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COMPANO 100

Our new COMPANO 100 is a unique, battery operated
testing tool for all types of basic testing tasks in electrical
energy systems. It's lighter and easier to use than all of
the comparable test sets on the market today.

Numerous applications such as quick wiring, polarity and
CT/VT ratio checks, as well as single-phase protection
relay testing, are possible with this cost-effective device
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New minisub design boasts
internal bunding wall

Armcoil

Armeail Is now offering the market a sophisficated minisub which incorperates a bund wall and sterage tank 1o
refain ol should the oil-filled fransformer leak. This new design addresses the environmental risk and clean-up

costs associated with oil spills from minisub transformers.
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Welcome address by the AMEU president

1 welcame you 1o the 27th AMEU Technicol
Convention 2019 and express my sincere
appreciotion 1o the Cify of Cope Town for
hosting this prestigious event,

This convention peovides & unique opporturity
for all of us 1o engage in dialogue over
saveral issues which aflect our woy of life
We have aheed of us o thrae-day programme
packed with key topics aimed ot assisting us
in ducling with the opportunifies facing the

electricity distribution utity businesses

The econemic climafe in our country, in fact
globally, hosn't been that faveurable yet
despite ollthe chollenges we hove remainad
resolute ard commited.

Albart Einstein did ot speak untl he was
four, ond was fold he would never amaunt
to onything, Oproh stuggled as o small
ewn joumnalist and Michael Jordan was cut
from his high schoo! baskelball teer, 50 ifs
imgortant for us all 10 remember that it's not
haw we stort that matters but its how we finish,

With thet said, | would ks 1o encaurage all
of us 1o always look on the bright side of lifs,
abways remembering that every cloud hos o
sibver lining

That our efforts aspeciclly during irying fimes.
like the ories we are currently focing, willyeld
the desited results, only if we could work
togather, with commitmant and focus.

s you will experienca aver the next thres
days, while dynamics might very from one
geographical orea to another, we are not
urique in South Africa and we can fherslore
leam from the rest of the wodd and from the
rest of the Africo continant.

The chollange is for us as leaders fo
capitalise on the oppariunilies and fa shope
a sustainable futuro for the electicity and
energy utites.

Providing o world elass service fo our
customers, bulkding sustainable and sihicol
relationships wifhin the indusiry, with our
customers, suppliers, govemment, financiers,
and regulators, whils faking care of our
envircnment ard planst, must be amang our
key focus areas.

[ o not suggest that fhis i on easy fask;
but | am convinced thet working fogether
we con do it

There's boan o public ovlery in South-Alica
‘about the poor performance of municipaliies.
That many ere net living up 1o expeciations
ond hopas of thair communities.

Globally the slecricity supply industry is
confranted with various disnupiors forcing
the indusiry fo consider options which will
corribuie o sustoinabilty and which will lay
the foundetion for the attainment af inclusiva
sconomic growih,

Refilwe Maokgesi, AMEU president
CoGTA has previously developed o
maround strotogy in an offempt fa oddress
areas riddled with poar performance within
the local government sector.

It can be argued that fuming arsund
‘municipalifios calls for @ degroe of knawledge
and innovation, in porticular from senior
officials, arourd the implementation of
‘appropricie theoretical perspeciives thot are
informed by the locol conditions and nesads.
The local governmant tumaround sirategy
iduntiied key developmentol areas of change
for our municipolities as such the local
govermment fumoround sirategy compelled
the municipaliiies among other things fo:

Reflect an their own performance and
design furn around siralegies fo focus
on establishing positive councils with
visionary ond occountoble lnadership

Concentrate on properly constituted
corporgte services, lechnical services and
financial moncgemant lunclions, ncludng
recruitment ond skills retention policies
ersuring right people in the right job'.

In the some breoth improve on infermial or
micro-environment os well ond optimise
revenue. callection and improve billing,
customes care, indigent and crodil control
~ "balance the books'... fhe list

Cusiomers awe mnicipality bilkons of rond for
sanvices, while monicipolities ewe Eskom about
R22,5-billion for bulk elecriciy procured.
This situation is clearly not occeplable ond
as the industey we must collectively find
innovative ways fo efiacively address this
challenge, including the siructural problems
that are the reol cause.

The loss of sales dus to the infroduction of
energy efficiency inifiatives and customers

pursving effsctive allemotive energy options
such os rootop PY, do have an impact on the
waditional business model

Therstore os the industry we must find waysto
adapt (o these ever changing circumsiancas
ar cur very survival is threaienad.

The steep toriff increoses experisnced from
Eskom fer bulk electricity is not helping
municipalifies. While municipalities must
prove revenue collection, search for
addvional revenue strecms, improve efficencies
and reduce their aperating costs if there is
no inervantion 1o curb the tadff increases
Gssacioted with bulk sleetiity it musl not come
2 to anybody that mere and more
municipaliies wil defautt in respect of paying
for bulk enargy purdhases from Eskom.

o5 0 surpes

To avaid this disosier waiting fo happen,
requires o siructured infervention where,
municipal leadership both pliicians and
administration, Eskom, industry leaders, the
regulator and National Treasury urgenly mee!
1o address these chollenges.

Without taking awoy anything from what |
v fust said, municipalifies must olso as
matter of urgency conduel a comprehansive
cest of supply study.

There are many examples of trifls which are
ot reflective of the raal cosis while many
muricipalifies o not have o good handle
an their cost shructures.

Without doing proper ringlencing of the
electriity ity business 1 will o1 be possible
io get @ good control over income and cost,
thus negaively offecting the sustainabilty of
the sarvies we provide.

We do have an obligation towards
customers and fram a support perspective
e mustlook aftes the cusfomers who cannat
offord cost reflective forifs

However, we must demonsteate ransparency
whers cross-subsidisaticn is applicable. This
s also an arbo where the AMEU ond SALGA
hove sharted to play o lnoding role

From a téchnical/infrastructure perspective,
the incustry must give urgent affention 10 the
Infrastructure performance and ability o meet
customet requiremans.

It is by now commen knowledga that in
the.case of South Africa ond bosed on the
Approch to Distribution Asset Menagement
(ADAM) 2014 updated reporl, that the
dighibulion infrestructure investmeni backlog
wos R&8-billion in 2014

1t s thersfore clear hat o5 an industry we
have lost control over the investmen in the

Continued on page 6
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B Welcomend: -

Welcome address by the host city

1 would fike 1o welcome: you all 1o thi, the:
oldes ciy in South Alrica, which is rch in
history with o diverse culturs. It is the most
beaufful city in the workl

it is @ privilege and horour for us 1o host the
Associotion of Municipal Elecricity: Utilifies!
271h Technical Convention 2019, *Buiding
the powar utliy of the future, today.”

1 have recently rafumed from the C40 Moyors
Summit event in Copenhagen, Denmark,
where various counfries and cities discussed
ond shawcosed their climate actian plans and
medsures, Seeing the effects and fhe impact
posed by climate changa, one is left with e
option bt o understand thot ths i the reoliy
we fac todar.

Alocol cose shudy, being the recent “day ze10”
that Cape Town experienced less than o yeor
0go, s ust one mxample how climete change
is o reality and needs fo be ioken sericusly:
As menioned ond endarsed by the Urited
Nations os part of the Global Geals for
Sustoinable Development 2030, known to
many 03 the 17 gosks, limafe chonge remains
a catalyst that cuts across al other goals

Listed 05 one of the globol goals is energy,
which plays an importont role, from dscent
work and economic growth, industrial,
innovation and infrastructure o susioinable
cifies and communities. Portrerships is the most

Phinlilo Mo, Gouncllor

important of all, becouse without parinership
nolhing can achieved, as history has shown
South Alrico s currently grappling with
shortages in enargy which poses o threat
to ifs scanomy if not dealt with urgently.
lllegal connections and the vandalism of
infrasiructure is cosfing cilies a fof of money.
Increases in electricity teriffs ore o huge
burden on our cifizens.

This is but a few of the challanges faced by
tha City of Cape Towr's slecticity generofion
and distribution department.

The City of Cape Town is now looking to
innavative smar technologies and other
various olfernatives, including small scala
embedded generasion (SSEG] for solufions
Heving achisved 55 much in the post in the
slectricity provision space, from fha conversion
of the old system 10 prapaid maters, fo the
electrification of informal sefflements and
backyarders, the City of Cape Town believes
thot IPPs.ore ancther woy of salving the energy
crisia in the counry,

s the 41k industriol revelalion dawns upon

us, many questions must be osked:

o Are we really ready for this change?
I what way il t affect our fvelihood?
o How will it offect our environment?

o Isiton answer 1o the poor of the poorest?
The honest onswer s, we: do not know bt
we can tryl

 skaind hare today [ ot of men and worén
wha continue 1o stive 10 find solutions 1o the
energy challenges faced by cur municipalities,
fof anly for foday but for future generations
100, Stending here in front of you all, knawing
the work that hos been achieved ond the
work that lies ahead, it is our call thet we
eontinus aur parinership in building susiainoble
communéies with susicinable and dlean enargy.

Phindile Maziti, Councillor, City of Cape Town

Contined from page 4

inkrastruchues which is simed of seving our
customers

Considaring the current financiol posifion
of municipoliies os well as the regulotors
guidaling in respect of the minimum
investment in maintenance of infrasfructure,
oll indications are that the infrastructure
perdormance wil aot improve,

It s my humble epinian that this matiec must
receive urgen aftention and be driven o5 @
notionel priority. Econamic growh cannot foke
place without sound and refiable distibution
infrasiructure.

The AMEU remains committed 1o providig
guidones in respect of prudent ossal
management practices and the idenification
of opprapricte raining ond skills fronsler
machanisens

As the industry we must then brooden our
discussion extensively to touch on how 4th
industral revolution will speak o s already
speaking 1o the ullles space.

Ladies and genflemen fasten up your seot belts
o8 we are 0bout 1o dive int the unknown.

Over the lost three decades it hos been

about the T revalution, which has already
radicaly transformed our warking and living
environments.

This intereonnsction between severol werds
is very powertul 4th industrial revolution s not
the firs big change in human history, bu its
extraordinry with the respect to the spead of
he tranition

“The disruption is happening much fasier fhan
whot we anticipoied. We must think about fhe
customer of tha future and how we should
respand fo their needs.

From an AMEU executive leadership
perspactive we formulated the challenge os:
“How might municipal power distribution
utilifies respond 1o the current challenges and
emerging disruptors in the energy landscope,
5o tha they excel in senvice delivery for alf on
a suskinable bogis?”

While | am ot for a moment suggesting
that as an industry, we should be woifing
for the policy makers and the regulator o
first get everything in place before we can
embroca the future, it i sssentiol that the
indusiry enablers from o policy perspeciive
be oddressed.

It assantiol thet we get clarity on the futurs

markst amongement and. tha the status of
municipalities be recognised os o parficipant
i the fndusiry from o peneration, dxiribuikon,
trading and refail perspeciive. This *middie-
man madsl” i just introducing oddifonal cost
with limited benefis.

Furtharmors, it s now needed more than cver
bafore that the municipal hunding model be
reviewed

In all hanosty we dan't have oll the onswers
10 30ms of these questions, which ix why it's
20 imporignt now, mare thon ever before fo
work togathar os various stakehelders towards
daveloping and implementing sustoinable
solutions fo effecively and efficiently address
ur curment challenges for the benefit of our
customors ond our country's sconomic growth
and development.

In conclusion 1 is importont fo ote fhot fhe
ath industrial revolution is not just about
technologies

May you enjoy the 27th AMEU Tachnical
Convenion ond when you lsave hers go back
1 your place of work, re-energised and full of
rew idecs o capialise on the opportunities
at hand.

Relilwe Mokgosi; AMEL
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Advertorial

ETHEKWINI
MUNICIPALITY

EThekwini Electricity scoops top
awards at AMEU convention

It takes over two thousand six hundred employees of
eThekwini’s Electricity Unit, and technical teams working
around the clock to provide safe, affordable and
reliable electricity to every home in our city.

themb
shembu

1 for work well done
o
e singled out for parficular
AMEU convention when they
rire tavakiad tom otecilionds et T, caroamiog

olvays apprecioted
he & Thekwini

¢l Mthembu, thanked the AMEU

The units head, M
for recognising eThekwini Electricity’s efforts, by saying,
This hard eorned award comes of @ fime when the country
nonth, their hard work was louded through two prestigious os well as the electricity distribution industry finds itself
rds wor e unil in the Associotion for Municipal crippled by o series of challenges from dwindling soles,

olitan municipality” award

Electricity Utilities L) president’s Legacy Awards, EThekwin; constantly ris g electricity prices, challenges oround
municipality’s elecirici squral award for “Top renewables neration, o stagnant econormy as
performing metropalitan municipality well as infrastructure theft, ameng ofhers.”

8 27th AMEN Technical Convention 2019



“It is under these difficult circumstances that our resilience
and perseverance agoinst adverse canditions, are forged.
It gives me great pleasure to note that the majority of our
stalf have risen to deliver the best passible service the unit
can offer under ying circumstances.”

Excellent popers were presented by three of the unit's
technical stof

Sheila Cele, a technician who specialises in diagnaslics and
maintenance, spoke on the topic “Condifion monitoring
developments for osset management in MV switchgear®;
Vosu Chefty, a chief high voliage planning engineer, gave
o presentation on “Challenges of planning future high
voltage power system networks”; ond Reshom Singh, o
chief engineer, who specialises in SCADA, avfomafion
and control, presented o paper on “Leveraging open
source fechnologies in the municipal landscape: A remote
monitoring solufion cose study,”

The Municipality’s project executive
for electricity, Joyshree Pershad,
who hos over two decades of
experience in eleciricity transmission
and disteibution, wos aworded the
inougural “Top performing woman
in eleciricify” award.

I her spesch ofter recaiving her
award, Pershod opplouded the unit’s
‘programmes which continue o breok
gender barriers in this largely mole
dominated industry ond ifs success in aftracting, developing
and retaining rompetent women.

yshree P

Advertorial

roof space, or wires?

 Study by Enkom, CCT,
Us, ucT, cPuT

| thank the AMEU for awarding me the honour of receiving
this oward,” she said. I would also like 1o take this
opportunily to also thank the eThekwini Electricity execufive
team and my previous director, Tony Dold, colleagugs,
friends and family for their support and encouragement.”

Pershad’s message 1o young enginsers and those aspiring
industry is “hard work, perseverance ond
performance are the keys o success.” Pershod is olso the
AMEU'’s president-elect and will be inaugurated os the
associafion’s president at ifs next convention, which s fo
be held in Durban in October 2020,

ta join the

EThekwini Metropolitan Municipality

www.durban.gov.za

27th AMEU Technicai Convention 2018
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Keynote address by Minister of Mineral
Resources and Energy

It is 0 grmat privilega for me o inferact with
you today as of the Associfion of Municipal
Electricity Utiiies at this, yaur 27th Technical
Convention under the theme "The 4th
ian — Building the Power

Industrial Revol
Uil of the Future, Today”.

This convention iokes place @ day before |
fable the updated Iriegroted Resource Flan
2019 to Cabine for approval. As you might
be awars, the RP2019 update has bean long
coming. | balieve thet its approval will craate
the much-neadad palicy enrtainty within the
electricity generation sector of the incustry

The National Developmant Plan identifies
the need for South Alrica fo invest in o strong
network of economic infrastructure, designed
o support the country’s medium and long-
ol objectives. Energy
infrastructure [s o criticol component that
underpins economic activity and growth
ocrass the country. It needs 1o be robust
and extensive enough fo meet industriol

tarm scanomic and 5

commercial and heuseheld nseds.

Municipaliies play an imporiont role in the
elecricity delivery volue chain. They provide
the interface with the and-user of electrcily
and thus withaut technically competent
‘municipalities, the delivery of electricity wil
be hampred.

The government has, since 1994, made
significant progress in providing occess 1o
electricity, In 1994 access to elscticity stood
1 36%. Since then, through the governmants

Minisser of Minesol Resources ond Energy

Municipalities play an
imparfant role in the electricity
delivery value chain. They
provide the interface with
the end-user of electricity
and thus without technically
competent municipalities, the
delivery of electricity will be
h

Integroted g
(INEP), occess hos increosed 1o over 90% of

haussholds. The progromme
annuolly by fransferring ollocoled funds fo
licensed municipal distributors and Eskom,
to undertake the infrastructure. progrommes
for electrification

The department of Minerol Affirs and Energy
spends over R:billion per annum in fhis
tegord. Progress made is commendable.
However, fhave i concern obout the increosing
under-sxpanditure by municipalities in the
current fscal consirained environment.

The programme has over the los! financiel

years seen budge reductions, These are kely

cantinua if municipaliies do not exscute
projects ond spand their electification budgets
as planned

The daparment is also ralling out aon-grid
electrificotion selutions through solar home
systems. Communities have groduclly begun

brace fhis type of solution,
their it reoction
Folling solar ponel and botiery prices provide
an opgartunily o scale up on non-grid
sohtions for ruel aroos with dificulterrain for
aconemicol construction of grd infrosiructure
03 peell s inkormal seterrents

Incorporation of thesa sclor horme systems info

the municipal service baskst i crifical for the
sustainability of service o rural households, as:

well Gs municipol electricity business models.

The sleciricity generation and distribution
landscape in South Africo, ond globally,
is changing ropidly. World-wide electricity
innovation, technology advoncemens and
ossociated fechnology cost dacline make
it possible for end-users fo generate their
v alechricity, This is a significant shift from
th traditional vertically integrotad power

generation, fransmissian ond distibution
model of the past. We need, fherelars, 1o
contestualise this shiltin aur own environment
South Africa’s increesing electricity prices
compound the energy indusiry evolution
Substitutes such liquid petroleum gos (LPG)
are now vioble altamatives for cooking

and spoce heating whilst toofiop solar

photoveltoic are vioble for lighting

The revenue model for municipalities
will hove fo be reviewed in the light of
ihe changing beheviour of the elec
consumer. Mere and mare consumers
chooss 1o genercte their own slectricity. This
will lead 1o the reduction of customers of
s net necessorily wise

municipol slectncity,

to moke up for this reduction by increasing

foriffs. A batter proposition could be for

municipalifies to omend their revenue model

by inroducing more services, in the contxt
on

of the fourth industrial revolu
Within the three major ereas of the value
chain {electricity ganeraticn, fransmission and
distribution) municisclities play o key role of
ditribution and interfocing with end-users

It is critical that municipelities are technicolly
capoble to senvice the clectriciy consumer and
in o cost-efecive manner. We noed 1o focus
on building technical capocity and re-troin
of municipality level 1o propars for the nex
revolution within this sector. Municipolities
imust be able fo adapt to global trends.
Once the IRP2019 has baen approved, | will
issve o ministeriol determination in line with
saction 34 of the New Generalion regulation
1o iniiate: procurement of addiiional electricity
generation capacily. This will be precaded
by detailed work thot The degartment will
wndertoks to identify aroas of improvements
from the. pravious procureran.

i terms of the embedded genertion
opportunities in ofher wards, generation
within the municipal grid The deporiment plans
1o issve an updated Small Scals Embedded
Ganerafion Regulation once the National
Energy Regulater of Sauth Africa (NERSA) has
concurred. | am ocutely ovware thot the industry
s also ewailing this regulction. This will further
provide policy cerainty ence promulgoted

1 wish you ol the bestin your deliberaian
the course of this convention

Gwede Mantoshe,
Minister of Mineral Rosources and Energy
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Keynote address by SALGA

The energy fransition and the 4th industriol
revelution are olready taking ploce in South
Alrica and have for quite some fime.

The elactricily customers now have  suite of
options for their energy nesds, customers are
no longer captive: decentralised gensration
allows customers to not only generate their
owen electricity but also the apportunify o sell
excess power 1o the grid.

Improved energy slorage technologies,
digitisation and smart systems encble
cusiomers to more effectivaly manoge and
reduce their eleciric

ity consumpion.

The growih of renewable energy lechnologies
is olso re-shoping energy systems across
the whole electicity volue chain. This trend
suggests ocrfical shifin dynomics, generofing
numerous risks and opportunities of ol levels
of the value chein

Increasing integrofion with the infarmation
ond telecommunications () networks have
allowed electricity sysiems to become “smar”
Better communication and information wi
the electricity indusiry hos allowed for o more
productive systom overall. Infagration with 1T
hos also ollowed for consumers o become
more informed and aciivaly wolved in the

electricity sactor

8 the industry, we can dare try o resist thess
ehanges ond remain in cur cld traditional
woys, or we can embroce and define the
snergy utility of the fuiure that brings “just”
anergy tronsition for oll. Together wis need
1o recognise the energy tronsition, and 4th
industrial revolution, and jaintly engage on
a vision for the fulure which s susiaino
and where we also achieve low carbon
emissions, economic growth and job creation,
iransformation and development of locol
communities. This reans reconfiguring the
energy business model and redafining the
rola-of govemment, siafe-ownad enfilies and
Gther sectors in the energy space.

The 4IR prasants immense opportuities for
municipalities and the energy ufility of the
Future. To unlock fts value within the electricity
and energy seclor we.need 1o engoge on
50me of the key issues balaw for the utlity of
the future, todoy.

Development of new business modals and
sorvices relevant a the 41R which means new
dind more revenve sireams, e.g. servicss for
chorging of electric vehicles, providing 41R
energy advisory services fo customers os well

Reskilling of exisfing employees and creation
‘of 41R jobs ond tosks within the system.

Yol George, SALGA

Quicker demond managsment respense due
1o automation of servicas. Demend flaxbility

creates value for customers and the g
by shrinking customer bills (by as much o3
40%), reducing peck demand and shifing
consumption 1o lower price, off-peck hours.
Demand flexibility also can help providers,
in some cases, 1o avoid or defar investmants
in central generation, tronsmission and
distrbution, and pecker plants

Increased quality of service and supgly to
cusiomers. The increasing deploymen of

advanced mefering inhestructure presents
cleor opportunities for improving quality of
sanvice, low voltoge network shservabilty cnd
dera gathering fhis dota cifers opportunities
for outomated outage detection, more
delailed demand forecasting, efc

Ralioble, offordable sleciricity supoly

Reliable elacticity supply is criicel 1o @ 4IR
econaemy ond sociely. O
enablers such as connectivity, intermet of
things (16T}, smari machines, devicss. eic
need slectricly fo funciion. Digital services
and a-commerce also rely on eleciriciy. As
such, siable elsctriciy Is crifical and needs fo
be achieved through o combination of grid
solutions and the incantivisafion of offthe-grid
eleciricity solutions especially in rural oreas.

ol infrostructure

Degloying f the 4IR enabling infrosruciure

whare several octions can be faksn 10 ensure

ihat the necessary infrasinucture is in ploce fo

enble new business models and the future

energy system, including:

« Defining the model to deploy enabling
infrosiruciure that is flexible, open o
inferoperable.

o Ensuring customens and third parties con

from dota generoied by
ergy Resources and the digital grids

o Define innorative financing schemes for
services, infrestructure efc

Thereis no revolution fhot comes withou! risks

and complexties,

As electricity grids increasingly become
smart and interdependent the impact of o
cyberatiack olso becomes more severe ond
wide-reaching. The World Economic Farun's
Globol Risk Report 2019 suggest that lorge-
scale cyberatfacks rank fith omong the risks
most likely 1o accur in the nex en years
Currently cost of a cyberattack on the US

smott power grid s estimated 1o be $1-trillion
Rising foblessness due ta digitalisation and
‘automation of the sarvices that 4IR s bringing
Seme of the jobs may become redundant an
thare wauld be urgent need of reskilling u

ity
employees for the 4R jobs ond opporiurifies

New technologies moy thisaten 1o amplify

h within and between

ocpalites,
countries. That means driverass trucks and
robots, all fully digifised. Rising inequality
ond income stagnation are also socially
problemat

New technologies moy further concentiots
benefits and value in the hands of the already
walthy, Those who didr't banafit from sorlier
indusiriclisaion risk: being lefi even further
behi

The introduction of distributed energy
resources [smoll scale smbsdded generotion)
at scole wil incraose the complesity of system
govemance, ond system planning needs fo
be modemised.

The 4IR must find us ready, we do nat have
enough fime - we must propare for it while
mifigating the possible risks thal comes with
i1, We hove an odvantags in that we have
identified some of the risks ond challenges.

Iom contident thot this convention will discuss
key encblars (e.q. poficy, regulatory, efc.)
that should be in place o focilitate the fuftire
readiness in order fo grab the cpportunifies
ond fo position the business o be fit to foce

the future.

At policy level there will be o nead fo redesign
of rgulatory paradigm by changing the rules
of the gome, enabling new roles for villiios,
innovation and full integrafion of distributed
resourcas, parficipation of customers in the
industry.

The fagulatery anfiies must be independent,
with the ability fo clearly define ond frack
outputs and performance mefrics, including
technicol, commerciol and operational KPls
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for reliability, power g

losses and other aspe:
system

For the

s, we will have fo

madsls

of new busines

sources rom innovative distrbution and refail

s for deployir

sring that the:

oss models cun be fimely

he

3 digitel, customer empawered,

- Incarpora

new reality o

transactive elex

y system, o
The key primary technologies o be facused
ed o

an by South A an Accenturs

a by

report

Alnco, include.

o Big dofa anclytics and cloud with o
orvial value of RBOO0-million

o Roboics with o potential valus of
R260-million

nand autonomous
4 potential val

s municipalities and the indusiry we must see

fo it that we are port of the above agenda

Conclusion

The energy technole

the way fowar
will unlock si

anific St araicwsic s aciaol

benefits, H e

waves, fhere is a greo

volue destruction if we foil fo efficiently capture

the valve of distributed eneray resources
which eould leave generotior

assets stranded and see

or network

ustomers defect

from the grid. This risk raprasen
reasan 1o identfy and toke the right actions
at will accelerate and make
cost effective,

The speed of adoplion and the success

shoping the transformation in the most
beneficiol way for the saciety and the
systom overall will depand on o brood
tange of factors, which fall under four
maini dimensions: regulafion, infrosiruciure,

usiness madels and customer engogement

The public and privote secrors will need to
contribute to succasstully actelerote adoption
of grid e her can do it

clane. Policy-makers will have fo redesign the
regulatory paradigm, adapting the nefwork
nodel and fariffs,
electricity sysem (toking info accaunt both

planning the

ole and distributed energy resources)

Regulators wil hove 1o foster ogile govemance
by adopting siable long-term regulotion fhat

includes faster reaction eycles, invol

mare stoksholders and including on urban
regulatory dimension

The private seclor will have 1o acknowledga

new reality of o digital,

customer

owered, transactive electricity sys

by embracing new business modals on

ning the experience
and indus
ket e ks s

abling infrastructure the is flesible, open

o interoperable
Public-private porinerships will help by
nabling infrastructure, o

yof commarcially vioble and thus requires
intervention. Emerging morkets

initial publi g
moy be loss encumbered by existing

may hava the oppartur
hallenges and heod

these ight to mass

new technologies

adoption of these

It is impariant to note that the 4

saciety and ol human [ife.

will impact o

We have o moke sure that our technologicol
cosperation ond developmant have
contibuted 1o the enhancemen of peagle’s
(i winue i tha future. Energy
will canfinue 1o play a key cole in this

The facus of technolog
in the 4 Indush

| developments
| Revolution should ba
the human beings mostly. This has nothing
o do with pessimism or aversion

st

technological progress, on the conirory,
We need progress and development bul
we: should steer and conteel it, Al involved
researchers, innovators, palicy-mekers and
cifizans need fo be wellinformed, adequately
rained fo ensure thot we bulld o better future,

Xolile Georgs, SALGA

Diesel Electric Services is a turnkey power solution provider and
can add value by keeping all your electrical power infrastructure
requirements under one umbrella.

T inchudea:
« Design .
« Commissioning « Maiviprance, Servicing  * Relocation
« Rermote Moaitaring  + Training = Repairs { Mosificaton  Refurbishment
o
(DisseliGag = Bule Fuel Tanks
» UPSs (Statc / Raury) A Sohtions
Factr o
tatilsers X Wl Stparaton
LV Cabling and Molor Coalrol Cent
¥ Dala Gentre ang Seever Aocen Mo hetovaltic Soh
L « Manutacturing of MV ans LY Switchboands uol Clnaning and Conciioning
« ol Y Dl Pl masagemont | Noatucng ite pump 56t | Dewatering pump sets
v « Fransiormers pesistive dumy loads 189 1o 1200KN
raer Gemorator Sets ~Trabers (<100




Address by NERSA

It is:my pleosure and honour i be given
the oppartunity fo say o faw words on
behalf of the Nafioral Energy Regulaior af
his. convention. Congratulations on this
canvention being held under ihe stimuloling
theme of: The 4th industrial revolution:
building the pewer ullty of the future, odey
AMEU
for the work it does in promoting uniform
approoches and tochnical excellence in the
industry. Conferences such as this are fo be

I would also fike to congratulee

valued for their contribution fo the creafion
of awareness and professinalism in the
industry.

The Natienal Energy Regulator of South
Africa (NERSA) is a wital role-player in the
eleciricity supply indusiry. The very noture
of NERSAs role requires hot it bolonce the
inferests between  myriod of role-players
It connot faveur one ond ignore another
It is required fo exacute its mondated role
without feor, fovour or prejudice to look
after all stokeholders in the best interests
of the South Alrican public. This includes
especially these end-users who might nor
have o woice or & proper understanding of
tha tachnicoliies of the industry.

Similarky, municipaliies have @ crfical role
o oy, You are the face and arms of service
delivery 1o the South African public, Ths service
delivery includes the: electicity indusiry and
thus NERSA and the municipalifies ore well
oligned and have many of the sama goals.
The 4ih indusiricl revelution obout which we
ore speoking of this conference is sometimes
& difficult concept fo grasp, ferms such as
big dota, arificial intelligence, robotics, the
Infecnat of things and blackchoin amengst
others ore often bandied obout to describe
the 4ih indusirial revolution. Sounds o lot o
me. like the digital age, which is the ane |
mos reodily identity. This is no surprise o |
understand that the 4th industrial revoluticn
is enabled by and built upan the fachnology
and infrasiructure of fhe third revolufion

So, then, what isthis 4th industricl revelution?
The World Economic Forum describes itas the
advent of “cyber-physical systems” involving
entirely new capabilities for pecple ond
machines. While these capabilies are reliont

©n the technologiss and infrastructure of the
ed Sation, e St i

r

Christapher Forlee, CEO, NERSA

that rely am cryplographic methods such as
the blackehoin

The pace and change of fechnological
advancement is orders of magnilude greate
fhan when | was growing up and even my
studies ond early working life

We are 5o connected now, lo everyone,
everything and onything, ond whilst our
society has changed, in woys | could never
fothorm, | balieve it i still s 1o change ven
further in ways thot we stll connat fathom
todoy and during our liftimes stl. We seem
o have 30 much access and dofa ot our
fingertips, literally, fust hove o lock of your
smantphane if you want evidence of fhot.

With s much information ovailable and
accessible, the 4ih indusirial revolution
is charocterized for me by the nofion
of big dofo. In the old days wa used fo
coll it dota mining, | guess it would be o
mojor fiakd callod doto anolytics todoy. The
interconnacied, technologicol world we five
in today generstes vast omounts of data
Remember the doys when we used to speck
about megabytes, taday we speok about
terabyles, o factor of a million.

To gain the promised benelits we wil require
‘accurate and verified data and lofs of it

1f dato is o5 the heart of the 4th industrial
revolution, let's ask ourselves, how clean
and occurate is our current dota? | know

rovol

on represents entirely new ways

in which technology becomes embedded

within sacisties and even cur human bed
Examples include genoma editing, new
forms of machine intelligence, breakihrough
Materials and opproaches fo governancs

D-Form informofi

1. There is on old saying
thot says 1o err s human but o really mess
things up tokes & computer, Can you imagine,
wih the essistonce of articial intellgence and
the internat of things devices how we coukd
reolly mess things up.

We must recognise fhot great care noeds fo
be taken rs the implementation of the sysfams.
of the 4th industrial revelufion. The dato
must be cleon ond verified ond accurate.
No matter how gaod the technology, the old
odoge of gorboge in, garbage out remains
volid.

With the theme of his conference in mind, |
urge that, in the year o come, that we make
it & priority o clean up and physically verify
ur doto. Staring with your customer lsl,
their mafers and the carraciness of the mef

installation.
While: on the subject of dota moy | point out
thot there is o need for uniform back office

systems slark h & unilorm dato structure

g wi
and definition for oll municipalities

The EC comman information model

A Unique customer number for each
customet would allow customer information

to be easily integrated inta ‘@ national
datobase. Such o published system will
establish the standardisation that wil
enable us to leverage off econsmies of
scale fo make fhe 4R iransifion more

affordable. It will alsa promote natianal
planning and enable developments and
innovation in one municipality fo be used
in anather.

Complete
sytlems is o imparativa. Surely, you eannot
apply ints
1o what you cannot see and there is no
in applying intelligence 1o what
you connot contrel. lsn't this the point of
walking down this read towards o modern
grid thot is flexible and smart. There has ta
be some benefi as o result of all the sffon
just becomes on exercise in futlity. All
the benefits acerue os o result of these two

bility ‘ond control of your

ance, arificiol or otherwise

poit

things whether i is shorier restoration time
ot @ belter understanding of customers
in pursuit of better, more eff
delivery.

icient service

Ihink we al anficipate that we are standing
on the cusp of massive and dramatic
changes in the industry, Visionaries describe
o wonderful future with all the mogrificent
bencifs, sales paople ora only toa willing
10 support them with the ictest and greatest
technology. The manogers, il of us, however,
must work out the prociical implementation
fa ochieve these benefits, They don't just
hoppen by chance.

In our contex, fhere will need fo be o
transitional path o this new and wanderul
lond thot the visionaries see.

AddressByNERSA I
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Laoking af some of the lessons learnt from
whan businesses transitioned from manuol
1o computerised systems thel may ossist us
1o rorsiion trough 1o the 4 industic

spportunities — ore only beginning fo
oppear. They undermine overall trust
in technology and grow esponentially
os imferconnectivity ond technological
d

10 our radiional cperaling medels. As SSEG
goins momentum, farif suctures will need
10 change I accommedate fhem, bul these
will need to be based upon sound cost of

Fihe pifals
along the woy,

s obsecved by he Wodd Econonic Forum,
4IR will be raliart on existing inkastucture
and tochnologies. It will e
existing processes. In the sicies they leant
thot # thase processes are in o mess the
computer makes the mess really on enormaus
mess. So a ullty is not ready for i with
sound processes and procadures; the 4th
industial revolution can moke it an even

worse situation. For example f your billing
systern s in disorray, then unless you make
special effort fo resalve the issues before, your
automated billing system will be in disaay,
automated disarray, which will probably be
an even more complex problem.
Management will need io faks ownership
and responsiblity, You need to lecd the
process becouse fo be successful there must
be callaboration across many departments.
Objectives and goals must be cleor
Implementafion mus! be properly managed.
In the sisfies and seventies companies
almest went under computerlsing. In the
ninefies the same situalion occurred when
‘companies converted fo dafobases and
ERP systoms.

The best preparation for the coming 4R is
to get your eisling processes and systems
working well and properly understood by
W need 10 get the basics right and that
4IR technologies to be introduced should
be focused on achieving fhat first. For
municipalifies what are same of these
basics? It is suggested that the whole
measurament of power flaw from first meter
1o lost is*ane of those, Think of eleciricity
as an invisible product that needs o hove
stock control procedures even more than
ofher cammedities. I is not o fuxury o know
where evary kWh is. It is & necessity for
g00d business which is now anfirsly possible
technically. Once again, big date, but how
1o anclyse and utiise i s key

For oll s benefits, 4IR alsa brings with it
difierent and new risks

The World Economic Forum Global Risks
Report of 2019 cites “lechnological
winerabilities” among fhe tap five global
risks. Cyber risks, alang with environmental
tisks, ara in the high-impact, high-likelihoad

quodrant of the global risks londscope.
The breadth and impact of eyber.risks
and cyberatocks — affecting business,
sconomias, national security, intormotional
stability, Individuel privacy and employment

T
revolution.

Thus cyber security has ts be built n from the
very skort. |f is not an edd-in it has fo be port
of the system from scrofch.

In the confext of this canference, wa need
fo ask, how can and will municipalities
effectively respond to these changes in our
industy?

Rerhops the siariing point s that there neads
o be more of the highly skillad person than
Vocant

costs for
the. nawvurl ur\d mmnl-nance thersof is vital
to municipal susiainability end i requires o
propery structured fixed casi component of
v tor. The infrastructure has ko be properly
maintained and refurbished and this cost has
18 be recoverad regardless. of the amount
of product delivered. However, when this
‘approach is faken if needs fo be understood
thot the customer will hen expect reliable and
unintesrupted supply when needed.

In this confext of exponential fechnological

i s s sy

This requirement will be driven by more

but alsa great opportunities. Transfermation
leadership will be needed 1o access the

. ad it dmumn

customers,
changing business madsl. As NERSA wo can
only urge municipaliies fo invest your people.
Croate storshouses of human copital that wil
yiid diidands for your municipality in this fost
changing world,

The advent of smbedded generation vl
moke municipol netwarks o lot mere dificult

Letus: territory
that we are heoded mlwund mmhu\wdms
presant here foday will need fo navigate their
own personal foumey along this uncerain
path, whilst guiding ther organisations and
the pecple hat they ore responsible for
theough it

Our business modals will need 1o adapt

1o plan ond operate. Bi.d | powar
flows will bring veltage control and metering
issuas 10 the fore. It will require more careful
plonning, faster reacling aquipment with more
inelligence buik in.

Cusfomers ore also getfing smarter in the
sense they are hecoming more fariff oware
and mare aware of their own loads. Tarif
aware customers are a natural evolution
because of higher prices and the opportunify
of “gaing off grid", although for most they wil
siill rarmain grid-fied

This will mean hot the municipality wil hove
to have propsr, carefully colculated fariffs
based upon facts ond evidence, In the first
place to justify the loriff and in the second fo
recover the required revenue.

Without odequate skills of both the required
gudniiy and quolity, our dreams of the 4th

industrial revolution will remoin just that,

drooms )

We would be trapped in a scenario whers
we will have toriffs thot do not recover costs,
Network planning willbe inadsquata with the
resultont exceedancss of Notiied Maximum
Demands with ossecioted panolties,
Catostrophic failure of equipment that
should have been maintoined or reploced
and Incorrect matering with associaled loss
of revenue.

Speaking of revenue, the advent of small
scale embedded generalion is @ gaod
example of 41R in mofion and is o disuptor

o maximise the

pressnted by 41R and | urge you 1o pul your
people firstin this andeavour by investing in
the knowledge, skills and mindsets required
for yoursalf ond e pesple you lead 1o enable
you fo embroce he rew confet.

We must recognise that 4IR offers the
municipol business o “whole new word”
of bpportunities for business improvement
and efficiency geins ond even new revenue
streams. Conferences [ike this one ofter o
great opportunit for these 16 be showcased
and for those intimately involved in the
business fo loke @ momentfo reflect an wht
s possible und how It could be effecied.

{ would ke to_conclude iy remarks by
saying that the South African ekectricity supply
industry is o complex spoce with many focets
and stakeholdars oll of whom need 1o ploy
heir rolsefiecively forthe couniry o succeed
and in the interests“of the South African
public whom we all serva. Our industry
hos olready become more complex due fo
the changes brought obout by 4IR and the
50 called disruptive technolagies. If is sel
io become even more so, This makes the
topics and discussions of this canference. of
paramount IMPOMaNce: os we fry to envision
the impossible possible future,

1 wish you successful and fruitful discussions
and delibarations 05 you share your insights
and thoughts on thase imporiant issues.
Cheis Forles, NERSA
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Women in Electricity - panel discussion

A group of women, all of whom are invalved

in the eleciricity sector, addressed the
tapic of *the il of women in the fourth
industial revalufion” on the second day of

the convantion.

They spoke from persanal experiance and
discussed the challenges they foce af fheir
places
1o chonge us new technolagy intraducs

work and haw the industry is fikely

woys of working,
The panalists included Punkie Mojolo, City of
Ekurhuleni; Betsio Masemalo, Cityof Bivwane
Tumisang Gabriol Maphumulo, Eskom; Mary
Haw, City of Cape Town; Canninah Mapena,
GE Eloctric; Karabo Masekwomeng, GIZ
and Corrie van der Wath, Matleng Energy
Salutions. Lomile Modiselle, from the City of
shwane, cheired fhe panel.

