informod strotegic, esscutive and tactical
decision-making about network performance,
investment decisions and future poleni!
network developments.

The opproach developed is generic in
nature and can be opalied in ony slectricol
distribution ulilty, with a relafively small
estment in terms of resources and with
sl detailed technical infarmation
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Local government develops technical scarce
skills for road to professional registration

by Mvuleni Bukufa, Nelsan Mandela Bay Mo

Skills {!

ipality

An overview of the

Grant (ISDG)

as rolled out by the

Department of National Treasury and implemented by the Eastern Cape Province beneficiary municipalities in an
d

local

attempt to p
delivery of infrastructure.

South Africo two decades info demacrocy
has made significant progress in both
economic and social development bul
continues fo foca difficull chollenges with
espect 1o providing a befter guolity of i for

capacil f.e. lack of engin

skills capacity in order fo ensure sustainability and

and arisans)

hindering mu

infrostructure.

go

efficient govemment system” (1]

i pespls. The Dapodment of Cooperaive | S SRE SR [
Goverance ond Troditional Affairs (COGTA) | Cinl snginsaring ) 3 7
s highlighied skill shortage and fechinical
re, technologists
e orobiamsthotore. I8 15 8
califias from delivering on | Guaniy sunveyor. 7 -
his hos lod fo fhe inkrastructure
deteriorating info o stofe of disrepoit. Thus
caniral fo the success of govarment's | COTENEGS RIS %
2030 vt wil be 30 buikd and devsiop [ s
odequate technical copacify, in orderfor lecal Construction heslth
meot 10 dolivee ond mainioin world  (EEESIEE ! 1
closs infrostrucure service delivery
To address the above, Nafional Treosury bas | Propery waluer 3 .
infroduced  new grant for municipaliies wih
the objeciive of building and impraving their
technicol and management abilifies in the Town plonding 1 3
delivery of infrostructure. The gront s aligned
1o the national outcomes ond is designed in
such @ way that it supports Outcome 5 A i 12 12
skilled and copoble worklorce fo support Mibwright 1 2
an inclusive grawih pay’, and Quicome . B0y -
“A rasponsive, accountobls, effective ond 1
Tobie 1 Deiais egocing the Enstam Copo (SG Skl 4

Itis one of the sirategic suppert interventions
and olso omustoinable solufion fo shilt from
gap fllng practices and curb the shortoge af
competent ond capable, sklled professionols
in the built anvironment, This gront oirs ot
supporting the govemment drive 10 8nCIUTogE
municipalities fo engage in processes of
lilising the

reforming the built environment,
J e creotion

(NMBN requested funding from National
Troasury for the-expansion of the Eleciriciy
and Enargy Directorstes skils development
progromeme and full of the

decision was faken 1o have fhe programme
management support based of NMBM

To dole, the programme hes yislde! profound

grant commenced in January 2013. The

of jobs for newly qualitied groduates. Thisis @
schedule six grant, known os the Infrostructure
Skills Development Gront ISDG), and #s main
purpose s fo frain fechnicians, technologists
he built enviranment unfl
d with

and erfgineers in
they become professianally registerec
recognised professionl bodies/councils

Background
In 2011, the Nelson Mandelo Bay Municipolity

fhe first gront recipients fo
{mplement the (SOG Mentership Progromme
in the Egsier Cope Province

st NMBM, porticulary 3
necessary capacty in creas of scarce skils
The prograsmime has recrited 22 unemployed)
graduates.in the follawing profassions:

electrical technicians, consiruction project

The roll-out of the 1SOG
Progromme in the Easiem Cope necessitoted
the establishment of o progromme
mnegement support cffice in th province.
The NMBM, considared 16 be the forerunner,
wos requested 1o also provide sirategic
suppod 1o aihar local municipoliies and o

menagers, er
sachnclogiss; and heve 21 civl tachmicion
bursars, some of which have been with fhe
municipality for just under four years.

The ISDG Mentorship Progromme deliverables
have been incorporoted into the NMaM
Integrated Development Plan (IDP) and
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Service Delivary Budget Implementation Plon
(SDBIPY for the next Medium Term Expenditure
Framework (MTEF) period commencing in
2014/15. This has been ‘dane in order 1o

(enlees meet the stipuiated compefencies
and stondards set by the relevant applicable
statutory bodies/courcils:

Established sirafegic porinership as Eostarm

Programme successes
Progromme manogement support

The programme support fear's presence,
across has ossisted them in

of the municipoalitys siralegic level, and 1o

erisura that National Trsasury's performance

indicators ore odherod to

The ISDG Mentorship Programme has threa

crifical conditions attached 1o it:

o The iraining, mantoring and cooching
must be provided by accredied sorvice:

Cope =
each municipality’s strengths.