The panel ogreed that it is not easy for
wamen to work in whot i teeditionally
male-only e 1. Often, foci
swb-siations are designed

wironme es af

ot

only so it is difficult o find a bathroom
woman could use. Another chollanga samo
wamen arfisans face relotes to the physicol
steength ceriain fosks require. This is

paricularly fnse when o womon is pragnont.
However, modem equipment, based on
new technology, is generally smaller and
lighter, making it possible for o woman
to underioke any i @ man con do, the

ible for o

cartain amount of menitoring 1o be done
remotely, meani hat

bacomes less necassory. This offers women
the convenience of working from home afier
bearing their children

visiting the site

Carie van dar Woth, tha.only mole poricipant
o the panel, sald that mast problems o
b5 cotegorised in one of wo groups: *foma’”
problams or *wicked” problems. Tame

ding 1o Wath, ore generaly
od are relafively eosy fo
solve. Wickad problems, on the other hard, o

problems, accor
of g fechnicol not

people-bosed problems which require more
work and core 63 they are often more complax
ond therefire more difficult o resole, he soid
Ohien, there:ore more interpersonal problems
both genders. This

in teams which contain
re must be taken

means thot specia
when building teams. Collaborotion and
parinership in the feam is vital, Wath soid.

Women ore particularly good af inferpersonal
relationships, Wath soid. This ability proves
useful as technology autemates more
procedures, either thiough the introduction
of robots or of

- tools, which will raduce the

number of human beings working on a sife.

Now tachnalogy chten brings with i & fear of
the unknewn, 50 1t is hers thet manogement
nead o keep motivation and enthusiasm for
the job in hand, high.

New managemen shyles which employ
coaching and mentoring rather than
monitoring and contralling will be required.
Since women are generally song inthis area,

The industry hos alreody chonged o great
deal. There has been a huge growih in the
number of women working af renewable
energy focilities, or in the offices where such
equipment is designed. Women ore also
working

so-called “green’ building design,
mproving both the eficiency and cesthelics
of buildings.

The panel agreed fhaf eng il play
an important part in building South Children
of both genders should be encouraged
from & young oge fo take an oclive intsrest
cience, technology, engineering and
(STEM) and fo study these
plines in high school ond universiy to
increase the number of skilled people the
country will need 1o davelop its infrestructure
and make the mest of the banefits inherent
in the fourth indusirial revelution.

ng

mathemal

The concern thet the fourth indusirial
revolution might decrease the number of
ob eppartunities applias 1o both male ond
female employoes, the panalists soid, but
while the public sacter ond some  lorge
privately-cwned companies might reduca
thei st headcount, othar opporiunios will

@ Hosee
s supervisors and maragers n such sefings

arise forsmall
and women

Women in Electricity - WIiE workshop feedback

Punkie Majola, the chairpersan of Women
in Electricity (WIE), told the audience that
Women in Eleciricily hold workshops to ossist
Women working in the eleciricity industry The
workshaps seek 1o document ond analyse
specific challanges women foce ond 1o
levelop an actian plan fo update WIE's
siretagy

SThekwini Eleciricily is in the process

registration, training and the assignment of
mentors, and career planning; os well as
addressing gender-based discrimination,
which includes sexual harassment
awareness and human resource diversity
workshops.

Majela said that 71% of those invited,
attended the warkshop. In all, 149
women from eThekwini and nelghhuurlng

of developing plans for
™o of the organisation’s programmes,
Vit, the development of technical staff,

which includes guidance on professianal

were present for
Mash of fhose wers elschriciana (48%),
followed by fechnicians (33%), technologists

Most of the fraining centres around core
compelence (30%), followed by fechnical
competencies (21%), with the bafance
being made up of soft skills, leadershin
and management, business cdministration,
computer skills and organisation software,
and language proficiancy, Majela said.

A highlight was the vis! ihe women made fa
the Mureay Primary School, and the Siscnke
and Jolobe High Schools n the Easterm Cape
where they preserted olks on the imporiance
of scisnce, technslogy, engineering ond
mathamatics 1o the leamers.
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Panel discussion: “4IR - Are we fit to
face the future?”

Tha conference hoard that rapid urbanisarien,
denmographic and social change, climate
change and resource scarclly, fochnological
breakihroughs in the energy sector, and

economic shifis are major disruplors in South

Abrca's energy and secial sirucures,

Panelists: Dr Willie de Beer [chair); Jonath
Caweod, PWC; Christepher Farles, Norso;
Yolile George, SALGA; Nelisive Magubane,
Eskom; Polek Mphahlele, City of Tshwane;
Ayando Nogh, Eskom; Prof, Doniel Plaatjies,
Finonce and Fiscol Commission.

Eergy hes chwors ployed on importont el in
allindustrial revolutions. I started by moving
from animal power 1o steam power, which
then moved o electric power. The digital
computer age inroduced the third revolution,
while the age of artificial intelligence erables
gher evels of automation, deto processing
ond robtics. Usities are: kely 1o ses fewer
Iurge-scole generafion projocts as llexible
small-scale embedded generation becomes
popular. This will require higher lavals of
investment in dish

fion networks o moke
sure they are flesible enough 1o cope with
sudden changes in load and supply.

The industry should use technology o gat
visibilty and control to improva customer

service ond reduce non-fechnical losses.
Utilifies should use medem fechnology to
improve cuslomer service: drones can monifor
fronsformers and sell drane monitoring
sarvices,

“Date is the new oil,” Xolile George said.
People should appreciote the value of dota.
New technolagy cap.gather and aeolyse
doto.and provide uilifies with frends which
<an be modelled fo help them fo moke more
informed decisions in their planning. it can
also nssist
<allection.

n the maximisation of revenue

“There re two werlds in SA: ihe haves

have-nots,” soid Prof. Daniel Ploatjies. New
10 bridge
gap batween the educotion ond moterial
dvontoges enjoged by the hoves, 1o upskil
thehovo-nats. New technology, if used

technology should be use the

incorrecily, will entranch poverty. Public
nvesimant in fachnafogical Innavaion must
serva fhe anfire pogulation, Prol. Plaafj
soid. Utlites moy hove to r
distribution systems are

the woy the
enoged, but hey
should be willing fo challenge the stotus quo
Ayando Nech reminded the conference not
10 lose sight of the factthat the electric supply

industry exists 1o serve the pablic. Smort mete;

the utily, but not necessarily

rollouts moy s
the users of electric powsr. This calls for o
mind-shilt 1o sohe
prevent the founh industriol

tomer problams and

olution from

becoming nething mere then o pige dreom
which is unable to deliver the axpected resuls
Vhile certain municipalities moy be
up fo benefit from ihe fourih

aring
industriol

olution, Polele Mphahlele said, the
changes are not spoken about enough
)
thay con continue 1o 0dd volus o technology
nakes fobs change, she said. It may be
cessary for national gavemment to foke o

Employees noed 1o be reskilled fo ensure

sad in getting the municipalities right, she
soid, odding fhat the municipalities wil not
e il enough lo cape with fhe challenges he
fourth indusirial revolufion will bring uniil they

get the basics right.
Jonathan Cawsod said that intersotionol
research shows thot mast municipal utilites
in most countries ore concerned ebout the
main challanges which occomponi
aurth indusiriol revolution: decorbonisation,

he

decer

lisation and digitalisation

To meat these challanges, municipal ulilities

cannot confinue doing things in the s

me way

chas ten difficul. Whils

some pockets of excellence, he said, most

uiilfies are siruggling fo change fheir way

of working

Decarbonisation maans using cleanar

generotion tes solor

foeding into
tric disibution grds which war d

o carry power frem @ central poi

s of load and have chuoys bes

this woy. The idea of muliple
supply and multiple paints of lad is ofter

serious chollenge fo municipal uiliies: Al the

soma time, digitolisafion, odkls new ways of

municipal smployees con
find daunting.

The panel wrapped up their discussion by

saying ot we must rethink the municipal

uiility of fhe futurs, They will need to foc

on putfing their customers chead of 1
processes — processes must be designed
offer excellent cusiomer service, This means
o

thot even with the of o di

tolisation

programime, municipaliies should invest

Neliswe Magubane
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Frof. Dnied Plact

ng — and modemising

uclure 1o accommodate new

systems

o Naaf

Regulation and legislation should support 6nd

encourage the uss of sleciriciy by the pul
ond should be used to prote:

them. Society needs 1o befree fo use

users rather

than li
moder fechnolagies, such es solar PV, salely,
bot withaut having to comply with complicated

rules ond ragulotions

Xolile Gearge said 1h

1 work is being done
to defin the axtent fo which he inraducton
ind
municipol ulities” worksiro
can be commercialised to assis to bolsrer o

of the f fal revelution wil offect

ms and how it

municipality’s finances. The study wil also

considar what impact the fourth industriol

revlution will b

ve on employment figures

‘and the types of work human baings wil do in

the future. The new revolu'

have an effect on how new infrast

pho

 designed and what changes might be
necessory 1o ealsfing infrastructure

The municipal iy business modsl may need
o change, but, occording fa Magubane
South Africa has the infeflectual capital fo
moks fhe
industrial revalufion to benefit the country

hanges necessary for he fourth

To anhance that copitel further, she soid
more training ond education will be nesded
1o encourage and suppor! innovation of
municipal urities

In closing, Chris Forlee said thof we nead nof

hese new ond developing technologies can
bring to the country. “Let’s implament thase
alaments of the fourth industrial revolufion
which fit reol needs,” he said.

asmg address

Lodies, genllemen and disinguished guests,
1.am sure you will agree that we hod o very
successiul AMEU Convention storting aff with
a sporfs doy on Sunday and culminaling
in excellent keynole oddresses, popers and
preseniations.
heard from @ number of delegates, this was
ane of the best conventions in respect of the
qualit af popers ond presentaticns thot wers
presanted

om the comments | hove

| think the fapicol nature of the 4IR fheme
iped in anhancing the volue-odd of
the convention, As you would have also
naiced, the speakers who preseqted came
from different backgraunds and with diffe
experi The fime and wifert put in by
each of the speakers was lso roteworthy
ond cammandoble.

Besides Ihe speckers, o number of ofher
stokeholdars alsoscontributed fo the success
of this canvention. In this espect plecse
allow me to thank the following people
00 behall of the lsadarship of the AMEL:

o The keynole speakers and the ofher
speakers

s Our

the City of Cape Town,

Rebhve Mckgosi, AVE Prasicort

Haosain Essop and Sipabulsla Gawede
and the rest of the logal organising
commites.

The City of Cape Town did @ wonderful
ok and g foken of oppreciation wil be
hendsd over of the end of the convention

« The AMEU secrelariat which, as olways,
did o sterling job in putting this convention
logather, which a5 you con oppreciate is
nof an easy o3k,

» The offiliates, os always, mode o
fremandaus contribufion fa the success
of this convent
exhibition areo and sponsoring the
worious actiiies, sessions and gifts o the
convention

n which includes the

1 also want 1o take this opportunity 1o thank
you fhe delagates for your cantributions
in moking fhis convention o success, Your
participation by the number of questions you
fielded during ihe various sessions wos olsa
noleworthy and opprecioted

| must paint 6ut that the sofiware opp SLIDO,
which we used for the first fime, wos o huge
success and we wil confinue 16 use e same
going farword fo field question:

With that said lodies, gentlemen and
distinguished guests, and with the power
invested in ma | now declara this convention
duly closed. Have o sais journay and ravel
salely back home.

Rafilwe Mokgosi, AMEL) Prasident




ENLIGHTENING THE FUTURE

Aberdare is a leading South African cable manufacturer since 1946. We bring a
new level of creativity, quality and safety to the design and manufacture of our
comprehensive range of electrical cables

We are proud to introduce our new range of locally manufactured
High Voltage Cables.

Voltage levels: 44 KV to 132 kv
- Metallic Sheath: Corrugated Seamless Aluminium (CSA) and
Aluminium Polyethylene Laminate (APL)

Services for installation, jointing. termination and maintenance is available

Choose the brand you can trust Choose Aberdare Cables.

i 1814 Barbara Road, Elandsfontein. Gauteng | PO Bax 1679, Edenvale, Gauteng, 1610, South Africa.
SE . Tol 4270111 +27(0)11 3968013 | s
Suznliars you can tnust
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Low cost intelligent outage management

by Worren Mathers, City of Ekurhulen

The City of Ekurhuleni (CoE) is the Indullrlnl hub of Gauteng, contributing 8,8% of the nal

ustrial

within its It is home 1

nal economy.

is @ priority for the CoE. Africa’s largest and busiest alrport also fall
3,5-million people, with 18,7% of the approximately 1,3-million

households in CoE being informal dwellings. Currently there is a backlog of 115 375 informal dwellings that are

not yet supplied with electricity. Supplying electricity 10 the informal
of the pro-poor focus of the current ferm of Council (City of Ekurhuleni, 2019).

A reliable distributien network is vital fo
ensuring that customers receive o high
stondard of eleciricity supoly with minimal
power autages. Numeraus challenges 1o
achieving this exist, which include, infer alio,
aging infrasiructune ond illegal connections
overloading the netwerk. An impartant
companent of managing the roliakily cf the
distribufien network is fo be able fo identify
polential problem arsas and recuenly foling
distribution equipment
Municipol customers affected by power
outages am negatively impacted in severol
s anging from reveris o by businesses
through fo the inconveniance of a home
without electricity, Municipalifies alio lose
revenue over the durafion of o power cultage.

To respand %o o power ouloge 0s soan o5
possible, in order fo minimise downfime, i s
desirobls o have culomated notiications of
power outoges. Additionelly, relioble statistics
on power outages con be used 1o identiy
circuits experiencing Irequent outages so that
remedial aciion can be token.

Supervisary canirol and date acquisition
(SCADA] is o salufion that con, inter ali,
meet the requirements described in the obove
porograph. Howaves, SCADA is costly ond
for South Alrican municipalities foced with
 high demand fo expand service delivery fo
customers lacking basic services expanditure
on an item of this nature can be seen os a
fmury

The nead for @ cost eflective and efficient
system for alerting staff 1o power loss evenis
50 that they can be rapidly rasponded fo, s

Discussion

Facors influancing adopsed solution

The coverage provided by the inslalled base

of meters being remotely reod was deemed

10 be aeceptable for the inendad purpose for

the following reasanis:

» Key customers and lorge business
customers are all mefered remotely

o Residentiol complexes with bulk
connections are metared remately which
wall provile: notifications f area cutages
in residential oreas sumounding the
compleses.

« Modems wilh the copabiliy to ganerate
notifications of power loss and refum
events could be refrofified fo sifes fo be

20

forms an imp

monitored within the exsfing contract with

the: remote mefaring service provider.
Suitable open source software, for which the
nacessary in-house skill o develop a system
1o geographically display received powe loss
events and fo log received power loss and
power reurn evens was avalable.

Fower foss ond return even olerfing

Currently a tolol of 10 724 sites ore remolely
mefored. OF these sifes 1153 are equipped
with modems capoble of generaling
nofifications of power loss and rturm evants:
The distribution of he remoely motered sites
and sites with modems capable of generating

natfications of power loss and return avants
behween fhe nine distribution business units

&

and power event ipobiliies betwsen DBUS.

Fig. 1: g

Meteringonline Alert

MoL account
(Gateway 94366): |
Pawrer Loss at 2019-08-21 21:44;22 UTC

well os disploying curent pawer outoges cnd L4 Fandar 2
logging power loss and relum events was
identiied by the CoE's: energy deparimen.

The energy depariment investigoted the
feasibility of automoted e
notifications of power outages, o3 well Fig. 2 Emoi coment o power loss noticalion
a3 recording of power outaga satisics, =
using eisling modems used 03 0 metering | s =
communicotion medium for remote metering | eisifeson of mplemel Intm e an

oy bl 43221 Momentary
faget o
ot no codt.

tha are.

'min shall be claswied a4 susaned inrroplisns

The implementation of the system, and the
benefits obtoined will be discussed in the
following section Fig. 3: Unplanned power i » 2007),

————
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(DBUS) wihin the CoE's anergy deportmentis
shown in Fig,

The modems insiclled of the sies that are
monitored by the system con provide a “last
gasp” notiicotion, befors powering dawn, of
a power loss event that hos occurred. When

@ power return event ccours, the modem s
powsred bock up ond provides natficofion
of the power return event.

The notiications ars received by the remote

metering servica provider, who then sends

the lellowing notifications fe the energy
department;

o 5MS notifications 1o stal whose: cell
phone numbers have been included in
the nofification list.

»  Email nofifications 1o sioff whose email
oddrasses have been included in the

e

]
V

o poe
Tecaco Frop Py 4 Fewder 25

—
Fig. 7 Visuslisation of curent powet Outoges within Excel 3D mop.

©)
©O=C)
®
O (O]

nolfication fst. An examgle of the confent
of an emoll naffication is shown in Fig, 2

A hypertext transfor profocal (HTTP) post
requestio an eneray depariment hyperiext
preprocessor (PHP) server for further
processing

Display and fogging of powsr Joss and
retum events

The display and logging of the power loss
and ratum events Is accomplished using o
PHP servar fogaiher with a script supplied
by ihe remote melering service provider
to process the HTTP post request sent to
CoE, as well as the following open source

o A PosigreSQL databose, an open source
relotional database (Pestgresqt.org.
2019}, for the processing and logging
of the power loss ond retum events
received vio PHP together with PostGIS,
an open source spaiol delabase exender
for PosigreSGQL {Developers, 2019) fo
spatiolly enable the PostgreSQL database.

o GeoServer, an open saurce server for

sharing geospatial data (Geosarverorg,

2019), to publich the spofial doo.

Leafle!, on apen source JovaScript librory

for publishing interactive maps (Lecfieis

com, 2019}, fo display the map showing
current power outages.

The HTTP post raquest parameters ore
processad by the supplied PHP script residing
an the PHP sarver and the siotus (power loss
o roturn) of the site/s for which tho event/s
accurred is updated within the PostgreSGIL
datobose.

The updote triggers o stored procedure
which then logs the event after assigning
@ sequentiol (per site) event number to
the event and, if o power refurn event,
colculoting the power autoge duration and
clossifying the power outage in accordance
with Fig. 3 for inferruption durafions langer
than three seconds and as o vollage dip for
interruplion durations fess than or equal 1o
three seconds L
PosiGIS is used o add spafial geometry to
fhe relevont fables within the PosigreSGIL
dotohase thus ollowing the data fo be
geographicolly located. The Geoserver
publishes the spatial dala through
connecting o the PosiGIS database via
o sore and using styles to control the
appearance of the various geospatiol layers
published. Leaflet is than used to display the
map in o web server

A map [Fig. 4) of the cument power outages
(owerlaying the installed base of remotely raad
meters| can be displayed in any web browser
from within. the: CoF ICT network using an
intranet LRL.

R e e S T R = LT e o
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n ranking by DBU for number of intemugtions

rom 14 December 2017 1o 22 Augast 2019,
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Fig 10: krupton tonkig b e evtomn) o mmbes o tuptons

4 Decombor 20)7 i 22 August 2019

Reporting on and business intelligence
from power loss and return events

Reporting on power loss and raturn event
history s achieved using MS Excel (Fig. 5). The
spreadsheet is cutomaicolly updated through
‘@ data connection 16 the PosigreSGI database
wehen the spreadsheet is opened and updoted

every five minutes while the spreadsheet is
open. The sprsodsheet can then be used to
anolyse ond report on the dato.

A separate workshoal within Excel also shows
details of curtent power outages including
the date and fime of the power loss and the
durction of the current autage (Fig. 6).

The: current power cutagss con also be
visvalised spatially within Excel using 30
maps (Fig. 7)

Business inielligence (B} software, is also
used 1o deriva information from the doto in
the form of dashboords providing readily
available visualisations of the informotion
o employ
decision making. Since the ICT depariment
hes indicated that i intands to standordise
on Micrasoit Pawer Bl as the Bl software
for CoE Power Bl was utilised for this
purpose rather than one of the open source

o3 10 facilfate planning and

aliemnaives.

Fig. 8 shows the inferuption ronkings by
DBU in terms. of number of internsptions
over the period since implementation,
14 December 2017 unil 22 Aygust 2019,
whill Fig. 9 shows the same statistics for the
month of June 2019 agairst the backdrop
of the folal number of inferruptions over the
period in Fig. 8.

Drilling down on the interruption ranking
shown in Fig. 8 shows the interruption
rankings by site [customer) in terms of
number of interruptions over the period since
implementation, 14 December 2017, uniil
22 August 2019, The resulls are shown in
Fig, 10.

The critera for the inferrupfion rankings can
be based on any meaningful measuro, .
the inferruplion rankings can be based on
the sum of all outoge durations per sie over
a period rather then number of intruptions
ower a pericd. Information of this nature assisty
in identifying problem areas ond frequently
failing distibution equipment that oftention
needs 0 be given fo

Fig. 11 isspatial visualsaion in Power Bl of
an area ouiage that oceurred on 6 June 2019,

Limitation of methad used 1o generaie
power loss netification

A limitation of tha system is that the ssiem
cannal distinguish batween unplanned or
planned power interrupticns as the only
notificotion is for 1
of power.

absence or presence

Future enhancements

Edrapolofion of received nofifcations o
identily the ful extent of an area outage

The possibility of using avoilable data on
substation zones fogether with notiicatians
of power loss events from modems located
at check meters on substation feaders,
as well as developing GIS based fandar
connecivily models, 1o allow power foss
nd rehurn events for customers downsiream
of feeder outoges fo be roeliably logged is
baing investigated.
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Colculofion of estimafed energy lost due o
o power inferrupfion fo 1 cusiomer

The power loss nafification includes the relling
12-monih maximum demand for o customar
The value of using fhis togelher with the
internuption duration in hours and the lood
foctar for the subsiation zone wibin which the
customer falls 10 eolculote: on estimate of the
onergy lost 03 0 result of the pawr inemupiion
is baing cansidered

.
, SMEC

3 South Africa
‘Member of the Surbana Jurong Group

Multi-disciplinary consulting engineers

g. 11: Area autage on & June 2075,

Conclusion

The system has shown itself to be an
effective snd efficient low-cost method
for the display, monitering and alerting of
power loss and refurn evers. |1 provides
the underying historical dete to ossist in
e areas fhat coniribute fo

network downfime thus providing valuable

identifying p

input o contributing to eptimal reliobility
of supply 1o customers. There is potential

1o substantially snhance the valu

from the system through furth
and development
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Relevant skills required to survive and
thrive in the fourth industrial revolution

by Heino van Joorsveldt and Corsie von der Wath, Matleng Energy Solutions

is

The fourth industrial

by ies which are blurring the lines between the physical,
5

digital and biclogical spheres,

asso:

the very nature of the work we currently do.

With the increased utilisation of robotics,

on and artificiol intelligencs

is worth nating that in 2018 the global
the lowest
ong comelation

automo

unemployment rate fell 1o 5,23
level in 38 yeors [1]. The
between the fourth industrial revlufion and
ot raes should theredora in

high employ
o sense of opt

time when jobs will be more cccassible, more

nism as we: move towords o

flezible and more liberatn

Our ability 1o not enly survive, but 1o thive
ial revalution is

during the fourih indus
dependent on the fundomental issus to
understand wha makes us a5 humans diflerent
from fechnology. This moulds the core from
ond knowledge stem
It is essenial o understand fhet technology
does ot fester o need for survival, nor does

which our emoficr

t possess any frua emations,
In an employment landscope that is ropidly
avolving, it s imporont 15 understand that not
only jobs are changing, but olso the required
skils 1o perform these jobs. I is therefore
crucial that we prepare by continuously
improving ourseves through strategic skills
development
1t fs. inevitablo that we will experience
fundamental technolagical change. The
challenge however wil be fo guide our actions,
fo ensures the besi, most inclusive autcomes
for all.
Background
The word “ravolution” denotes abrupt and
rodical change. We can therefore say that
variaus rvolutions hove accumred throughout
histary when new technologies and our
percepiion of fhe world triggered profound
changs in ecanomic systems and social
siruciures (2]
The firs profound shilt in aue woy o living
is refesred fo o fhe agrorian revalurion.
his revolution combined the sffaris of
animals with those of humans for ihe
purpase of produciion, fransporfafion and
communication {2,

The agrarion revolufion was followed by o
series of industriol revolufions. that begon
in the second holf of the 181 contury, For

The rapid
ted with the fourth industrial revolution will change the way we nteract with the world and revelutioniss

T |
et S
| e |

e ] |
e

ISenURNg an evabatng job-reievant
frieeag T |

s T

Eor=t

Reasaning and decison makg

Fi. 1 Rok of Pamorsmodhin werking b ov 2018 9],

o befter understonding of the principles of
the faurh indusirial revolution, it is important
fo understand the history and the origins of
the ofher indusiral revelutions that pracedes
the fourth,

The first industriol revolution

The frstindustriol revoluion is choracterised
by the shift from our relionce on animals,
human effert and bicmass o3 primary
sources of energy 10 the use of lossi fuels
and the machanical power this enabled [3)
Mechanisation, steam and the prolficacy of
water power became the order of the day
during the laier stages of the 18th contury
The first indusirial ravoluion spanned from
appraximately 1760 fo 1840 [2]

The second industrial revolufion

The second industrial revolufion occurred
between the sid of the 19th century and the
first twe decades of the 201 century (3], This
industrial revelution is seen by many as the
petiod which introduced the mest changes
The technelogical advancement which led
10 the second indusiiol revolution unlocked
major braakthroughs in the form of electricity
disribuien. Rapid advances in the ersation

of stecl; chemicals and slactricity helped
fuel production, Including mass-produced
consumer goods and weapons [4]. The
second indusirial revolution wos characerised
by the rapid growih of cities, prominence of
public ransport and the number of foctories
fhat began, people’s lives became reguioted
by the clock rother than he sun

The third industial evolufion

The shird industriol revolution began in the
1960s. This revolution is often reforred 1o s
the computer or digital revolution becouse
it was catolysed by the development of
semiconductors, moinframe computing
{1940s), persanal computing {1 970s and 80s)
and ihe infernet (19905) [13]. The information
technclogy (1T) age with the devslopment of
digitol sysfems, communicotion and rapid
advonces in compufing power enabled new
ways of genercting, processing ond sharing
information [4]

Tha founth industrial revolytion

We are in the incepfion stages of o new
indusirial reveluion that according to Kious
Sehwob (founder of the Warld Economic
Forum) will not fust change what we do
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| The Intemet of Things T).
Ariicil imeligence

sim ol empowering ourselves 1o thiive in the
fourth industrial revolution. As Schwab soys:
“There hes never been a time of greotar
promise, or one of greater potential perl” 3]

Whik ct that we are sill af

Mochine leaming (Al

Physical

Biolagicol

Tabl 1 Tchrologiol drvee o the
industrinl revolution (8]

and how we do i, it will changa s [5]. The
fourth industrial revolution is chorocerised by
tachnolagies which blurs the lines between
the physical, digital and biological sphares,
commonly referred to as cyber-physical
systems [3].

The complesily of thase technologies ond
thair mergent nature makes many aspacts of
the fourth i unfamiliar

sugesoi e fourth indusirial revolution means
thot it impessible o know the precisa impact,
four keyimpact areas should be considered

Tachnology

Some of the technologies that will shape the
fourth indusiriol revoluion and defirs the nea-
gensrfion humon enferprise, connedlivity and
ifestyles are already here, but have nof been
scoled fo everydoy uillisation. This is due to
the fact thet the regulotory environment, legal
considerations and other issues currently
cutwaigh fhe benefit ia innavate [7]

The developments of digital, physical,
and biolagical technologies ore thres
fundamental technclogical drivers of the.
fourh industrial revolution. The basis of the
Tourth industrial revelution is not cnly vested
in new within the

by 2050 [2). Ancther powerful demographic
trend is the overall oging of the world's
pepulation. Ageing is an economic challenge
inthe fact that refirement ages will hove 10 be
creased so that older members of society
can continue to contribute to the worklorce.

Sacial

Tachnology and the fourth industiol revlution
will continue to chenge sacietol velues. More
thain 38% of the warklorce in the Unied States
of America currently functions os freeloncers
[6]. The shiltin socistal volues are often fuelled
by autonomy,flexibiity and ndd tionol income.
W s estimated that within the next ten yoors
mare fhan half of the American workiorce will
b froelancers. The societal shiffiniraduiced by
the lourth indusiricl revalution wil therefore
ol only chonge fhe way we wark, but also
how we interect with ofher humans.

Education and troining

The technological advancements often

respective areas of technology, but the fusion
with each other. These three technolagical

ond, to many, threatening. The foundation
of the technology of fhe fourth indusiriol
fevolution is reliont on the infrastructure of
the preceding industrial revoluticons. This
revolufion w\"lmwwvw!uplesm' rew wors o
‘which technolog,

drivers 4 in Toble 1 (8]
Economic

The fourth industrial revolution will have o
monumental impod! on tha global economy,
of which the effact will be so vas and

socicties and even our human bodies [3].

Some of the most notable tachnologies
shaping the fourth industrial revolution include
Qenoma ediing, mochine inlellgence (Al new
Is, 3D printing, Infemet of Things floT),
big data, blackehain, gencfic sequencing
ond synihatic biology. The tachnalogies can
all be cluslered infa throe distinct categories
Physical, digital and biclogical, hence the
eferenes 1 cyberphysicol systerms.

The fourth industrial révolution (4IR) is olien
8en as o very obetract concep! with massive
disruptive potential. i is however o true
flaction of our desires and choices fo shops
0 better future

Potential impact of 4IR

An industriol revolution is generally
Characirised by odvoncements in fechnology
that is applied to improve the process of
Production, The fourh indusirial revolution
however has the potantiol 1o be so much more
than just some impravements in @ production
Prices,

Wih every indusiriol revolution comes refining
Shiftsto social, econamic, environmental and
Politiced sysiems that iruly alfer the course of
Rumarity [6]. i iz imporiant fo understond
tha tome of thasa shilt are foresoen, ond
Other ars complefely unforeseen It s thersfors
Sssential thet we focus on upskilling with he

kes it difficult to exomi

individual aspects, Thers are four factors of
preduction that ful econamic growth: land,
labour, copital ond enterprise. Today, the
world is alfcining S2% of s enirepreneurial
copocily, and fhis mumbee i deciining year
on year [6].

The world’s population is forecost 1o
expand 1o B-billion by 2030 and 9-billon

k]
oo, |

revolution
will impact our obility 1o occess Wraining
for employment. Education and froining i
directly comelated 1o economic growth and
will tharefors be one of the major drivers for
e fourth indusiriol revolution. We are olso
migrafing o a system where students ore less
interested in stale curriculums and keener to
ok sharfer, skills-based rcining thot is more
relovant fo today's workplaco. Tha acquiring
of *on-demand® skills will become very
relevant which will allow employees o odopt
1o their changing roles and responsibillies
raquired by employers to ensure that they
remain 0! only compeiive, bul relevant [4].

Future of jobs

With each new indusirial revolulion new obs

Fig. 9 Rotio of human-mochine warking hours for 2022 19),
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are croated and old jobs desiroyed. A much
debated topic: regording the fourth industrial
wolution revolves around the foor thet with

technolagical odvancements ond incroosed
automation, the lourth industral revolusicn
might increase unemplayment significently.

Commen fo fhese receni debaies
s an awareness that, os technofogical
breokthroughs rapidly shift the frontier
between the work tasks pedormed by humans
and those perfarmed by machines and
algorithms, globol lobour markets are liksly
to underge major fransformations. The
chalange fies within the monaging of these
iranstormofians to ensure goed work, goed
jobs and improved quality of life for oll  the
transformatians ore not managed wisely, the
fourth industial revolution poses the risk ef
widening gaps, greater inequalify and
broader palorisation. In many ways he time
o shape the futurs of work is now [9].

According fo the latest Guarferly Labour Forca
Survey (QLFS) resulfs released by Stafistics
South Africo (Stots SA), South Africa had
an unemployment rate of 27,6% in the first
quarter of 2019 (10]. Approximately 60%
of the Cauntry’s unemployed, dor't have
o Grode 12 corificoto, and those sacking
further educafion are gravifating towards
business, sconomics and socicl scisnces [11]

1t s further estimoted thet by 2020, as
many os 80% of all future jobs will raguire
o STEM (scienca, technology, engineering
d mothematics) educatian [11]. The
high unemployment rate of South Ahico,
accompanied by the relevont low level of
educolion and further lack of interast in STEM
aducation il laave a sigrilicont deficit in the
country's skill reseeve

A comman trend of the fourth industrial
revoluion i disruption. Disnuptive changes fo
business modals wil have o profound impoct
‘on the future of the South African employment
landscape. It is estimated that the disruptive
nature of the fourth industrial revalution may
vanga from sigaificant job creation 1o job
displacement, and from heightaned labour
productivity to widening sidlls gaps. By ene
popular estimate, 65% of children entering
primary school foday will ultimotely end up.

don't

RESKILLING NEEDS

Fig. 3 Reskitag

basic insindt 10 survive. As we axpand cur
knowledge, we esiablish the abiliy fo interact
without exposing ourselves fo fhe shoralls of
emofianl weoknesses.

it is essentiol thot we understand fhat we, as
humans, ara fundamentally different from
mochines. Humans beheve accarding fa their
conscicusness, whilst machines only perform
as they ore faught. Gur acfions are based on
knowledge ond thersfors humans perlorm
acfivilies os per their own intelligance. In
direct controst 1o this, mochines only have
artficiol intelligénce, Maybe the most siking

needs (9],

the complete integration of our emofions with
aur knowledge.

Skills development

In such o rapidly evolving employment
londscape, the ability 1o anticipate and
prepare for future skills requirements,
job content and the cggregate affect on
empleyment is increasingly critical far
busingsses, govemments ond individuals n
arderto fully seize the cpportunities presented
by these frends ond 1o miigate undesiroble
oulcomes (12]

in cur ersctivty, which allows us o da anyihing
original whereas machings can't act on o set
o creative skills

The fourth indusirial revlution will usher in
an era where machines will reploce human
afiort in more aspects than ever seen bafore.
It s important for s to understand where
machine working hours will replace human
Werking heurs: But even more imporion i our
fundomental undarstanding and exploration

hines wil not replace

evaluation is ane of the
most important communication tools an
arganisation can use, Performence evalution
creates awareness around key strong
perdormance areas and loss strong area that
ean be impioved on. i olso enhancas tsom
intogration and performance [13]

Employers surveyed for the Future of Jobs

repart 2018 esfimate that, by 2022, no

Tess thon 54% ef oll employees will require

significont reskilling and upskillng. Fig. 3
;

o the aspe
th Thase areas of skills will

working t
eaist foday [12].

Many of the in-damand occuptions or
specialities of today did not eist ten years
ago, and the pace of change is set 1o
only accelerate. It is tharelore essential fo
undersiand that future jobs wil increasingly
require complex problem solving, social,
peaple and systems skill.

Triumph of mankind

Our thirst for knowledge is vested in our

emotianal intelligence that stems from our

become erifical for oug survival. Figs 1 and 2
ilusirate the ratc of humen-machine working
hours for 2018 and 2020 respectively.

From these il con be seen that communication,
coordination, reasaning and decision moking

will remain tosks heavily reliant on humans. It

relevant to.
the scope of reskilling required [9], Although
the gruph shows that 46% of oll emploress
wil requira 00 reskilling, it olso shows that
appeosimately 1 9% of ampioyses wil require
reskilliog in excess ofsix months, s therelore
crucial that employers focus their atlention on
the reskiling of heir employees fo ensure that
disruption does not socrifice

con be used for the benelit of oll mankind.
The challenge will however be to smbrace
technelagy, but not 1o bacome it

It is essentiol that we identify these relevant
areas where we nead fo develop our skill for

jobs.

The increase in the relianca on technology
accompanied by automation pases the
quesiion whether o nof robos wil replace
human beings, Whie experts have wamed that
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there wil bo on incroase i job cutonarion

The essance of leedﬂsmn revolves oround

upskiling n s to-empoer cursales to

the fourth

W‘dﬂmhﬂul intell d, whilst
g8 e leoding h industriol revolution.
e e e e e
1141 e o s R dboutven s ™2 Nelson Mandela famously said, “May your

arow in importance os fechnology becomes
more influentiol. The following is a fist of
skill that when developed will form  holisic
competence level which is ruited fo aess

successes, ance you ore o leoder, it s about
the successes of those around you.

Business skills

choices reflect your hopes, not yeur fears.”
There has never been o fime where we had o
moke more important choices than fhe present,
Vo oll have o choics betwesn feor for whot the

ges posed by he Fourth Indusiricl
Revolution

Crticol thinking:sills

To sea the essance of whal neads fo bs
resalved and the obility 1o reselve it without
@ daloy. Crifical thinking skills refers 1o the
enalytical ability of o parson, the tolent 1o
connact the relevant dots to se fhe bigger
picture.

Techaicol shills

Superior praciical fechnical solufions 16
comect stondards and needs. Technicol skill
allowryou o be the moster of your ciah. These
skl refor 1o knowlsdge supported by relevont
copability

Project monagemant skills

Delivering o successiul product/praject siart
to finish, Including servicing ifs lifecycle

Pecple, praduct, d
The purpase of developing businass skills s 1
creote o business mindsel, focussed on vision,
mission, sirategy, structure ond securing fhe
future. Relevant business skills will allow on
individuel 1o keep it simple and understond the
volue ond contribution of every implementsd
system.

Financiol skills.

Refers o he efficisnt ond effective management
af money in such @ manner s 1o accomplish
the obiectives of the organisation. Financial
skills refer 1o those skills required 1o keep
scorm for the company in the most bensficiol
way, whilst ensuring, clean, legol and wel
documented systems.and procedures

Diive and will

To be aware, ocive, dlive and porticipating
in nachmlw compony geuls. rive ond wil s

PUrpose. Projact is the proctice
of initating, planning, executing, contraling,
and elasing the wark of a feem fo ochieve
specific gools ond mest specific success
criferia o the specified fime.

Pecple skills

Bringing out the best in people while
ochisving together. Peaple skils creota rusiing
elationships that do ot diseriminote in terms
of gender, race, culture, politics, religion
for any other sterestyping). Well-developed
naoa- skills onsure that perscral needs do

passion
e I o oy v
A person with drive ond wil is snergeticolly
and enthusiastically engogad, on inspirotion
to others and future sell.

Conclusion

Thatairth i

bring, or hope that through owr unique set of
skills we can embrocs innovation fo ereale o
btter world for ol
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Electrical master planning for the fourth
industrial revolution

by Hilion Boorimon ond Steyn, GLS Consulling

Smart cifies, driven by the fourth industrial revolution (4th IR), seems 1o be the buzzword in infrastructure

development and procurement foday -

methodologies are outdated and not suffit

A modern methadology for developing
o full moster plan, from LV 1o HV level,

ted in this paper. The moster p\ﬂ'\ s
doveloped in @ modam sofware pockage
combines and consolidates several
sefs info one geospaiol moster modsl
viewer. Lood analysi

de

nd patierns, the

o

network model and GIS are combined
lop 0 comprehensive moster

ona fool fo deve

plan using dofo aggregation ond ancly
Lood forecasting and anolysis is dane th

ugh

alysis of the ufilty's billing system and MDs

s bosed on the utity’s own
4 in the utilty is geospatially
linked tos o supply point in the netwark mads!.

Tha master plan is then finally presented
hrugh an auto-generated master plan report
with projecis and costing of said projects. All

of this can be viewed on an onfine web view

ot wilh

which enables users fa infer

plation

the master plan, instead of if jus! being o
simplistic pdf document

The 4" industrial revolution

The 4th indusiricl revalution (IR} contres an
the communication, processing and analysis
of large datasats to make informed decisions.
The: powor system of the 4th IR is one thot
constant monioring via interet of things
{loT) devices, and is seli-healing through
superyisory- and control systoms with built-in
mielligance. Furthermors, in the futurs power

system consumers can bacome prosumers
through small-scale embdded generation
(SSEG) with intelligent control units. Smort
metering s also being rofled ouf fo bulk-,
crudit- and prepoid consumers which ollows

for marm aceurote consumption- and demond
statistics fo b accumulated

The status quo is that long-tarm power system
planning. or master planning, is being dane
s independent systems
mol dala infegration betwsan

the dalosets. These processes aver fime
cause several datasets, created for different
purpases, to ba developed o3 oppused fa the

but what informs these deci

ns, and are we making smart ones? B
jent to address long-term planning for the ever-changing power system.

sting

.
.‘

e @
+ O

Fig. 1: Master mod

planning enly. However, master plans for the
power sysiems of the future should consider

fany mare faciars. These include

o Load forecasting from o reticulation evel
upwards

 Operationl ond maintenance planning
for existing inkrastrueturs to enhance asser
i

& Asset monagsment plans which
incorporate the underbing master plan
5 ¢ . i

our offiine and online date ino common,

lerchangeable dotosets

1], Master plans
of the future should ultimalely allew us fo
make smorter decisions on cur infrastructure.
opsrations, mainlenance and planning

The World Bank reporfed That Sauth Africa
is ronked 109 in the world in terms of
“getting electricity” in their annual “Doing
Business” roport [2]. On overage, it fakes obout
112 days rom application unit instaloion for

i cycle information eboit the assets

Asset replacement protifisation plans
which leck ol the risk of power system
infrastucture foiling ond the consequence
o feilure

» Revenus analysis ond enhancement

The above-mentioned factors or sutputs

of one mult ceniral

i not

This ivin part due

tothe lack of facililating procasses and sysers.

There ore thus the follawing areas of concem

40 address in ferms of master planning in fhe

i R:

o How do we ensure masimum benefit from
the vorious dafa saurces we have?

datobose. This creates a siluation where data
anolytics can only be applied o o limited
extont on current planning datosets

Traditicnally, master planning has aleo facused

from the same underlying dmu\nr The 4th IR
has a large emphasis on data cenfralisafion
and this should be the main driver bel
the asie plans of the fuure, The nead

o Whotisthe opfimal balance batwoen risk
urd vesiohi
our existing asset base going forward?
o Arsiourcurront load models elling us the

full picture and can we plon our networks
more efectively with mors (and more

on long-ferm power sysiem

{or tools that

data
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Typicaty ysamission typs tems
Widesprand mpact (25000 customers)

impact foonseguences]

Low

Likathood probabity)

Typlealy dstribution type ems
Lozal impact (€5000 custormers)
oo ainond (1 13 & yowrs)

Fig. 2: Acsa postili risk matix (3]

i, 3: Energy prechction modef s input s ADMD predickion mvie {71

* How do we raise the funding for he
necassary plans of the future, when
considering that the “kilowott hour
business” is dying?

fo invest into one consolidoted master model
which wil daol wih various planning nesds

With advancement of technology, the moster
model should also interact and integrots with
vorious other systems: For example, the moster
the full model or

This paper aims to explors these themes 0nd
i . sl
or how they

The master model

A masier model combines ol our various
dota saurces ond integrates info vorious
Oiher systems os on cutpot. The masier model
PfOposed in this modem scifwara pockoge
selulion is o fully geospatial model which
1% formed with dots sourced from the ufity
thiough various interactions. The master
Modal must ultimotely pull and push dofa
from and 15 various other systems. Current
Moster models are created in different,
Unconsolidated systems, rasulting in oul of
S0 datosals with limited bereli. Utlities need

ports of the model info o format thot can be
imported info power syssem analyss fools o3
per Fig. 1. Utimately, the mester model must
be a digital twin of the real-world network
and should include the LV nenwork where,
arguably, the lorges changes are happening
and will continue to happen in fhe light of the
onset of SSEG

Asset management planning

South African distribution and reticulation
networks ore foirly oged and in most coses

need urgent upgroding. However, utilities
have limited budgets and sfill have fo ensure

reliable power supaly to their customers.
ies need ta ensure that

Going forward, u
budgets are optimally ollocated for.
o Assel creation

' Asset operations and mainfenance

Traditianal master plans enly speak 1o
the asset creotion and to o dagree, osse!
upgredes o3 well some refurbishment
However, a holistic view of the replocement
priorifisation that should be in place 1o guide
copitol expendilure is not place. A fechnique
10 develop  replacement priorty risk index
hus bean developed. The assaf replocement
priority index score is:

where: Lo =ZEJLAXOR )
=B CF X 0F

and
This asset roplacement pricrity index is
informad by verious waighiod factors
according fo the relative severiy of the
foctor, Some influencing factors include:
Plant condifion

Current looding

Future looding

Age

Theft

Failures

DR R

Cost of replacement

fsset operations and maintenance can
be done more accurately ance all of the
assel condition informafion is caplured in
centrolised system with o clear plon on the
mainfenance requirements of fhe ossels, If
aisting systems are in place with dofg for the
assel operafions and mainlenance, fhen it is
suggested that he O&Msystem infegroles with
the master model and plan. The avicomes of
the ARP methadalogy provides a risk matrix
as shown in Fig. 2 [3]

The ARP risk score shauld thus inform copitol
exponditura on upgrodss, relurbishments or
renewals for the utility over o predetermined
planning period. This, however, connet be
done inisolation of the master plan os the two
dotasefs noed 1o inform each ofher

Load modelling and forecasting

Load modelling is on established area
of reseacch in South Alrica with various
mojor contributions such as the NRSG34-1
rasidential load models and the Herman Belo
method [4 - 7],

The design and plonning of networks are
done with the affer diversity maximum
demand (ADMD) of u lood class or usoge
group. This ADMD is fundamenial to the
sizing of fhe load and thus hos o significont
impact on the final design and consequent
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funding required to supply the load. The
development of Ihe load madels hos been
based on o probabilistic method where fhe
ADMD of the Ioad is estimated based on the
estimated anergy consumption ol particular
lood class over & month. Energy consumption
is reloted 10 demand (KVA) os shown in
Fig: 3 and 4 [7.8]

The current geaspatial load farecasting (GLF)
method is not ahwaysas accurate as expecied
a3 per.|9), but becomes more occurote with
finer spatiol subdivisions (9,10]. Modelling
& 0 pa standyarf bosis i the most granulor
and consequently most aceurnte spatial
subdivision

A prapased method 1o obiain the demand of
a customer in o nefwork, is now presented.
This propoted method is summarised in

Fig. 5. Ensrgy is matered of
o house or stand level with cither credit- or
and prepaid mefers. Credit mefers con
give o clear indication of the consumption
pattarn, on @ monthly bosis, of o porticular
customer. Prepoid customers’ purchase history
s anclysed over @ period of af minimym
twer yoors fo determine their average energy
usage, The average annual doily consumption
{AADC] per stand is calculoted 1o obtain o
bass enerqy valua for a typical 24 hour doy
for & customar. Avarage load shapa librariss
from the GLF standard s used [4]. Some of
the odvantages of using o utility billing system
dotabose is thal this fypically also provides
valuable informafion such as:
o Land use of the regisiered erf
o Zoning of the registered erf
®  Usoge and demand of ofher ufility services
such os waler
At the onset of the forecasting madel
population, snch stand within the utlity supply
area s populoted with an AADC valus and
loal class with o stondard 24-hour lood proile
shape assigned 1o each stand. A key diflermce
o the standard methodology is that whers fixed
apparent power (S) peck values ore assumed
for each load class, this methodology does not
cssume o peok value per load class, but rather,
calculates the peok valus for each stand, jn
relation 1o the stand's actual, metered anergy
consumption (ADC) o,
The maximum demand (MD) for each stand
s colculoted as par the equation:
AADC (kWh)

"nckv‘)BU.PF,ZM

12

A particular problem with South African LV
networks i the lock of 1V network data, ond
consaquant lack of visibility in LY networks.
Metwork SLDs are typically only coptured
up 1o the level of MV/LY minisubs, which
lsoves uncertainty as to, which stands are
supplied by o porficular MVAY minisub.

ety
oo

i
-
oy

i

Fg. 5: Geospanil lood medaling process fiowehart,

The new proposed salution addrassas his
issus by employing o stand-to-minisub
eross-referancing feature, which sporioliy
mops each stand 1o its closest minisub ar
MV/LY transtormes. Fig. & shows an example
of the spatial mapping fechnique applied fo
 minisub. Fig. 7 shows o network view of
the spatiol mepping of stands fo minisubs.
A vary useful axtension of the capobilily of
this faature, is that the some cross-referance
mapping fechnique can be opplied on
LY networks, in order o map each stand
foifs nearest LV kiosk. This promotes the
copobility to model and perform sfudies on
1V networks.

A compasite or wggregoted lood profile can
then be viewed ot @ minisub- or other supply
point level (switching station, substation,
ete) with improved accuracy in the load
mix representotion, since esiimation errors
introduced by exfimating the representation of
Tood classes in o brood area is reduced. Figs. B
‘and 9 demarsirate this agaregation concet,

The last ssep in the deivafion of the network
MDs ond ADMDs isto colibwote fhe madelied
agaregoted load profile with thai off the
meosured peak load of the network. The
lowest poit in the network where lood daia
‘measurement is typically avallabl, i o the
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New-Gen™ Ready Board System

Over the last two decades traditional ready boards have answered the demand for a rapid and safe
way to create a very basic eléctricity supply to homes that were ot previously connected to the gric.
Dueto the fact that the installation was only in one room there was an increasing risk of homeowners
distributing power 1o additional 0oms in “creative” ways.

The New-Gen™ ready board System is the worlds first expandabl
system. The New
The key flature that makes this reacly board system unique is the fact that the
‘room extender” can be attached in a daisy chain method throughout var

roams in the house,

The room extendars are available in different cord lengths: 3m, 7m and 1 1m
o ensure that there is encugh cord for installation In different applications.
The device plate at the back of the soom extender makes installation

easy & efficient as i can be done vAthout the use of an electrician

Room Extender mounting instructions:
- -)
= - "
5 3
STEP 1: STEP 2: STEP 3: STEP 4:
Mount the mounting Hook the first unit Plug the first unil into the New-Gen Rapeat steps 1 and 2 and connect
Plate to the wall using at the top as shown | ready board, the second unit in a daisy chain as
3x8mm screw/plug. above and close it shown.
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(] .

110 EN50216. Leve 34
«Pole & wall mount
25,50 & 80mm
s press Lo-te « Not Flammable
+ Eskom Approved: 240-56063908 Rev 2 Non-canductive &Non-ce
Weather and UV resistant
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Fi. 8 Grophicol amample of combined faad profle at  comeman supply pout
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Fig. 9: Bxample of a de-opgregoted view of a combined koo profe,

HV/MY distribution substation, where 5. or 30-minute rasclutian dota is typically
manitored. The lood mix and the omplitude of the downstream loads are fhen
calibroted to balonce with the actual measured profile; Once colibrated, o set of
ADMDs for each load class in o specific zone is avalloble. done

on various levels of gronularity, such as the enfire supply
zone of an HY/MY disibutian substaiian, th supply zone
of an MV swilching siafion, the supply 20ne of a minisub, or
even as gronulor os fhe supply zone of an LV kiosk.

The foracasting i done after sstoblishing the nefwork MDs
ond ADMD:. Tha municipel sgatiol development ramework,
gromth trends, eloctrifications, housing- and other plans are
all analysed and consalidafed into & spatio! loyer which
s superimposed onto the existing network model within
a GIS environment, This allows one to visualise future
arowth pockets. All future developments ore assigned
a commencement year, @ developmant duration, on
associated groth curve ond  cormesponding land use and
lood choss. Furthermors, @ soturation scenorio i considered
where all siands within an areo is occupied. The forecast is
done for both uumgN dumnmﬁa; well o5 mm prweded

Vet L e e
into the future.

Master planning from
the master model

The mester model introduced sorier in this paper allows
the creation of & cantrolised system master plan, fror one
consolidated daased, wifhin ane software tool, All necessory
information can be easily layered, fhemed, visuolised ond
‘onolysed in this foal. Future projects can be sized fram the
[ geospatial shapefik il

for preliminary senitude squiremens fo be identifiad as
demangtieted in fig 10, Vorious mops, plan books and
spotial dromings con be generated via the tool, creafing
poriicular benefit for operatians teams that require visibility
on where infrastructure or assas are located,
Funding the future

Waster plons have radifionslly considsred ond provided
a copital expanditure plan, However, thers is very litlle
i g nsider
the various fhreats ufifies ore facing in terms of revanve.
Consumption frends across the cauniry hove shown that
cuslomers use less energy due to fhe high cost of enaray

poly
hos olso seen financially able customers opt 1o navigate
towards distibuted renewoble 0srgy fachnologies.

The master plan idzntifes the copiiol expenditure plon in
terms of creation, upgrading, refurbishmant and renewol
of network ossets. Funding of this expsnditum plon should
be funded through the revenuas the uliites colect in the
future.
as solar PY and price elasiciy should be considered forfhe
estimated revenue over the planning period for the. uility.

Uilfies can il afford fo lose sovenus they are supposed o
collect ond this makes loss prevention, ar rather revenue
erhancament, cenfral fo the sustoinabily of fha utlty
The same underlying dota that informs tha lood modleling
and forecasting con be used to idanify loss recovery
opportunities as well os future toriff requirsments. The lood
forecast, due fo ifs noture within this new integroted woy
of planring far utiies, will forecast the potential energy
consumption in fhe nefwork, This allows for varieus future

speck to the funding requirements of the utility. Furthermare,
this same dataset should identify improvement areas that
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the utifty con look ot in ferms of revenue
collection and minimisation of losses. Fig. 11
demonsirotes the use of o themed cadasirol
map ta identify stands with meters but no

loss hatspots ard aflows for targeted revenue
efhoncement inferventions.

Conclusion

This paper hos looked o new woy of absorbing
the existing datasets we hove and hos
proposed o master geospatial model solution
for master plonning in the dth IR. Tha 4h IR
will require integrated systems and planning.
The paper puts forword on asset replacement
Prioritisotion risk score index which mokes
use of vorious influencing facfors fa ossist he
uhlity 16 spend their limited budget for osset
renewals and upgrades, optimally.

A new lood modelling mefhod that uses
@iisting energy consumption of wsers in &
utility network is propased, The method
vses billing system information o relale the
Snergy consumption fo the absolute demand
6f each stand. The land use and stond size
5 Uted fo inform the load class of the stand
8nd 0 load profile is then assigned fo the
stand. In turn, the stands ore then linked to
the closest supply paint through the use of
spatial correlation. The load profiles ore then
‘egaregated up fo higher supply points in the
network such as switching- or substations.
Thelood forecast s herefore based on MDsand
ADMDSs that gre derived from the uflity's own
Gatesset. The futun developmens are coptured
in o shopefle s o loyer o fhe master model 1o
Polnt out where. growih wil accu, what kind of
Gowh ond how fast tha growth wil be. The
frs saiurction scenoria fested is for ol stands
10 be fully occupied. Future forecasting is then
done for beth absolute demand [VA) as well as
energy consumption (W,

A master plan is then developed from the
Soffware with easily themed drowings and
Maps clearly showing the infrastructure.
"equirements. Plon books can be generated
S0sily for eose of use by the slectricity
‘Operntions or planning feams.

Anew oddifion fo the moster plan is proposed
Which looks of where fhe funding for the
N8Morks of the dth IR will come from. The:
Popased oddiion is fo conduct on snergy
SAMSumption forecest and se this as basis for
& Salculonien of vorious torfl combinafions
ith particular emphasis given to the new
Siruptive technalogias such os solar PY,
baferies and slecric vehicles:

Future dovelopments for fhe 41h IR moster
Planting solution include.

*  Infegrating loT device downloads intd the
dotasen

R e | e ST e

: A |

Fig. 11: Consumption and meters mapped 1o o thamed codastral mop.

o Using mathematicol eonstrint models to
calibrafe fhe energy consumption, peak
demand ond profile shape of the siand
loads in o zone 1o the measured historicol
profilé and peck of the z0ne's load higher
up in the nework,

o Coleukation of the pack month daily
cansumption or peak month consumption
and use fhese os basis for the energy
model g fBhuisd

o Moching Jeaming i ba sed ks anhorica
the algarithm for the replacement
priorisation tool.

o Using weother ond micro- as well
«as mocro-econamie dale to enhonce
forecasting of the load (olgarithms con
be used).

The possibilites ore, in foct, endiess
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Energy storage on municipal grids:

Why this makes

by Poul Vermeuten, City Power

sense

Any cost-conscious electricity consumer will always be on the lookout for ways fo optimise their energy use and
reduce the money paid for the service. Driven by fariff siructure design, the real costs have always been, and
remain dependant on the profile of the load. The more "pealy” the load, the mare it costs o service it. This is one
of the few places in the world where a *flat line* - a flat load profile - furns out fo be @ good thing, as it is cheaper

for the electricity distributor to service.

The lood profile shown abave is one of City
Power's smaller Eskom intake points supplying
on area whers there has been rapid residential
arowth and the necessary pstrec upgrades
ore planned, but stil several years awoy in
the Eskom pipeline. As a resull, the intake
point is subject to Notified Maximum Demand
Fenaliies and over the 2017/18 financiol yeor,
the penalty amounted to RZ,é-million for the
year, while the ‘normal” companent of the
bill wees around R20-million far tha ysar. The
penally therefore inflofed the price: for that
intake point by mare than 10% for the yeor
This infloted cost s over and abave fhe higher
cos! due fo the ‘pecky” nature of the load.

In ysars gone by, the first action foken af he
cansumer leve! wauld bsen 1o mancge peak
demand by scheduling equipment star-up
times, This was done in response fo the
distributor passing on, and applying their
own additionol demand charges anto the
consumer. Second wos 1o improve enargy
effciency, and thirdly the implemeniation of
pawar factor coection squipment to avoid
reocive enargy charges, olsa possed o to
the cansumer. Thesa rasponses wers possible
because here was mifigating fechnology
ovailable fo make an impect. Quits ofen
however, even though the actions made
economic sense, response was lefhorgic
because the price of slactricity was sill
relofivall low and the technologies were
someshat limited, sesmed complicated and
oo lechnical* in nafure

Al a distributian level, ths focus hés
prodominantly been fo manage peak demond
using Qeyser coniral systems, or focusing
on convading lorge power users, who can
shift load, onto time of usa forifts fa manage
the overall lood profite. A few distributors
hod diesel fired gos turbines fo “peak lop",
however, these become uneconomical to run
with the tising price f oil nd the migration
of mast municipal distributars to the Megariex
tariffin fhe 1 9805, where there was o shift from
charging exclusively for peok demand, 1o o
landed set of charges that have o companent
af demand and peak energy pricing from
Eskom. Yihere: passible, distribution design
obiectives wera set lo improve diversity

through combining residentiol loods with
commescial or industrial load comnected 1o
each subsiatin, 1o flatten 10 everoll load
profile.

Things have reolly changed over fhe last two.
decades. The price of lsctricity has increasad
by aver 500%, and improvements in ensray
eliiciency options as well os alternative,
distributed energy sources have been
remorkoble. Supply insecurity from centralised

rowclulion as thers is o need fo prepare for the.
orchestrated digital-control of all of the stored
energy facilities across the country

The theme of this paper is & axplors the valus.-
add of the voricus applications of storoge
from utilty scole o the aggragation ef many
smoll 51010 KWh systems for individual
housas as wel as the dependence on where
in the eleciricity distribution value chain the
storoge is ploced. In an environment where

genertion hos alse un crept infa
the pichure. We hove added many thousands
of new “pecky’ residenial consumers to the
networks and all the while, new

‘adequote reserves fo bolance the sysiem over
the comieg yeors and th proporicn of s
dispatched i

have moturod ond prices follan, most nofably
in the cost of ics ond of energy

into the grid increses, the infraduction of o
i

storage systems, parficularly storage o utlty
scole®, What in the past seemed nat worth
the effort or was too ‘complicated” to do, ore
taday imperatives for elsciricity distibutors,
Across the globe, storage is being deployed
at an accelerating pace, rot only fo improve
the availobility factor of renewnkbles, but olso
10 solve a hostof sleciriciy dalivery problems
distributors foce. (Clean Harizan, 2019

The deployment of energy storage ot scole
touches saverol of the convention's themes for
this year: small scale embedded generaficn,
smarl distribution management and 1o
some extent ospacts the fourth indusirial

o)
a fong way towords managing the reliobility
and cosf effectiveness of the system.

How o flest of storage assets can be grown
in an economically viable and mutually
beneficial manner is explored, os well es fhe
added bensfits of deploying energy siorage
as part of o small scale embadded generafion
progrom.

Today, all electricity end customers are
interested in reducing the cost of using fhe
product. The same must opply fo any entity
purchasing energy in bulk for resole to these
end customers, particularly where thers is
a mutuel benefit, This o key objective of

Klipfontein View Thursday 27 July 2017
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Fig. 1: Lood protle of the Kifpfontein View Eskam intoke pain, Cily Power
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This i the bosic financiol aitrage mechanism
ot reduces the cost of supplying anergy for
water heating purposes.
A grid connected botiery energy storoge
systerm doss not hove fhis limitation as it con
be recharged many hours after the peck has
subsided and ot the most convenient tme
that best suis occassing he cheapest form of
nergy the systom has o offer. Storage systems
are able fo-pre-create a reserve of ensrgy for
the systom fa manage demand rather than
creating o daficit fo-achieve fhe some. So,
@ utility scole energy storage system is really
more ke o gagsar control system on steroids.
Enersy storage is olsa twice s good o3 o ges
turbine ot monaging the peaks and valleys of
b ‘

‘Shoriage Sfatvs Ovenview and Sorvey, 2019)

the Municipol Systems Act thet furthermore
has fhe bocking of the cansiitution. Any
fegulation er legislation for lock thereaf)
tha is inappropriotely used or obsiructs
the realisation of this objective neads 1o
be brought 10 the attention of the relevon!
Ministry, o be resolved.

A recipe for reducing costs

The municipal distribufion industry ot present
faces mossive financial chollenges ond
misst find woys of reducing theie costs and
Improving eficiencies, for the sake of heir
own sustainability. Thase technologes thot
Ohter cheaper anergy and those thot could be
vsed to ovoid peak energy consumption as
wll s raduce network ond demand charges
and panalties must be deployed as soon os
they became economically viable

Where energy is already ovailable of rotes.
below these of Eskom, the municipalty is
obliged to pursue these in order fo reduce
the cost of their miinicipal services. This
5 in perfect olignment wih Section 73 {2)
of the Municipa! Systems Act 32 of 2000,
Paragraphs o} through e

1 is incomect to clossify on energy storoge
Srsfem a3 an oliemative source of energy. It
80y 1a foll into this trop because storoge hos
Quite offen boan inclucded in ranewoble energy
acikties o improwe their copaciy factor and
his aspact of siorage hos bean wel publicised.
Itis olsa incorreet fo think of ensrgy storage
% just o giant UPS system, because enengy
SHorage systems dre grid-inferoctive —they can
0ct @3 a lood as well as o source of energy o
both the grid and fo priarity leads

10 ferms of the energy system, storoge is a net
1o0d. og fhera is on element of chorge and
ischarge loss inherent in their use. Primorily,
these systems are cble fo store chep ;umm;

the energy back 1o the syster when there is o
genaration shorfoll and peok ensrgy pricing
applies. In inanciol medels, the stored energy
should olwoys be ioken from the cheapest
soutca ovaloble and may be wither from
offpeok coal derived Eskom anergy of right
ar from any surplus or lowe cost renewable
energy in the middle of the day.

The lond profile shown in Fig. 3 i the sum of
the three 275 kV intoke stations thot supply
the Johonnesburg arsa of City Power, As
menticned in fhe introduction, the most cost-
effeciive load 1o service is one tha s o flat
line. The guestion is, whot con be done 1o
sircighten out the kinks in this profile ond can
it be dene as o normal course of business?

Many municipal distributors have over the
years deployed geyser conlrol-systems fo
manoge fhe evening peak in parficular.
Geysers ore infoct pretty good energy storoga
devices ~ a fully charged 150 liire geyser
stores around 7 kWh of heat energy equivalent
andisthe principle o which the geyser control
systems operate.

In effect, o signal is ransmitted o, control
roloys 1o inferrupt the supply fa the geysers.
This reduces the instonfoneous demand for
power, ond *holds off* the growing geyser
load until the peok period hos possed ond
capacily 1o re-chorge the geysers becomes
avoiloble. This action crectes o deficit of
enetay wikin the energy datrbuion sysiein
which hos imitafions.

The power must be rastorod within of least an
hour ond o holl, otherwise the result will be
many customer cold water comploints, It iokes:
anly G few such incidents ond the reloy will
b bypossed by the comsumer. Despile these
conslraints, these systems have: successfull
been used to manage Instantanacus demand
and avoid recharging the gesers with costly

eneigy from any sovrce,
™ay be auailable, and o release olest n|| of

Bl o e e

k by delaying the re-
it can be done with cheap ofi-peak energy.

o
aver behave s o generatar of sleciiciy. in
cantrost, a uility scale energy storage system
can be both o scheduloble generator and o
schedulable load. It can both fill the valleys
ond clip the peaks, so it has twice fhe control
ronge of a gas furbine generdtor

In parts of the Unitad Stotes, B plus storage
has become o cheaper peaking’ option end is
displacing natural gos powered pecking plant,
In some cases storage is competing not only
with peak ganeration, but alsa with mid-merit
generation plant (IEEFA 201%).

The load profles in Fig: 5 shows the sffect of
introducing a total of 350 MW worlh of PV
‘generation end 250 MW worth of sforage wilh
a capocity of 1 690 MWh s he Johannesburg
arid [see Table 2). While this is o toll order
and for storage may toke over o decade 1o
achieve, it demanstrotes that the load facior
«an ba impraved from 0,78 t6.0,94 which will
significantly reduca the bulk snargy purchases
bill from Eskom. In the example, the tofal sales
for the day was 23 942 MWh, and the evening
peok ot around 1 9h00 was 1232 M,

The cascading banefits of

energy storage

Uity scale enargy storogs i develaping
rapidly and can have significont negotive
disnsptive potentiol for the EDI in 50 far a3 Tis
an enabler for these end users who have the
desice and financial means to.go ‘off grid’. At
present, the cost o geing complotely “off grid"
is rot economically viable. This will howsier
change as the cos! of storage evenually doss
reduce o the point where renewobla anergy
plus storoge reaches arid pority.

In conirest, when storage is put to use in
support of the eleciricily distrbution system
as a whole, the so-colled disruption fo fhe
industry can become immensely posifive in
a number of diflerent aspects. It s imporiant
16 reolize that the value of uiiy scole enargy
storage is generally increesed the further
down in the grid energy volue chain it i
ploced, provided if s still operoted ot o time
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that benefits the generation, transmission
and distmbufion indushy, This is dua fo the
cascading volue of “stacking”

‘ond financial benefits s the storoge fociliies
are located desper info the network.

For example, & 100 MWh sterage system
ploced ot o point on Eskom’s high vollage
fronsmission network con provide:

o A means fo store surplus renewable
energy of o nafional level.

Avcid tramsmission network boenecks.

Provide frequency support [reserve
margin] for ihe nafienal generation
industry.

These are the only benefis that can be roclized
in tho case the storage fs connectod fo the
fransmission netwerk.

If the same energy storage capocity of

100 MWh wos deployed by
phocing iy smeler 2 MW sy hudhee
downstream on the municipal dishibutor's
medium vollega distibution networks, not
only could the obsovementioned benefits sill
b6 rolited, buf the storoge syslems couid dd.
funther vakis theough.

Eskom energy purchasing arbiirage and
demand charge reduction

The alleviation of distribution network
botflenecks and overloads.

The avoidonce of Eskom notified
maximum demand charge penalies,
The deferment of network refurbishment
ot retwork upgrade capital expenditure.
Improvement of the pawer facior ocross
ihe enfire transmission and disiribution
nefworks.

Fig. 3: Johannesburg: Eskam infoke summer and winder lood profiles.

system is made more secure. Diversity brings
this added relicbility for the storage, as the
chance of oll o the smaller faciltes all falling
at the some fime is for less than the possibility
of a single large installation failing ot an
inconvenient time. The distibuted approach is
able o include o reliable element of demand
reduction thal con confidently be iactored
into the demand chorge reductian financil
medelling for storage

S, itis inthe space betwoen going complately
oil-grid with PY plus sicrage, and using PY
plus storage plus fhe cheaper "off-peck” arid
energy available by shaying on the grid thot
is much more inferesting %o the system os @
whole. Cuslomers remaining port of the arid

ising o sig
securty of supply for end customers.
Prowiding & meoiure of stondby power
o end customers as an alternative fo
expensive diesel power.
Through digital co-ordination, operate as
 proxy 1o peak power genaration plant
fe maintain the reserve margin.

This increasing valua effect or “stacking’ is
crticolly dapandent on where in fhe network
the storage system is located. The highest
value of all fo fhe end customer and the

i P

o wil be provided backup on those
occasions where sunshine is unrelioble for
doys at  fime, and on goed solor days, they
will sl rsasonably provide o cross-subsidy 1o
support those customers thet connot offerd &
systerm of thair own.

Real, practical benefits of storage

UNlity scale energy sforoga sysiems are

1400 = 1
1200
1000
S
L
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400
200
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the wirter avening peok demand caused
by residential load on o doily basis. Such o
quanlify of siorage capacity can alsa be used
ta insulate the distributor from Stage 1 load
shedding, shoukl the need arise in the future.
The vorious applications of energy storage
con be described in terms of the benefil they
bring to the: municipal distributor, We wil
unpack o few of the applicatians o ideniily
how they benefit disinbution systems they are
connected to!

Opfimising energy procurement costs
orbitroge and demand confral,
Avoidling NMD panalies

Protecting the economy and snhoncing
the security of suppiy.

Presarving overloaded disteibution
infrostruciure and exfending s Hfespan.

Unlocking propery development and
supporting densification.

Optimising invesiment in ranewabls
energy systams

opidly becoming viable ond
can provida demond side flexibility like
vt befoe, They con be deplged where

d can defer costly

Ophenising erergy procurement costs —
i o end
2

Tariff arbitrage is the pracice of using
laad: shifing techniques o reduce energy

hese anargy storoge syskems aro strategically
sloced e 1 colledgrd e’ o3 closo o

network upgrades ond in most cases do this
permanenty. As an added benelit they can be
ghod il i

run
o8 independent powar fslonds or mini-grids
o maintain supply 1o one or & group of end
customers in the event of lood shedding or
other unplanned grid outages. It & important
o remember that 0% of the ‘grid" sdge is in
the hands of tha municipe distibuters.

Anather subtle benefit of raher installing
the storage on o distributed basis, s that the
reliabilty of the storage function within the

y
aliemative to diesel generaion in the avent of
both forced and unforced grid outages. This
abillty to offer enhonced securiy of supply
is o potential new revenue streom for the
distributor,

costs where the energy is
available on o fime-of-uss basis, such as the
Eskom Megaflex tariff. This is done by staring
cheap off-peak energy for later release during
peak imes whan the cost of energy is much
higher. Table | shows the daily arbitrage volue
of | kKWh's worth of storage 1o o municipol
distributor {ysllow highlight) when opplied 1o
o0 11 W intake point on the Eskom Megafiex

aspire o be in a posifion 1o control ul \uqs‘
10% of their peak demand fiability using
enargy storoge systems, specifically to manoge

. The toble
shows the overage value over o whale year.

The table also shows the maximum cosi of
the energy storage system (pink highlighted
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value of R4I09 per KWH) for the business
cose for using the scroge for orbitrge alone
1o be viable. The site will begin to generale
on increasing surplus should Eskom prices
confinue increasing at above inflation rotes
In addition ta this, the octual cost of sioroge
systems is expecied 1o confinue reducing 1o
levels significantly lowor than this figure over
the e tan years.

Dol toriff arbifrage:f the "bose business case®
for energy sioroge in the honds of @ municipal
distribotor. Bsad on Eskon's 11 k¥ Megofiex
torif, the volue to-a distrbuter of having just
one kilowatt-hour's worth of energy storoge
10 use for farif arbitrage is R1,59 per day

Provided the sysiem werks every doy lexcept
Sundays}for the next 15 yaars shifting just that
1 kWh of demand from peak [0 off-peak, o
otol savings of R7470 will be realised over
that period in foday's maney ferms.

As an odided hedging odvantage, these
savings will increose ef the some rote that
ony Eskom prics increases do, which will most
likely be ot above inflation rates for several
years yel lo come.

This means thal any starage: system thot
foday costs below $295/kWh olready
makes business sense even when i is used
for arbitrage alone. Any cdditionol benefits
realised would be o bonus on top of this basic,
sell-susigining business case.

In the-event no lecal storoge s introduced
10 the grid; the distributor will continue
indefinifely 1o pay for Eskom peak eneray
ond increasing maximorm demand costs. The
situotion will get sven worse if residential
electrification projects continue at scole and
the mare affluent customers occslerate their
Uptoke of rencwable anergy

Where energy storage is introduced using
orbifrage as the base business case, the
distributor wil ba ablg to avoid peck demand
and energy costs from Eskom and rather
use the funds o poy for hese new ossets
Thesa assets will not only provide o means fo
Mmannge bulk energy procurement, bt also,
H sirotegically located, be able to overcome.
Iocal network overlood and constraint
Problems

At ha cost of energy storage further reduces,
it will saan become viable for external porties
13 provide energy siorage or ‘orbitrage”
8cvices Io the disirbutor on a foilor-made
Energy Arbitrage Agreement basis. I the some
inanciol model shown in Table 1 is used Gnd
the capital loan interest rate is converled fo
9 "rale of retum’ for on investor and s se 10
15%, s soon as the cost of storage reduces
2 $140/kWh it becomes o viable business
Proposition,

From the municipal acetunting perspecii

.

i, 4: Compasison of Energy Siorwge ko Rigple Conir and o Gas Turbine

m

the energy bulk purchases line ifem on the
aperaling expenditure budge! could (and
perhops already should) be split info the
constituent components of the Eskom bill
These are: network and demand charges,
off-pack, stondord and peok energy fine
items. Arbitroge services, being funetionally
equivalent to the provision of peok-priced
energy and o portion of the demand charges
‘could ba poid for from these line ifems instead
of the poyments that would ofherwise have
been madle fo Eskorn

This amounts 1o procuring orbilrage services:
on u padormance controdting basis, similar
to the woy energy efficiency projecis con
be funded from the savings tho they yield.
Unlike the complications thot cost doubts on
the ressiirsment and werkcolion of snergy
eficiency projects, the M&V of on energy.
storoge system will be cleorcut. All that &
roquired 13 1o measure the energy going
in against the energy that comes oul, on o
time discriminated bosis with an ordinary
smart meter. Beyond this, oll that would be
required would be 6 Section 33 exemplion
from Treasury 16 sanction o 15.year contract
farm with the service provider.

This orbitrage business case is of risk should
Eskom sigeificontly changs the siructure of
its Megaflex (or proposed future Muniflex)
tariff. At present the summer peak io off
peak price rofio for energy is 2,29:1 and
the winter rofio is 6,08:1. Whils the value of
daily erbitrage is divectly dependent on the
base cost of energy, it is for more dependent
on the pricing differentials betwesn peok and
off.paok periods. ?

Avoiding NMD perialiies

In the event the declared nofified maximum
demond on on intoke point is excesded in
any month; the first billing effect is thot the
annuol utlised capacity (AUC) figure i set 1o
the higher recorded volue. The AUC is kept
o the highes vlue recorded over o rolling
twelve month period, and it is the AUC figure
that is wsed 1o calculote the transmission

and distributien netwark charges on soch
monthly bill.

Inthe case an energy storage system is applied
to the intoko point and is programmed 1o
opecale whenever fhe NMD capacity l
teached), then the ordinary nefwork chorge
sovings overq year that fhe sysiem can realise
will be twelve fimes (equal o the twelve
months.of the yeor} the demand reduction
that the system s copable of dalivaring,
muliplied by the applicoble nehwork charges
The saving will however only become efective
alter the siorage system has been in sarvice
for o full year

The penally for the monthly utiised capacity
(MUC) exceeding the nofified moximum
demond (NMD) really punitive and is
datermined by the following formula, (o5
interpreted from the Eskam NMD rules
document) ses Eqn (1]

Over the months in a yeer, the panalty
“mulliplies up* drastically because of the
event number term. In fhe first month of an
excaadance within o twelve manth rolling
windew, the penolly on an 11 kY Megaflex
intake point will be R28,99 per kVA sxcesded
for exomple. In the sacand monih it will be
doubled to R57,98 per VA exceeded ond by
thehird manth will triple to R 86,97 per K¥A
iceeded, and sa on.
The effective demand reduction capacily of
an snergy storage syslem is dependent on
the shape of the load curve of ihe particulor
intoke paint o which it is connected. If the
peak is relatively flot ond sustoined, such as
a commercial or industrial customer, actuol
demond reduction will be ot a minimum.
the load curve is more "pooky’ as is
the case for residentiol luads, the greoter the
demand reduction the snargy storoge syslem
will be able fo deliver for a given storage
copacity,
In general, the load reduction capacity of an
wnergy storoge system can be expressed os
inEan (2).

The péok on an indusiriol or commereiol
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Joad is uaually sustained over o business day
Wypically for sbt o oight hours. The peak on

residential load is usually over o three-hour
period, typicolly between 17h00 to 20h00
and is o more likely candidate for siorage fo
effectively avoid any NMD penalfies.

For the Kliplontain View NMD panalty
exomple, o 2 MW energy storage system with
o capaciyof 4 MWh could have bean used fo
ovoid the R2,8-million paid in penalties over
the yeor. This franslates 1o an odded volua
of R1,78 per day per kWh foc the energy
sorage system.

Energy slorage systems ore ideally obls fo
solve the problems of intake staticns that
supply residential loads that typically see
excoedances of up 1o 20% of the site's NMD
copocity, perhaps only in the threa wintar 7

Hour of day

Fig. 5: Hypotheticol adjusted Johannesburg lood curve with
months. of the year. The potential added e g s s

savings are site specific but will be between @
minimum of 15 cantw/kWh and the exireme
R1, 78 per K described above.

Prateciing the ecanomy and enhoncing

the securiy of supply

Customers have invested in diesel gensralors
ihat have a high aperoting cost ~ ypically
RS/KWh - to defend Ihemselves agoinst the
fisk of load shedding ar network outages. If
those customars could hove been porsuaded
e rather fo/invest in on energy storage system,.
fhe siorage could hova besn used on o daily
bosis. o reduce theic ovarall energy costs
ond sl provide the desired backup that the
cuslomer requires.

A diesel ganerator is o sunk cost, is expansive.
10 use and is only ever vsed in an emergency.
Today, an enargy siorage sysiem would be
a for befter choice not only because if con
pay for iself and deliver cost savings, but
because the changaaver from foiled grid 1o
tha storoge sysiem is seamless, uniike the
supply inferruption fha is experienced whon
e gric fils and fime s needed for the diesel
generator o sfart ond stobiliss before it con
«accept lood, A beverage company running
botling lines for exomple would benafit most
from thes featurs.

The seamless changsover alse supports
the porticipation of the customer in proper
demond respanse schemes, where instead
of load shedding, the disiributor could rather
request the dispaich of lhe energy storege
systems on its networks to achieve the some

At sufficient scale, storoge is on ideal anfidote
1o load shedding, it protects the acanomy by
ovoiding the cost of unserved energy and
has the added benefi that the distributor also
does not experience any loss of revenve due
o supply interruptions

This is diffarent to the destructive power buy-

P¥ generation ond utly scafa starage atided o fhe mix

‘laan reduction copacily. =

Y

Copochy ul 5 snsri siormpe Hiesil
Average duration of the load peak

(2

back demand response scheme that Eskom
proposed fo infroduce of the height of the
load shedding crisis. In the case of the buy-
back schems, the rosult wos o sloppoge of
o portion of the economy. In the case the
damand response program uses stored energy
to manage fhe reserve morgin, there s no
inferrupfion o the economy.

Those companies thot have already installed
UPS unis %o ride through power imerruptions
are akeady reaping the beneiils of having
anergy storoge. Using fhe arbilroge business
cose, as many cusiomers o3 possible nesd
to be informed of using energy skoroge a3 o
backup and canvinced 1o invest ia systoms for
fheir awn purposes

il "

lilespon. i an energy starage system was
instolled af the end of the feeder or o the
mid-peint of o ring faeder, if could be vsed
1o da-lood the feeders f fimes when thelood
is excessive

Al thet i required i o simple control system
thot measures the power flowing into the
foeder at fhe source, and is able 1o signal
e storage sysiom wien 0.chovge itself ond
when fo release the stored anery bock info
the system. The dirsetion of powar flowe ot tha
end of the feeder will change; ond the sffect
will be to reduce the power flow at the source
end of the feeder.

Sauth Alfica bhas a R70-billien bocklog D
Beer, 2014] in distibution infrostructure

scale siorage invesiments, the best ocotion
for the focilities would be ot the customer’s
promnises. Mader inverters con be connected
inaway that enables the system fo operate o3
on independent powsr island -~ in o mini-grid
configuration ~ fo provide secure power fo
the poriicipating cusiomer or perhaps even o
cluster of adjocent customers.

Aninternal benef fised

It is estimoted a third
{R23-billion) of this is for distibution network
strengthening, aiten needed for only short
duration padk lotds which storage systems
can easly deal with,

Upgrode work involves the physical
replacament of existing distribution
infrostructure transformers and cabling, on
espansive and disrupiive activiy. This problem

whars there is o feduction in the nef revenue
lost to sither inforced (overloads) and
forcad (lood shedding) outoges. In fhe case
stornge i used 1o raduce winter overload
outoges in residenicl areos the value of the
revenue profection will be determined by the
frequency and duration of the outoges usvolly
‘experienced on fhat specific network

Preserving overoaded distribotion
infrostuciure and extending it Iespon

Repedted siressing ond overloading of
distribution leeders shortens theic opercling

is roper in
muricipol arecs, olsa affecting economic
devalopment

The life of aging distribution infrasiruciure
is extonded whare the networks con be de-
sirassed thraugh peok lood reduction. A
wall-placed energy storage con permanently
avoid or sols o foir share of these problems.
- porticularly since it can olready pay for
itself from doily orbitroge sovings and the
cotrelation of the peak loading ond the farifl
peak period pricing periods will usually be
wvery strong.
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schome fequired for

Lang tarm planning hos got 1o begin
considoring energy storage sysiems 050 viable
Optian 1o.costly and disruplive whals network
vBarades, Distribuiion planning enginaers
ore a scepiical lot, who have up uafil fow
{perhaps with foir nsason) rever trusted geyser
conirol systems for esample, to permanently
#olve distribution overloads. Eneray storoge
ystems will be under fhe direct control of the
datrbutor and can be installed of separote,
distributed points alay the offeced feedors.