.

Devalopment of framework fo manage
rofes troinees in the
il oo

Approvol of training programme by
professional bodies/stafutory. councils
within the professicn specific clusiers/
workstreoms estoblishad.

providars and regisiered
in the built environment; the fraining
programmes should be developed by the
host municipality appraved by the relevant
professional body.

«  Oncommancoment of thei training, it is
required thaf these groductes regisior as
“candidotes" wih the relevant professioncl
body 50 that they are professionally
registered on completion.

The iraining progromme is oversesn by
professionally rogistered meniors ond

ok of 15DG Me
Progromma 1o, IDPs, perfarmance
indicators and workplace skills plans
[WS#) of the municipolites.

Training programme is aligned 1o
suitability of rairing soviconment ond
existing projects

Training manogement is centrally co
ordinated fer leveraging maximum
technical input from different
muricipalities.

Quolity assurance is done prior fo rotaling

coad
the professional body will asist with m-
auality assuronce thereot [2].
The 150G Mentarship Progromms is guided
and supporled by o sleering commttes that
is composed of stotutory council ond secior
daparments. Municipalities goin access fo
oddifional profassional workfores and thus
enhance productivity and efficiency while
the graduotes ougment their qualificafions
with theory and practical experience
During fraining, municipalities must follow
sinuctured fraining progrommes thot meet the.
roquiraments of he relevant stotutory councils.
Upon complatian of the troining progromme
‘and whan groduotes are successhully registered
s professionals within their respecive fields,
municipaliies are expected to absorb fhem
within their respeciive fields. Municipalifies are
expected o capialise on the skils that have
been developed [1].
 Eastern Cape ISDG skills matrix

Details regarding the Eastern Cape ISDG skifls
matrix.can be seen in Table 1.

Achievements

The 150G Mentarship Programme hos been
in operation in tha Eostern Cope Province:
for 18 months now, and os o result, the
programme delverables hove advanced fo
the operationalisafion and monitoring af
the project implamentotion. The main focus
is cumently on providing learner guidance,
support and ensuring that workplace raining
provides opportunities to gain competence
through evaluation, censultotion and
implementation of wark. The following
octivities have ensured that the practicol
training and professionol development of

9
ECSA C2.1 form, C2.3 training and
experience repert form, repor, el

Governance siruciures in ploce for
manitaring and reporiing,

Esfablished sirctegic relationship with
axtemal partners — Eskom, Capariment of
Public Works (DPW), Deporment of Rural
Development and Land Refarm, efc.

Appointmant of mentoes for all roinees
Behavioural assessmens for addressing
non-technical fraining competencies ond
Tile skills

Table 2: Detais of the profect chollenges and semedlial nchons,

iying fhe foundation for the programme,
understand the municipolity's culture and
policies, and ensure thal the programme is
fully entrenched, omengs! cther fhings.

Project gavernance

The management framework used for
implementotion ensures. that municipalities
adhere 1o grom conditions.

Development of acceleroled fraining
programme

Strategic partnerships with professional
bodies have ensured standardisotion of all
ining programmes, ollowing for ssamless
integration as per siipulated competencies
and stondords ser.

Strategic partners

Workplace experience is provided by sirategic
pariners who provide sufable raining opfions
1o meet the stipulofed competencies and
standards set by statutory bodies.