Wi sufficent diiibuted anergy sioroge

The problem can be solved by instolling an
energy storage system right in the middle of
the proposed new development, 1o sock up
energy when the overnight or middoy lood
low, ard retecse the energy locally, when fhe
peok neads fo be serviced. No upgrode fa the
bulk infrasiructure will be necessary.

Effeciively, fhe energy sioroge syslem can be
seen o5 a new Virlual infake poin” 1o unleck
the development. Unlocking development
biings with it addifional rafes revenues s well
a3 new econemic octivily in the orea. New

50 bring on increase in

L it moy
u*sa be possible fo defer the upgrade of the
Eskom intake. points supplying the nehwark,
©n 0 pemanent bosis.

Unlocking property development end
$pporting densilication

The process of fownship development
fequires thai sufficient bulk supply copacity
be avniloble to support the development. In
the case of rasidential developments, enough
©hargy moy be available over the period of
@ day to supply the energy needs from the
existing infrostructure, but the bulk supply
ransformer and disiribufin network capacity
may ba nsulficient to support fhe evening
Peak that s charocteristic of residential
development.

oo i R o Y SSE I S e o e

overall vohume of KWh soles, something that
the generation indusiry desperately needs o
prusent

Exaclly the some principle opplies where it
is desirable fo increase the housing density
without the need to go through o costly bulk
supply ond network upgrade, Confainerised
energy storoge sysfems ore the nomm, and
con be ploced where necessory or even
redocated # fhe bulk suplly infrastructure s
finlly upgroded.

It could even be the cose that Eskom owns:
the energy storage facility and operces it as
o virtual Eskom intake point, to both inerecse:
the volyme of Eskom sales ond assist the
municipality with development

Optimsing inve:

energy system:

ment in renewable

The introducti

of an evar increasing quantiy
of photovaliaic energy onto the Johannesburg
s

similar fa the California ‘duck cunve’, with o
more pronaunced moring nd evening peak

profile. This will warsen the foad factor af the

Eskom supply point and will incrense the cost
of bulk supply from tham.

While pholovaltaic energy may be cheaper
than arid power In cost per kWh for o

customer, the cost of supporting the flow of
that energy within the system remains with the
distributor. The distibutor muststll oy the full
cast o operate the grid during peak periods
‘and procure backup capaciy from Eskom 1o
cater for bod solar days. Including an clement

ol storage within o renewable energy system
sathat some of the energy the energy can be
released during the peak periads, will ossist
the d

sibutor significontiy

In the case of City Powar’s residential
customers, the SSEG foed in farif is subject
o the qustomer migraling fo the Residentiol
Time-of-Use Tari. In fhis case, including o
dlement of storage allows the customer 1o
effectively remove themselves from the grid
during the peak pariods. The torflis designed
35 that the averall cost of the balonce of the
energy consumed fram the rid is lowar than
the flat rate foriff

A lot of the residential systems that were
insfolind in response 1o laod shedding olreody
hava an slement of starage buill in. What is
needed is for those customers fo respond 1o
the tariff signals and use the storoga s reduce
their cansumption of peck energy and begin
o' benefit from the overall cost reduction.

From o city perspactive, storage can opi
the use of ol the photavolicic insiallations
on the grid by compensating fat fhe negaiive
effects of the "duck curve’. It would not
be unreasancble to consider o policy that
requires o certain quantity of sterage ba
included o @ condiion fo granting parmission
for customers fo connect their PV systems to.
the grid, The benefits are mutual in this cage.

There ore many customers who do nat hovs
a suitable reofiop for their own PV systems
There are alsa many worehouse fype buikdings
thot have an obundance of rooftop space
but na lood to cansume the power. The grid
can easily connecl the twa togather - with o
fair wheeling ar offsesting forif for providing
the sarvice.

This will become an important new ravenue
siream for the distribution indusity in the
near future, and what is becoming clear is
that tha chargs for transporting the energy
ocross the grid will ba dependent on fhe
time: ihat the fransler tokes place. Energy
flowing behind the Eskom meter during
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1 KWW s1oroge ured for & days of e wask, 0ne shot per day, o shih 14Wh from pea o off-peak ol year around
[ = = e L s

Plant parameters o
Cost of miige siom S 205 Y dutsbuson system losses 400%
Siorage sptam spacied cyla Number | 7000 | MVAY diswibution 5 300w
icioncy of charge ond dicharge cydle % 8% | Volue ol winer eveniog energy oirage oo | 24884
(e ———— e 5429
Copial aspects URItE Volus | Loss ess eroge walos o dally arbioge AWK 10243
Fard 1o Dol axchange ate falle | 1481 Avroge dall o ko chorge tyslom chwn 4372
Local cont o Sorage R | 430795 Crc cos o orsrcoma ke racharging lsses AWk 656
Capial loan ivrest rate %pa  5.5%  Cyclesovings duo s of lossas oul of peok w307
Capital loan tem Yoars 10 Nat average volue of daily energy orbifroge AWh | 98,94
Costof Fomce wah 1303 S :
Tomatfinanced plat cow RAWh | 5613 | aspects netwark and demand costs
Thearetol plant e, 6 doys prwsek, | le/dey  Yoors | 224 Peok Penod durotion
Expecisd operaticnol Wespon Yeors |15 | Demand recuction potnto per kiih of soroge
Charge/dischorge yclas required Number | 4896 | Monthly network chorge pat kW
Stalf oparating cosh RAWh | 1AAD. | Monthly derond dharge per W,
WAM pant o @ 1% of ol ook w480
during the annual bl hour peck:
Torol <o ofbronced ond maircined slart ]
LCOE o wapected loni lin | hotpordoy /W (189,371 Tofolpotensiol doly rbivoge solue of 1 kWh soroge

Tobile

11 The vekae o 1 kW energy storoge to @ municipal distibutor

mt‘dud rasidenial PY prosumers 3 100006 300
Soction e resdanial (04 50 5500 75
Large power users < 100 kA 100 8000 800
Wy cusiomers =100 kA 1000 300 30

Total 1675

Table 2: Tie effoct of i

fuging 350 MWh PV generatian and 250 MW storage with

o copacisy of 1690 MW fo the Johannesburg grid,

ihe peck period will be charged at a lower
rate 1o encourage the use. of ony powor
generation - such o3 from and energy
storage system — af the right fime, fhat wil
reduce the need to over-depend on Eskom
during the peak periods

Does it matter who owns the
storage assets?

Even as distributers, we oftan take the
properties of the grid for gronted ond fend
1o think of it as simply an infinite source of
energy. Its most important propety is tht
it is @ network, where whot hoppens o one
node of fne network has an impact on other
nodes at lacotions both above and below
thot paint. With the advent of distributed
anergy sources, the grid is alsa in the

process of ansforming from a one-to-many
typo of natwork fo ona that has more of o
peer-fo-peer architecture.

One of the key choracteristics of o giid is
thot of load diversity, which logsely equotes
into o kind of a community in which the grid
designers only need fo desian for the average
requiremnts of users of the grid rofher than
the. maximum thot each may require. As
for o5 storoge is concemned, as long as the
operations of chorging ond discharging of
all the assets on the grd can be done in
co-ordinated manner, it doss not matter wha
wes the storoga focities os the sysiem as o
whole benefits. OF courss, the owner of the
assot will ahwoys benafit the most, but connot
realizs ony benelit without lso benefiing
others within the systom

This means that the starage system can
be plocod either of the intoke substotion
or anywhere deaper into. the network that
will co-beneit from paok load reduction.
Regulation of the industry will be needed
s the facilifies will need to include control
systems that can respond fa independant
signals from the ganerotion and tronsmission
operator nafienal contro) as well as signals
from local distrbution conlrol cantres. This
#ypes of conirof regimen willform the demand
sesponse part ofthe uture smart grid, actvely
dispotching the sioroge ossets os the nesd
arises.

Where, in order fo full reakse the 'stacked
ensilts and the storage ot ore locoted
behing the Eskam meler and alsa of the so
colled “arid siige’, fhe opportunity presents
tself for the distributor build the starage
facilifies, with negofiotion with key custamers,
af their premises and fo provide fhese
customers with secure siandby power in fhe
event of @ network aufage. This new service
ond revenue source is posiible becouss
saday's énergy storage systems con operats
in an islandsd or ‘micro-grid" mode.

1f the ossats are focated sil furthar ino the
natwork — behind the municipal distibutor’s
meter, an oppropriate time difisrcrtioted torif
can be used to signal when the sored energy
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Price parity of solar PV with storage?

by Aradhna Pendarum, Eskom

Globally, there is currently an installed capacity of approximately 140 GW of small scale solar PV. It is anticipated
that this penetration will increase to 1391,9 GW by 2040.

Bloomberg New Energy Finonce (BNEF)
justfies this ropid growth by staling tho it is
due to the historieal dacrease of technology
prices, o trend which will confinue in future.
Fig. | ilusirates the global decling in the costs
of solor Photovolioic (PV) crystalline silicon
modules - from $80/W in 1976 1o $0,25/W
in 2017
The smolscole embedded gensratian (SSEG)
market in South Africa is predominantly
owned by toshop PY. In Decembar 2017, it
was ostimated that thero was ~285 MW o
small 1o medium scale embadded genaration
1SSEG) installed In South Africa (2]. This
includes all instollations with © copacity of
5 MWp. 5% of the installed copaciiy is
considerod to be off-grid installations. The
sector that domintes fhe markel wos found fo
be the Commercial and Indusiiol secior with o
penelration of 70% of tefal instolied capocity
The cost of storage technology is alsa
declining at a signficant rate. This is mainly
due to davelopments and ressorch inifalives
it technology improvements for lorge scale
noll-gut

anather report by BNEF, the averoge decline
in capital costs for Li-ion boteries from
2010 - 2016 equates fo 16,3% per yaor and
a fofol of 73% reduction in just seven years [3].
Utilties and service providers have bean
reporting dedlining solos In electricily sold
from 2008, One of the possible reasons for
this trard is fhot cusiomers are finding ofher
anergy efficient solutions fo supplement fheir
sleciricify noeds and he use of solar PY cauld
ba 0 large portion of this supplementation.
Furthermora, the impoct of load shedding
hos also coused many customars to resont o
alternotive means for eleciricily supply. The

Internotional Enesgy Agency siates that SSEG »

is increasingly aftrocting the interest of utilities
and policy makers ond fhers ara 5 main
cantributing factors as to why. These ore [4]:
Increasing customer demand lor reliable
slectriciy.

Liberalisation of eleciricity markeis.
Utilitins facing constraints on fhe
construction of new fransmission lines.

»  Developments in tachnology of SSEG-and
decreasing costs.

Cancerns about climate change.

An odditional foctor could olso ba sleciricity
price uncertainty and/or incrsasing electricity
tarills

2019

2020

Fig. 2 Projected grawh scenarics of SSEG (n South Atica fom 2018 - 2021 [5)

There are 4 scancrics that weré avoluoted
for the penetration of SSEG (predominanty
raohop PV) in future years, iscluding 2018;
thess oro rprasented in Fig. 2 [5].

As the costs of PV and storaga continue
fo decline it bacgimes mora apparant that
decision mak i i e

and bottery. siorage for different segments.
The assumption mads is fhat no changes 1o
s6if siructures will be made during the years
of projection.

Methodology

The sieps and methodology used 1o project

be mada awore of when customers. weuld
consider delecting totelly of the grid as this
would be the: point af which mass sales
reduction could oceur. This paper provides
some onswers with reqords 1o thot topic. It
provides 1) projected installetion cosfs for
solor PV withou! storage and 2) projected
LCOE for solar PV with and without bottery
storage. This projected cost will be analysed
with respect 1o the expected electicily price
path to provide insight into the future of P¥

the LCOE of solar PV with storoge i llusirated
in Fig. 3 below The LCOE of PV with sioroge
includes the LCOE of PV plus the levelised
costof sterage LCOS)

Current and futurs instollaion costs for bath
PY systems and behind the meter storoge
technologies are dacumented in this poper.
Fuure costs ars determined by @ mixure of
axirapolation methods and data ovailable
Using the instollation costs, LCOE of PV
with starage: is compated for

2018 - 2021,
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* Current and
forecasted

n
* LCOE 2018-2022.

* Obtain historical
averages of tariffs,

+ Project intersection
of LCOE of PV
with storage (1+2).

.

‘3‘_"

Toble. - Fescentoge breokdann of cost camparians for PV systers 17,8, ).

Finally this LCOE is compared to averoge
m toriffs for the projecled yeors to find
intersection paint. All costs in this poper are
determined using lterature tha is avoiloble
olly and internatianally. The LCOE and
LCOS caleulotion was computed using tecls
developed by the author. The projected
slecticily farifis ore represened in thise
iffsrent scenarios ond fhis wos defermined
Using toriff data from 1994

During the research phase of this work it wes

found thei the installed cosis of o specific
tachnology s direcil linked to the uillisafion
ond implement
Hence, 0s the demand increases for o
specific technology the costs will decrease
accordingly. The costs used in this paper
ore casis oblained from international ond
ocol research reporis. The main referenced
bodies include Infernational Reneweble:
Energy Agency (RENA], National Renewabla
Energy Lobaratory (NREL) and Greencape

jon of the technolagy.

(representing the South African perspective).
It must be noted that the “price parity” of PV
with storage obtoined does not necassorily
represent the generation of electricity from
o uflity in its ety o5 oher casts such as
aveilability of the grid, frequency supper,
voltage suppor, eic. is not considered. PV
system costs

Installed.costs of PV systems comprise of
varicus companent costs. These components
are broken dewn infa 2 major segments; fhe
first being module and tha sacond is Balance
of System (BOS) costs. Fig. 4 presents o
breakdown of all ossocioled costs for the
instollafion of PV systerns 161, The costof reler
enchengs i tonvantional 1o Toumquodant
s mot included in these costs

The average percantoge distribution 10 alt
cost companents thot form an installed PV
system, be it residentiol, commereial or ity
scale system is represented in Table 1. This
was colculated using cost distribufions from
United Stotes of Americe and South Alrica.
It is evident that the majority of the costs are
derived from procuring the madules and
occounting for BOS soff costs.

Research shows fhot fhere are efficiency
impravements in most of the components
included in PY systoms. These imgravemens
fead fo reduced costs and spoce requined for
the installofion.

Module costs include costs involved in the
manufactuing process of the PV walers and
the assembly process of the entire module. This
spacific cost hos experienced o drostic decline
and mokes up a large portion of the enfire
system. According 1o [6] the decline in module
cost experiencad from 2009 to 2015 was
round BO%. Thisstatsment i fumher supported
by Bloomberg Naw Energy Finance [1],inwhich
they ariculate that modulo costs heve decroosed
by 99,68% from 1975 10 2017, This s primorly
duefothe conversion eficiency improvementsin
the semiconducior mafericls used in thewater of
e modules. n 2017, the glabal manfaciuring
cost of modules wos between $0,33/W and
$0,35/W deopping by ~4 0% nfour years 10}
Nofional Renewobles Erergy Loborakory (NREL]
predicts tho the ASP of modules wil decmase
10.$0,27/W by 2021 10,

Inverters and balonce of system (BOS) costs
moke up the rest of the cosis pssociated
with PV systems. Currently, the inverfer
costs, on overage, between $0,06/W and
$0,15/W AC [10] based on the application.
There are different typas of inverters used for
different opplications; central inverters are
used for uility scole plants, siing inverters for
commercial sized plants and siing or micro-
nverters ofe used for residential applications,
The cost of invertars are axpected fo drop by
an ovarage of ~34% from 2015 1o 2025
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bosed on application {11]. Bolence of sysiem
costs [hardwore ond soft costs) is the lost
cost component invelved in installation of PV
sysems. The hordware BOS costs ere costs
for structurml and other slectrical companants,
not including the inverter. In 2017, BOS.
costs in United States of America (USA}
were, on average, between $0,71/W and
$2,18/W depending on application [12]. In
2015, BOS costs in Africa were, on average,
between $1,46/W and $2,8/ depending
on application (6], [RENA expects o 66%
reduction in BOS costs for uility scole PY
plants from 2015 - 2025 [11]

The ospects previously menfioned on the cost
reductions for cemponents in o PY systems:
being experienced is evidence encugh to
assume thot totol sysiem costs ore declining
a3 well. In Sauth Africa, the cost of residantial
systams have decreased by 36% from
2013 - 2017 [13]. The cost raduction for
utlity scale PV plants in various countries is
considared fo be ~72% on average from
2010 - 2017 [13]. The cost reduciion
for commercial scale PV plants in various
countries is considered fo be ~66% on
averoge from 2009 - 2017 [13]. Currently,
e averoge fofal system cast in USA ranges
from $2,25/W to $3,83/W depending on the
application [10], The overage system cost for
utility scole plonts ranges fram $1,03/W 1o
$1,11/W [12]. In Afrien for 2015, averoge
instolled costs for rasidential PY systems
were $2,9/W, commercial $2,27/W and
wiilty scale §1,87/W [6]. In South Africa for
2018, Greencape’s analysis cancluded that
installed costs for residential ware between
R13,5/W and R16,0/W ond commercial
systems between R10,5/W and R14,0/W.

Costs in USA are considered fo be highar than
that of most countries, The cost in Chino is
considered 1o be the lowsst and decreasing
at & much foster rote than other counlries

The total systems costs for each type of
system were cbigined from international
and locol lilerature reviewed. These were
averaged out and converted to Rands using
the exchangs role far thot specihe yoor [14,
15]; fhe final results are illustroted in Fig. 5.
The average rand fa USD: exchange rates for
2015, 2016 and 2017 ore R12,8, R14,7 and
R13,3 [14,15), respectively. The instaliotion
costs in California are the highest in the workd
ond hance skew the final costs [13]

Using forecasting techniques such os
trend extropolation (extrapolating the pas!
trend for installed costs bosed on moving
overoges seen from previeus reseorch for
these costs) ond all the data previously

anolysed the forecosied installation costs
in thres diferent scanarios for solor PV for
residentiol, commercial and uflity scale
systems were derived, The moving averages
of oll costs were computed from various
sources and used fo forecast for future
years in Rands; henca no exchonge roles
wera required for forecasling of costs. The
forscasted optimistic, average and pessimisic
instollafion costs in Rands per Wet for each
sactor is olsa reprosented in Table 2. The
instollation costs con range from R10,50 fo
R37,30 per Watt in 2018 and is decreased
1o R5,50 fo R19,54 per Walf in 2022, The
mojer decrease (41,5% an average) arises
from the utility scole PV plants in costs in
four years. Installed costs in the residentiol
sector can exparience o 30% decrease in
four yeors and 9,5% decrease is expecied
for commercial PV systom costs.

% i
R/W for PV systoms for 2016-2022 bosed on Rands.

Solar PV system costs per W in 2018

Fig 5 Sumimcey of womage satecy costs e Wot in 2018 ot soch sysem in
Souh Alica worns Ihihaies (16, 12,17, 13, &, 18]

g, 7: Capital cost reduction i RIKWh for enargy sioroge
nchnologies 20182022 [25, 24],

el
e (1108)

e Comeercal
syt [40:
)

iy sl
e ua.
sooww

Fig 6 Averrgs LCOE (RAVWH) of Y spsems from 2018 - 2072,

Fig B Levelsed cout of siorape formulo (20].
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Fig 9 Avaroge LCOE rcheton for rsidonil Y sptecs with aifernt skxcge
technalogres for yoars 2018 - 2022

and gid impadiments such o3 unavolabiity
of renewable genercion of peck eperenced
due 1o increased penetrotion of
renewable tachnologies. Energy/batisry
storage s considered 1o kecome one of e key
foclting fechnalogies of the energy tansifion
[191; Energy sforage can provide o number of
services fo the grid and fo the end-user. The
main primary and applications that storage
‘can provide are energy managament, bridging
powes, power quoliy, renewable infegration,
ronsmission ond disribuion deferal, oncillary
sarvices, system capocity, renewable smocthing
and reliobilty {21]. Apor from energy storoge
technologies being sagmented info statinary
nd non-siaionary [22],they ore also clossfied
into five different technology cotegories. Thoso
ore eleciricol, mechonical, elechrochamical,
chemical and therml [23]. There ore various
applications that dilfanent energy siorage
‘systems can be applied fo due fo fheir designs,
aftributes and make-up. The focus of this
paper is on renewable integration consisting
of bafind-the-merer applcations used mainly
fo aduca elecicity consumption from the grid
and ihese ore considered 10 be the following

" Tobl 3 Ampions veed fo LCOF oleuloion or P

LCOE of PV

LCOE s o caleulation that s used o compare
various power plants with cost structures
thot differ from ench ather The colculation
©nl0ils summing oll costs that are incurred
during the ifecycle of the power plant and
comparing it 1o the sneray generated during
that periad oftime. The LCOE for PV for sach
1rpe of system wos calculoted using @ tool
thot was: developed by the author for years
2018~ 2022 The following formula is used
1o calculate the LCOE [18],

A
bt Sy
“_ﬁ ]
e
whare:
ICOE = Levelised cost of electricity in
Rk
7 = lnvesiment sspenditure-inR
A = Anual cost per yeor (lbed and
“oriable operofing costs]
M, -

Amount of eleciricity produced
per year in kWh

= Real injerest rate in %

n = Lifetime of the plant
Yeor number (1, 2.

The assumptions fobulated in Table 3 wera
used during fhe analysis of LCOE for PV
systems in South Alrca.

Thres scenarios of foracasted LCOE's
for diflerant sized P systems in the years
2018 1o 2022 were computed using the
assumptions obove ond the finel results for the
averoge LCOE i illustroted in Fig. &

The oplimistic, avernge and pessimistic LCOE
ranges ore fabuloted in Toble 4.

Battery storage

Batery storage tochnolagy has been utiised for

mony purpases for many decades. Lead ocid
besteries ar knewn fo be the cldest secondary

Teast){19): Liion (Nickel
Mangonese Cobal], Li-ion (Nicksl Coball
Alumisiven), Lision (iron Phosphate), Liion
(Tittnitel, Yonodhum redor flow, Zinc beoming.
flow, Flocded lood acid, Valve-reguloted load
acid, Sedium sulphur and Sodium nickel
chicride.

Battery storage installed costs include
the follewing [24]; 1| Capitol costs which
cansist off -~ The storage system or
atherwise referred fo as the fuel coss, Power
Conversion Sysiem (PCS], power control and
management systems and belancs of plant
costs and ) Addifional cesis consisting off
the siructural cost, permits and enginaaring/
design costs [engineering, procursment
and construction (EPC) included], lond
acquisition costs, metaring and nafwork
extension costs, if required. Operational
and maintenance costs include camponent
replacement costs (could include entire
coll replacement, eloctrolyte top-ug or
mochanical system rofurbishment), inverfar’
replacement (generally fon yeors ox with
P¥), cantral system uparodes or entire
replacament and general operating costs
for labour, etc.

From the analysis previously on agplcation

for the post 150 yeors [19]. In 2017, there
was o global intalled copocity of 3.8 GW of
battery storage of which, 67.7% is considersd
fo ba Lithium ion (Li-fon] fechnology (20]
s the demond for renewable technalogies.
increase 50 will the demand for more efficient
‘and duroble battery storage technologies. This
s due to the intermitient nature of renswables

based it was concluded
that the technology types fhof are being
commerciolly opplied fo PV systarms for back.
vP purposes, ore genaral Lithium lon, Lead
edvanced lead ocid and Redox flow
batleries, Tharefore, the futuro predictions
will incorporate these costs only. Accerding
to IRENA, insiallation cost estimates for
Li-ion Tianate ore currently betwsen §473
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ond $1280/kWh and between $200
ond $840/kWh for cther Li-ion boteries.
Their instolled costs declined by 60% from
Q42014 0nd Q2201 7inGermany[19]. These
costs will further reduce by 54 10 61% (380 1o
$480/kWh dependant an chemistry type}
by 2030 due fo the expacted demand for
transport applications. Installation costs for
redox flow batieries ranged between $315
and $1680/kWh in 2016 (19, These costs
ate expecied fo further dedline by —66% o
batween $108 and $576/kWh in 2030,

The averoge projected copitol cost reduchon
to 2022 for all relevant tachnologies for
small scal use is depicted in Fig. 7125, 24]
This cost was calculated using the aversge
cost reduction extracted from ressarch for
he years 2019 to 2022 for sach technology
and exfrapolated in Rands/kWh for each
fechnology.

LCOS with PV

LCOS s defined o3 the discounted cost per
unit of discharged electrical aneray (26). This
delinibon reducas fo the calculation expandad
in Fig. 8 ond is in line with recent publicafions
22, 26,27)
The LCOS for five different lechnologies were.
computed using fhe above calculation. The
ossumptins used ta compute LCOS wars
oblained from research on the mspective
tapics and are as follows [3, 19, 22, 24,25,
27-32)
The combinatian of anargy storags
with PY systems crectes value through
shared infrasiructure such 0s of having
anly one Powar conversion system (PCS),
interconnaction and bolance of system in
the combined plart. The ossumption that
was made as a resulf is thot the cost of the.
PCS wil be deducted from the installtion
cos!t of the battery systemn. This cost was.
equated o 30% of the foiol insillation
* cost por bWh for soch technology,

The initial overoge BESS copital costs for
each technology will be as per Fig. 7,

Loss of sfficiency costs os @ result of
charging fom PV was not considered
The LCOE of PV with different storoge
technologies were compuied and fhese are
illustrated for residential and commarcial
and indusirial systems in Fig. 9 and Fig, 10,
respoctively

Price parity point

The average LCOE of PV sysiems wiih
different baifery siorage fechnologies
were projecied fo identify o possible
intersection point with 3 scenarios of
Eskom overage tarilis for residential
and commerciol customers (8%p.0

average year on year ond 15% pio.}

14.00
12.00
10.00
8.00
6.00
4.00
2.00
000 ——

=#=Li-ion
=@ Vanadium
—&—Zn-Br
== Lead

== Adv lead

2018 2019 2020 2021 2022

Fg. 10: Average LCOE reduction for commerciol and indushial PV systems
with - hlferent storoge technologies for years 2018 - 2022

Table 4: Optimistic, average and pessimistic lcoe in r/kwh for
i sized pv sysiems fov 2018 - 2022,

This “intersection” paint is illusiated in
Fig. 11, It is evident that there is no
intecsection of the averoge LCOE of PY
with storage and forecosted Eskom foriff
botore the yeor 2022, further anclysis
was complated o datermine when this
intersection could oceur post 2022. This
anolysis includad o very high loval projection
of the average LCOE of PV with sorage
using exponential trend extropolation. The
results show thot o potentil infersaction can
‘occur in 2028 for rsidential users and Leod
acid systems if an ingrease of 15% p.o. for
torifl is implemented from 2018 to 2028
{which is highly urlikely). For commerciol
and industrial users in the same scenario,
the intersaction occurs in 2029, A mare
realistic view is thot intersection occurs
post 2030 for averoge fariff incraases of
9 10 10% for customers with lead acid
systems. However, this s stll quite high for
an averogs tarif increase in those years.

An onalysis from o paper presented af
the anergy storage conference in 2018
indicated that by 2023 grid pority fae mining

applications would be passible [33], This
could be possible, oaly I, the customer folls
iato o municipal jurisdiction and is poying
4 tariff much higher than the verage tariff
being paid by Eskom customers. However,
for an Eskom.customer this cannot be
concluded from the analysis provided in
this repo,

Conclusion

This poper details the projected installotion
costs for solar PV without storage, projected
LCOE for solar PV with and without battary
slorage and o projection of LCOE of PY with
storage ploted ogainst three tariff incroose.
scenarios for Eskom customers. The results
provide insighi into tachnology ends and
costs far PV and storage fechnologies.
Projection of seles can be further undersiood
by taking these results into account. The
possibility of customars installing PV systoms
to supplement snergy needs is o reolity
olready and as costs decrease this effect is
to worsen the currsnt state of the business
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In Eskom, The effect of battery storage on
Gustomer deflaction is sill very adolescent
a3 the installed cost of sterage for any
fechnology is quite expensive as seen
internationally, This could change in the
next fow yars as o result of performance
enhancements and demand increases
Cousing installed cests 1o decraose ond in
1um appear as o mare atiraciive solution 1o
supplement energy neads and es a secure
supply,

Wis envisaged thot pest 2030, PV with sioroge
MOy appenr os @ more affractive solution
to migrate off-grid and not rely on Eskom
SuPply. However, fhis may be frue only for
Ekom supplied cusiomers. Even though this
M8y be the case from the study compleled
i this raport, factors such as loss of supaly
esulting in less. of revanue (lood shedding)

" © commercial and indusiriol customer
™5 resultin an olfgrid solufion being more
fensible than having 1o pary for diesel during
oo shedding, for exarmple.

o o L R T
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The utility of the future: Distributed power
generation enabled by the Internet of Things

by Dr Cathy Pickering, FuseForward South Africa

Unil now,Africa has chosen o meet is growing clectical grid

built and op

large plant i

ing
ut 91,2% of South Africa’s power is currently generated

Ton,
by thermal power stations and only 8,8% Is generated Ircm renewable energy sources.

The intelligent uility of the future will
make power genarotion, disribufion, and
management more responsive ta ths nesds
af the communities t serves. The intelligant
utility will be composed of @ combination
of intelligent, dynamic power generation
«and distribution syslems enabled by Infenet
of Things (loT) devices. The utility will be
managed by o distributed cloud-bosed grid
manogement system, with an increasing
percentage of s power being ganercted from
smaller, mare ogile renewoble energy sources.

The: ilty af the future, the intelligent uniity,
will be made up of centralised, regional,
community and home power plants. It is
comprised of infercannected systems (the
powsr generation and distribution systems
enabled by loT) and managed by o distributed
claud-based grid management systam.
FuseForward sees municipalities playing an
importan rcle by helping their communities
become anergy self-sufficient with smafler,
Bt modkular and ucnkabia: systecis thit can
be daployed ropilly using pre-manufactured
components: The mojor advantage of
distributed plonts is that it is eosier o “ring
fonce” the data from tha plant. Therafors,
‘one important cansideration far the intelligent

IoT information fo profect this information
from cyber-crime.

Research project

Working with acodemic instilutions in Canada,
FuseFerward has set up-and is port of the
intelligent Systams Rasearch Notwork, a
team of professionals with an nferast in the
opplication of big data in various areas. Led
by FuseForward, the natwork is working o
davslop intelligent ioT and big dota solutiens
that bridge the gap batweon academia,
industry and technalogy. Our goal is to
crouta naw fools that enable eperational
managers Io hamess fhe power of big data
ond smart devices in o way thot I innovative
ond practical.

The rasearch covers oll aspects of analytics for
industiol compuses and building portolios,
including sicsoming data manogement, real-
time facilty analytics, and automated cantrol
Thie smort campus research s looking f the
requirements for sustainabls bulldings which

Power Generation

Inteligent Cloud Based Grid
Management

= 8

Sysiem

Fig. 13 Intaligant uhilty.

are cooled and heated naturally ond ore
enargy eficient. Central to this reseorch s the.
usa of loT devices.

Acurrent ressorch project focuses o0 applying
artficiol infelligance [Al) and machine
learning (ML) 1o energy management on
& University compus in Canada, as well
o5 the development of algarithms and Al
intagraticn for deep leaming ond integrating
user behaviour. The research and predictive
models developed so far have resulied in
ihe decrecse in the use of HVAC (heating,
ventialion and air conditioning) systems and
30% power savings on the university compus
The research invalvestcalculoting dynamic
set points ond providing dynamic control of
the HVAC sysfems using machine learning
methods.

distribufion management system s overloid on
the power distribulion grid. Further ressorch
i underway regording methods fo deal with
the:dynasmic power supply, how 10 govern the
distrbution of power and apfimizo s usoge.
What is the Intelligent utility?

To undarstand the intelligent ufiliy, it is
importont fo understand that the Intelligent
utlity is buill &n the smarl grid. In 2014 the
nafional lostituts of standords and fechnology
INIST] in the US defined o fromework and
vision far the smart grid. NIST acknewledged
thot thera are various definfions of smart grid
but stated thot *."all notions of an advanced
power grid for the 215t century include fhe
oddifion-and integration of many variefies
of digital computing and cammunicotion

model being developed informs fha Infelligent
uility research and the development of the
Inteligent utlity. The outcome of the smart
campus research will focilitote power ufilies
10 get staried with the intalligent uifty.

The intelligent uiilty model requires that a

technologies and services wih the powe.
delivery % flows
of energy and two-way communication and
control copabilifies will encble on array of
new funclionalilies: and applications that go
well beyond “smart” mefers for homes ond
businesses.

NIST gives nine priarity areas for the
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ihe systam, the intelligent utiliy will augment
ihis with smaller, modulor systems that can
be deployed mpidly with pre-manufactured
components. The energy generation
will be distributed between regional,
community and house/building systams with
dilfering power generation rafes, such as
500 kW fo. 10 MW for regional generation,
50~ 300 kW for community generation and
5 - 30 kW for home ganeration. This
disiributed model will do away with the current
need o 'stap down' the power for communities
and heme requirements, the distributed
model will provide tha correct pewer tating
where it is required. The intelligent utilty will
i j

gonerating fociltes and enable full network
optimisotion encampassing the distributicn
grid and consumption monagement,

Thin intelligent utilty is enobled by laT, bbre
conneciivty and cloud-based digital caniral
services thot contral, manage and analyse the
information coming from the enfire system.
The system is s obla fo provide intormet ond
opplication services lo consumers, businesses
ond indusiny.
Smor mefers are nol fhe anly oT device fhat
are uiilised in the infelligent usility. Devices such
o8 survellanse cameras, remolely manitared
recl-fimesansors, supervisary control centres
and smart devices are olso uilised, These
devices are stategically ploced in the powsr
generotion ond distribution systems, the
communications network, and af the point of
e Thav et o s ha

Table 1 Porentiol heeats that con offect loT deviees:

application and requirements of the smart
rid. These key oreas are

* Demand response ond consumer anergy
efficiancy,

Wide-oreq situational awreness
Distributed anergy resources.

Energy storoge.

Eleciric transpartation.

Network commuricafions.

Advonced mefering infrostructure.

The 10T devices continually feed data into
the cloud-based grid management system.
This information con be analyzed in real-
fime 1o provide automated control of the
system, for example pradictive clgorithms
could be used ta increase or dacreose
the power generaled based an predicted
demand. The power is generoted with
centralised pawer plants, supporied be
ragional power plants ond home powsr
plants, Both the sfectricity generation
and the cloud

Distribution grid
Cybersecurity.,
Ouevision offre nveligent ity ancompasses
thess kay areas and con be thought of
% o interconnected systoms; infelligent

.

dnamic power generotion ond distibufion
S1stems, and o distributed cloud-based gid
managsmant system — boih enobled b lo%

will contain loT devices and will be enabled
by the loT.

Current power gensration is focused on
large plant investments with long time-
horizans, o3 mentioned previausly. In
South Africa, the current centrolised power
distibution by Eskarn will provide the core of

cloud based digil contol system, which also
hos 16T davices for monitoring and securing
the stote of tha cloud infrostructure,

Electric vehicles

A market inteifigence report wiitien earlier this
yeor by GraenCape says that public irasport
in South Afica gives the best business cose
for slactrification, more 5o than private
transport. The South African bus morket
makes buses fhot are desigred in South Africa
for the local market. However, the local bus
marke is currently flot, the report cites that
manufacturing infefligent, eleciric buses 1o
provide oddifional services would be o way
of achleving a refresh of the industry.

With the current certrolised grid system, o
municipolily with o large electric bus fleet
would have the problem of loading tha grid
when rying to ensure all the buses wars fully
charged ot the start of the day shift. The

generation provides the solution 1o this
problem. The reviislisation of fhe local bus
marke! is just one example of fhe ypes of
Iffiovation and business opportunities that can
be created by the intelligent ulility.
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Key considerations for
implementation

Security

One of the key areas in the: NIST framewerk
is cybersecurity, Securing the infermation
and the information systems of loT devices
canneciing 12 fhe grid is o major challenge.

bally, the power sectar is the most
frequantly targeted sector by cyber criminals
Cybersecurity oftocks thraaten the power
grid, enterprisas, and consumer devices on
5 neorly conslont bosis, putiing voluable
dighol ossets, private information, and
corporate secrets of risk, while alsa carrying
the potential for physical harm. As foT
technalogios became mare popular, new
threats ore appearing and the need for
sirangar loT securlty increoses. Growing
adoption of loT devices and the systems that
support fhem is increasing ihe number of

r Adjust and Control q
| hd hd b4

Streaming feeds
from IoT devices
Real time systems
Enterprisedata

Dashboards. Monitor Outcomes
Scorecards Apply Judgement
Benchmarks.

Fio 2 Clow-besed god rarogement ytem

Reliailky

From the reliability paint of wew, failures in
o centralized disribution model can lead to
blockouts affecting areas os lorge a3 o country.
The recent blackoutin Arentina in Juna 2019

f fiacks
against ulililies and other enterprises

In Sauih Alrica, o case in paini s the recen!
{uly 2019} Johannesburg City Power
ransamware attack which took down mast
of their applications and network, allecting
customers' ability to buy prepaid electricity
Theso otacks are prevalent worldwids - in
March a mejor US wility experienced o
serious *danial-ol-senice condition”, ond
in 2015 an alack in Ukeaina left o quarter.
of-a-million cesidents without power for
two days.

Alihough these atiacks are not nacessarily
via loT devices, research

hvi s oy
of Urugua and Foroguoy witiul pane, on
In

response and consumer energy officiancy
are ey requirements for the intelligent grid.
The infelligant grid must be able fo scole
1o mest consumer requirements, deal with
burst load requirements, balanca domestic
ond indusiral peak requirements. As befors,
orticol inllgence ord odhenced onohtcs
i i

estimated
August 2019 a large blockout offected parts
of England and Wales, affeciing neorly o

systom
con be used fo predict nvudaﬁdemandsnnd
scale fhe prosision of sleciricily occordingly.
The i ian from this analysis also

rapping pecple in trains for severol hours. A
distributod generation madl, with s bult-in
vedundarcy, is inharently more reliable os
the tolal failure of one power plant can be
compensaied by ather plants in the nefwork.
Large power plants require large distribution
lines and power step-downs so that the eorract
power is distibuted 1o e relevon elactricity
users. As o rasult the power s no necessarly

in the amount of cyber-atiacks torgefing
IoT devices as the number of loT devicss
grows. In 2016, in wha is known os the
bigges! distributed denial of service atiack
fa dote, hackers ook confrol of thovsands of
loT devices and brought dawn a European
web host. Since then (2018) o globol IT
security firm reports that the number of loT
threats have doubled. Thankfully, many
of these threals use predicioble, known
techniques to compromise devices, either
lorgeling weok credentiols, unpatched
wulnarabilfies. or both, As o result, many

ihraats are prevenoble by opplying good #

cyber security pracices
The inelligent utlity needs to hava tha relevant
securty systemsin place; both for physicol and
MW/information related security. This securty
should ot oly deal with known securty
hreats biliies, but elso 1o bs oble

, which means o
follre o v p o e b ok
«can patentially offect @ widespread orea, as
in the examples above.

Raliabiliy in the intelligent utlity is provided
both by he dynomic power generating systems
and the cloud-bosed grid management
systom, With the intelligent uiility model,
smalles, indapandsnt systems at regional,
community and house or buiding level can
continue o operate when there is o power
feilure abawhora on the network, providing
e required reliobliy.

IoT desiess continually feed doto into the
cloud-based grid marogerent system, This
information is fed inta dota stores for analysis
‘and con also be putinto @ mochine leoming
platform, Thesa systems con identy problems
before they happen by rocognising foilure
terns. This dato can incraose owrensss

1o cleal with the criminals

o 1 cov o B iae

develop fham. As can be seen from Table 1,
tha security systems required o peotect the
imelligent utlity from cyberatiocks need fo
ba muliloyered and protect all ports of the
inselligant wtiily, not fust the 10T devices,

a system
eliability and reducing expenses related fo
mintenance and outage hours

Scalobiity
Asidentfied in the NIST framework, demond

assisis decisians regarding cos'-savings and
increased produciivity. In compeliive markefs,
optimising the purchase and sole of power
bosed on insianianesus pricing information
offers both fangible and commerciol banalis.

As an example, smart mefer dota can be used
for locafionsl load forecasting. As @ result,
smort meter data becomes fhe ‘enabler” of the
automated distibution grid. This data can be
used fo reconcile the aciivity of controllable
devices ogainst the utliy’s obility 1o provide:
the required copacity and adjust the copacity
being supplied automatically.

The intelligent utifity modal sncompasses
smaller, modular systems serving regional,
community aad residential or building
requirements. This model leads to the physical
scolobility o the intelligent wtiliy, Small homa
o community syslams can quickly be insiolled
o8 demand increasas.

The ability of the distribution grids in the
intelligent utility 1o allow two-way distribution
af power means that o small home solor system
can provide power back fo the grid il excess is
genercted. This leods o further scolability ond
provides an incentive for homeowners o inves!
in power.generation assels.

The clawd-based grid management system is
also seolablo, as i rons an cloud fechnalogy
which enables IT infrastructure o scale fo
meet demands. For axample, odditions! T
infrostucture con be provisioned fo pardorm
‘manthly billing runs and then de-provisioned
atter the billing cycla is complete, thus
optimizing the cost of the IT infrostructure.
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Role of the municipalities

The local municipality has o very important
role:to play in the infelligent utilny. They
<an assist their communities to become
sefi-sufficient with the power generated by
the.regional, community and home-besed
systems, They will have the role of managing
the power generation and distributien systems
enabled by 6T ond the distibuied clovd-
bosed grid management sysiem. They will be
in charge of ensuring that the correct lavels
of security are in plocs, both physical and
cyber, and of ensuring appiicable reguiations
ore odherad fa.

A discussion paper commissioned by the
South African-German Energy Partmership
in 2017 reviewed the various business
modsls that municipolifies can adopt 1o
benefit from the opportunities provided
by domestic ranewabls energy, while also
minimising the associofed risks. These
Business models can be applied fo the role
of the municipality in the infolligent utility
The rales played by municipalities con be
broken down into three clossifications;
building generation copacity, procuring
energy and focifitation,

1Ehe municipolity hos the role of building
eneratian copacity, they will build
and own the ragionel and community
genecation systems. By building them on
Municipal land ond municipol buildings,
they con make revenue from selling the
Ppewer generated, If they have the rola
of procuring energy, then third porties
lincluding 1PPs and community groups)
will build and own th

enabler to the municipalities for whichever
role they choose.

Challenges

Worldwide the utility/nergy sector is risk
adverse. New technologies and systems need
16 bo provan bafors wililies will adapt them,
The intelligent utilty comprises innovative
technology which is enabled by loT. These
new ond ienevaive fechnologies are present
in beth ports of the system, the inelligent
dynamic power generation ond disiribution
systorns and e distributed cloud-bosed grid
managament system. Infegrafion with legocy
systems is another chollenge

Some of the challenges are fechnical, such
s validating ond festing the new technology:
Some abthe challanges ore related io paople,
and whather they are willing and able o use
the new systems and accept fhe changes
Currently many South Africons have smart
Cictere. b in ot asssx Wi ok thei Hress
smarl mekers provides is not being Ulised
o s fullest. Typically, the doto is only being
wsed for billing purposes and much of the
dolo provided by thase ovices  simply being
discorded. |t invo

Step 2: icra grid deployment

Step wo expands the deployment of th pilo,
using the lessans leared from the pilof phase.
This phose focuses on espanding fhe use of
the solution o ollareas of @ small fown/rural
area with a larger number of loT devices. This
phase also further develops the operational
business plan 1o ensure that the solution
generofes a retum o investment, meets it
social objectives and does nat becoms a
cost burden o the municipality. Operations
are: designed 1o test the obiliy of tha syslem
to'seole under operating condifions and fests
the ossumptions of the business plan

Step 3: Regional grid deployment

The fird siep turther expands fhe selution 1o
deploymen of the ragional grid, This phase
focuses on the ongoing operations of the
intelligent uliity, the confinuous improvement
and deployment of new innovofions and fhe
eonfinued revenus generation of fhe intelligent
utilty. By this step the municipality invalved
will hve decided the rola if will ploy in the
intelligent ulity ond will have finalsed the
businss model, incloding dovlopmen of

the avollable data and use I for predictive
anolytics and Al purposes. There are also
regulotory and financial issues fo be token
into considerotion.

How 1o get started and next steps
FuseForword undersiands these vary
really chollenges ond follows o proven
implemeniation methodolegy for s 3olufiond
arvd damonsiralion project. Oue methodakogy

akes info the obilty of pecple
: o il

confrocts. Also, by his siogs
o b ot S s ks 5 e
the stability and raliobilty of the nefwork.

Step 4: Iniegration with centralised.

generation and disirbution system

This is the final phase which intagrates ths
disiributed pawer generation system with
the centralised power gencration and power
system, ullimately complefing the intelligent
ublity systern. This step builds incorporates.
experiences from the first three steps, making

I the hird role, os fociliator, ipol
will procure electricity from the owners of
the regional, community and homa systerms

new fechnology and incorporates an ogile
incremental release cycla with validation and

changes to complate the
Intedligant utity system

ord an-sell 1 customers. Muni will
93 operate on sleciicily siorage wc-w on
Municipal land fo store power when fhere
8 excass supply ond sell it when there is o
shortoge of pawer or g fime of high demand.
Addionaly, fhay may provide serices suchos
installing the community and home systems,
Providing maintenance services and 50 on.

A business model fhat is oppeopriate for o
lorge municipolity will nol necessarily suit @
small.one. The various municipol business
models provided by the intelligent utilty
W8 scope far aoch municipality 1o decide
which roll best suits them, The municipolify
euld choose to implement o combination
of the roles, blding generation capedily in
ome ereas ond'plyiog o fociiaon ole

Therelore,
ourintelligent ufity implemenofion follows a
phased, a loursiep

Step 1 Plot demanstotion deployment

The initiol phase of implementation of an
Intoligen utily is the deployment of a pilot
demensiration system. The pilot system
focuses en the deploymen, configuration
ond initil “lemplate” implemeniaiion of the
Inteligent utliy lor @ zmoll community with a
simall number o IoT devices. In the African
cantest fhis ‘small community’ could be o
collection of homes within o municipality, a
university compus, 6 small neighbourhood or
o goted community.

A koy porf of fhe pilat deployment is the

It "

i ther areas. The South A

Energy Portnership discussion paper m-m:
concapts vhm municipoliies should consider
“when deciding what role to foke on. The
"‘"’"'Wca pmm by the system will be on

This plan includes a revenve-based funding
model fo ensurs that the solution does not
‘bacome o cosi-burdan 16 the municipality or
other invahved players.

This paper hos described the infelligent utiity
of the future. The intelligent utility is made
wp of infelligent dynamic power genarafion
and disiribution systems, enabled by loT
and managed by o distributed cloud-based
grid management system, with an increasing
percentage of the power being genorated
from renewable energy sources.

It has covered three key considerations for
implementation security, scalobility and
ovailability. Cybersscurity and the riske
Involving loT are a key challenge in the
intelligent utility. The infelligence in the
intelligent utilty comes from anolysing the:
doto being fed from the loT devices and
perdorming predictive analylics and erificial
Intelligence predictions on that data ond
using this information to dynamicolly odjust
and control the intelligent utility.

Gontinued on poge 59.
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Public lighting: Lighting the way to
smart city development

by Bjon Smidt-Hort, SMEC South Africa

Eleciric public lighting was introduced into the ity landscape as early as 1878, with Yablachkov candies (early are

lamps) illuminat

a
service which is |mp|nmenled in most mu

So why has this sarvice become so impari

fo the point that it is

ol 1o a city 1o have

implemented?

Public lighting is one of the services that is

mostvisully seen by the generol public witin

a city [thaugh it almost goes unnotice

Lighting provides o sensa of visual safety and
socurity. This improved sense of safety and
sacurify will often lead to an increose and

further promotion of communiy octivities

events, spon, trade, Industry ond

16 oceur beyond normol daylight hours, 1t
is 0 service that has the power o indirectly

promote stimulus info potentiol economic

and stote of wellbsing within

ality

Although public lighting moy assist in
generaiing revenus indirecty for @ municipality,
it does add o the slecricol consumptisn
and operational costs of a municipally, for
which o budget needs 1o ba rosarved, This
should include o budget for maintenance

and improvements on a city’s system which
may need 1o expand as the community’s

demands grow,

S0 how can a municipality maintain o

improve th

service 1o the general publ
whils reducing overall energy consumplion

and oparational expandi

How does public lighting becorne o source of
revenius gensration opportunitiest

Would securing and improving the public
jiing service delivery improve investment

opporunites into o municipolit?

With all these questions we could agree fhat
public ighting should no longer be considersd
sgular service, but should rather be viewsd
(s @ multi-discipline senvice; that through smoll

initiotives, the public lighting infrastructué
could b used 1o trarisiom a municipality o
o more sustainoble and eficient entiy thotmay
beter serve the generol public

The importance of public lighting

Public lighting is an imporant service to
be implemanted and maintained by o

icipolity. But whet is public lighting?

Public lighting is any lighting installotion or
systom that provides illumination at night, or

g the Avenue de 10péra in Paris. Since then public lighting has become an almost unnoticed

ipal or town plan:

Fig. 1 Yeblochtow candle

under the Exposiion Uiniversel

ng low light condions fuch o3 sty

or in poorly lighted spaces fsuch
o tunnels] In public places and ploces that
the genercl public may have access o, These

installafions ond systems form @ cennecied
infrostructurs throughout a municipality. Thus,
public lighting would comprise:

The lighting of sireef and roads.

= Arealighting of developed oreos such as
residentiol areas, public tronsport nodes,

frading focilfies

o Lighting of parks, zoes and recreaticnal
venues

o Lighting of amenities such as o muricipal
stodivm.

o Interlor lighting of municipal buildings,
municipol holl, kbraries, clinics ortheatre
venes.

o Similor lighting installations thot are

necessary for public places used by the
general public.
Public ight
general pul

s o service required by the

ond communities within the

municipality, Darkness can craate o sense of

isolaticn within commy

i85 ond may result
in businss areas kacoming deserted

rough
the lack of paironaga if these businesses
ore silvated in dork unattractive or unsofe

g Avene de [Opéra In Poris

environments. The purpose and impariance
of public lighting is o luminate public places
to allow the generol public o comy out fasks
safoly, obsarve ond react and to creofe o sofer
night fime environe

the community
through visual security while making many

public spaces mors usable ond enjoyable for

by the general public. Fig. 2 illustrates. this
imporiance in canjunchion with the following
‘question: Which alleyway Is more inviing fo

walk down?

Wos the answer based an facts or on
emotion? Toks note tha

o only fact
provided is that one q

eyway is well fighted
and the other not. No facts perlaining 1o
the location, crime siolistics, governing law
nor municipol opecalions capabilifies for
maintoining these lighting installafions wera
provided

Although public
proctical ilumination of public spoces,  is

g Gims 1o provide

impartant thot these spaces are illuminated
o illumination levels in compliance
standards such os.

® SANS 10098 Public Lighiing (rood
streat ighting),

®  SANS 10389 Exteriar Lighling.

®  SANS 10114 Interior Lighfing.
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Quality energy efficiant LED luminaires have
longer operational life fhan existing non
efficient lumingiros, thus the implementatioa
of these LED luminaires would resull in o
longer lusting, consiatent and affordable
public lighting infrastructure with reduced
mainfenance and operational expenditure
(excluding the impact of thelt and vandalism
o these systems). If is estimated fhat South
Alrican jd least 40%

Should the sustoinoble initialives
be impleménted, loT systems could be
implemenied and integrated into the public
lighting infrostructur, This integration would
further promote the sustainability of the
infrastructurs while promoting on cbilly 1o

fhor than lighting,

this risk. Acts of thaft and vandolism on the
infrastructure eould be ofiributes of poverly,
criminal activities thal mquire dorkness or
require the material to operate, community
unrest, a gome played by children or even
an ofivity undertoken by some adolescents.

o communities within o municipalfy.

of public lighting

of the totel expenditure per annum allacated
1o the existing non-sHficient gublic lighting
infiasinicture by replacing the exising non-
effciantfumirires wih energy sficient quoliy
LED luminires.

However, the concern with the ansrgy
efficiancy trand is that the focus is on
energy saving and nat energy saving while
maintaining quolity and compliance fo
lumingire and lighting lavel standords. This:
may result in par lighting installations, thus.
lending isedf o he second frend.

The second Irend, improving the qualiy of
lighting installafions, periains fo fhe improvement
of the qualiy of ilumination, thersby improving
the visual abilty and percepiion of the general
public. The trend considers the illumination
‘demonds and nesds on public fighting systems
of growing communities and oims af fulfiling
these by creating o sofer night fime environment
for the communities and improving the “lok
and feel" of a ciy town and municipolity.

Improving the quality of public lighting
installations ond infrastructure could:

= Promote the befler uso of open spoces by
suppariing posilive evening use of opan
spaces.

Promate walking, cyeling, public ranspert
ond safer driving threugh qualiy lighting
praviding higher visbility.

Promote the use of opan spoces by
portially sighted persans and improve
the visual facility to persons with universal
occess dasires.

- Reduce greenhouse smissions thiough

15 it possible Jo- maintain the quality of public
lighting whill reduciag ensrgy consumpion
ond averall operotional expenditure, while
generating possible revenve opporunlies?
Various methods and sirategies could be
implemented fo obtain this. These range from
manual methads of testing to automated
systems and control, security of assets,
financially feosible and efficient energy
and maintanance schedules, community
involvomant, personnel troining and more.

Oneof the st teps o foke when commencing
the journey 1o sustainability is fo idenify,
understand and mitigote the risks that
may undermine and challenge the exisfing
ond future delivery of the public lighting
service. These risks moy prodisposa the
public lighiing systems ond municipolities 1o
reduced or impoired service delivery. More
importantly, these risks reduce the sofety of
the general public in public spaces .m,.

are evet evolving os re
the service delivery demands of thess
communities. Various risks influence o
‘communityand some of these isks ey resull
in the. gublic lighting service being cffecied
by @ community. Unrast within o cammunity,
elements of corruption, unemployment,
socioecanamic status, education, nccess fo
services, crime and sense of bieing empowersd
are same factors influencing communites. i
may be bendficial to o municipaliy 1o instll
a cerlain fype lighting but it may not be
bensiicial o the wellbeing of the community
in which it i installad.

The public lighting infrastructure is anly os
good os @ municipolit’s ability 1o manoge,
cperate and mainioin i, thus influsncing i
senvice o the public. Some risks that may
affect @ municipality moy include limited
financial budget allocation; inabilty to pay
for energy, material purchases and oiher
expenditurs; hoving fimited or inoperable
tools, squipment ond plont to corry out the
works; not having adequately trained ond
skilled. personnel; shufling of management

thesa undarrhined publi
are prasent.

Withaut firstly identifying the risks and
understanding the causes of the risks
impacting public fighting systems, it is not
possible fo implement effective strategies
to miligote fhe couses of fhese risks, fo o
sustainable level where fhe risks could be
overcome and thereby promate o more secure
and sustainable basis from which to improve
the quality and efficiency of the public ighting
sarvica.

There.is possibla financial gain if some

the use of fewer or gy eficient
humingices.
Promate urbanisotion and cesthelic
‘appel by showcosing urbon features
Imprave safety and security through
‘qualiy lighting impraving visual ability of
survaillance and moniloring systems.
& Pramote sconomically sustainable lighting
ossets it aro sy o instll, hav low

why the public ighting installations are baing
affected. Knowing these couses may reduce
the costly exercise of continuously repaifing
and replacing these offected installations,
or developing and implementing mors
resistont ond secure lighting installations
that may become rre difficult and costly
o malntain,

El e

result in the changing of diectives; accuracy
of inventery of the assels insialled; various
types of meteriol stocked for mointenance and
rapair purposes; poor quality ossets insfalied
and possibly including the way in which the
management, implemeriofion and operatiaral
processes am comied out on o doy fo day basis,
Some may think why weuld i be necessary 1o
change when & specific fosk ias been done
this way for years? Yes, fhis way of thinking
may work for some tosks. However, if the
public lighting infrastructurs is o svolve
with changing technology and changing
community demands the some method
connot be Used and there i no gne-size-fits
all solufian. Furthermare, if the public lighting
infrostructure is fo mesge with loT systems and
be used 1o assist in growing and advancing a
municipalty, new strotegies and plans should
be developad and implemented.

Continuing the journey 1o the susiainability of
the publclghing nfrsruciure, s municisolly

ond are cost
‘ffactive over the life of the asser.

By adoping and urhr developing hese public

, bahaviour of

communites and the abily of municipalities
‘o operate and moiniain public lighiing

lighting trends throug|

sustainable inifiafives, & muricipality should

be able to ovarcome fhe associoted risks and
‘

ore some identifioble risks.

may ! @ set of susiainable
public lighting guidalines. Although similor

ouidelities may eistwithin some muricipaities,
wher some municipoliies have adopted the

It nat possible o, o of thfi and
vondalism fhot moy render the stote’s assets
Wnoperable;h i .

F ARPO35,
it remains crucial that these guidelines should

g
service infrostructure.

be implemerted to reduce the causes of

susiginable, intensifying
and progressing public lighting infrastructure.
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Thess guidelines should also consider the
various damands of communities, which vory
from municipality fo municipality.

When developing or revising o sef of

sustainabla public lighting guidelines, these

guidlines should consider including the
quuwmg significant measures:

o The overall cim of the guidslines shoold
be o snsure that new and existing lighting
is snergy efficient, well dosignd, well
located and that it complies with the Sout
Aficon standords applicoble fo lighting

dentily, undersiond and mitigate fhe risks
offecting public lighting infrastructure. It
i3 importont fhot these sirategies includs
constant revision and review 30 a3 1o keep
abreast of the chonging risks

Know who the lighting is for
Commuinication s a vital tool o mainiain
particularly with communities. Build
and mointoin community relotionships.
Infarming, nvolving and educoting
0 community may assist in improving
the security of o lighling system, as will
implemanting efficiant, refiable and
responsive coll cantres.

A municipality should maintain its
commitment to susiainobility. Ensuring
commitmant would promats service
delivery, sscurity of the service ond
maximise potenial financiol savings.
Commitment mayolso assstin promoling
communily wellbeing.

.

Developor revise auditoble manegement
implgmentation and operations!
Processes, The aim is fo ensure the
efficiancy and quality of these processes
are upheld and prevent o backlog
In service delivery that may impoct
o0’ municipalify's commitment 1o
sustainabilty.

Ensure that the people appointsd for the
sk ore properly qualfied and develon
continual upliftment progrommes 1o
improve the knowledge and skills of
persannel through highes educofion and
roining, Coupling uphfiment progrommes
with esource planning and ollocation
wauld assist in providing o sustoinable
werkforce for o sustainable infrostructure
Develon and define public lighting iimum
effciency and qualiy perdomance standords
and standord design requirements. 1
s imporant tht luminoires and other
Osets are tested by o municipality to verily
complinge o thess stondards.

Define the recommanded lighting
calegories for open spoce lighting,
elerancing the applicoble South Aficon
lighting siandards. No: one municipolity
15 the same, thus identily the cotegaries
for open space lighting applicable f@ @
Municipality,

The guideiines should ossis in infarming

and guiding and municipality’s decision
moking for public hghting instollarions.
This moy invalve decisions
when public lighting & requiced, ond i s0,
what sort of lighting should be installed 1o
best serve the public spoce

The guidelines should essist municipol
staff, lighting design consuliants and
others to consistently epply susioinble
fighting principles to new public lighting
instolation implementorian, replacament,
mainienence and repair iniliatives 1o
aisting lighting installations

Develop o design pracess for he lighting
of public spaces. This guideline sheuld
assist municipal sioff fo dévelop bids and
1o easily svaluate designs and installations
for compliance.

nvestigale the open spaces within o
municipality thel ore accessible 1o the
generol public during the day. Consider
promoting the use of spaces in the evaning
i benaiiial o the communiy and economy.
Assist in improving safety through
lluminatian and proactive surveillance:
and monitoring fo- creofe a safer night
time envirenment for the communi

Use public lighting o promote walking,
cyeling, and public tansportfaciines The
qualityof public ighting may promote tha
use of these facilities by portially sighied
persons and persons with Univaisal access

.

.

e visibility and
of pedesirins ond safe

desiess. It may impro

riving for
motor

Select gssets and implement lighting
installations that consider raducing
Greenhouse emissions and promote
the enviranmental conseiousness of

recyclable woste, light pollution and
sensitvity to biodiversity.
Fromate the: ocquisiion end instollation of
‘economically sustainable qualty ossefs
ensuing tho the assels can be managed
sustoinably over their Wetima, These
assas shauld prometo on efficiant circulor
sconomy

idently, investigate ond select uibon
features lor aesthetic beautficarion or
show cosing in an efficient and sustainable
way. This form of public lighting aims o
improving the look ond Jeel of o ity
o municipality with the potentiol of
improving community wallbeing and
promoing investors,
inhabitants

Iconilfy the methods or systoms by which
fhe public lighting infrastructure s o be
controlled and manitored fhrough manual
‘ond outonomous elemanagemen sysiers.
These methods and systems should assist
in risk mifigotion, efficient maintenance
schoduling ard in trocking and ouciing fhe
efficiency of ussats and operations

ourists ard new

Powering
networks

across Africa

Over the tast centurys we have:
helped our ity transmission and
distibution cheats to
thee infrastiuctire across Aica.

We have delivered more than

15,000k of transmission lines,

and aver 25GW of energy

generation 1o assist in mesting

the continent's power demands. -e

modornise:

Opening oppartunities
ih comnecied thinking.

Claudio Pierini | Tel 011 052 1006
clsudio.plerini@mottmac.com
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Undertoke festing of ighting instollcfions
and the measurement of illuminofion levels
toensurs that thesa installofions confinve
1o fulfl @ municipality’s commiiment o
susiainabilly, efficiency and compliance
fo lighting standards. It is important 1o
verify that the public lighting instalaticns
confinve o promate fhe use of  public
space

Develop eficient cleaning, mainienance,
repair ond replacement cperation
schedules that evolve with the ageing and
operationol candiians of fhe assets. These

 monaged

WiFi hot-spots thet moy connect
dhes, i

By bringing susksinable light info dorkness,
may no langer have & sense of

o These same WiFi hot-spots could be
used fa retrieve real-time power and
waler demand from wireless mefering
devices or be used fo ossist in automoted
fmonioring and control of these and other
bulk services.

o Intelligent traffic systems fhot ossist
in raducing congestion, as well o
manitoring pedesirion and motorist
behaviour and volumes, which could
be used in futurs town planning and

ond fullilled to promate sustainabilly and
foasible expanditure.

Lasty, the rafe of which susioinability of the
public lighting infrastructure can be achieved
is inversely propartional fo predisposing risks
whie heing proportional to the amount of
quoliy resources ovailable. This is similarly
opplicoble 1o the growth and evalulion of the
public ighting infrostructure.

Concluding with a look to the future

The efficiency and quality of o municipality’s
susicinoble public lighting service could
bo senn as the municipality's advoncement

o Climatology sensing instruments maoy.
assistin oceurate weathar indication.

» Waste sensing instruments which moy
assist in sficient waste idenificafion ond
removal,

Air pollution sensing instruments which
may assist in informing individuals or
invastors which municipolity has o higher
quolity of ir. These same sensors eould
be used fo imposa greenhouse emission
or air pollutant panaliies an identifiable
indusiries.

« Electronic advertising and news boards
that may improve revenua generation

info

By implemanting even small iniiotives, @
more sustainabla public kighting infrasructure
may be obtained. As sections of the public
lighting infrostructure become efficiently ond
reliably sustcinable, there axists the potential
of merging IoT systems with tha infrastructure.
The infegrafion of vorious services into the:
public lighting service would fronsform this.
susteinabla singular sarvica into a sustainoble
ond multi-discipling service that moy enable
o municipolity fo advance inte o more
susiainable and efficient enfity that moy better
serve the generol public.

By integroting vorious services info o
sustainoble and adaplable public lighting
infrostructure, public places and road
tasarves no longer need to bacome
odditionolly congosted with new surlace

and undergeaund infrastructure. This would _

avoid addiional obstacles thof may ofherwiie.
reduce public salefy and o municipoliy's
ability to efficanly susiain and goin occess
o ather services.

Consider the possbilties that a sustsinable
and odoptable public ighting infrastructure
cauld provide by supporiing services such as:
» Municipolity-wide surveillance systers

for o ipality, os well o5 the local

isolafion; This sustainable light may promote
the upliftment of the emofional wellbeing of
a community and may improve the status.
and visual percaption of an advancing
municipolity. Where municipalities con be
sean o be developing and odvancing, these:
municipolities are soen 1o be more inviting
1o thove looking 1o reside or inves! within o
municigality,

Thus, susfainable and efficient quality public
lighting could ignite the possibilities of
duveloping and odvancing municipalities,

communities, indusiy, businasses, families
and individuols to an improved state of
wellbeing or smart cily status warthy of the
fourth industriol revolution ero
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Early detection of impending failure in HV
cable terminations

by Somantha CJ au, University of the Witwatersrand and Patrick O'Holloran, City Power

hbert Myamuporge

unda ond

In a case study municipal substation, there has been prevalent failures of 88 kV cable terminations after 29 years

operation,

All foiled termintions wers
investigated and the failure

Shaes

within fhe cobl e

Furthermare, an online

hod been installed onducime SH—
d be nstalled in L;-- ousing

terminotians operating

the present paper, i

Identified degrodatio Lp— Rt path

Comugund s
ki

i ....u“ ant Py
identificatic

iification of oy Loea low deai
discyssed sohmten:

The power cable termination design

materiol and geame

aspacts ore shown ir

voliage power cable fermins

is in ce

non use in most South Africe Fatigue fracture at
copper braid and bell

hausing wiped joint

metropolitan powar uilfies. n tht rega
it can be widely beneficial if proble
encountered and sclutions associoted with

the technology ore shored omong asse

managers fn

tiities.
Galvanic corrosion at

CSA and copper braid
interface

The identified failure mechanisms

btk

fotigue and gab

i cormasian

and gal
'vrd.‘ the crtical mefallic
”\‘nmg; of the cable termination. Fig. 1

: Degraded
c fafigue wb\l?mﬁ‘ semiconductor
indedired elocrc potentiols. Arcing od
event of
Degraded and
nple, th burnt out insulation

Poth can be diverted fowards th

pper braid ond

The e
e cricked metallic interfaces in ihe

fermi
ation o woler ancl/or moishure
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which in turn

ss. The aluminium
eginning
ination and estending for meters
along the cable length. An example of such
vin Fig. 4, The degraded
ground sheath result in discharges between he
€54 and fhe ouler semiconducing loy

(shield) can got corodlec

Such
g
asulafion leoding

dischorges futher srode i
loyer and eventually the XLPE
to complete failure. The partil d
occurring between conducting surkaces
srert pofentiols con easly be
misinterpreted as harmiess in conventional PD
sis methods

harges

thet are of

dioy

Parficl discharge condition
‘monitoring

Portial discharge measurements are @ common
practice in power cable systems diognesis. |
the present case study, the PD

5 is employed. The

diagnosis

high frery
on the co .
The crtorion used o diflerenticte ferminations

acy current transformer (HFC

nection lead of he ferminat

requiring raplacsment from those thot ore in
good condition (Fig. 5 is bosed on the intensity
and locatian of partinl discharge octiviy
Infenal partiol discharge acivity werranis

ihe immediate replacemant of the coble
fermination, Surtace partial discharges inside
he ferminaion are cansidered ambiguous
and further lesting is required, while suriace
partial discharges outside the fermination
ond corano are discarded os being harmless.

The primery foilure of the meiallic interlaces
st likely be discardod given the obave:
sutlined partial discharge testing criterion

iges on the oluminium sheath and
fracture: solder at the capper breid to copper
bell housing wiped connaction will cause
corona discharges. Subsquently the eroding
semiconductor layer will bo subjocted to surfacs
parfal discharges and then finally leading 1o
portial dischorges in the XLPE insulofion. In
the cantest of the ermination under study, PDs
only indicate imminent fuilure and not early
warning. There is fherefore need for more
comprehensive and smart condilion menitoring
systorn for the cable lermination and indsed,

iher power cable accessories, Use of eal-fima
continuously updated reliability models con b
o promising solution in thot regarcl
Reliability model

In the present work, @ weakes! link-bosed
reliobility model was developed. I is an
analylicol expression of the remalning e
probability 5 6 function of the idenified life
foctors as shown in equation |, Details of
the model formulation are in [2). The model
accuracy depands on the ability fo eccurately

Cable

marks

Inside System

sample with
CSA stripped

Discharge

€SA and Al

el shaath

Outside Sytem

Repeat Measurement
Continue Monitoring

Fig. 5 Fortal discharge tear decision

Rezmelt) =w-[-(,q,”)p|-m[~(

the ife factors, In fhe present work, the dofa
was oblained from onsite measurements
combinad with the parameters that ware
ablained from a wide search in the litorature.
The pracess inharently entails making some
assumptions. The grophicol presentation of
the raliability is presested in Fig. &

determine

where d, s the

life focter, a,

chort,

) |-en| -]

is the thermamechanicel Iife foctor and @, is
the corrosion life factor (see Eqn 1],

The concept of intelligent asset
management

The instrumeniafion and online data logging
systems con be used fo obigin real-fime
cperaling parameters which togeiher with
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ial specilic parameters, moke up the

!
i

models. When
the degradation models ore combined with
solitical fime 1o falure dota, on sstimols of fhe
remoining life of the cable ferminations con be
made 3], Funhemore, on infelligent distribuied
muliphysics digtal twin® 5] con be developad.
This would allow the complex synergistic
degrodation mechanisms fo be observed in real
fione. The real fime: operating condiion o the
eable temninations wil assit the maintenonce
engineer and influence fuure designs.

Conclusion

The foilune modes of o type of 88 kW XLPE
power cable termingfion have been idantiiied
hrough forensic anolyses of kiled terminafions.
The forensic investigations show that not oll
degradation mechanisms can be identified
Ihrough portial discharge festing. An intalfgent
digitol win solufion has been proposed. The
et i f ol

04-
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02 scquisition  (40ypars) |
time
| o R T
| . 1
[ |

¥ M B w0

20 25 N

10 1‘!
| Time (Years)

to-failure doto, measured aperating parameers
and reol time muliphysics simulations 10 iform

115, 6 Th grophicol presioonof th ey oy o e cobleleminlon under
thormomechanic, sleciothermal and gatvanic comosion. &

Processing Otghal Madsl Decision
Deterministc Mathematical ' |

Moddl .-a% i |

o s — |
‘Statistical Tame to-falkre. L]

Trond

Fi, 7: Ineliger coble Awimincivon asset manogesset sofuton.

design decisians.
References
{11 P O'Hollaran; “Case study site mainianonce
engineor;

121, S Chimunda ond € Nyomupangedengu: "A
reliohility oisessment mode! for an euidoor
BBLY XLPE cable terminotion,” Electr. Power
Sy, Res, vol. 177, p. 105979, Dec, 2019,

131 G Mazaani and M Mainotio; *dvanzed
elacr hermel W and refiobilt model o high

wolioge cabla systems includkng ocoasscorias,”

DES, ol 33, 60, 3, pp, 17-25, May/Jure.

M Grieves; Origiosof e dighaltin Cancat

2016,

D Vogali, 5 Grobmaier, M Sulinor; M Weyich,
P Gohnse, and W Rucker: "Intelligoat and
disiibuted salving of mulfphysics problers
coardinaled by scftwore agans,” pressrted ot

Insemational Conlerenco on Agents and
Articiol invligence (ICAART 2018), 2018,
vel, 1, pp, 200-207

Contact Samantha Chimunda,
University of the Witwofersrand,
Tel 011 7177213, wangsom@gmail.com,

uied on poge 51

121 Evropeon Union Agancy for Netwark and Informotion Security (ENISA)
“Gaod piocties or Securly of nfemat of Things”

ouseny!
We hove apporiunities available for on interesied municipality WEB gl

2 <] South Africon
The paper discussed the role of the municipalify in the infelligent unicipoliies in ranewobla' energy - @ review of business modals
viilty. FuseForword balieves that the intelligent utility offers many. um..,..m‘pnp. Morch 2017 -
|; i B dols
benelit to the municipalities in Africo. L) fO'TG etal *
Participote in a pilot 5]

Elecric Vebicles 2019 Markot bnteligurce Rogert s graancope. co o/
ELECTRICVEHICIES 14AR

RKET-INTELLIGENCE - REPORT-

demonstration deploymen, Not only wil this pilot prove the
ion deployment

30lution, it will demonsirate that the utility of the futura is ovailoble.
today in Africa, Bnabled by oT and current cloud infrosfructure.

i P
‘#dge inifitive,
References

I NiST

with us on e pr

S universty for other interesied party) o work with us on a pilot (&)

Massive O30S attock hamesses 145000 hacked ol devices - s
145000

hacked ot devices

Acknowledgement

This paper wos prepared wilh tha assistance of Mark Damm, CEQ),

FuseForward Group, and Corla Tooley, marketing communications

manager, Fuseforword Group.

Contoct Fuse Forward South Alrica, Tel 011 575-7609,

cathy.pickering@fusefarward.com

e, (i 3.0

e ———————————————————————————




I 2 7thAMEUTechnicalConvention2019 —

Challenges of planning future high voltage
power system networks

by Vosu Chety, eThekwini Electcity

Steady growth and development in South Africa has led to |

e i i

d demand f

of electric power networks and an evelution 1o the current power system network. To dule, there have been several
planning challenges, both technical and non-technical, many of which still persist. It is predicted that there is o
likelihood of further increased complex planning challenges in future. We are aware that networks will change
but the difficult questions are how, when and how quickly these network changes will oczur.

This pager focuses on the planning of future
high voliage power systesm networks supphying
cifes, municipalifies ond lorge power users,
o3 well os smaller communities and rural
networks. The increase in electricity farifls,
load-shedding, introduction of renewable
anergy ond the drive towards ‘cleon energy’
sources, ore.among the ke ospects that will
impact the anargy sector.Policy and regulatory
changs wil furher sgnificantl offoct network
planning cansequantly lsading to sither o
posilive or negative evolutien.

South Africa is largely supplied by power
slations thof are lacated in Mpumalonga
province. There is a change fo the supply of
‘anergy from powerstations wilh the introducfion
of the renewable snergy independent power
producer (REIPP] programme inifioted by the
Deportment of Energy (Dk). This progrom
hos procured oround 8400 MW of anargy
from 104 independent powes producers (IPPs)
[2]. Renewable energy is generated chisfly by
wind and solar sources in the Easter Cope,
Western Cape, ond fhe Norther Cape. As
port of the Integrated resource plan mors
renewable energy (around 4000 MW) is likely
10 be introduced in the et ten years. Fig. |
provides o general overview on the curent
ond future footprint of pawer generation in
South Africa.

The South Africon power system comprises
ldrgely of the Eskom owned and operated
teansmission network with voltage levels
ranging from 220 1o 765 kY. These
networks supply municipolities, cities,
towns, mines, industries in South Africa as
well a5 neighbouring countries, Countries
such os Nomibia, Botswana, Zimbabwe,
Mozambique, Swaziland, and Lesotho Gre
cunently connacted to the South Alrcan
tremsmissian grid. In an effort 1o rode mose

Fi. 1: A crrondand it goercton fooprnts [2.

nétworks ore rigid ond robust, and in most
cases with N-2 contingency [3]. These
have ensured the! transmissions network
remoin stobls under the current demanding
condtions

The fimsfromes for planning, construction
and commissioning of high voliage networks
con range from three fo fen years, In the
plonning phose, deloys can be experienced
in the environmental impoct azsessment (EIA),
woter use licencss and specialist studies. In
‘envirenmental impact assessments (ElAs), the
public is allowed 1o comment on the project
ond it is o requirement hat all public cancerrs
are satislactorily acdressed before approvals
are granted

In most cases objections 1o projects are
H e b

consideration hos 1o be given 1o the actess
roods for the construction and mointancnce
of towers and substations.

Prir to construction, approvals need to
bo sought fram the offected authorities in
the crea. In some cases, assessments and
studies are required, An sxcmple of this
situgtian is where lines and subsiations
are in the vicinity of airports and flight
paths where approvals are required from
the civil aviotion authority. Timeframes for
these processes must be faciored info the
project delivary schedule, considering the
possibility of delays on one or mare of the
items menticned,

Bulk infrastruciure projects require large
omount of land that is difficult to acquire in

4
leading fo implamentation daloys. Land
acquisition can also be o lengthy procoss
leading 1o furher delors i aners are not
wiling 1o 5ol land or

bl up roquires
@ socure, raliabla and rosiient soures of
power in arder o susioin development into
the future. The projects are planned with

for projects. Wher

supply for o minimum of 40

of land:can dafoy projects .ﬁ there are longiby
legal boftles.

o By
lang-term plon betwsan southem Africe and
neighbouring countries.

The high veltage planning process
The current high voltage planning philosophies
are bosed on the transmission grid code,
fogether with policies and codes of proctice
that ore specilic o utlites. As o tronsmission

The of overhead lines
roquires 35, 45, 55 m of servituda for
132, 275, 400 W raspechively for the fll
length of the line. Depending on the utly, o
single or double servitude would be required
for the new overheod lines. Substations
roquiro batween 6400 ond 60 000 m? of
land. Tho cost of and varies depending on the
lond:use, zoning and teroin. Further carehul

yeors
infrostructure would fake ploce s and hon
required affer corsiruciion,

In oddiion components would eed ta be
replaced as they reach their end of Iie.
Current planning looks of life cycle costing
when choosing companents. Maintenance
practices ora now moving fo o “condition
based” maintenance regime rather than
“time-basod" regimes. Online. moritoring
equipment ore: oo bacoming comemon for
lorge valus ssets.
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Demand forecasting

I fhe post forecasting was carried out using
historic trends ond known/planed future
developments. More rocently geographic
load forecasting [GLF) is being camed out
by utilities and municipalifies. It ollows far the

* Growth ond developmen materialising
as planned.

o Govermment ond municipal intiatives.

The larger variance in the resulfsindicates thot

pre-2010 (e year of the Football Warki Cug

in SA) economic outicok was mudh brighter

modelling of load: i
curve. Loads con be clossified as industrol,
commercial and residenial wifh each justfying
aspecific demand load for planning purposes
GLF progroms require on econsmic
dovelopment perspective siudy 1o be corried
oul prir 1o the modelling. It identifies
spatiolly where and to whot extent growih
will toke place, The study makes use of oll
stakeholders’ plans, spatial and integroted
plans o3 well o5 ofher development plans
The papulotion siofistical dot, economic
nd land.use daia is used fo formulate @
modal.
The dota derived from this model are direct
Inputs 10 the GLE program. The outputdato of
the madel depends on the input parometsrs,
therelora gaad quality dota s required. The
results of the models become the key inputs
the moster planning process ondl is cruciol
in delermining the 'capital bold progrom.
Hawever the langer the planning fime-lines,
©reater is the uncerfainty in the forecas! dota.
Fig- 2 indicates fhe measure of unceriainty
Ogingt time. The oreq within the red ellipse.
indicates the planning pariod for the network
development plan (NOP), while the blue is for
The network masterplon (NMP). Beyond fen
Ye0rs, the uncartainty increases exponenielly
In plonning high-voltage profects, planting
an begin in excess of ten years prior 1o the
Project baing required. Hence, forecost in
#neral is based on current dofa and hence
thete will olwoys e foctors of ncertointy
in foracasting. Plans. have to be reviewed
regulorly and adjusted f required
“Thekwini Electricity’s load forecast
#Thekwini Electricity completed its first
orecasting exercise in 2011 the results of
which ore shown in Fig. 3 4], The forecosts
818 seen fq be higher thon what was being
“xperienced within the network. An updote of
the ecanonmic development study wos cartied
S6tin 2015 and subsaquently the GLF model
% updoted accordingly. This process wos
:":'Blmed in2017. The rasults are shown .:
g€ in fie ninthe
iy rasults are showr arop

The resulsinlcate thot hera s o signieant
difference in iha forecasiing between the
2011 and 2016 Joad modalling. Foctors ot
nflvence modelling ore:
*  Lond data used
Economic devalopment perspeciive:
Statistcal data (census doto).

shudy did not toke place as planned, but where.
sretched out over a longer period of time.

eThekwini Electricity’s
historical load

The effects of the globol recession of 2008
influenced growih in SA. Load shedding
that began around the same fime pariod
drave Eskom fo implement demand side
management (DSM) by promoting energy
efficioncy. Projects such as solar water
heating, incandescent bulb replacements,
gerser fimers, anergy eflcient shower heods
and education on saving power reduced the
lood demands. Customers hove also moved
oway from the elecyric stoves and hater fo
gas powsred ones.