Inter-municipaliy memorondum of
undersiending

I he Eostem Cope Province, Nefson Mondsio
Bay Municinally, Lokhanj Distrct Municipality
and Bulfalo City Municipality were amongst
the first municipalities fo be: recipients of the
funding for the ISDG Mentorship Programme.
The grant was subsequently also granted fo
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King Sabata Dalindyebo District Municipolity
and Alfred Nzo District Municipaly

Whilst operating fheir
the municipalities noficed that wi
programmes they hod weaknesses which
prevented them from fully perorming heir
Gbligatians and that emengst them, some
municipalilies were stonger in aseas they
had weaknesses.

orate progromimes,

An agreemant o formolise collaborations
amongst Eastern Cope municipalifies fo shore:
and utlise each ofher's skills ond resources
was concluded in Augusi 2014

Behavioural assessmens for
nantechnicol froining

Engineers ploy an important role in @
nation's development. In the new millenrium,
engineers hove to face new chollenges,
which require more than just tachnicel skills
They are expecied to be more versatile and
passess essential non-technical skills as
fheir work scope will require them 1o deal
with professionsls in vorious disciplines.
In addressing this issue of skalls mismotch
[ ol by nsiitutions

- Business communication skills
o.g. prasenation skills, meelings
ond il ok business wrting
skils o

o Informol development actions:

Conching focussing on
communication skills
Cooching focussing on organisational
commitment and complience.
Project challenges and remedial
actions
Detoils of the hll

becomes necessary fo siike parinerships with
ather public enfifies fo suppor fraining

Host municipaliies and emiies have o befter
understanding of training requiraments
recognised by professional bodies in fhe buil
ermironment

The progromme hes ta be olignad to other
copacity building programmes in locol
qovernment, such as fhase progrommes drive
by bodies like the Municipal Infiastructure
Suppont Agency MIA) and Locol Govermant

odkions can be seen in Table 2.

Sector LGSETA), Thisis
o snsire il there i o dhplcstion of ednu
for

Key
« lncorporating existing permonent
emplayees

Minimising duplication of effort in
government

Conclusion

Factars that are key for the successful

implementation of the 1SOG Mentorship

Programme are: sound principles, credible

dala, political commitment, adequote capacly
ional),

adequate and sffective monitoring and

{humon, institutional ond orgonisat

‘evaluation, unambiguous assessment criferio
&

of higher leorning and the requirements
of indusiry, the NMBM hos incorporated
behaviourol assessments for all graduates
a1 part of ifs implementation strategy for
the ISDG. A competancy framework for

i the provinciol
nal

sach profession in line
ond local government’s occupat
competency framework ond data dictionary
was developed fo provide a personal
development plan which will assist each
groduata in their fraining for the duration of
the mentorship programme.

The behavioural assassmen's highlighted the
following glaring challenges

24% of students functioning below
diploma lavel

® 15% lsarning potential also below
diploma lev

« Deep consideration of the training
snvironment — design/construction/
mointenance.

o Formalising the strategic portnerships.

o Professionol bod
in quolity assurance.

. n

Skills retention sirategy - frain for counfry

o train 10 retoin
Lessans learnt

The variety of skills in the programme
pecessitoted the angagement with the
respective professional bodies/councils and
the packoging of different rules for each
dua 10 the nature and complexily involved
This includes finding alternative employment
in areas where the municipolities hove o
challenging environment in doing 0.

There are about 32% of the traines in the
1SDG Mentorship Programme who ore nat
hosted in iheir mspecive municipalities as
these snvircnments will not be able 1o give
sulficiant training exposure in preparaticn
for prolessional registrafion. They are placed

* 36% below average
intofigence.

« 24% below averaga english verbal
reasaning.

& 42% below numeric reasoning.

o 39% below average obstract reasoning.

In an atiempt o address these challenges,
tha follawing development actions have been
incorporated in the implementation of the
150G Mentorship Programime

o Fomal davalopment actions:

- Team development intarvention to
bind, motivate ond inspire as well
as develop teamwork and team
fociltation skils
Emotional Intelligenca Intervention

(workshop).

with relevan dshis requires
close meniforing 0s there are also challenges
n streamiining whot they ore doing there 1o
the programme deliverables

The timing of the programme is relevant and
the: need 16 provide frained and registered

of goal, torgets
and indicotors.

The roll-out of the ISDG Mantership
Programme has hod o tangible and positive
impact on occountability, spending ond

sarvice delivery within locol government, ond
the experience gained ond copacity created
hos developed a solid foundafion for impact
driven and aligned copaciy building.
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Countering the dire shortage of technical
personnel in South Africa

by Tom Phillps, Inspired Inferiaces

This paper details several challenges being faced by the power industry and will highlight how the judicious
use of technology can mitigate against the damaging delays caused by resource shorfages and offer solutions to

the electricity transmissien and distribution

The pawer industy is under pressure dus fo
the dire sheriege of appropriately quolfied
technical persannel. From ortisans fo
enginaers, the Indusiry has seen o decline in
nombars making service delivery o very real
and present challenge

Mitigating this shortage we have seen on
increste in the usoge of various {softworel
tools aimed of improving productivity ond
guarantesing design intagrity. There's no
substtute for experienced technical personnel,
bt using design tools which ossist engineers
n the execution of their dufies goes o long
woy in bulding confidence and experience.
#n ovarviow of some of the tools avoiloble-for
systems integration will give the hard pressed
utlity plonning and projects personnel options
on how best fo manage their workload
Automating the repeitive operations offards
more fime far analysis ond opfimisation and
the appartunity fo execute other imporfant
fasks.