One of the most significant changes in
the power industry is the introduction
of renewable ensrgy and the drive 1o
produce clean energy. This has led 1o
commercial, industrial, and residential
customers insiolling generation units within
shelr facilifies for fhe production of power
fo sither use or import into the network,
Industrial customers are now able 1o generole
power from exisfing processes. Even though
campanies are seeking fo become corbon
neutrol in their production lines there still
hos 1o be o business case for fhis. Small
1o medium customers have become more
energy effcient ond ore using less powar.
The decraose in foad demand (3] has been
050 result of:

= Increose in farffs by Eskom.

+ Load-shedding.

» Demand side ir
awsieness,

liotives and customer

The elechicity foriffs have been increasing
sieadily from 2008 1o present. Year-on-year

2005 2016 2019
—CLF2011

2020 2025 2029

—GIF2016

2030 2035

= Fig 3 The 2011 nd 2016 GUF study results 4]

T e T T T T
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incroases have varied botween 4,95 ond
26,2%, the latter being for the 2009/2010
financiol yeor. An overall incracse of 59%
was levied over the last ten yeors, Fig. 4
is @ plot of historicol load dota against an
S-curve. §-curves are used 1o trend loads over
fime, accordingly, @ load reaches o peint of
saturalion

Betwoen the yeors 1978 and 2008, the load
curve closely followed the S-curve, Since
2008/2009, & devition from the S-curve
is 304n and there ore dight increoses ond
decraases in eThekwini Electricity's peak
Ioads

Embedded generation

Within tha &Thekwini Municipality embedded
generation hes taken the form of photoveltaic
[PV} systems. There ks been an increass in the
number of residential units that have installed
solor PV in the last 5 years. Muricipaliies
are stil in the pracess of regulating the
installations. A new tariff scheme [5] has
been introchuced this yeor. It has inroduced
a grid connection charge 1o customers who
wish fo generate power and shill want o be
grid connectad. This would have on effect on
future P insiallations. The new fonif’s grid
connection increoses the paybock period of
installations and might oci o3 @ deferren lo
future installations.

Fig. 5 indicates the doily usage curve of o
residential customer, shown in block. The PY
curv s shown in porple and indicales a peck
generation of midday, Thus, 03 PV peneirafion
increases, thers would be on increase in the
amount of power baing generated by small-
scole embedded generation (SSEG)

However, if significant omaunts of SSEGs are
present in the network fhis would increase
the amount of power in those arecs. SSEGs
would have an impact en the emount of
power being required from upstream Eskam
supplias 1o municipalities, The result will
be thot the tronsmission grid load would

decroose. The solor irradiotion mop, Fig.
8, indicotes thet slong:the eost coast
of A, betwsen 1700 and 1900 kw/m?
radiation is received. This, when compored
ta the certrol ond west between 2100 and
2300 kW, would be generated and is
equivalent fo 20% more power. Thus for
the similar capifal investment lorge scale
solar plont are nat ikely fo be constructed
in the KwaZulu-Notal, unless for reasons
other than obloining the moximum refurn
o0 investment. Thus currently thers ore such
plonts that have been in operation in these:

Load (MW)

~ eThekwini historic load peaks

oreas for the lost few years @ port of Eskom's
REIPP program

The drive fowards ranewable enorgy and
reducing gresnhouse gases is likely fo see
o change in the curment power sources. This
would mean tho the tadiional supply chain
of transmission lines and subsiation would
have fo be recanfigured. This is shown In
Fig. 7 which are Eskom's proposed corridors
for transmission lines going infa the furure.

Municipalities are governed by the
Municipolites Act (7], while Nersa regulotes

1951 1961 197 198

1991
Time

001 2001 BZi e 04y 050
(Years) ——rcwsl ——sSCune

Fig, 4: The Historic demand graph for EThekoini Elechicity

- =~ Generation (Supply),
= Usage [Demand)

12 noon

6pm.

Time of day

Fig. 5 The daily foad curve wih PY generofion

VWORLD WAP OF GLOBAL HORZONTAL RRADITION

own

Loyt e i 0 e W8 (8 s e Dm0 T

[T

Fig. &: The Gioke Solar Harizontal rradiation Adep [6].

Fig. 75 Exkorn's future servitudes 2]

-
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Power generation in the couniry and regulates
taritfs. Policies and regulations have io be put
In place for the purchose of power from SSEGs
and ofher ganerotors. Eskam is committed lo
Purchase power ot set rotes for the IPPs. The
lock of policy gives fraedom fo poricipant
but the fack of cenainty make it hard fo find
funding,

Challenges

The challengas in SA are both fechnical and
fon-technical in nature. However both offect
the gualty of supely of the customers.

Technical

Embedded generation: More small
scale and lorge-scole renewable enorgy
generaion

Power flows that will change.

Changing power quality due 1o the
increase of renewabie snergy ganeration:
bault curvent levels, flicker, harmonics efc
Cyber-attacks ond cyber securiy
Variable operating conditions and
currenly only o few smoll modificofions
having been carried oul fo the current
fehwork plonning and operotions.
In-depih knowledge of the MV network
and changes within fhe medium voltage
netwark,

Non-technical

*  Sitesond servitudes arn becoming harder

o acquire, especially in buillup oreas.
Theft of electricity, cables and overheod
lines,

The consiant pressure to reduce corbon
eMmissions and produce grosn energy.

Long project plonning and execution
romes.

Fig. 8: The fransitcn:from she current grid fo the future: grid (SGRA: Sacurity, Qo Reliabilly and
r

Availobily; DER: Diahibukod Encrgy Resaurces) 8]

econosty, public and privots developer and
industry plons, In fhe fufure, the infroduction
of nawoble energy, vehicles weuld be major
foctors in offecting the way in which power
is consumed by customers, both residential
ond industrial

Due fo fhe fact that the citeria has chonged
planners need fo ba more caredul when
moking decisions geing into. the future.
They need to gather informatien from oll
siokeholders and using modsl fo do load
forecasting. The existiog models need o be
modified fo include the effect of rencwable
energy sources on fhe nawork. Renewables
will have an effect on the doily load curves
of customers.

This will vary from customer o custamer

= Exend oquipment life
o Improve diagnostics.

* Develop ility-bosed mointenance,
Planning and development consider the
ultimate inter-connections and progress
fowards it EG would be part of the salution,
but should be praciically ossassed fogether
with traditional generation sources [11]

The drivers for tha tronsition of networks are:
& Ropid urbanisotion; whether o not we
are ready for 1, wil ploce services placed
under sirain,

EG cests have been decreasing steadily,
on uncontralled surga in EG wil affct he
nebworks.

¥
is praducing. All bactors that affect PY systems
need to be taken inlo account, Eventually a
boltom-up approach must be looked of .:

fimk

* Varignes
due changing usage pattems.

& Changing the way in which they use
energy, the move ta gos and  energy
efficiency, i

® High costs for the transmission projects

o Efea e PR

natwod
will e affected. The distibulion model has to
be mainioined in order for accurote madelling
1o ba carried out

The forecosting method mehods nead fo be.
ested belore sed. Case studies ore o good
way ol assessing the impact of renewables on

Homan resources and changing of skil
sat of employees
W ars currenly o o junction and must decide
hat eneegy demands 1o plan for going into
he fufure of transmission level. Thus the
Ralorcol meihods of ransmission plonning
5 bectme mors complicated. The dofo s
452! in the pasi have 10 be modified and the.
Planning methods change o suil the current
Elation. Oldar plaaning methods were based
A disttbution forecosts

ners need 1o do moce active long-term
®casting in order to keep up with the
"20ds of the power system network. There are
T0US fctors thor affect the lood foracasts
#ch a5 population growth and migratien, the

for
"

the netwark. Mo have integroted
ranewables successtully included network

Future power system

The fransition 1o the future grid is described

by Gelings et ol [8] and is shown in Fig. 8

An assessinent of the current system would

have fo be conducted and the gaps for thot

parficla system idantlied. These gops would

differ ocross netwarks and ufiltes. Essentiolly

the future power system should enable uiities

e [7l:

o Be more competitive with their overall
siraiegies.

» Provide betier service.

« Befer monage fheir ossets.

- bility and duetion in fossil
based vehicles fogether with the move
towards electric and utanomaus vehicles
would Incraose: the demand for power
and changs the conventional daily load
curves.

« The cost of battary storage is decreasing
‘and would be a game-changer in the neor
future.

» Climate change and it impact on

infrasteucture will fest power system

resilisnce.

Customens ore becoming mere discerning,
05 to the products they purchase and the
services fhey receive, hance producis and
services have 1o. bacome more customer
centric:

The fourth industrial revolution in
the power secior

Power systems have been evolving and ore
not enly becoming more connecled of the
high and medium vollage levels but also in
information and communications fechnalogy
sector, The World Economic Forur's Grid
Edge Transformation Iriliofive developed the
following koy findings [13]:

\’—*
KT e
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o The fourth industrial revalutian is

forming the electricity syslem by
singly campeifive distributed
energy resources (like generation,

widely gvailabls, empawering customers
active elements of the
toms are becoming fully
customers can have real-

cactions, cperations con be fully
sutomoted, ond capable of managing
flexible and mobile resourcy

The rules of the game ara changing wifh
blurred boundories between sectors and
along the valus chain and increcsing

the complexity of system govemance
The role of the network evolves
beyand supplying eleckicity, becoming

o platform that maximises volue of
d ources. The
revenue model sees smaller shores of

frib

ed energy e

—| our Philosophy =l

income derived from canirolly genesated
electrans, which is compensated by new
revenue sources from new distribution
and refoil services
o Translormation will bring mossive value
creation with opporuniy for creafion
of $2,3 trillion of value for
and society — increasing reliobility,
resilience, efficiency and osset utilisation
of the overoll system, reduting €O,
amissions and creating new services
for customers. However, there is o great
sk for value destruction if the system
Tails fo capture the value of distributed
energy resources, potentially resuliing i
strandad network ossels ond cust

ustry

Conclusion

Policy makers must re-dssign the regulotory
fremework, adopling G new revenue model,
planning the electricity system fo include

o a1 105 iahaciaty Huachs AR 44 1o 540 1o v 3 real o g pousiie whe & Froucine

anman. whers 5

ARy o s i Dok e ) sk aach sk Sy ity B 3 sugerivg e o
bom It

embedded gensrotion with renwable energy
e fo adapl foster

sources. Regulotors
o change, invalve more siokeholders o
include the urban regulatary dimension orto

their models

Private sector embroce fhe new reality of o fully
digital, custom
elactricily systam and ransfarmafi
inavitable. All
enabl

ampowered, fransactive

slakeholders must deplay

g infrastructura tha is flaxible, open
ond interoparable. Consider public privots

1 fo build enabling infrasiructure

Big dota, machine learning and orificial

imelligerice shauld be explored io solve some

of the existing challenges and be will central
16 the planning, aperafion and mai

ure. power systams

The fourh industrial revelutien is taking place

nuch faster than the fiss three, adaptabiliy,
vesilent, flexibility are key for success.
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Making smart grids smart makes
smart cities smarter

by Martin Kuhlmann, Siemens

Today’s energy challenges are causing modern cities to curtail their dependence on traditional energy sources

and adopt smart grid technology.

Smart grid is the effective digiisation of field
ossels and respactive communication of an
electical grid and woter infrastructure info @
centrol digital management system that
* Manoges grid contrel systems such os
Protection davices with SCADA.
Maneges load/cansumption systems such
95 power quolity meters ond commerciol
smart moters with MDMS.
The infegration of the above 16 effeciively
unily-dofa.
MDMS load dato will anable o typical
DA sysiem 1o understond load profies
#ic in g "elecirical digital twin” system so thet
unnecessary overloods con be avoided o8
an exomple.

Smart cities will use smorf grid dota 1o
heighien aperation management of the
ot ity ond provide fecture ich data for
Indusiriol zones, commercicl 7ones, public
and consumer zanes etc.
Unifled reporting and eparafion dashboard
display of dotg in o *smart cify” will enable
6 management and effidencies, os well
83 8ncaurage consumer behaviour and rust.

“Smart grid” vs. “smart city”
A smart grid is on elecricol grid which

includes o variety of operation ond energy
Meosures including smart meters, smort

Lad

communicaion echnologies ICT) to enhance
the quoliy and performance of urban services
such 03 energy, fransporiafion and uiiiies

Fig. 1 Tha elacirc

Profection lor dhgital substatians

High-performance protection makes power

in order to reduce resource
wastage and overall costst.”
*Smart cify” eHectively uses all available
systern dota fo monage an efficient and
functionol diy

#Smart grid” overview

$marl grid con be imérpreted difierently from
ane providar 1o the et However, It is the
efectve combination of focused oreas in-o
typicol grid as follows:

Substotien culomation, protection, and
smort communications,

Grid openstian ond contral.

« Grid applicotions and analyics:

o Grid planning and simulation.

o Grd security.

pplionces, od
‘energy efficient resources’ .

“Smort grid® is the effsctive digilisation of
fild cssets. and respective: communicotion
infrastructure into o central digifol
managerment systam that:

Manages grid confrol systems such as
energy protection devices with SCADA’.
Manages locd /eansumption systems such
85 power meters and commercial smart
Meters with MDMS?.

The integrotion of the above fo effectively
unify dote

A smart city is o designation given 10 @
<M¥ thot incarporates information and

s 1 M fo ik o o St 7

Mote 3: MDMS _ pase, Do Managerrerd

A shoet descripfion of these lopics above can
be illustrated os follows

Substation outomation, profection, and
smart communicotions

Flawléss speraion of on entice ged in on
increasingly distributed enrgy landscope
s the busic prerequisite for any network
operotor, electricity supplier, and industriol
enterprise foday.

Subsmtion aulomation

Today power system operotion s becaming
more and more dynamic — which requires
flexible, foilored solutions for relicble
and afficient project monagement

opero

d
SCADA - Supenvicry Contrl and Doto Acquisiion

m
fnotochopedic comidehnion 31 454/smort oty

supply fuh

operators, electricily suppliers, and industrial
enferprises in every socior

Optimisation of power quality

The avoilabiliy of energy is obviously an
important contribution to power qualily, but ifs
not the anly one. In addition fo the qualiry of
sarvice, qualty of volloge is pariiculorly crucial
for an efficient power quality. More than
€150-billion in annual losses due to
downtimes in production ond IT can be
atributed o poor voltage quality in Europe
as an examgle,

Sman communication

Digitalisation demands communication,
Proactive respanse fo digitalisation and the
dacentolised sinuclures in enorgy supply using
end-to-end telecommunication networks
for the-digilol gridprovides communicafion
salutions for transmission and distribufion
networks as well as for industry specilic
applications.

Grid operation and control

Digitolisation and decentralisation are
transforming the eneray landscape right dowr
toits very foundations and oF amazing speed
Smart solutions help exploit the benefil of
‘arid operators by digitolly snebling producs,
solutions, and sarvices that enhence fhe
‘operation of grids of any site with veluable
information, this woy ansuring economic and
‘energy efficiency, reliabillty and resifence, and
o higher degree of susiéinabiliy

Microgrids: Microgrids cantain all the
‘elemants of complex energy systerns, fhey
‘maintain the balance betwaen generation
‘ond cansumpfian, and they can aperate
on andior off grid. They are ideal for
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supplying power fo remote or posdy
developed regions wih no canneciion
1o a public network. fn addition, more
ond more indusirial operators are using
microgrids 10 produce the eleciricity they
need cost-efiectively, sustainably, and
reliably. Microgrids use o variety of snergy
saurces, including photovohiaic and wind-
power plants os well os small bydropower
and biomoss-power plants. Biodiesel
generatars and emergency power unils,
storage modules, and inielligent control
systerns ensure fie securily of supply.

Distribution eutomation: Kesping your
grids up and running. Distribution
Autometion improves significanly the
reliability and availobility of power
digiri "

helps DSOs ond TSOs master this challenge

in ifs enfirety and af fhe same fime create

added value through eplimisad eficiency,

transparency, and reliobiliy

o Grid applications: Decorbonisation,
decentralisation, and digitalisation are
mojor factors driving the revalufion
of gnergy systems. Utilities, energy
pravidaers-and industriol players
oll over the world need 10 adapt
their technological base os well o3
their business processes o the new
requirements of the energy sector.

»  Grid analytics: Grid analytics such os
faul seporting requires o fast, flexible,
and direct system. Fasi and efficient

from remote moniloring and control 1o
fully outomated opplicatians

Digitalised subsiations: The energy
sysems of fhe futun are Increasingly
Jiskibufed

fagh

1o the control room, bul with MOMS
and SCADA system anolylics makes
it possible 10 send fault information ~
inclucing the faul focoran - drect to

This. fundamantal rmm!nmmhan is in

full swing ond poses o wi

challenges for all glu&ghnlden: On\y

igitalisation will allow s to mns!er
challe

withaut the need
for a gnd confrol center. The resul is that
faul messages are snabled even without
@ control roam or complex IT hardwors:

making it o mobile and surprisingly

transtormation succeeds in the energy
seclar raquires decisiveness, flexibility,

+-affective altamative

Data analytics: The energy system is
e y-ond i

technlogy. This 10 manoge
current tasks while creafing enough
leaway fo-actively shape the future.
Investmants in innovalive technalogies.
today create futurs-proot power grids
characterised by reliability, efficiency, and
sustainability.

Grid apphications and analytics

Masting the growing demand for power of
our globl, increasingly digitl sociely s o
challenge. On the othe hand, digtoscion

to distrbution grids. Transporancy obout
gemeration and consumption; costs, ond
power qualily, are baceming increasingly
imporiant 05 o result, I s this knowledge
thet will pove the way for making the
adjustments needed fo opfimise grid
eficioncy and supply securty. Rolling

= Grid diognosiics: Grid diognesics allaws
grid data o be processed fronsporenly 50
that reactions fo gid conditions behave
more quickly and planning predictive
mointenance is enabled

Cyber security: With the onslought of
digiisation, cyber securty has becoma
a central planning aspect fa any grid.
Cyber afocks con hoppen directly fo the
central system, or vio field davices and
communication infrastructure. Strong
cyber security is a must,

Managed Services: In all IT systems;
sneciaksation ond application exparience
are very sought offer. Unfortunotely,
ulilities-are consirained in providing
suitobly quolfied engineers frained to
monage and operate fhess complex
systems. The quesfion bscomes; can o
utliy afford ot o engoge in o monoged
services contraci?

Grid plonning and simufotion

From powar generation oll the way to
distribution, power systems hove pever boen
mors complex thon foday, and demands are
continuously rising. Grid aperators and utiities
require powertul, flesible, and intuiive soliware
tools, expertise, and global experience to
compate in this dynomic enviroament and
simplifying dofo. maintenance and dota
exchonge, os well os planning ahead, both
in technicol and business feqms.
 Powsr system consuliing: Power system
consuling services range ocross technical,
economic ond regulotory disci
delivering power system studi

out an advanced matering
s costly, bul now fhe time has come to
creote volue fram this mefer daia. The
koy 10 this lies in anolpis.

©.8. postavent analysis. Powar system
consulting provides expert sofhware fools
for power system simulation ard anolysis

Smart City

‘Opportunity to expand implementations on a broad scale and contribute to the
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o Power system simulation ond mudeump‘
The utliy indusiry is

infrostructure.

need o understond how products, systems,
: h

leverage smart dola fo maximise cfy potsntiol
Cify air monogement

City ait management s designed 1o kel
camurbations reduce air pollution. I gathers
entissions doto in reol-time and simulofes
measures that improve oir quality — enabling
decision-makers to ramedy high emissions
using reliable dato. Highly uceurate air
quality forecasts are projecied for fhe next
five doys, using a sophisticated algerithm
based on histerical dafo, weather input and
current data.

Cily air management tools and consufing
help cifies identify mathods 1o overt poor
air quality in the short ferm ond to build o
strategy lor longer.ferm technology change

toke in the short term o avert breaches o oir
quolity siandards and
on the most vulnerable cifzens.

By ensuring dofo-driven decision moking,
cilies re able fo save on costs, maximise
efficiency and foster long-term air quality

their business processes and fools in order
fo continue o ochieve their objectives in
o sustainoble way. Power system planners
ond operators require powerful, flexible
ond intuifive sofware 1001 16 support fheir
daily grid simulotion and analysis work.

«  Electrical dighal win: Dota is af the centre
of the power grid. It is exchonged between
a lorge quontity of differant software
systems which anables ullies to properly
plan, operate, and maintain their grid

Utilities ore spending o lot of time and
resources to manvally maintain, update,
and exchange infoemation among diffarent
systems. Inconsistencies during dato exchange
ond evan the Jack of dola exchange con lead
to dramatic consequences, like excessive
costs, duplicated labour, suboptimol eystem
perdormance, ond even system wide blockouts.
Indushry trends (such o8 disiibuted snergy.
renewables, ond digialisation) are anly
increasing the number of date poirts that reed
1 bo considersd fo achieve opiimal system
performance.

In this new digital warld, doto accuracy,
model complesdty and automation aré the
foundafian fo maintain cperational excellence
and mazimise future investments, That is why
Slemens hos developed the Electricol Digital
Twin, utlities are oble to haress the power
of transparency with o single source of truth
for dato across their entire utlity IT andscope
(see Fig. 1)

Grid security

Cyber securily is a highly sensitive oreo that
demands a lot of trust. Technelogy providers

and how
with them. From this, complex grid/cyber
securty planning is developed fo maximise
overall security on ofl levels of grid operation
and maragemen

“Smart cify” overview

What maikes a city smarf? Smartcity solutions
contribute 1o the effactive manogement
of urbon areas, improving connectivify,
sustainabilit, and leabilly. Across all areas
o city life, technology ond deto ore used
o analyse and opfimise functionality and
efficisncy, thus enbancing oulcomes ond
improva quolity.of lfe i these fiving intha city
Dimensions of smort city development

Gur cities continue fo grow at ungrecedented
roves, and we are living in an increasingly
urbon world. How do we manage
anvironmentol impact, rban resilience and
financing? Different dimensions of smart ciy
devslopment have the pofential fo guida cities
in the right direction.

Unlocking the potential o eies

How can we impiove city lie? The quick
answer is: dova

Cities, in all their compleuity, genercie hugs
volumes of it all the time. We can use these

insights 1o optimise the sysiems thot support our
urban lives — from transportation and health,
fo energy consumplion and safety. And these
are real, fangible changes: by ufilsing dats,
i¥'s pessible 1o improve emergancy response
times, echice greenhouse gos emissions, an

improve commastes. Dedicoted solufions helo

Smart city digitol hubs

Smort <ity digitel hubs allow ressorchers o
gather doto and develop sohutions i the fia'ds
of dato analytics and smort infrestruchure. The
aim? To crece o lechnalogy scosptem that
will banefit smort in the future.

Typical smart ity digital hubs digitolisa its
urben infrasiruciure @s much as possible
The digialisation hub brings fogether dota
specialists, software engineers, salution
orchitects ond domain specialists to pilo!
digital innovations.

Urbon mobilay solufions

Connected mobility dota, and Al-driven
applications and servies, are developed for
0 éven smorter management of rood 1o
flasts such as siikes and infermodal mol
The goal ks 1o opfimize mobility for cizens.
Digitol logistics ~ airpérts

Aviation induste smaort cifies facilitate the
development of uture-orianted anolylics and
Infarnet of Things (16T} solutions for oirpors,
wirlines, carg service providers and ground
handiers. It supports customers fo confinually
improve the passsnger experience, smplify
processes ond incrase afficiency.

o services

The world s rapidly changing. Digiolisation
and the Internet of Things (IoT) hove &
tromendoys impact on our world. It is
obvious thot organisations need fo address
the issue of digital transformation, yet few
hove a concrefe siategy. Those thot fockie
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digital transiormotion and lT will be the
Isadars of fomorraw, shaping the futre of
their industries,

Cily performance fools

All over the world, cities are shoped by
profound forces; thair population, their
technclogies and their infrastructures. Even
today, fhese forces collide, and urbonisation
and climate change will spur dramatic
changes in metropolitan areos, Cities need

fo pove the way for constant evolution: digitol
fihoah I

That there are o Iot of similarities between
smard grids ond smart cities

Hawaver, it is clear that smarf cifies without
any smon grids have o limited functionality
and benefit.

Sonart grids enhance smart ifies

S0, 16 wha level or proportion does the
“smariness” of o smart grid moke a smort city
smarter? The answer is simple, o smart grid
provides o direct and 100% proportion to fhe
“smoriness” of o smart city.

are becoming

important and urban infi and
buildings require o more efiicient and
sustaingble setup.

These changing enviranments set fres o
swarm of urban chollenges; Developed
ities for fnstance need to focus on cutting
Sarban emissions, impraving sfficiency in
infrostructure and buildings, simuloting
9 markst shilf jowards cleaner vehicles
and more efficient and environmentally
friendly public transportation. At the
Same time, infrostructure quality in many
advanced ecanomies is deteriorating.
Looking farward to 2030, more than
$50-irillion will need 1o be invested in
Infrosiructure globolly to keep up with GDP
and population growth.

Cities in emerging morkefs on the other
hand face igsues such as power outoges
a0d inodequate public iransport and rads,
which broke on growth and development
Infrasiructures cannot be bult fast anough
10 keep pace with economic and urban
devalapment. In fimes of constroined
Budgets city lecders need ta identify
theit infrastructure investments carefully,
#N8uring that their investments address fheir
#nvironmental and economic prio
T.:hnuangins need to be adapted to
38rve local neads to ensure that the right
technslogies are applied in the right
environments, 1ailored 1o the specific
charactaristics of the individual city

Creating resitent cities

Potulation growth, rapid urbonization and
Climate chonga put our urben infrostructure
Under pressurs, Siemens’ fechnolagies con
Nelp ciies respond fo hese challenges with
""owative solutians and cur expertise in he
01805 of elecrif jon, ond

o IT:refers fo anything reloted 1o computing
technology, Some examples ore CRM,
ER, ond email

o OF: Gartner refers 1o OF as *hordwars
ond software thol defecis or couses
change through the direct monitoring
and/or cantrel of physical devices,
processes and evens in the enferprise.”
Some examples of OT are SCADA,
PLCS and Hiis,

For smart cifies, smart metering is the latest

buzz word fo fix the technicol ond revonue

divide, but is it financially viable? Well
the easy question is: if ATCEC losses are

of the future, informaion and communications

technology nfrastructure will be o key enabler,

and sirafegic choices made by ufilifies todoy

have the power fa fransform sociefy fomorrow

{see Fig. 21"

“Security of revenue” business

model for smart grids and smart

cities

“Sacurity of ravanue” is 0 powerful ferm and s

a big focus on utifies in South Africo, Alrica

and the workd

The utiity business is changing

» The end-to-end anergy business valus

chain is affected by change.

Tach nd ICT arm ploying o huge

i AR

In the last 10 %o 15 years we hove ssen

emerging infernationol irends focused an:

- Befter sarvice delivary.

- Improved system opergiian.

- A greater customer centric facus = > the
“Energy Prosumer”

. Big data — the Intemest of Things floT).

n todoy's world @ lot of utities (elecreicity

water gas) in Alrica ore stuggling fo moke:

reduced by ing @
smart metering system, con the uiilly afford
not fa hove such o robust and proven
system?

"Securily of revenue® needs careful
planning and stotsgic understanding, bul i
implementec)wel, con inslontly bring in much
needed results.

Smart grid vs. smart cities - why
billing is important

Technalogy relly enhances the “smort grid"
world by introducing the concept of “smart
billing”. Moking smart cities smarfer is ot
only the technicol and digital mangement
of @ smart grd, but also making surs hat the
services delivered 0.6 consumerand the eco-
system ofthe smartcity srjoys the features and
benefls of o *smart billng” business model
1o enable accuracy, offordabily, sasy-access,
trus ond effciancy.

Examples of o “smort” eleciriciy and warer

mefering infrostructure

Fig. 3 shows hiow boh sleciriciy and wafer

meters are integroted info o communication
i so that the MDMS receives

ends meel, 8

and “non-echnicol losses™ (NTL) a3 & main
contribuior o their negative finoncial issues.
This has o direct impact to o smar city,

“Security of revenve" is really o term thot
ensures maximum revenue for o uillity is
secured sa that the aggregote fechnical,
commercial and collection losses (ATCAC)
s minimised and profitability and financiol
viability of the Uiy enhanced!

To make fhis o reality, the uility neads 1o
tighten up its odministrative and fechnical

departments 50 that avery cent is. oocounted
i iy, this is easy fo da, but

digitnliaggion,
Making smart grids smart makes
SMart cities smarter

Tha topiec of s Boper is on inferesting ona,
%8 immediote quastion comes fo mind -
et smart grics smart smyway?”

|-

Mot 5. iscussion Poper— Ericssan - Worch 2012

for

jechnically this is @ mojor challenge.

One key point is that utilifies are moving
from an OT [operotional technology) centric
sirategy to on T (informatian technology)
rofogy - this means a huge shilt in resouren
focus and monogement.

ks e

both doto, ollowing for “security of revenua™
madels using @ single back-and system
incomorating both electricity and water doto;

Conclusion

The buzz word of fodoy, “siart iy, & a very
intricate, technical and o concept fo deliver &
new heightened the level of sfiiciency, human
‘and environmental beneft, and o functionolity
that installs positive behoviour and frust in the
new cities of the future.

To moke cities smart, the reliance of
digitalisation and the effective management
of doto is erucial.

Smort grids contribute to this madel by making
the utlty supply of respective services modem,
data enriched and most of oll efficiant - o must
in fhe new world|

Contact Martin Kublmonn, Siemens,
Tel 011 652:2231,
martin.kuhimanni@siemens. com
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Evolving 4IR technologies and digital

substations

by Stuart Michie, ABB South Africa

The world of elecirical energy provision is
transmission and distribution s fast changing with the

at a rapid poce.

of

adoption of

technologies, battery energy siorage and new electric applications, such as electric transport.

These changes bring new challenges ond
opportunities for the operation of power
nenworks, where reliabilty, the security of
supply and cost-effectiveness nesds 1o be
maintained.

The need for increased visibility and
management of powr networks, bath
tochnically and commercially, can be mel
through digital fechnologies. According o
fhe World Ecanoric Foru, the lecricly
secior can

New anvironmental and snergy officiancy
regulations

Increased capacity ond efficiency of assels.
Increased stokeholder involvement in the
development of future requirements for
aid infastciore.

These themes require new ways of thinking
and use of fechnology o manage electicity
systens of the fufure. Power villies hove the
opgortunity fo be more aclively involved in

transformation, of the estimated value of
USS1,3-trillion globally aver fen years. This
paper explores some of the concepts ond
technalogies that are availoble fo ochieve this.

The changing dynamics of power
systems

Up wniil now the generation of efecirical
wower has been managed fo meet fhe
demand, whaiever it may be. A sheriage of
generation copacity results in lood shedding,
which is o blunt 1ol to monage demand. As
the increosing odoption of renewoble eneray
saurces increoses the unprodictobily of

the of their networks and fo
‘access new commerdial opportunities thal are
available today.

From the field to the boardraom

Eleciricity netvarks are becoming increasingly
dynamic, Thare is o need for faster decision
making ond increased business agility. This
requires greater wisibility and outomated
managemeni of the power network,

The adapfion of digiial fechnologies i the key
10-achiaving fhe agilily and speed of decision
making nesded acrass the enterpise. For
increcsed efficiency of operations and the

eneration,
1o manage demond to match the available
eloctric power generation.

Tha cors thames that ore seen in foday’s
changing electricily system include:

iractional anergy flow

of capial 16 be employed, the
integration of digitl information ond analylcs
ocross the fimeline of operations is esser

In the field is where real-time meosurements
take place. Real-time doto at the millisecend
level s used for functionaliy such as power

. B

» Themajor fion exchange

= More power slectronics, for both AC and
DC

Starage for grid siabilly

® New morket designs, rules and regulotions
MNew grid protection cancepts in order to
cope with the characteristis of renawable.
generation

, which i
substation, The same davices thot implament
rasl-ime funciions alsa provide the dota that
s needed for longer ferm opplications, 1 is
importont fo nofe that the dolo needed 1o
drive applications Hhol operate in o longer
time frome is rot necessadly the dofo that
is provided by today's real-time devices. An
example is condition monforing doto shat

Fi. 1: Integraion imine.

should be provided by the profection 1ED,
sinca the meosurements are derived from fhe.
same row doko, but is not always ovoiloble
on oll such devices. It is ot this level thot o
preliferatian of new devices and sensors are
needed o fill e gop, including devices thot
connect directly fo the internet.

Power system operations monogemen fakes
ploce in the cantrol room in the second 1o
minutes time frame. Applications include
manual power system operation by operofors,
and operations driven by algorihms such o
distibuted enargy resourca monogement.
It is here thet the opplication of ariiciel
intelligence [Al) can suppont the decision
making naeded fo manage the powar system.
Mew cpplications include netwerk analytics,
theft onalylics and outoge analylics.

In the heurs, days, and wesks timelame
where the maintenance and ossel
management applications are situated.
At this level, data is used from many
different sources fo meintain and improve
the ossets in the power network, Asset
parformance management (APM) analyiics

problem ossets and autematically
inifiates corective oction. Al has o role 1o
ploy here in the analysis of the dota and
assessment and prediction of ossef health
This proactive grid monogement impraves
not anly the custamer exparience but the
network afficisncy oo,

Tha board raam s where long-term decisions
are mado. These decisions con now be driven

fime, which avoids the need for lengihy and
cosfly manual dato gothering efercises.

The key hero is the integration of data and
‘applications. Devices should be selected on
their capabilfy 1o provide the data nesded
for applications ocross the fime frome, For
examale, @ protection IED should provide
condilion monioring information, such
breaker teavs! fime, Datg from
ironsformer gas analysers should be fed
info on APM opplication, whore it can be
manoged and analysed properly. It is not
scaloble fo access web poges an individucl
measuremen devices o food whot is longer
teren dato infc o SCADA (Supasvisory Control
Data Acquisiion) system.
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Embracing the fourth indusirial
revolution

Digital fechnologies

Central to she theme of the fourih industtal
&volution is the wpplication of digital
technology fo integrate histaricelly isolated
components and pravide. new applications
ond new value.

Technologies such as the Internet of
Things (IaT), odvanced communications
siandordisation of communicatian profocals
orificiol intelligence (A1), blackchain, the
digital twin and hypev-scale cloud computing
ore all foals thot ore cvailble to realise fhe
connected and visible power grid.

Integrating histarically isclated sysiems such
05 SCADA, maintenance manogement,
workforce management, customer
informotion systems and metering systerns as
shown in Fig. 2 enables the creation of new
pplicatians fo manage uiility operaions. New
insights are unlocked through onolytics and
Teporting, such us oufomated reparting for
fogulatory requirements thot pravide audiobls
information

In this intagrated londscape, it is possible
o improve business continuity through the
codiying of resaurces and the automotion of
insfituional knowledg and best procticas. Al
i used to achieve the mapping of an expert’s
#hought process to make knowledge ord
Problem salving availobls widehy

Visualising digital insights

A useful way o visualise dafa and insights
<ollated from the many different sources
thal e In the uiily landscape s o Use @
map-bosed view. Rather than using screens
full of staite forms,  map provides o visuel
and inhuitive woy for a human fo access doto
Within the crganisation and moke informed
Hecisions, It is on ideal way of reclising the
Sigital twin for o power network, which can
Cover octivities across all stages of the natwork
fecycle, -

A moinienance worker con access o view
of the network in the os-operated o real-
Hmo state. The heslth stotus of o piece of
SAuipment i o subsiation con be aceessed,
9long with it mairtenance manual. An expert
500 then be brought info the maintenance
Seivity using augmentad reality fo assist with
"ﬂuhlhhenhng and provide ossistonce fe.
Make the comect diagnesis and repair of o
foul, The same worker can also see whre his
9¢ber colleagues, are and what oetiviies they
€ up 1o, which increases sofey.
A plonning engineer can use the some view
15 look of network loading and power flow
rlormation, boh historically and in reak fime
1o substation information con assist

B4 Dt

Fig. 2: Inteqrotion of utidy aperations

= aTR+EOATH

Fig. 3 Cross-functional occss 1o information, systems, people and analyics.

with network axponsion and sefurbishment
ctiiies, Being able 10 visualiss o substation
in 3D can help with space planning and
equipment information and optimises the
decision-moking process.

For the commercial manager, visualisation of

manogement aciivies in diflerent aeas

The operotions enginesr con sse network
perdomance and identily ereos of concem
where network reinforcement needs fo fake
place.

For management, the integrafian of dato
scrass the orgonisation inla o map-basad
view salves the dilemma that todar, such
informaion i confained in many different
sub-sysiems

Dishributed energy generofion manogement
laT will havs & significant impact on the orea
af Digitel Energy Resource Monogement.

Today, raohtop solar inverlers provide only real

sun irradiance and local voltage. However,
these operate in isolaion fo fhe rest of fhe
network ond can result in network instal
Adding 16T gives the copobilly to remotely
control these inverters. This ollows real and
reaciive power o be managed en command
in real-fime, thereby snsuring the stabilily
of the connected networks ond increosing
the amount of renewable ganeration that
can be connected Io a network. Remote,
communication fo inverters allows the pushing
out of new grid code setiings to manage the
arid occerding to current canditins,

The some concep! con be applied 1o the
manogement of sleckic vehicles. Tha charging
of eleciric vohicles connected vig loT con be
managed fo fake info account the netwark
conditions. This will mitigote the need to
reinforce distribution networks and toke inte
occount the ovailable generation in real-time.

To achieve the scale required for these
deployments, utities. connot rely only an
sell-managed communications netwark
infrostructure. Mobile dato natworks and

power, which i .
With no reactive power component being
genorcted, these inverters ot be used fo
mainigin voltoge control in the networks fo
which they are connecied.

Looking forward, aulonomous inverters
can provide walts and. vors depending on

public cloud will be imporiart
compenents in the rolling out of DER
funcsionalit. 1 will bé imporiant o seporate
the power system opplications that are
mission-crilical from the opplicotions that
affect the efficiency of netwark operation ond
apply the appropriate technologies for each,
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Fig. 45 DCB with integraved fii optic
measurement

The digital substation
The substation as o dala source

A significant source of real-fime data s the
power substafion. If is here that power is
manoged ond disiributed and where the most
axpensive components of o pawer nework
ore situated. The digitalisotion of measured
quantiies ollows. substation opplications fo
be implemente in software, with o resutant
decreas in design decisions thal nasd ta be
made ot spacilication fime,

Medium volioge

At the medium voliage level, sensors ore
replacing conventional current ond voltoge
transtormers, Apard from the physical
banaits of lower weight and lower energy
usage, the digitol dofa provided by these
sensors can be easily distributed using
IEC 61850 process bus 1o enable he required
applications. A comples, multi-winding
cumsnt transformer can be reduced to oas
sensar with suffiient oceurocy o deive ell the
required applicaions (protection, mefering),
with o second sensor added for redundancy
i required.

The next step s 1o combine the profeciion
devices into o single hardware unit, whith
can be duplicated for redundency if
required. Here, all fhe funciions nesded for
he subsiation are implemented in software
If additional functions ore neaded, such
s providing condiion monioring data;

= oEEe

Fig. 5 The digol vorsformer.

batier usage of experts in the organisafion

All of these Technologies allow stondardised
medium veliage swilchgear 10 be deployed,
whare the application can chonge through
software configuration. The only parameters
10 be specified of order fime are fhe physical
purameters, such os voltage, insulation laval
ond primary current ratings

High voitoge

Digitsation of measuraments is also avollable
at higher veltage levels, either through new
sensor tachnalogies such s fibre optic
measurement devices or digitisation af the.
source current o voltage transformer, The
indicafions and controls ore also digitsed in
he primory device, rsmaving the requiremant
for most of the cantrol cabling used In o
conventional substotion. Al hess technclogies
anoble the design of tha protection system fo
ba dane in schtwars. Duo fo the improved
meosrement capabiliies ond fhe ol
broadcost dota to muliphe devices, i
longer necessary o specily in detail the (.,..gm
translormer choractarisics o ha specicetion.
changes, Design changes con ba easily
foken into account. The dato required for
upsiream applications is avoloble and con be
iransmitted by way of & suitcble odge davice

Tronsformers
s the most expadive piece of squipment
in o substation, odoy transformers 1oa
con be digitalisad. A rang of ovailable
sensers onable the effactive monitoring
and g of transformer health

analysad in the oppropriote systems. Reol-
time data can be monaged and rsocted to
in the utlity's SCADA system, while health
information should be monaged in on Gssel
performonze management (APM] system.
Given that transformer heolth usually
doteriorates over a lang paricd of ime, anolic
tools n the APM sysfem determine ond predict
the healih sctus of the honsfommr leer. Thase
sfotus points ore presented in o heat map
and provide an overview of the haatth of the
transformen feet. Theraatter correcive actions
are iderified ond appropriote actions are
suggested 1o be taken befors failure occurs.

Infegration thiough digitalisation

Fig. 6 shews the evolution of the substation,
from conventional fo madam 1o digital.
The widespread adoption of IEC 61850,
on industry-wide standard, hos enobled the
fransilian to the digital substation.