Valuable benefits occompanying the wse of
saftware fools include the cration of asset
registers (complete with GPS location),
customer service information, stock
requirements, procurement bills of mofericls
ond budgel tracking. In addition, alignment
with master plans and network development
plons con be managed

The effective deployment of these applications
contributes to capocity building within the
orgonisation, and not enly miligates the
scarcity of design personnel but impraves cost
efectiveness, the qualty of designs and speed
with which they are completed.

Resource issues

The multiplicity of govermment progrommes
[AgisSA, Jipsa, et} ars clearly not ochiaving
the desiced rosults, loaving the country
criically shod of technical personnel to meet
not anly current demand but also South
Africe/s sconomic grow targets. The failure
of the Sectorial Education and Training
Authorites (SETAs] 1o achiave theic mondate
in training compounds the problem

The solutions 1o the defici being proposed
by the authorities will only beor fruit in the
medium to long term, necessitating short term

dustry.

solutions being soughttodey. I the light of the
challenges being faced In every engincering
discipline in South Africo imoginative,
altemative solutions have to be proposed
and implemented. These solufions have to
meet the short term raquirsments and bridge
the gop between scarcity of suitobly quolified
resources and geffing the job done. Partof this

in porlicular the Elecirical SETA, Table 1
shows company respanses 1o quastions
raised regording fhe effectivaness af SETAs
(1 = SETAs are doing o poor job, and § =
SETAs ore doing & good job to a large exten)
Highlighting the disostrous slale of ortisan
‘aining in South Afrco’s electrical sector, Mork
Miikoe, ECAISA) N 1 di gues, “in

solvbonis
tools cvailable in the open morket

These fools can never replace expertise and
experience bul do offer the over-worked
engineer, technicion and plonning oficer o
ohilty 1o get the necessory work completed
in the shortest period and with o minimum
of fuss

Our present situation

First let's put some disquiating facts ond
figures on the icble. The World Economic
Forum Global Information Tachnology report
(2013 - 2014) ronks the quality of South
Africo’s oducation system 140 out of 144,
and our mathematics and science 143rd out
of 144 countriss [1]. This s not the most ideal
foundation for the creation of our country's
necessary fechnicol resources.
Compeunding fhe scarcly of learners with
o scientific and mathematical background
emerging from high school s fhe foct that
SETAs have not been performing, and

my view the biggest scandal in his couriry is
the compromising of our capocily o develap
scarce skl for fhis indusiey and others os o
result of the shocking manner in which our
mandated training authoriies confinue fo fail
the cauniy”. He stotes further, “The anargy
SETAwas placed under administeation and the
slechicol contracing industry wes ronslorred
1o the construction SETA, and before you could
wink, the: consiruction SETA wes itself ploced
under admiristrotion and il is” [5].

Further compaunding the resource shoriages
Nick du Plessis suggests, *As it stands
the industry has o large contingent of on
older generation of artisans. There ars
younger people coming thrcugh, but the
layer compising people oged, so, late 205
talofe 40 s very thinly populoted. Training
ond workplace factors acrass the country have
been in part responsible for this siuation, as
has immigraiion, with mony orisans having
leff the country dus to their skills baing

Table 1: Sotisfocion with the sorices of SETAs rendered (2002 1 2003) (3],
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in high dsmard internatianally” (], The
poper, “Engineering skills - ket to shectve
service delivary” specks of the collopse of
rtisanal training with th registered arfdan's
overage age being 55 yeors [2]. Whet we
have is an obundance of aging quolified and
experianced individuals with nc-on 1o mesior
or poss the baton on 1030 fo speak.