Digital 1achnalogies should also be leveraged
to exploit the odvontages that can be
chtained ot a subsiafion level. For example,
the combination of circuit isclation and
current infermiption info one cifcuit breoker
device, with infegrated optical measurement
can reduce the fostorint of o substation
bey significontly (Fig: 4), The reduction in
secendary cabling and the abiliy to test o
oy fully off-site means thot daployient time
<an be significantly reduced, with o reduced
overalffootprint and overall cost

The way forward

fhese can be odded loter. Uy
deployed, ond centrolised backups dMa‘
)

cluds:
prymsipiafili heough gas aralyss [
changer

Remate manogement and support and
diagnasiics ore further faaturas that enable

such as fon siotus (Fig. 5).
Thiz infarmotion needs to ba sent to and

Digital

regulatary environment con keep up. Enabling
fegulation is needed thet mointoins power
sacurity and safaty while allowing innovafion
10 ey
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Skils and resources need to b developed
Yo cope with this new digitol age. Allowing &
New generation of engineers, the freedorn o
Inavate and implement ideas is imperant,
'® be rendy to meet the challenge of
the changing landscope. Ufilities must
8y involved and innovate to prevent
91id defaction. Digitalisation will help
Ofgonisations be mare oware, adopfive,
"®Spansive, collaborotive, insightful
Predictive and safe. This brings with i the
Sallity 16 cope with the ropidly chenging
environment.
Asy choractanstic of digital solutions is that
ey can be purchased ond used based on
mand. This thus minimises the requirement
lorge capitol peojects and allows concepts

10 be tosted and proven before scaling
Scury

"% uite cisor that i will not be possible
implement o fully digital landscope in

Fig. & Evelution of the digil subsiotion

ane go. It is impartant fo develop a digital
siategy, looking of the end goal and plon
uture investments with this srategy in ploce
Any investment should consider eventuolly
integrotion infa o digital plotform oad not
be isoloted.

For example, @ smert meter investment
stategy should, aporl from the revenus
maragemen! requiremen, fake info account
the possibilfies of power system operafion
{customer outage information) and customer
interoction (demand pricing).

Conclusion
Why should ulilities embrace digital
jechnologies and the new opplications
enabled by tha fourth industrial revolufion?
The moin reasons are fo profect the revenue
stream, reduce costs through improved
efiiciancy and 10 stoy involved in the process
of electric power provision

Developing o digital sirotegy is important,
1t is bast 10 ovoid the “shiny foy syndrome*
and implemant o digital fechnology without
considaring the business impact and the
potentiol retun. Digital investmen should be
dane: with the big picturs in mind
Digitlisgtion can provide signiicant opersfion
and perdammance improvements, improving
employee and cusiomer experience, anabling”
utlies to meat the challenges of today s world
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loT based smart grid communication for
metropolitan electricity distribution networks

by Gerhord Brown, City of Cape Town

Smart grid technology has emerged due fo a need for electricity grids that can accommodate changes in the
ways humans generate, fransfer, distribule and use electrical energy with energy efficiency and reduced carbon

emissions in mind. To address this need, utilities have fo shift their f

electricity and sterage

Conventianal grids are develaped using o
contric approach that consist of relatively
few, very high-oulpul, generating plants
inferconnected by tronsmission systems
supplying many substations, that in fum
supply o huge number of disiribution poins
This approach relies on canirolised designs
where eleciricity flows undirectionally through
ransmission and distribution fines from power
plants to the consumers.

Grid doto and informaion is o conceriroled
in central locafions and only partially in
subsiations, while cc

omer equipment is
lololly passive. A new appraach is needed
for relicble, flaxible, effcient, economic, and
sscure electricity. provision, This new smart
grid approach uses more dota and widely
distributed intelligence embedded in local
electicity production, It makes use of two-
way slecticity and information flows enabling
more pariicipation and callaboration for ofl
grid users and therefore depends o complox
fwo-way communicalion infrastructure,
sustoining power flows betwsen intelligent
companents, sophisticaled compuling and
information technalogies os well os advancod
b "

osset

CONVENTIONAL ELECTRICITY GRIDS

Fig. 1 Conventional afectscry gr

ofien just as complex os the grid it supports.
Malor challenges therefore exst in desian,
 operation and moi .

conventional eleciiciy grids and smart grids
is llostrated in Fig. |

Smort grids creale apportuniies for utlities
o laverage the benelits of new technologies
such as smant sensors, renewable energy
goneration, electricily storage, electric
wansportation and advanced metering
infrasiructure (AMI] mare effectivaly.
Implémenting smart grid technalogies comes
with many challenges however, most of which
stom from the fact that smont grids con be
classified as complex systems in systems,
engineering ferms [2] bacause hey are yast

and vary dynarmic.

Deta communication is the carmerstons of
any smort geid system and as more dala
generaling devices ore added 1o the grid,
more opportunities emerge for sman grids
o use this data in spacific applications
These devices con provide dato that con be
used 1o defermine energy production, arid
efficioncy, asset candition ond consumer
behaviour. For opplications 1o have aceess
1 this dato, it has 1o flow fo various peints
in @ massive communication netwerk fhat is

of smar grid Informatian communication
tochnology {ITC) networks that hove 10 be
addressed by furfher research

Sinor grid design

In its fundameniol form, o sman grid design
can be presented o a fromework consisfing of
four loyers as llusiroted in Fig, 2. These layers
ore iniegrated I work in unison for the smart
grid to pertorm optimally.

The energy. infrastructurs layer represents
the grid technelogy responsible for eleciricily
generation, ensmission, distribution cnd
ultimately consumplion. It alse includes
ihe devices that generate and use grid
data 1o parfarm specilic functions. The
communication infrastructure loyer is
responsible for iranslerring data in the smod
grid over networks using ICT, while the
informetion techaology layer represents the
elements that deal with the dato structuring,
processing ond storage. Users utlise grid
dat ond information to pedorm or automots
cerioin grid functions using various smart grid

ocus to consumer parficipation, renewable
seli-healing grids and resistance fo atfacks.

o

applicafions, represented by the top layer of
this framewark.

A mare detailed reference architecture
for smart grids wos developed by the
CEN-CENELEC-ETS! smant grid coordination
group [3]. Their refarence archirecture
includes the smart grid archilecturs model
(SGAM) presented os o three dimansional
framework with five interoperability layers
o the yecois; ive i clomalns on the w-ad
and six grid zones on the z-axis and is shown
i Fig. 3.

This framewark builds on the four layer
framework by adding a fifth loyer called the
business loyer that considers the objectives
of the-sman. grid: As-on exomple-ong. may
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consider the business chieciive fo montor
the condition of assets in o distribution
g1id. To meet

s objective o smart grid
design should include the monitoring
applicotion usars will use, the data models and
communication profocols needed to support

thase applications, us well as the components
in various grids zones that will be monitored
using colleced gric data. Each one of these
interoperability loyers usually cantains o series
of complex designs that require regular review
and changa os the objeciives an arganisafion
aims 10 achieve evolve.

I i for this. reason that o smort grid should
be designed fo be as flexibie and adoptoble
93 possible, Besides the energy infrostructure,
which is usually already established, the data
Communication systems are the most complex
and capital infensive parfs of oy Aew sman
wrid davelopment. These communication
systems form the crucial links between smart
arid components and the users fhet menitor

and control them. The
Infrastructure therefore requires the same
level f monogement and oversight s the
arid infrostructure itsel

Simart grid communication netvorks

Various organisations such as the [EEE, IEC
6nd NIST are werking towerds standardising
Communication in smort grids. Fig. 4 shows
0 high level model of the IEEE’s proposol for
#nd-1o-end smart grid communications. This
Model diides the smart grid communication
"Blwork into three sections: o WAN, @
disiribution section and o customer sadtion

Becouse electricity grids ore spread ocross
wide geographical arecs they moke use
of wide roq networks (WANs) to connect
Senerating unity and ronsmission netwarks
With disiribution networks. The WAN usuolly
Consisis of o high-bondwidth bockbone
Communication network that handles long-
d"'ﬂ“fg date fransmissicn interfacing with
YOriaus plant nefwarks, subsiction netwarks,

ANS and o uiility's LANs. Electricity
distribution networks consisting of NANS,
s, Filhis and AMI networks moke use of
beckhaul network to interconnect networks
% distribution substations, microgrids ond
istibutad generofion plants 1o the smart
9rid communication network while the
SUslomer saction includes HANS, BANs and
AN for connaction of customer applionces
*Quipment and devices. Smart mefers
EoMmunicate either through the distribution
Teworks or customer networks, depanding
906 utiity's design standards.

The communication nefwork in o eleciricly
Batrbsiion grid octs os o bridge betwesn
2 s’y WAN and i customers’ networks
o therefore becomes o crucial port of

Bnidifo-end communication network
Comisting of mony sub-systems, equipment

Fig 4: Endto-entt s gud comeunicoions modal 4],

and components fhe disfribution network s
ohten th larges! and most complex port of
she uiiily communication network. Electricity
distribution grids vary from locafion fo location
as grid designs bave fo coter for thousands
of customer’s that are dansely clustered in
tewns and cities s wll as those in rural

similor hierorchical fopolagies. Historically,
thesa nemwork designs fovoured dedicated
red connections over wireless fechnology
resulling in grid designs where power cables
ore often instolled with accompanying
eommunication cobles. Many metropaitan,
efectricily distibution grids therefore have
B I

areas with only
Mefropolitan oreas offen confoin the most
inticote collaction of disiibution grid designs
that tend fo follow @ hierorchical network
topology with moin substations of the fop
and smoller Jocalised distribufion equipment
ch ond mini-substafions, fing main units
(RMUs] and low volioge distrbution panels
of the bottom.
Conventional commuricafion networks thot
I i tion cpplications
suppert electricity dsiribu
such o3 SCADA and SAS often follow

olthough same of hese installatians may be
based on doted technology not copable of
mesing the requiremants for some smart
grid opplications especially thase thot rely
on big, dota.

Some of the criticol areas where these
conventional date communication networks
foll short are network manogement and
security. In oddifion to grid operations, dota
communication needs to be monitored
regulirly to identify anomalies and to ollow

R e ————EEE .-
TR R T
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network adminisirafors fo do fault onalysis
and camediion, pedormornice manogement,
ond network provisioning while controlling
the quality of service. Adminisirators olso
have to sel security policies that con prevent
unguihorised access, misuse, modiication, or
denial of o compuler network and network-
accessible resources. This can include poicies
for aecess control, behaviourol anaylics
and installing: anfivirus and entimalware
software. if dofa s sored remotsly, sioroge
management is raquired to manoge storsge
resources and datn strictures while device
maragement applications may be required
15 manage sman devices connected 1o
the gird as well os their interactions. Thess
functions moy be siraightiarword 1o implement
and perorm on smaller single gpplication
nehwarks, but becouse of the comples nature
of most smart grid networks odministering
thess neworks can become o mammath fask

The Internet of Things (loT)
frameworks

Rapid advances In felecommunication, IT
and manufocturing heve led fo many new
Innovative ways that allow computers, tablefs;
smart phones ond orher smart sensor devices
Yo communicate, bringing with it different
architactures and frameworks for foT [5)
Similor 1o the framework fer smart grids, most
of than find unity in the pressniation of an
orchiteciure that contoins thres loyers as a
minimum: An application layer for applications.
thot provide services to users; o network loyer

the betwean

Building on this, some standord relerence
models such as the International
Telecommunications Unian's. (ITU's) lT
relerence model shown in Fig. 5 adds a service
and applicofion supportloper os well os mul-
layer capobiltes for erucial functions such as
management ond securly. Applying this loT
architecture in [CT system designs creales new
oppertunities fo. ransform physical “hings”
into squivalent softwore representotions
and fo aulamate “actions” using software
algorithens. Exomples of how these software
defined opproaches have improved our doily
lives can bs observed in the sbundance of
mobile devicas and device applicafions for

dovices and applications while responsible
for oll dota transfers

JoT based home automation; sell-driving cors
i

and o device layer reprasenting devices oble
1o geneccte, store, transfer and process daia
or execute contrel actions.

J

sauypqodod
e

o003 juewssBbouDw Syeds
o ——————
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soupqodon unaes Juotes)

augmented o virtual reaiiy

This virtualisation of the real world has alsa
found new applications in industy, especiolly
in the IT and telecommunication industries
16T paradigms such as cloud computing
have olreody contriguted significantly towards
alleviofing some of the problems assaciated
with resource ollocotion, -utilisation and
management in mossive date networks.
Cloud computing is however facing new
challenges regarding flextbility, depandability
and securty. The software defined systems
(50%ys) parodigm addresses these cholleniges
by adding software components that help 1o
abstract physical hordware from ather layers
This abstraction provides oppartunity for
system adminisirotors fo mars easily construct
and manoge their systems thraugh flesible
software loyers,

A popular exampls of this absiraction
is found in software defined networking
(SDN). Conventional netwerks rely on
horwore such es network switches 1o manoge
network troffic with pre-programmed confrol
functions configured on the physicol device
aceording t6 network palicies. These control

Fig: 6: Conventional netwarking and SON 7]

f i conirol plone
controlling the data flawing through the:
network swich's data plone. Network switches.
hove: limited visibilty of tha ontire network,
impacting the overall.nstwork perormance:
Any changes 10 the network canfiguration
or netwark policies thet requira changes
fo these contral functions: require netwark
odminisirotors ta manuolly raconfigure ach
switch individyally. In SDN, control funcions
run &3 applicofions in logically cantralised
SON controllers,

Thesa SON controllers provide the network
odminisirators with o globl network view, 05
wel o3 progrommatic interdaces o ollow dired
control of the network's forwording davices
using SDN applications. This architecture.
therefore decouples the control plane from
the dofa plane, allowing the switches to
bacome simpler raffic forwarding devices
that allow the SON switches 1o run on normal
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computer hordwore whilk the SON cantrallers
can run on general purpose servers or even
os o disfributed sef of servers using cloud
computing principles with more scalabily. The
diferance between conventional networking
and SN is llusirated in Fig. 6.

Network functions viriualisation (NFV) is
onother laT framework which complements
SON as it decouples network functions from
hordware 50 they can run in software on
vinal machines (V). Bocouse the antwork
functions

M2M anviranment that con ulilise underying
netwark capabilifies and con inferoct with
eoch other

An example of o reference implementation
of the oneM2M stondard ovoiloble as
apen source sefiware is OpenMTC, The
OpenMTC reference archifeciure consisiing
of intematwarking proxies (IPEs), gafeways
and o backend is shawn in Fig. 6.

The IPEs are application entifies that franslate.

they can be dynamically craated, configured,
migrated and replicaled, thereby eliminating
the need for physical, onesite instollations
of hordware, Using NFY, network functians
such as network address translotion (NAT,
firgwalling, infrusion delaction, domain nome
servica [ONS) ond caching can be deployed
as virtuolised nework functions (VNFs) on
subsirate infrastructure that includes the
hardwore resources (computation, siorage
and networking). A virtualisation layer,
which con be realised by VMs or cantainer
virtualisation, pravides virtuol campuiation,
sloroge and network:

resources

Anexample
of an IPE could be an applicafion that reads
oul sensor volues from sensor devices by
using a vendor-specific binary inferfoce and
translates i o o common standard such o3
oneM2M,

A goteway Is on M2M soliware node that is
centrol 0.0 poriculor feld domain, such asa
saction of o gridin o suburb or industriol e
allowing i 16 collect doto from vorious IPEs.

using software loyers can also be applied io
ther functions such os storage manegement
[SDStore], security management (SDSec) and
device management (SDioT) 1o name a faw
possibiliies

(M2M)

M2M is o combination of various technelogies,
including wiraless sensor networks (WSN),
cyber-physicol systems (CPS) and the Internet
of Things (laT), thet anoble machines such
a3 computers, embedded processors, smort
sensors, acluators and mebile devices to
communicate with eoch cther with limited
intervention by humans, thus automating
‘ond oplimising the processes these mochines
support. M2M relies on doto communicatien
achieved through standardisation of the
communication interfaces thot con exist
between machines in a nefwork. This is
usually imglemented by the introduction of
o middleware loyer in the communicotion
network arehitecture that supports standardised
doto modals, encoding ond serialisafion of
dota for exchange betwsen machines through
servicas. This approach is shewn in Fig. 7,

Two Grganisations have mode signifisent
contrbutions 1o M2M standordisafion. ETS|
published it first M2M standords in 2011
focussing on horizontal service platiomms and
ruloted application nteriaces (APis) which aim
1o improve and mainioin globlly opplicable.
access indepandent tachnical spaclfications
for M2M, with an inifcl focus an fhe service
fayer. The global eneM2M organisation
also releosed o series of standord M2M
spacificationsin 2014, The 0neM2M skandard
describes application entities which moks usa
of a sel of senvice functions common 1o the

and enterprise opplications at o control centre.
or grid administration offices

toT in smart grids

Smant grid fechnology can have various
applications in eleciricil disiribution. Mot of
these opplicotions are focussed on manitoring.
and control of the grid or spacific grid
alements, while others support grid objectves
such oz ravanua collection and anargy
managemert. Table 1 summorises some of
the most common smart grid epplications
wih their nawer: poriormance requiremants,

Bocousa oll smort grid opplications rely on
doka communication, the use of SON ond NFV
in smorl grids has received o lot of research
atetion. This focus con be ofiibuted fo the
post successes of these porodigms in dota
contres, WAN and enterprise notworks. The
beneits of implementing SON and NFY in
smort grids include:

¢ i o Simplified network management by
Local applications in this domain caon oecess o e oG R i anieal
resources vio the getewey without fhe need of ICT network devices and network
fo interoct with o central server. It is passibla ki
ot gty of ﬂ”"‘l"::;"‘ 2 “"i s Reduced depandence on spaciolited
":h";"* ‘u’hw i netwark hordware and the amount of
of a field domain to another. sffort required for remate foult finding
A central backend semvr octs as the M2M ond network maintenance.
oot nade within a hisrarchy of gateways o The obility for different smarf grid
and is the main softwore node within the opplicotions or usess 1o have different
infrastructure: domain, The backand provices neftwork views whilo sharing the some
P . 1 physical network infrastructure, known os
ol opplicaions such es other IPEs or industriol network sicing.
Comventional, Silo Architecture Horizontal, Platform Architecturs
[ p— Bonmens ophescion [are— Prm—

Fig 7: Ce « horizontol platfom oM wcation Ji]
== T wubcrion (oo

L ] s-oa.mm |

onaM2M OpenMTC
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The ability 1o configore smart grid

netwarks 1o become contextually aware

and oulamate actions ihat suppert grid

stabilly,

The ability fo create self-healing networks
b os

with nefwork rosiisnce feafures st
fostladover recovery (FFR)

The ability 1o outomate netwark
optimisation, imprave network fraffic
flow and reduce network congestion using.
load baloncing opplications.

The obilty to virualss protecs| conversion
funclions on ovellable computer hardwars,
controlloble fram a neswork monogement
application that cllows the ICT netwark
10 adopt quickly te connaction requesis
from unrecognised netwerks or devices
using unrecognised protocols. Protocol
conversion is vitol for incorparating exiting

Apreation tever
- - Security 10T/ M2M
ot B L T e s
Applications Applicat
MNorth Bound Interface:
Control Laver (Middieware)

grid networks based on existing grid
communication standards, for exomple
subsiation networks bosed on [EC 41850
communication standards.
In addifion fo these benefils, ather loT
fromeworks als hold polential bensfits for
smarl grid implemeniatians. SDSec fas bes
shown fo be ¢ vioble solufion for intrusion
prevention, data security and molicious
attack defection and prevention, while
SDStore offers various over

points in the network edge and core fhe smart
grid will not only become much more flexible
in tecms of the machines and applications that
can inferfoce with it 1 will olsos ba much easier
o deploy and maintain. This is becouse M2M
makes use of common librarles that provide
common functions for diverse use-cases and
allows developers to focus an applications,
rother than underlying communication. M2
alss promoles cross-sharing of resources ond

cloud storage approaches, especiolly when
used in conjunctian with muli-occess edge
computing (MEC).

that creates néw opportunities for solving
many grid problems and improving exisling
funciionality.

the communicaion inferfaces and duta models
used in smart grid networks. By implemening
M2M middlewore on devices of appropriata

Referen for an loT

based smart grid ICT network

In support of sireamlining designs for smert
94id ICT netwarks, a five loyer reference
orchitecture for laT based smort grid designs
s presemted in Fig. 9. The five layers in this
proposed architecture include:

The asset layer

All assets thot ere fited with sensors and
actualors, and that inferface with the smart
arid network using processing davices, are
described in the osset layar of this reference
orchilacture. This layar usvally consisty mainly
of elecirical infragructure, but olso inclodes
buildings and other infrastructure that support
arid oparations. Because the distribution
network acts os the main grid inferface for
customers,this loyer can olso confoin customer
assefs fhat produce and use data whers dato
communication nehwork infegrafion is required.

The device layer

Inmost modem elechil grids smort subsi
devices are used fo provide data pracessing,
storage and communication copabilfies 1
the grid. Other substafion technologies thot
offer similar fentures con include infelligent
elacitonic deyices (EDs) and remote ferminal
units (RTUs) ussally implementec vith systems
such as SCADA or SAS. The davice layer
represents all thesa devices fhat allow grid
1o inferfoce with the smar grid

Device Layer

Asset Layer

Infrastructure.

. 9 ol bosed smar gad referance

@ ";@a_

architechure.

ICT network 1o exchonge dota. These devices,
intarloce with sensors and achustars connected
10 grid infrasiructure that measure ond control
temperotures, cument flows, voliages, vibrotion,
pressure, mofion or posilions of things like
doors or switches. The embedded processing
copobilites in these devices can be used o
translate or Hiler collected dofa and figger
conteol octions.

The device layer also includes PCs, lopiops,
sarvers or other computer devices thal are
used as hosts far specilic opplications.
Thess applieations can include fhe softwara
required for SOSys implementation, M2M
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Substotion avtomation 9,6-56kbps 15 ~200ms

Overhood transmssion e montoring 9.6 -54kbps  15ms - 200 ma

Wide-Area stuofions] oworensss 6001500 kbos | 15 ma-200ms

Disribuion aulomaticn 94-56kbp | 20ms-200ms

Disribution manogemart 9.6-100kbps | 10D ms-2sc

Home energy managemert 9.6-56kbe  F00ma —2sec

Revewble datibuied energy resourcas | 9,6-561bpt | 300ms - 2mec

Demond respansa manogemen! 500 ma - Smin | 99% - 99.9%%
Advancad mataring infrostuct s 5% - 99,99%
Cutoge manogement systerms 56 kbps 20 9%

Elnckicol vahicies ond vahicls 10 grd 96-S6kbgs | Zwc-Smin  9P%-999%
Entarprse ovat management 56 kbps 2 sac  hours 9%

Mater doto managerment syvems 56 kg 2 sac - howrs 9%

Fig. 10 Evomple of @ sysiem orchitecture for an loT based smort grid implementosian

middleware or opplications thet support
specifc gird hunclions such protection sefings
manogemant, Other hardwore in the device
layer may include network dovices such as
switches, routers and goteways o well os
securily devices and storage devices.

The network layer

The netwark layar represents the doto
ebmmunication inferfaces betwaen all
networked devices. Design of the nshwork oyer
startswith selecting he opfimur communieatien
mediums while cansidering performance

availoble and

The network layer design should alsa
define the different networks thot will exist
in & sman grid. Metropolitan distribution
arids wil likely include o MAN with a
high performanca backhaul network thet
cannects ditfereni networks across a
metrapolitan orea. NANs will be asioblished

The contrel layer

The conirolloyer represanis the copabilies ot
support the sman grid services and applications
by controling and intemcfing wih fre underlying
layers, SDSys controllers ond M2M middiencre
aro greot examples of funcions tho reside in
the control layer. The canirol layer elements
ek on southbound infertoces 10 interact with
davices in fhe device loyer via the network
layer. The Opanfiow profocol is an esample of
a sauthbound interloce used o control nework
oitches in o SON implomaniation. Oifferent
contol layer elements can elso interdoce wih
‘ch ofher using eas! and west bound inferloces
The application layer

The oplication layer defines the vorious
applications implemented in the smorl grid
network, oligned to the functions grd operators
perform 1o meet specific biectives, Smart grid
applications can be divided info fwa cafegories.
Funcional smart grid opplicotions perform
funclions linked dicectly to the smort grid
objectives such os grid monitoring and contrel,
mesering, grid protection or dota ocquisifion for
anolyics to support decision making. Support
applications manage systems thot support the
smart gid applieations. Examples of these are
nework management, storage manogemert,
security management and device management
applicotions. Nodhbound inferiaces such
o3 the REST AP ore used 1o connect the
control layer elements with applications n the
opplication |ayer.

Example of an loT based smart grid
design for a metropolitan electricity
distribution grid

An opplication of this reference architecture
in a design for o metropolitan electricity
distribution smar grid is presented in Fig. 10

Assuming specific requirements best addressed
by SON ond common M2M services, a cify's

in specific where gird
essets are lacated, while EANs and FANs
moy be used 1o connect ossets in more
rurol aregs. Some customers’ HANs, BANS
and 1ANs may olso require interdace with
the smart grid communication network

potential risks in network coverage areds.
Wired communication mediums such or
copper, PLC ond e provide fhe edvonieges
of physical connections beiween devices
that are Jass suscegfible to intederence and
more secure, alihough they ore usually mare
contly I insfoll in karge coverage areas
Wirsless communicotion is more flexible ond
con cover greater distances if lang range
wireless communication mathods such o
low powernd wide orea networks {LPWAN] or
cellulor networks 070 used. In most coses o
combination of winsd and wireless networks
naeds o be considered fo cuter for different
requirements in dilfsrent parts of a smorl grid.

standords and protocols
used in smart grid networks also need fo be.
cansidered in network loyer design

Mot smart geid dlevicss.wil) cora: with
o predeiarmined.set of communicalion
standords they suppod and communicalion
networks will hove to be designed fo interfuce
with heterogeneous devices fram differant
manufacturers. Protocol conversion can
be implemented using gateway dovices
vinualised in¢aﬂv:e

« secondary:, primary- and moin subsiations
is designed fo be connected in @ neheork
consising of @ MAN, backha, smaller NANS
‘and subsion wtworks i specilic grid sections
These networks use o combination of wired
ond wireless communication mediums. Eoch
substafion in the smort grid s equipped with
s6ns0rs and actuofors conneced fo subsiotion
Govices with empedded processors and siomge:
These devices connect 1 substation computers
Iocated in primary substations that oct oS
irtemehworking prosies. (IPEs}. The substafion
computers also ssnve as local SDN swiiches
for the greoter SD-MAN. Main substationt
olso include o substation computer, but thesé
computers are configured 1o offer M2M galeway
o

reguirements with other networks such os
enterprise networks and the intemel olso
need fo be-éonsidard in the natwork foyer
design.

10 SDN switching, The moin
‘substaion computers ok oct o5 SDN controbers
for tho respective grid sections in their areos;
moitoring and contreling tha SDN switches i1
the network, The use of muliple SON controllers
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Impact assessment of a high penetration of
rooftop PV in Cape Town

by Johanate von der Merwe, Cify of Cope Town; Trevor Gaunt, University of Cape Town; and Karen Kritzinger, University of Stellenbosch

There is an increasing global trend of grid connected rooftop PV systems in urban networks. Despite the possibilities.
offered by the uptake of PV, its increased deployment often comes with technical constraints such as voltage

reverse power flow, and

‘overlond. This has resulted in a growing concern among municipal
i a

on how the

d rooftop PV sy:

therefore have a crucial role for distribution system operators wha need lo maintain specific network parameters
within permissible limits and also to facilitate further uptake of residential PV systems [1].

In South Alrico, fhe standord for embedded
or distributad gunerator connections (NRS
097-2.3: 2014) specifies tha capacity
limitations for shored LY connections. This
standard limits houssholds [single phase
customers) o 3,5kW/household distibuted
generation [DG) systems. Overly restrictive
regulations can hawever fimit the exient of PV
penetration o nefwork can occommaodate. A
study wos conducied by Eskom, Universiy of
Copa Town, University of Stellenbosch, Cape:
Paninsula University of Technology and City
of Cope Town, 1o defermine the lmit of PV
penatration in urban netwarks. The purpose
of this study wos fo defermine whether NS
097-2-3: 2014 is oo conservalive and con be.
relaned 1o enable further upiake of embedded
PV systems. To the exreme, the study hod to
provide answers on whether the City of Cape
Town vl first run aut of raof space or wires,
i no additional invesiment is made into the
LV ond MV networks fo accommadate G,
A eising Urban nefwork s considered whore
the PV ollocation is rondamly distributed and
she PV system copacities are resiricied by ihe
ovailoble roof sire.

The study assumes generafion back inta the
network and no baltary penefrofion. I is
imporiant fo nofe that reverse power blocking
and battery starage will oflow for greater
PVDG [subject o further study)

Methadology
N?lwurk selecfion

An actual medium vollage feeder within the
City of Cope Town supply srea was selecied
for the study.  The selocion was based on
oreas with mainly residential customers, good
solar availability, and customers thot are 4
highly likely fo install solor due to fheir faiely -
high properly valve. ‘-

Metwork modaling

The selacted residantial network consists
of sevan separote LV networks, each
rodiolly supplied from an 11/0,4 kV.
MV/LY tronstormer. Each LV network supplios.
b n 30 ond 53 customers, The LV

Fig 1 Residentl nenvaik [7)

networks ora modelled up 1o he “kiosks' which
are the points of commen coupling (PCCI-
Each propary is therefore nof individually
modelled. The load- and generation profle
for each indivi i d

Lood madeling

The looding of individual MV/LV fransformers,
kiosk or individual LY loads is not available.
The holf-hourly load data for the MV feeder for

lumped together, nd represanted os one LV
lood ond one solar PV system connacied 10
shot kiosk. The kiosk is the first point in the
network whers solar PV distibuted genaration
(PVDG) aggregation occurs, sa it is uselul to:
model the system up 1o this point in order to
observ the influences of distributed solar PV
generation an all pars of the LV nefwarks. The
residantial network is shown in Fig. 1, where
black lines are MV fseders and the round
‘objects ore kiosks, The seven LV nefworks are
shown in diffarent colours (2]
1t is important fo pote that no data wos
available on which property is connected 1o
each kiosk: It wos assumed that:
® A progerly is allocoted ta the neares!
possible 1V kiosk
» Connections ore disiibuted across phases
$o minimise numerical phose: unbalance.

2016, red at the HV/MV substation,
was herefore used

The lood dolovat MV level con be de-aggregoted
1o LV customer lavel using deterministic lood
flow methods. These methods are mostly
Inadequats for analysing real pawer systems,
due to uncertainties in power system variables,
such as interminant generation and siochosfic
‘customer [God vriations. ¢
Probabilistic load flow (PLF] fechniques can be
used fo model the uncerfainties and provide
a set of lood flow results mare reprasentative
of the range af probable network condifions.
A probobilistic approach was. therefore
token fo analyze the nework, such that he:
following non-deferministic chanacteristics of
the problem aro faken into account [4]:

»  stochastic variability in the load

« voriobility in the PVDG output




s the uncedainty associated with PYDG
locotion (or uptake)

the uncertainty of the size of the installed
PVDG sysiem desplie the knowledge
of the moximutn solar hasting capacity
reflected by the roof-spoce area

.

The first two ltems are dealt with by the statisficol
models of lood ond DG and will be analysed
here theough the Hermaon-Beto-Extended (HBE)
translorm capoble of procassing random inputs
and reflacting the associated unceriointy of
the: cutputs. Howeves, the HBE fransform con
only calculote foeder voltages given the inputs,
which include the location of loads and DG,
on fop of the other porometers, Consequently,
the Monte-Carlo Simulatian (MCS) is used for
he process of randam PV sizing nd location

The Western Cops Electrical Reticulation
Technicol Standardls {o CCT imemol dacumant)
thot defines the esimation of the load variance
associoted wih a given ADMD for residentiol
customers wos used to derive the siafisticol
models. The probobilty cisiioution of the lood
currents, assuming o bela pdf with a scaling
foctor taken as the circuit breoker sire (Cb) of
BOA os is the norm for higher LSM customers).
is defined by the shape porometers & and B 4
Table 1 provides the results of the ealculation,
specifying the beta load parameters for eoch
feedet for winter and summer

Generation modaling

PVDG s randomly located on fhe network
considering the node and phase of plocement.
Further, tha allacation pracess is bounded by
v factars; the desired panedration level, and
the maximum solor hosting capabilly (MSH
of a given node and phase, which depend
on the MSHC of the respective properties
connecied fo fhat point. To defermine the
MSHC of o given noda, GIS software was
Used to determing the available roof spoce of
sach propanty, aggregated fo each kiesk. The
orfentotion of the roof wos olso considered.
The process of defermining fhe masimum solor
hosting capability of each propery using GIS
software is shown in Fig. 2. The MSHC is then
& "
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Fig. 2: Frocess of deformining the masieum

The simulation mathedology lollowed is

desciibed in the steps below [4]

o Lood the feeder identiied with the
winter load model derived oarlier for
that feeder, and calculote the vollage
profile on the feeder, applying a 10% risk
(90% confidence inferval) 1o assess the
minimum voltoges.

« Increasing the winter load models, madel
the feader’s highest possive loading it
can supply withou! viclating the design
volioge limit [CCT allows 0,92 p.u.). This
is tecmed the Feeder MO and is not fhe
same s the allocated de-aggregoted
demand supplied by the feeder

+ Using the fesder looded wifh the summer
load model, randomly (1o node and
phase, by means of the Monte-Carlo
Simulation) allocole VDG modules an
the foeder and colculote the volloge rise

Table 1: Lood charecteisics for LV feeders [4].

solor hasing capablity of sach propery

on @ scatter plot. Derive the maximum
hosting capacily of the feeder for both
voltoge rise and conductor fhermal
Ioading, again with o selected confidence

sisk; in this study o further 2,5%.

Results.

The scatter plats of maximum voltoges and
currans fat 5% sk applied i the HBE sronslorm)
are shownin Fig. 3. The red line n the voltoge
@raph and the blus line in the current groph
indicalos the 95% confdence level, with only
5% of the simulafions having o voltoge / curent
above fhe red line. As more: simulations ore
done, fhe envelooe locks fairy similer, but the
95% corlidence line becomes smoother

The maximum allowable peneirafion withéut
violation is obout 64% (the feeder being
thermolly constained). Beyond this penetraticn
level, the proporiion of scofter points abave
h , of fhe same fime,

yihe ndhe
custamer circuit breaker limit (B0 A for single
jse residentiol customer with a high L5M).
Simulation methodology
For the purposs of this siudy, the PV panetrofion
i8 defined by the following squaton
Where:

7Y Penetration = St Veust i), 0,

Feeder MD (EVA)

Bl Paared : Total PV copocity insfalled
on the feeder;

Feeder MD: The maximum lood thet the

feeder con supply before network violotions

froltoge or thermal) occur

represented by o isk level (of excoodance]
of 2,5% for the respecive limils (1,1 for
voltage condifions and 100% for thermal
loading). For eoch scanario calculate the.
transformet loading
Repeat this step for an odequate number of
plocement scanarios; in this study 800 runs.
o Successively add further PV modules,
repeating steps <) with each increment,
until the feeder is *ulf, having reached
the limif imposed by the circut breokers
of oll housshlds
moteh &

placament scenarios that result in maximum
volioges ond currsnts within fhe regulatory
limits exist. In this cnalysis, considering tha
stachastic varionce of the load), the feeder gels
full with PVDG ot about 420% [4]

Sevaral canditians of VDG limits were
investigated in steps of 2,9 kWp systems
(1 VDG system) uniil the circuit breaker mit
f B0 A s reached. For ths sxomple, the limit
was reduced fo 75,65 A to accommodale
six 2,9 kWp PY. modules or 17,4 kWi par
property. Howaver, il this imit is higher than

o Plot
currents and transformer loading for oll
scenarios agains! the penelration rafio

space, then the
lotter is used. The scoffer plofs for maximum
voliages and currents are ploftad in Fig. 4
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narked 5% risk lines of

maximum veltages, o common frend is
observed. The envelope of voltages starts
off with & positive cormelation with PVDG
penetration. The frend increases almos!
linearly until it approaches the "filling'
penefrafion [ior an impesed constroint] and
the rend of high voliages staris fo decrease
becausa the extrema placement combinations
reduce as the feeder fills. For the full feeder,
ihe voriable random unbolance between
PVDG moddle disoppears. Moving from each
penetration constraint fo anciher, the fasders.
il ot different panefrafion volues, The same
applies 1o the envelopes of currents,

Vihen the restriction is set 15 2,9 WNp/hh, the
asimum penetration of about 70 s achieved
without any conditians of volioge cr thermal
violations. Increasing the upioke limit fo 58
KWprhh ochieves an incrsased panatreion
of about 140% olsa without any viclatior
However, the limit of 8,7 kWp (~50% of the
circuit breaker fimif] infraduces violations both
for voliage and thermal conditions. Nonethaless,
the proportion of valtoges and currents obove
the. regulotory limis is very low, and 5o is fhe
extent of the viclations.

As the uptoke fimil is further relaxed, the
density of voltages and currents obove the
imits increaso. For oll cases obove the
8,7WWp limit, the ollowoble PVOG penelration
withaut violations is between 65% and 70%.

From the results oblained for this porticular
feeder, it can b seen that o fimit between
5,8 kWp (2 PVDG systems) and 8,7 kWp
(3 PVDG systoms), of about 7 KWa, would
achieve penafrations up fo 175% with 0%
chance of violafion (based on o 5% risk).
Accordingly, the recommended uptake limit
per household, ovoiding mitigation measures
or newark reinfarcement costs, for fis feeder
would be 7 kWp/housohold, However, the
plots in Fig, 4 for the 8,7 kWp cose yollow
race lso show that o penetration level of up
o 210% i achievobls with minimal mif
meosures; the latier being s a resul of the
minimal axfent of violaticn (magnitude: of
viclafian velioge and currents, and he density
or chanca of occurrance).

T
" osemetesson
Fig. 3: Mo

m velloges and currenfs on fest feadar with increpsi

VDG ende O 151

g PYDG penasration: Siochastc oods

Feeder Maximum Vohages

Foodor Mazimum Corrents

Fig. 4 Pracicol imits o

Conclusions.

The following can be concluded from the
study:

o Roof space exceeds the copacity of
feeders, i.e. the City of Cope Town will
run out of wires, long before all roohiops
are covered with PV systems.

Limiting households fo about 7 kW per

hosfing copacity of the network, This is
more than the NRS limit of 4,6 kW per
housshold

Voltoge ise limits on active feeders must
consider correlated voltage sz on MV
fosders

45% - 60% PV penatration if 7% LV
voltage rise i allewed (imiting LV voltoge
rise to 7% above nominal; allows for
correlated MY volloge rise of 3%}

105 - 20% PV penatration f anly 4% LY
rise is ollowed

Some passive feeders ore alraody
overloaded und not all DG alleviotes
owerloading, butt depends on s kocation:

.

lled eapaciy

o Thermal limifs on PV depend on the
morgin of the pessive feeder
Every proposed installation would have to.

.
be studied before approval s granted.
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Solar PV investment decisions in the
residential sector in SA: A technical analysis

by Mikkie Korsten ond Korin Kritzinger, Siellenbosch University and Centre for Renewable and Sustainable Energy Studies: and

Lovise Scholtz, Urbon Futures WWF-SA

The tradifional model of energy provision by Seuth African municipalities is being challenged by -h. increased

SEG), mostly in the form of

uptake

These installoions impact the cxisting municipal elecilty business modsl and I is b::nmlng‘ Sncreolfighy
for

order to respond eHectively.

The impact on the South Africon municipal
business model, potential solutions fo oddress
it, s well os municipalifies’ role in the local
renewoble energy transition, have besn
studied extensively. In porticulor, many repors,
articles and conference papers have been
published thot focus on the resultant thieot
o Eskom and municipal elecrricity income
and the looming ‘decth spiral” (Beer, Merwe
& Merwa, 2018; Janisch, Euston-Brown &
Borchers, 2012; Korsten, Bren, Sebitosi &
Keitzinges, 2017; Kotzen, Raw & Atkins, 2014;
Lekoloane, Wright & Carter-Brown, 2018;
Mogembe, Joarsveldi & Evert, 2017 In spifo
of this attention, fhere is sfl no clear-cut guids
to follow fo tackle this issus. Over and above
general fafigue related fo the isses ised
above, it could also be becouse officiols fee!
overwhelmed by the complexity of fhe problem
thot hos mo simple and implementable
solufions, due fo fhe inferconneciedness of
many factors.