From the HSRC report it is clearly evident
that hare is on undersupply in eleciricol
and indusiriol engineers, Furthermere,
the shoriage of engineers from previously
disodvantaged backgrounds remains strong
and that hese perscnnel ore in high demand
191,

Amidst oll thess challanges the power
indusiry, utliies and municipafiies continue
1o deliver on their senvice delivery mondate,
but with fewer porsonnel cormying 6 hoavy

lood. Muricipalies, large corporates, and
consulting firms confinue to undsrioke small,
medium and lorge projects. Soulh Africa’s
angineering and fechnical versalilty has seen
many af our entreprenaurs {and carporates|
spread their wings north of he Limpopa.
It s intaresting to note that in many of fhe
contracts being undertaken off shore there
are forsign basad ex-South Africon technical
(and manogerial] persannel involved in
these organisations, working clongside their
South African counterparts. Visiting Jocobs:
Enginesring Group in Perth, Australia duing
2012 it was astounding o ses that the majority
of the projects, planning ond design engineers
were South African.

Selutions for transmission and
distribution network planning and
designers

The picture pointed bove s one that ploguss
the enfire country, buf aur focus s on the power
indusiry. Whot follows is @ short discourse on
softwore solutions which relote pradominarly
10 thoss performing electical transmission
and distrbution network plonning, dasign
and anolysis.

Foe the pacsonnal involved in the planning,
design, anolysis ond implementation of

electrical fransmission and distribution

networks help is at hand in the form of
several powerhul softwara packages. Some
‘are more usar friendly, some mora infegrofed,
whils others focus on very specific aspects of
electrical network design and analysis.

Many of the lorger intemational corporates
involved in natwork design and analysis
have [aver the years] devaloped their own
propristory software systems which ore
inextricobly linked 1o their business processes
and procedures. These products are nat
generally marksted o the local industry

The design end analysis softwara systerns
available 1o the designers vary dramatically
in complexity, as does fheir functionalify ond
cost of ownership. | se fhe word ownership
because these softwore opplications are

seldom purchased outright, but rather there

is same form of onaual maintenonce ar
tachnical support ogreament

Locel support and training is mondatory 1o
get the mast out of the packages. Like mobile
telaphanes, ane generolly uses only a fraction
of the true functionolity end power of ihe
devices — 56 oo with the design and analysis
software packages.

The supporting/peripheral softwara products,
such as geospatial dato systems [GIS),
dotabase systems (using sither Miciosol
5GL or Orocle) and computer aided design
(CAD) packages (offering both 2D and
3D representation], thaugh integrol to the
modelling and analysis packoges being
discussed will simply be mentioned. The most
commonly used CAD packages are AutaCAD
and Beniey

Toble 2 highlights the most commony used
electricity tronsmission ond distribution
network design and analysis software in South
Aérica

User friendliness of the design scitware
varies dromatically between packoges.
Whle: soms are intuitive and the user can be
up and running within minutes, others are
mors complex ond roqui o fair dsgros of
fomikiorisotion before aftempting to design
ond model @ network. The more expensive
products requim o comprehensive amount
of elemantal fechnical dota 1o ba captured
prior to simulation, oftan mare than is
available from even the manufociurer of
the pericular item, whether it be a coble, o
Motor, & copacitor ar a fransformer. In these
Gircumstonces the hard pressad designer has
16 guess the parameters, and he/she is offen
not in o position 1o make these esfimates.

The e thing oll the design packages do well
is perform rapeiitve, loborious colculations
inereclibly quickly, Complex networks can be
designed, analysad and verifed vary quickly.

Furthermare, the execufion speed afords
the designer time to ploy with “what-if*
seanorios and perform network opimisation
coleulations. Same of the packages even have
this optimisotion functionality buil in.

A feature that exploits the computational
power of the computer is the analysis of
multile (induction) molor storting Fig. 1), By

Fig. 1: Feotures which exploit computational pave:.
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sstimation, butin the packoges that fecture

able speed
softwors alfords the designer f
g rogimes
ing onolysis bany
some packages o perfaem hormoric modell
ign of netwark filters 1o reduce the

Associatad with the mator ¢

g ond anolysi

delling ord simulofion packages.ore;
vent flow anolysis,
end faull current

Core functionality fo ol the
i voltage drop colcvlatio

rgy loss calculation, network balancir
analysis. Severol pockoges also indlude food profile anolysis o
assist with capacity plom chude the
gration of proteciion devices whersby the package con ossis!
‘design of appropriate discrimingtion. Furtharmore, some
he designer

foed flow analys:

ng. Severol software vendors

with th

packages incor
an the most cost sffeclive natworks

rate conductor optimisation whe

mostof the popukar sofiwore packnges offera systems opprooch
1, some moro effective than others, This linked functionaliy

loading survey dafo for eccurate os-built models or
network asfensions; while othars: offer GIS infegration

e management.

The power of these software packos dosigner from
ey dota fo o completed, elecirically vali
@ very shart space of fime, This fraes the hard

oted ond

raw feld
optimised design
prosséd designer fo perform ofher o

There are software packeges that off
ond scheduling modules, while others includs the creatin of
comprehensive bill matericl
it s ot within the scope
ugh

ment

of quantifies and costed bi
s poper fo go info the peripheral

s o

packoges
Hoving expoundsd on whot these excelient design packages con
e reason for this discussion, the ertical

do we coma back 1o

horloges end inodequacy of fraining and mentoring
he designers are (ll-equipped fo cany out the fosks
demanded of them, This puts ther in the precaricus posiion of
undertaking designs while not having the necessary wherewithel to
< and potentiol network failures. This is whers
hrave the right supervision and meniors fo show
(s and guids the techrical personnel in thei

resaurces

Many of 1

insinclively spot &

it is imperative

them the best pro

designs [easier soid th

Value added benefits

of designs onle GIS/topographical maps
o mistakes

The

s not mode; 5
stays plac

fo name bu! &
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4 in the road

common BTors.
o, location
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and management. O
<ot datobase of ol the ossets (Fig. 2)

1o creote and manage an o5
locations. This furl
ssiomer quaries and field

 cassiats fachricol services
i reports.

complete wi

personnel when attending 1o

Furthermors, the cesets dofobase mokas he credfion of mointenonce

regimens smple, P

e riculorly whan it comes 1o frangformers, HV
onnel con easily compile works

insulators and the like. Technical

this mainter

eplete with osset GPS locofion.
the network

ed and coptured inf

enwork has been d
socited with line

analysing the constraints
on of new loods i simple. Anlysis also
overloading canditions, whethar

s and the odd
ighlights any morginal
ey ora tronsformars being verioudad 6 cuble copacty SE0as
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Conclusions

latoa ar coal the situc

the electrical power industry in
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The Association of Municipal Eleciricity Utilities
(Southern Africa)
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Advanced LED Lighting
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Poor Power Quality is Costing Indusiry
Billions of Rand’s Annually!

You don’t have to be another victim! Switch to Elspec

-the world's most

Advanced Power Quality Analyzer's and Ulira Fast Power Quality Solutions

Elspec Power Quality Analyzer's:
The ultimate tool for definitive root cause analysis

Real -time Power Quality Enhancement

. Systems for a variety of Dynamic Loads:
® Up to one year recording of all network parameters ® Complete Compensation in < 20 Milliseconds
al up to 1,024 samples per cycie resolution onboard the meter ~ ® Power Factor Gorrection
® Nolr Thi s meaning no missed events ® Energy Savings
® Patented POZIP compression technology algorithm with L ngnmw Reduce Voltage Drops & Flickering
lypical 1000:1 compress ratio pmvenfs aa!a gaps by real-time @ Harmonic Filfration
compression performed independent of the sampling ® Current Spike Reduction
® Cycie-by cycle RMS values, lrsqusnvy and harmonics trends ® Transient Free Switching
® Use of 3rd party commui ® Long Life & Low Maintenance Costs
® 2 paralle! harmonics vompuwnms IEC 61000-4-30 Class A ® Low Loss MKP-Type Capacitors (0.25W/kVAr)
& cycle-by-cycle, up to the 517th harmonic ® Improve Service Utilization
® Standard compliance reporting to NRS048, EN 50160, @ Enhance Local Power Generation
IEC 61 P000-4 15 and others ® Unlimited kVAr delivery rating, Modular Design
® Built in WEB server for remote monitoring using standard web Molor Start Solution
browser ® Dip Ride Through Solution
® Al Meters shipped with Elspec’s Investigator & PASCADA Software
- Appointed
' ESPEC
g Vg , : 2 Impact Energy
| tepmn i Mg ) [ . Innovative Power Quality Solutions
R 1L LF 0 www.impactenergy.co,za