What is claar is that roofiop PV reduces
elactricity sales of the utity ond thus fhe
income municipalities derive from sales. The
challenge, however, is. that this reduction
in income does not necessorily go hand
in hand with an egual reduction in the
costs of electricity provision. Meny South
African municipalities have responded 1o
this chollenge by implementing rooftop
PV policies, including tariff structures,
1o accommadate raoffop PV owners for
supplying elecricity o the grid ond af the
s0me fime to sofeguard municipal revenue.
While this provides some aperational
comfon, it does not adequately address fhe
huwu impacts of these insialiations wmch

300

the drivers for the investment decision behind these installations in

102012
2013
2014

2015

g

2017
2018

Fio. 1: Addifons roofiop PV insialled in South Aica up ko 2018 ke ARER 2019),

can leam from international best practise,
apprepriate inferventions might look different
in South Africa. It is therefore important
to understond this problem in fhe lacal
municipol context s well s 1o understand
rochcp PY investment decision-making from
the South Alrican elaciricity consumers’
perspective.

This paper cortributes o exisiing knowledge
by mapping ovt the Seuth African enargy
Iransition, bosed o1 @ housshold roofiop PV
investment survey, conducled iw WWF-54
nd 8 {Korsten,

g concem o
Internationally, filfies have foken measures
16 both facilifafe decenirolised renewable
energy os well to safeguord their own
finances such os forifi changes to countar
the negative financial impact, National
government bail-auls of ufilities under
financial siress are, of course, also possible
10 pravant their financiol collapsa. However,
in the South Afsican confet, the municipal
€oncerns are different. Even though we

Kritzinger & Scholkz, 2018) mlh © syslem
dynemics modelling {SDM) cpproach. The
South African case is contextualised and
compared to investmens: in rooffop PY os
well o the slectricity torff environment in
Germany. Given the ability of SOM and
speciticolly causal loop diagrams (CLD] to
enhance in-depth undersianding of cousal
relations within complex systems, if is an
appropriote methodology to inform plicy

makers whot inervenions fhey could use 1a
develop desired energy fronsiions scenarios
(Qudrat-ullah, 2013). SOV has odditianally
boen used in many siudies o undersiand the
complox dynamics in the energy and eleciricity
sector (Ahmad, Mof, Muhammad-Sukki &
Baker, 2016)

Background

Electricity customers in South Africa
are increasingly investing in roofiop PV
(sea Fig. 1). This is dus 10 @ combination
of factars; the falling cost of the technology
(see Fig. 2), the rising cost of electricity
(Gusciord Gorcez, 2017; Isfam & Meade,
2013) and continued load shedding (Korsten
&t al, 2018). The distuptive sffects of this
technology on o ance robust and predictable
elecriciy system are well known. South
African municipalities, who ore cesponsible
for managing elocricity sarvice delivery, ore
feeling the consequences and ssme of them
hove token meosures 1o prevant potentiol
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Fig. 3: Avaroge household electricly ot in South Afica ond Germany.

revanua srosion by implamenting rooftop PV
farifs (Korston, Bront, Sehitosi & Kriminger,
2017; Kotren, Row & Alkins, 2014,

Whle soma residentiol electricity eustomers
in South Africa are charged monthly set
charges, the bulk of their eloctricity bill is
made up of ativa anergy charges (in KWh),
It is also quite commen in South Africa
for municipalities to charge residential
customars of an inclining block tariff (BT)/ ¢
with low alecircity users paying less than
highes users. Indigen! customers ore alsa
often provided with free bosic electricity,
ond are charged of even lower rofes for
their elactricity usoge.

The practice of charging electricity
customers largely for their ocive energy

use leads fo o follacious belief on the part
of consumers thet fheir cost fo the ulility
s accordingly reduced when they use less
alociricity, The wiility cost, however, is not
necessarily reduced in line with the lowsr
active energy use. In oddition the utiity
has to provida oll customers with elactricity
when and if demanded. When o igher set
tarit is chorged, with an accordingly lower

¥ active energy charge, it limits the ability of

the cansumer fa reduce the elecricity bill by
anargy efficiency or rpafion PY and might in
fact lead to Figher electricity consumption.
Thus, even though a higher set charge might
e more cost reflective and sconomically
apprapriote 1o o uliliy, eleciricity tariffs
evoke o behaviour response. The message
receivad by customers from this fariff

regime is that electricity saving a3 well os
investments in energy efficient equipment
and rooffop P¥ ore actively discouraged
Fig. 3 provides fhe overage slectriciy torifls
in South Alrica and Germany for different
monihly consumption rates. From tis i is
claor thet low elecricity users.in South Africa
sre chorged a lower tariff than in Germany.
In Germary, the-set chorge and the octive
energy chorge ace relotvely constont, resulfing
in low electicity users paying substontially
more per kWh than high elecrricity users
German households olsa have o number of
electricity praviders to chaose from, leading
1o compaition in eleciricity forifs.

Stellenbosch case study

This challenge Is cloarly demansirated when
one looks of the dafa from Stollenbosch
Monicipaliy, o woll-run, micksized municipoliy
in the Western Cops,

With o Gini-coefficient of 83, South Africo s
regorded as one of the mast unecual counries
n the world (World Bank, 2018), According
o o shudy conducted by Onthaler (2016) the
wealthiest 10% own arsiiad 90% of ol wealth
in South Alrica while the poorest 50% eom
only about 10% of oll income and don't own
any meosurnble wealth (Orhafer, 2018). This
results in differances in economic purchasing
pawer ond offects the conomic occessibilty
o basic goods such a1 eleciriciy,

In ferms of Section 152 of the Conshitution of
the Republic of South Africa, 1996 (Republic
of South Aica, 1996), municipalitias hove
@ mandete o ensure the entie community
within s jurisdiction is sarviced in o sustainoble
manne In arder 16 do this, the moricipolity
s Jo ensore: it monoges it finances well,
This Is documented in the Municipol Finance
Management Act 56 of 2003 (MFMA] and fhe
Municipal Systerns Act 32 of 2000 The control
of keaping up 10 the mandate of susicinable
senvice delivery is weokened as more octors,
in pericularly high slecicity consumers, cre
becoming co-producers of slectricily thot is
used to genarate the revenue o pay the costs
of eleciricity senvice and 1o cross subsidise low
torifts for low income consumers.

The extent of both e conirast in sfactricity
consumption and the axtent.of cross-
subsidisation required ore demonsirated
for o municipality such os Stellenbosch
Municipality is demonsirated in
Tobles 1 andi2. The tables show the
differences in average and moximum
electricify consumpfion per neighbourhood
in Stellenbosch, When loaking af the
average pre-poid consumption in Table 1,
citizens living in Kayamandi are using an
average 156 kWh per month. This stands
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in stark contrast to households living in
Uniepark and Karindal who consume
1071 kWh onoverage. Table 2 shows
an even siarker confrast in eleciricity
consumption levels. Of the 160 mefers
locoted in Uniepork and Kerindal, 106
consume mare thon 600 kWh per month
Despite Kayamandi having 1287 meters,
only 19 of them consume more than
600 kWh per month.

Understanding the complexity

The poser has already alluded o the complesty
ofthe prablom and why mere tweaking of s,
whilst odessing shortterm revinug concerrs s
ot on adsquate long tem response. Inthe main
this complexity relotes to the increase of privately
owned generotion in th electnty syserm, which
intraduces o sel ofvariobles that s cutide the
ombitof municipal control, These ore expleined
in more detail below.

‘The causal relationship between varobles in
the municipal eleciicity system is depicied
with a CLD In Fig, 4, Endogenous voriobles
that influence the adoption of rooliop PV s
well o3 the variables that impoct the ability of
the municipality to deliver electricity services
in the fulure, are represented here.

R1 affordabiliy oop

Roofiop PV is becoming more affordable
to houssholds. Howsver, affordability is not
only determined by the cost, but oisa by the
sconomic status of households. This is an
‘exogenous varioble thot connat be Influenced
bythe municipality, but that influances rooficp
PV odoplion, However, increasing invesiment
in foofiop P con reduce the instollation cost,
miking it more offordable 16 more pecple.

R2 revenue generotian loop

1§ the: price of electricity goes up, of some
point households will reduce consumpfion,
which means the municipolity loses sales en
electricity, impacting ifs revenue, To counlec
this, the municipolity wil increase the slectriciy
torifl in an oftempt to compensofn for this loss
of revenue. Incraosed electriciy prices i returm
leads fo reduced electricity consumpfion

R2 quality of servic delivery foop

Roofiop PV adoption will leod fo reduced
oleciricity consumed from the municipol
orid, resuling in o loss in revenus for the
municipality. Grid maintenance and new
investments in elociicil services then become
harder to sty financiol, eoding to the

Unieparkond Karindsl (1107 | 1071|9750 | 9080 | 79108 44580
Doisig and Brondvochr 1048 963 75 10895 7130 7ave
Die Boord and Parodysklool | 881 854 10924 15774 100919 76508
Onder Papaguaiberg 728 $7 s sosas  33%  17se
Vigigauordien o 518 o anz [} 18 786
Vos Velly 653 3 4518 a0 sozmd | g0
Clostenile sn 27 ee7s 2648 1182 19647
e ) 5 158 27 10593 | 16238
Tablea 1 d in different [Korsten ot ol,, 2017).
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Table 2: Numbar of households per subuth with o pre-poid mefer insfolled ard et
elechicity consumpiion (Karsten ot al, 2017),

Fig. 4: CLD of mport of roliop FY an runicpaliies.

R4 verbal relerence loop.
Mere conversafions with pecple who have
installed PV leads 1o o stronger confirmation
that the installafion of oofiop PV is worhuhie
feading 10 n increass in rachiop FY adophion
RS visuol reference loop

More rooftop PV installations in o

This reduction in the quality of municipal
services might lead to the electricity grid
becaming unreliable, resulting in households
investing in roafiop P to become more seff-
Suffcient in their electrcily provision.

hat these system are workh investing in.

Ré effect of electricity price on adopfion
Ioap

Higher eleciiciy prces lsads o more people

sucking 1o reduce their elactricity bil. One.
response is fo invest in roaftop PV:

Making sense of the complexity

In Fig, 5, o CLD s presented thot shows the
disruption thet rosiiop PV could hove onthe
electricity business model of municipalies.
Electricity consumers, who used to contribute
1o municipal revenue om slectricily soles,
ore now genarating slectricity for their
own use, reducing the KiWh bought from
the municipality. The self-gensrotion ond
consumption af eleciricity by Households
reduces the abiliy of the municipolity 1o
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Fig. 5 Rookiop PV s o

recover costs of he electricityservice. In order
1o recoer the costs of the clecsricity service the.
municipality neads to moke sure that snough
revenue s collected 0 of least break even. This

ferupinm forca in municipol elechicly service.

F Iavestment i

The main survey canclusions wers that the
investments are mainly financially driven
couplad with o faidy strang influence of the
social anvironment of the potertial rooftap PV

coukd be done by either selling Y

inwestors. The high upfr indicated

incraasingly becoming unveliable, expensive
and inotcessible. Furthermore, even though
tising sleciricily prices impodis the poor he
mos, they are excluded from investmants in
wooltop P, and high electricity prices might
even lead fa them substiufing elechricity with
ther, dongerus and/or unswstainoble energy
sources

Frequent load shedding also increnses
investments in roofiop PY es households ore
seeking self-provision of electicity, Almest
70% of the people who completed the
Household Rooftop PV survey (bath those
whe alrsady hove PV instalied and others)
Indicated thot not trusting the gavemment or
Eskom is o clear mativation for them to seek
allemoiive and independent ways of energy
provision (Korsien ot ol 2018}

As peopls are influenced by their sociol
environments [Korsten ef al., 2018), this
could lood 1o o dlustering of rostiop PV in
certain neighbourhoods and o non-linear
mushroaming effect on he upicke of fhe
fechnology. This will exponentiolly increose
the impoet of rooftop PV over fime

‘or by increosing the far
Enough revenue i alsa needed for invesiments
in grid upgrades.

The costs o municipality has on electricity
senvice delivery (maintenance, distribution,

efc.) do not necessarly decrease of the same

cole o the dacrease ia elacticity scles o
consumors with roohop PY. systems. This
i becouse the fied costs of the elsciricity
senvice are paid through charging moiny
variable torfs bosed on kilowat-haurs usage
by the cansumer. Moreover, the high upiront
investment costs of on electricity network
is often repaid aver dacodes. A reduction
in kilowott-hour sales will limit the obility
10 recover histeric and presant costs. In
addition, it will become harder 1o justy fture
investments to safeguard an adequate qualiy
o electricity supply that meets the damand,

Thia ph “death

who have not invested in rooliop PV yet cind
the possibilly of saving on future electiity
bills and m riting eleckicy prices o nct

The 4 blend of factors has
financial, technical os well os governance
implications for elecricity service provision
for municipalities in South Alrica. In
addition fo the olready menfioned issus
o i eiwean the cost of

asimpertant future saving
is nof nnmpmum 05 the upfrant costin the
investment decsion. For municipallties, the
most imporiont foke-home insights are

o When costs of PV come down, roaliop
P uptake will increasa. Rising n\e:mm
prices plays o lesser role

® Tha social enviranment hes o significant
influence and should be faken into
consideration for technical grid
management os geogrophical clustering
of rosfiop PV installatians on the grd is
most Hkely.

Only 25% of rooktop PV owners indicated

that their elactricify provider is aware of

their installotion.

Mon i’

spiral" has boon woll decumented. Howaver,
cantext matters. As mantioned before, the
“doath spiral’ in doveloping countrios is
differant from that in doveloped cauniries,
where thara is  largar middia dass who might
ba ablo fo absorb fhe increased eleciricity
prices. Given the lack of a fat*in the system in
‘@ couniry suth as South Affica, municipalities

‘are refiant
on the abilily 1o poy the high uplront costs,
leading 1o investments by houssholds with o
Higher disposcble income. These households
arm also mostoften high electncily corsumers
who pay highar active energy charges. I will
thus be the housaholds in the Highes! income
brocket who will first iovest, as the initial
investment costs is not 5o imporant 1o them.
This

of the drivers of both existing and future”

invesiment in househeld roofiop PY: In crder
10 understand the investmant decisions of PY.
owners ond potential PY owners within the
South Africon context, o nafional household.
survey wos conducted in 2018 by WWF.54
ond Stellenbosch University.

s 0k 06 in practce.
Fellowing fhe high incgme households wil be
invesiment by he middleclass, lorgely driven
by increasing electricity pricas. People

connot offcrd the techrclogy are excluded
irom making the investmant, aro thus unablo

alectricity provision and the reduction
in income due to decessed sales, the
lost electricity sales due to rooitop PV
installations in South Alrica is mainly from
wealthier slectricity consumers who con
atford the upiront costs of the rooftop
BY invisstment, These consumers oo lso
mast offen high elaciricify consumers who
cansume eleciri her forfls ond
subsidised thee free bosic allocation fo
indigent households. For high slsciricity
consumers, if mokes sense 1o reduce high

electricily usage by investing in roofiop PV,
The loss of high electricity users in the Seuth
African context has implications. Firstl,
electricity consumers are often responsible
for a higher share in revenue generation
from the residentiol sector (Kotzen et ol.,
2014). Secondly, municipal eftorts 1o keep
prices low for fow alsciricity users, mostly
low-income aleciricity consumers, through
5 BT, are now compramised. The BT farif
evolved from an inferim meosure fo prolect
the poor against fhe sieep electricity price
incraases from 2010.

The BiT ollows for cross-subsidisafion from
high elechricity users 1o low elaciricity users,
ond is thus used as 6 financiol mechanism 1o
creats mors egalitorion occess o slacticily

igh

destined o use ebactricity from the grid that is

(AMEU, 2016, lithe fotal el pio
coutis not abaarbed by incrensed forifs, this




burden might unfoirly foll onta low electricity
consurmers, due o prices for oll consumers
incraasing ever more because effluant
houssholds are cpfing out of the common
slecicity grid.

Interventions and unintended
consequences

In arder 1o counter the sffect of revenue
loss ond uniair cost distribufion fo non-
PV owners, municipal can implement
“decoupling machanisms" la breok the link
betwaen the recavery of uflity's fixed costs
ond the kWh soles (Eto, Stoft & Belden,
1997; Xue, Sullivan, Peliclo, Pefers & Leiber,
One revenue decoupling mechonism
is the increase of fixed tariffs for rootiop FY
ouners. Certain Sovih Alicon municipal
have o fised slectricity chorge for high
alociricity consuming households only.
such househalds reduce their sleciric
consumption [for instance by installing
rosttop PV), then the municipalify nat anly
loses the sale of the highertorff KWh sold,
but also the monthly set fass. Most South
Alrican municipalities thot have on SSEG
tarilf for rooftop PV ownars hove introduced
on extra monthly set chorge for these
households; somatimes over and above the
already existing sst charge. South Adican
municipalifies olso typically have different
and separately meosured farif for import
and expor of eleciricity for households with
raftop PV

The introduction of & fixed monihly fee for
rooftap PV owners might, howaver, lead fo
uninjended consequances. The Household
Rooftop: PV survey showed that anly 25% of
respondsnts that have roofiop PY and who
are consequently imparing and exporfing
slactricity o the new lariff role hova registered
heir sysiem with their utilty. The ofher 75%
of survay respondents indicated thot thair
wliliy s not aware of their roatiop PY system
(Korsten, Kritinger & Scholtz, 2018). This
might indicate that roofiop PV owners are
dissuaded to register heir systems by what
thay conceive as o penalising SSEG tarif
seifing In Ihis cose, the intreduction of o
fixed forif fo counter revenue eresion s an
example of a “fixgs tht fail" orchetypa (see
Fig. 6). The unintended consequence of ihe
fixed toriff is hat roofiop PV owners avoid
registration and when forced o register they
might disconnect from the grid altogether.

In addition, households with rooftop PV
could in the future inves! in mini-grids and
50 collectively disconnect from the municipol
grid. This wauld creote islonds in society In
which households wih the acanumic pOWE(

Revenue loss
municipality
X

2 |
@ Fixed tariff for |

solar PV owners

| 5 |

T

Unregistered systems or
disconnection from the

‘ electricity grid

The municipel gevarnance of electricity
service delivery and ihe financing. sysiem
thot warked well for decades is being
disrupted with installations of roofiep
PV that challenge the govemance of the
municipalit. On the face of i, it sems
o if the municipolity and houssholds with
roofiop PV hove very diferent wants with
raspect 10 rooftop PV, This is emphasised by
he resistance to register household roofiop
PV, systams af the municipality and o general
distrust from both sides

The City of Cape Town lounched an initiatve
ot the and of 2018 urging roaktop PV owners
1o rogister their systems with the moiro.
This inifiotive came with o sirict warning
that failing 1o register will lead 1o being
cut off from the slectricity grid and o hefty
fins of aver R6000. Abheugh the inifiative
recoivad o reasonably good response, by
August 2019 only on estimoted 50% of
hauseholds with leeady installed roofiop
PV had applied fo the Ciy to ragister fhir
systems.

This initiative is perceived in the press os
on unnecessary end aggrassive action,
implemented without inclusive diologua or
informatively communicating the reasans for
their actions (Businasstech, 2018; Cobaz,
2019a,b; Keli, 2019; Sicetsha, 2019).

lities and citizens funclion in an

coninvest o
distribution. Municipalies ore then leit with
 consumer hase that is Jess abla 1o absorb
higher electriciy prices.

environment where sustainabilty, including
the iransifion fo.a mere sustoinable electricity
system is the end gool. So, clthough it may

& Fixes thot ol cvehetype: implementotion of fed fardke.

seem thal the "wants® of househalds with
rooftop PV s far removed from the *wants™ of
the municipolity, this orguably moy not be the
cose. In Fig. 7, the “wank” of the fwo parfies
are depicted in o Venn diogram.

From this imoge, it s quite clear ot ther is
agresment cn most aspects. Th twe parties
eady have o strong comman ground
on; wanting 0 technically stoble ond sfe
elocicity systor with no power interruptions
wanting fo be seen 03 innovofive, green and
*good'; good govemance; ond o firm beliet
that roofiop PV is part of the future, This
sirong common ground might indicato that
communication, including undersionding of
the impact of reotiop PY ond the importonce
of regisirations might resolve the matter in
@ more amicable way thon with aggressive
finies. Now might ba fhe fime fo siori @
diclogue eround fhe commen ground of
fho “wonts' fo find the ‘hows" fhat banefits
all fairy.

Conclusion

This paper discusses the unique South
Alricon municipal environment in the esntext
of household rooftop PV installations ond
aims 1o undarstand the invasiment decision-
moking process from the household
perspective. Municigolifies and households
alike view roofiop PV as o green, good,
local and susiainable alternative 1o the
remate ganeration of Eskom's cool-bosed
eleciricty.
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Bogood”
Ba“praon

Na powar iarruptcns

Ba awoane

| Housenold win 19070p PV

Fig, 7 Vann dagrom degicring the ‘wan's” of hauseholds with roakcp PV and the municipaliy.

Howover, thora is litle consensus how
decentrolised roofiop PY con support o
win-win situafion for both municipalities and
heuseholds. In fact, the individual financiol
gain of rooftop PY owners olten does not
coincide with a financial benefi to the
widar public. On the contrary, in the current
Sauth Alrican tariff regime (excluding
specific SSEG torifis), it comes as the cost
1o the greater society, beneliting those that
con afford investment in PY. systems over
those that connot. This confiicts with the
South African constitution that determines
that electricity provision is @ municipal
mandofe with no room for private sector
engogement. In addition, municipalities
have a rasponsibilily ta service all cizans
in o fair and sustcinable monner.

Internafionall, govemmant boil-outs, subsidies
and electricly farif rogimes wers often used os
salutions o focilftate decentrolised rerewable:
anargy, whilst sofeguarding the utilities’
finances. A similar implementation might not,
hawever, work in the South African municipol
context; the economic composition of the
saciaty is cifforent with o smaller pool of
tox-payers and o smaller pocl able to absorb
e costs of deceniralised renewable energy.

Itis clear fhat both South African municipalities

responsibility of  municipalily fo cas
common good. Fearing non-compliance
with the municipal mandate, an cggressive
approach is used by some municipali

shit theso customers o an eleciriciy fori

Even though both municipalities ond society
at lorge wont localised rencwable anergy
that is ralioble, there s,
commen understanding of how this ranstion
should be implemented in a financiolly and
techricolly sustoinable manner thot bneits
the ntire communify within the municipal
ares. In o pervading dimate of oggressive
stord-offs belwsen muricipolties ond

however, no
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Incorporating embedded generation into
municipal networks

by Poonam Luichmon, Schneider Electric

The demand for electricity consumption is expected to increase by 57% by 2050. This poses a dual challenge: There
is a need to meet the increased demand for power while at the same time decrease carbon emissions.

Governments around the world- have
supported the Paris Agreament (COP 21)
with the ambitian to limit the global rise in
femperolure fo below fwo degrees Calsius
obove pro-industrial levels. As o resulf of
this, more countries ore moving towards
renewable energy s @ carbon free altemnative.
to providing electricity. According fo a report
by B electricity generation increased by 3,7%
betwaen 2017 and 2018 with renewables
necounting for o fhird in the nel increase
followed by coal and nafurol gos [2].

Alang with these challenges. cames
opportunities for transformation, The
conventional power system is evelving.
In o conventional power system, powe is
generated using centrolised large-scole power
plants and distributed fo fhe and user on
the demand side. In recent yeors this modal
is chonging becouse of new technclogy
edvancements in renewobles, fhe nesd for
resiliency, the declining cost of disiributed
anergy resources (DERs) and new smart grid
technologies [3]. Globolly the power industry
is facing o transiormetion towards @ mote
dacentrolised and decorbonised grid

The scanomic viabiliy far troditionol forms of
energy like coal and natural gos ore declinirg.
Consumers are looking for afternote forms of
wnergy and ore storfing fo generae their own
energy for consumption and hence becoming
prosumers [4]. Hoving onsite generation is
dasirable for security of supply, flexbility ond
moving towards o green economy (3]

This trend can also be seen in South
Africa. Currantly the falling cast for solar
photoveliic (PV) panels has been a key
driver for embedded generation. Small scale
embedded generation is on the rise o3 an
alternative to. eloetricity from the notioal
grid 8], The term smbedded, or disributed
generction is any form of generation which
is connected o an electricol distribution
network. These clfen include renewobles,
gos, fuel calls or cogeneration. This model
of embedded generaticn inte fhe eleciical
network is diseupting the canvenfional form
of energy. Prosumers are cousing ullties
and municipalifies fa sell less electricy thus
affecting their revenue sireom whilst stil
having fixed costs

This paper lacks at the current stote of
smbedded generation in Seufh Africa, ifs

market drivers and financial imlicatians for
municipalifies. It also looks ot the possible
woys for municipalifies 1o reduce the financial
impeict coused by privotely owned microgrids
and generate sustoinable revenue in the
process.

Status of embedded generation
in South Africa

Eleciricity used in South Alico is generated
predaminantly by the notional il Eskom
via canrolised cool fired power stofions, The
current slectricily supply chain s verlicolly
integroted with municipalities purchosing
electricity lrom Eskom and refoiing it to end
customers. Muricipalities account for about
half of he national srergy consumgtion [7].
In recent years, the counfry has seen an
increase in the number of embedded
generation instellotions mainly ofiributed
10 the increase in demand for PV reof fop
systams [8]: In 2017, there were 90 260
1o0f tap solar PV projects insfalled ond
commissioned fofalling opproximately
180 Mip with odditionol 48 067 projects
identfied but not yet commissionad. This
is-a significant [ump compored 1o th 35

Alfrican Investment (compony) parinered
with SOLA, o company focusing an PV
‘and storage solutions, 1o finonce and buld
40 MW of Solar PV ocross the country
Customers will pay for energy usage directly
via PPAs. The proposad farilf rate from this
ogreement is expecied 1o be 20% cheoper
compared fo Eskom and municipal rafes
1o

Chonges in nafionol and local policy ore olso
moking it asker for companies o develop
and offer smbadded generation solaiions fo
end cusiomers.

The Integroted Resource Plon (IRF] which
s the energy blueprint for Sauth Africa
mokes provision for embedded ganeration.
The droft IRP currently makes provision for
200 MW. On 2 Moy 2019 the ministry of
energy sent a letter 1o the Notionol Energy
Regulotor of South Africa (Nersc) granting a
devioiion fram the exisfing IRP for \.cemmg
operafion of generatian fo
from 1 MW 1o 10 MW, with a limit u(
500 MW onnually applicable for awn use
genartion [11]

Factors influencing the increase
in

MW instolled in 2016 [B, 9). There has clsa
been on increase in offering
embedded generotion fo end cusiomers
using power purchase agreemarts (PPAs)
In Augest 2019, Nedbank tagather with

Swveral loctors ore driving growth in embedded
‘genaration in South Afrca. These include the
rising electricity prices from the contral giid,

Normalised index {1988 = 100}

Fig. 1: Estom il ncrease v, nflafion [13].
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declining costs of renewable energy and the
need for a mare sustainable and reliable
etectricity supply [B, 12].

Electricity prices in South Africa

Over the last 15 yeors, electricity prices have
incruased by more than four times the rate
o inflation (8], Fig. | illustrates the electricity
price toriff vs. inflofion between 2007 ond
2015 (13}

This trend is expected to continue. Nerso
approved a 12,8% foriff incroase (9,41%
toriff increase with @ 4,4% regulatory
clowback) for 2020 and 8,1% ond 5,1%
stipuloled for 2021 and 2022 respectvely
[14]. The clawback is part of the Multi Yeor
Price Daterminaticn (MYPD) methodology by
Nersa and allows Eskom to adjust for over
or under recovery of revenus in any yeor of

a tarif dac 5)

Eskom has suffered o financiol loss of
R21-billion in the 2018/2019 fiscal year
which is olmest on B00% increase in losses
compored fo the seme period in 201 7. Eskam
18 hus Jooking 15 vecoup this loss and hence
are challenging Nersa for an B0% increase
in 2020 [14]

Susiainabiliy and the declin
cost of renswables

Thu 2015 Paris Agresment was o cruciol
ing factor for scaling up the use of lean

Toeckin tarifs, however this soon changed
with the folling cost of ranewable energy.
Prices has boen dropping since 2010, The
global average price for sclor PV in 2016
waos R1,78/kWh compared to R4,74/kWh
in 2010, This reprasers o 62,5% decreasa
in six yeers. The some frend can be seen in
South Alrica [17].

Need for resifient and secure power

In recent years Soufh Alrice hos experienced
sianificant spells offoad shedding. This storied
in 2008, Toble 1 provides o

e Sntcble esepy feckeoiigisn ore
fsatured predominantly on national policies.
South Africa is ane of the signataries 1o the
Paris agreement and has committed to add 20
GW of ranewables fo the grid which reprasans
40% of the totel generation capacity (6]

Renewables were initially supported by

200772008 N | 170 ooy mdd o sl o b st o
204 Morch | Dapltionof
015 Jon-Sep  Mointeoance bocklog ieves coused 99 doys o ood shedding i the country
e Alhovgh vaplane cutozes e reduced, thers ware il pockats of (oad
shedding
2018 | | Sogel b ol e
2018 | Noe—Dac | Sioge 2 lood shadding - plnt breckdown
09 Fb Sioge 4 Load shedtding — igh numbar of plan brsokdones
Sevan consacutive days bameen Sisge 2 and Siage 4 lood shedding - high
i Merch  mberof lont follres
Table I History of lcad shedding in recent years [ 18],
Nole: Sage I alows Forup o 1000 MW of the naiona oud

2000 MW of the
shed. Stoge 4 ollows for up fo 4000
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Fig. 2 Energy avallabibly facsor [14]

summary of the lood shedding stofus in the
ouniry since 2008 18]

Energy availobiliy in South Afrca is currently
not where it should be. Although snergy
sales hove follen, and Eskom has copocity
to meet the current demand but is not
able fo do so due fo mainténance or
breakdown issves. The company currently
hos 47 000 MW of installed capocity with an
availability factor of only 66,8%, meaning
that only 32 00D MW is ovoilable. The
optimal availabiliy factor that the company
should have is B0%. Fig. 2 llustrates the
availability factor from 2007 102018 [14]
it s thus expeced thaf load shedding will
confinue o remain @ possibility in the
foreseeable fufure.

Impact of smbedded generation

The increose in embedded generofion has
resulted in fallen energy sales from fha
notional grid, which impacts revanue fo
municipolities o in furm Eskom, Embedded
generation also result in increosed pricing of
electriityfrom the centrol grid which increases
non-technical losses and moy lead fo o death
spiral which impocts all stakeholders.

Energy sales

Fig. 3 illustrotes the dacreass in eneray soles
in South Africo. Embedded generation is one
of tha causas, fhough not the only one. Other
reasans include lower economic growth and
energy efficiency projects

Demand profile and revenue impoct

Municipalities are responsible for
appraximotely 40% of eleciricity disiribution
in South Africa. They purchose slechricity
in bulk from Eskom which they mark up
and 3ol o the end user [12]. They buy
olectricity on a tima-of-use (TOU) farif and
sell at & flot rate 10 the ond user [19]. The
TOU opplies different charges of diffsrent
fimes, Most municipalities use the Eskom
Mega-flex fariff that hos o substantiol
price diference during peak and off-paok
periods, paok foriffs are approximotely 15
fimes more than off peak fariffs. [20]. Fig
4 illusirates the profiis generated dufing
difierant fime periods [20]:
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Residantial usad of elactricity epressnts
about 18% of elactricity demand, however
at peak times it con ba over 35% of the
total demand, At prasent municipalitios are
sunplying elacticity to residentil custorners
& loss due 16 stondord fixed pricing. The
loss ot pack times ara not fully racovered
during standord ond off-peak fimas.
Higher toriffs mean thot users are looking
o save electricity via solar geysers and PV
installafians. Sovings are achieved during
standard and off-peak times where surplus
are ganaraied fo cross subsidise the peck
tariff. Hence the lasses during peak fimes
(eorly morning and evenings) are expacted
fo continue.

The increase in embedded generation results
in an unpredictable oltered electricity demand
profle [21].

A study by Kofzen, Raw and Askins in 2014
focused an the impact of salar PV on profit

morging in municipolities. They modelled
the P¥ load profilo and comparad it to
residential power usage ond time of use
soriffs. The results indicated that up to
97% of the energy is generated between
09h00 and 18R00. The study indicated
that given the eleciricity gross profit profile,
solar generation anly offects profits eamed
during sunshine hours. Only off-peck time
gross profifs are nol affected by solor
generction, The study indicated thet most
solar is produced during the standard billing
sime for municipalities. This equates o up.
1o 60% of loss of profd for municipalities
from customers that have installed solar PV
systems [19]

Eleciricily sales cross subsidizag other
municipal expenses ond uses the net
surpluses generated by high-consumpion
users through an inclinod block tarilf 1o
subsidies free and low-consumption vsers.
[20]. It is estimoted that cbout 10% of

ELECTRICGITY SOLD
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m
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Fig: 4 Daly avergy proft (73]

annuol eloctricity revenue gonerated is used
1o cross subsidise ofher imporiant municipal
services. This poses o risk as elecricity
revenue is under sirain ond high generofing
customers are looking ot ways 1o spend less
20 Municipolities are thus expecied fo run
out of funds for ofher basic services due fo
loss In elactricity revenue and profits

The Death Spirol

High penatrofions of ranewablas with
legal pricrify over fossil fuels ara driving
down electricily sales from the ceniral grid
Commercial and indusiriol customers ore
going camalsely off grid glasally and in
Sauth Africa, This leacls o the phenomenon
called the Usility Death Spiral. As more
consumers move off grid, uilities and
muricipalifies are forcad 1o roise alsciricity
pricas to cover fixad costs, This process
ultimately repaots ifsalf and results in
municipalities and utilities hoving large
overhead costs with not encugh revenus fo
caver shom, ultimately Iooding to “death’.
it should be noted thot during the last five
years, the tap 20 ulities in Europe have lost
helt their volue 1o this phenomenon (23]

Jobs and mointenonce issues ore at stoke
if municipolities ond utilities do act to
mifigate against the death spiral, thousands
of fi coukl-be Toai, This sho: hos sious
Vnplicatione Tor lowsir-income: homed: who.
cannot necessarily afford the uplront costs of
embedded generation.

Mon-technicol Josses

According 1o the South Africon Local
Govemment Association (SALGA) folal
losses for municipaliies accounts far
RS,2-billion during the 2017/2018 financiol
yoor [24]. About 10% of this is aftributed 1o
thelt or non-technical losses [25]. As grid
electriciy prices continus 1o increase, the
overage South Alrican customers cannot
afford altemative forms of anergy as they are
already under finoncial strain. This in tum is
giving rise 10 iliegal slectricity connections,
which further dacreases municipal revenue
(L

New roles for municipalities

The disruption coused by embedded
genarafion con he laveraged o5 on opporturity
for municipalities ta take control of their
pricing mechanisms and reduce losses during
trensmissien and distribiution

Globally and in South Africo, uhifities ond
oliies are recognising that thair
conventional business model needs to
change. In its own siraiegy document, EnBW
(German wiily] declared thet “conventionsl
business models of larger power supply
‘companies no longer work” (23]
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Insteod of charaing @ flat tor
frsses for customers with

This would raquire e irstallabon of smart men
It shoule ba noted tho the TOU tadfl was recommesded befors but did not gain much vacian, This was maicly due 1o vendo specic

pawer o sunighi i
neraion. The: o it 0ign nd uses with the same TOU Yo hat municipoltes aro subiect o
ere.

fanders, over spacifying the meters and the fender process itself [20]. Other cbstacles include the high casts of inswallation of the smart
vodoce o TOU | meters which muniipalies cnno aford 127
el wher ot Aslufon 1o s 4 consa s ool et Vs (OENS] o gy ol e, Tha mricivlies
TP ‘DM bansh from on OPEX husiness mocel (27).
resdontil clents @ her opticn would ba fa poy the upiront coat of the meves vie mcreasoed ar, Eskem anm”ndwmculmsnu\eeg
s ik ld h d " 10 Increcse
e Thy wl and ancly i wsponsa
-
Avother option i ta uss TOU d of cosfing abeout RBOD per mefer [20]
“Froe idt afect” & bk
S B o P oy Ci Gkl 6lso need 10
chorger
| This is o key factor for slactriciy sal
Mast DERs are charocteied by slor o cahes ; d RS RE R
Grid ovodobity | of hybrid solufion, g power Lol 5k e m i s
chorges - Smloe | i ool cae  peckdamand sharge fo e avadbiit o crsin KA ko he retwark,
0 n nsurancs
palicy "
ol eva on Th tom o fo usng he g
bwmmtm Thare hmmdmmlu
Faud i tarls (FT) g
Use of Matwork | To ollaw PPy o conneet with dieciy. This can be im Maricipabtis con focus on the
Tarifl — Wheeling | distribution aspects [27].

Tobie 2: Shor farm achans.

but i is not procfical or femsible. It would not msst th

Legislation 1o pravent embedded

raqinamerts of ol sokahoiders especialy g reslency.

generaton
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Cansruct and own RE PV plant ot

e s cliont's premises. e o i Sachi.
This option s ke ot the il ting the uprant cop
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‘and operate the facily, freei
Municipolities purchase power from = 7 as ..u g
smallIPRs South Al P

the sam with Esko

v s e e Lt L

PR

In South Africs, municipalities oround the
country are alsa challenging the ‘single burer”
model which resticts the purchose and sale of
electricity to Eskom, They intend to purchose
elecricity direclly from indapendent power
producers [8]

A 2018 siudy done by SA TIED (Tawards
Inclusive Economic Development) o identify
the main drivers for municipelities to
implemant their own embedded generdtion
revealed the main driver fs climate chonge
‘mifigaian, with going green o3 sacend and
cost as the fhird incenfive [6]-

Interviews with municipol leoders indiceted
that they underitand that tha current model of
‘lactricity supply manogementis nof susiainable,
.L

Tabie 3. Long-ferm octions.

s & sanice 1o provida fo ensura hele own and
the overall sectors sustainabiliy despite the
current obstocles that they are focing [é]

Recommendations

Although the potertial impact on municipal
revenves stil exist, municipalities sfill see
embedded generafion os an ogportunily. They
s ambedded generafion 65 on opporunily
to break awoy from Eskom's dominance,
much ke the privore sector

Since embedded generation is on site
generation, there Is no real need for large
tronsmission ond distribution networks.
It thus presents an opportunity to reduce
technical lasses by 5% (26]. Gnsite

carrectly toking all stakeholders info
consideratian,

Shorkterm actions

Table 2 summarises the proposed key
ociions fhat will benefil municipalities almost
immediately in ferms of revenve profeciion.

Long-term actions

According to PQRS, o local solor PV
data end quality assurance sntity, the
commercial and industriol sector (C&l)
raprasents the largest marke! for embedded
generofion in South Africa [9], This is due
1o high eneray usoge and the need for
Eoﬂhf\uﬂui nbvnnr Mis Ihun recommended

generation could clso essist
to reduce hical losses if planned

et fo etk e Tkl 3
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Ramots monitoring & forecasting

Fig. 5 Advisory cantel illusration.

Monitoring Powsr/Eneray ond ciher ey Performance Indicaters
for oach DER using web access

municipal sanvicas. Onca such altemative
they can laok at s 1o monstiss infrastructure
through investment funds, This can apaly
1o cssets like rail and power distribufion
lines, substafions, efc. The ossets will be
operoiad by the relevant locol government
or municipalty, but ownership tronslarred
f6 an investment fund. The investmant fund
will issue units or shares to investors with the
price fisd to the pedormance of ssets, The
revene will be used to upgrode and moinfoin
the infrostryctore.

in providing

Tori Monogement Conwol DERs occoning o vricble sachichy ol rale
Desond Chocgn rsduction Conkol DER fo redicieg st comurnphion peok New technologies and original
Contol ysiom i
Sell-consumption w ol il
consumpion o P st Technology rands sursunding mierogrids ore
Of grid mode Control paring on hurs off grd events driving prices dam These new technologies
; p it
ATO - Aumaic Tonsle i 7 | slacicily whare:thera o grd. OEMs
Oueien have developed pre-bull low cost microgrid
e s the 15l e the erwion and hequency by boloncing e slutions that are pre-tested. This would
oo AL producton ond consumpton i recl tme dacrease installation fima ond ossist
Cutaff nan praviny londs when e preduchon cannct recth the municipolifes 1o provide any access 1o usars
Ll s consumtion with 50 access
e Morage h rolecion s reedd o o e Technology advancements con also assist
PR municioalifies fo operofe and control their
Connsciity Modbus and Modbus TCP I 1EC 61850

Tablo 4: Banofis of

summaties the proposed lang-farm acions
for municipalities.

There are various chollenges that
impedss municipalities from the obeve
recommendations. A 2018 study done
by SA TIED [towords incisive econcmic
dovelopment) that intarviewsd key staff
members and decision makers from various
municipalities revealed the following key
challenges [6]

Curcent structure of the SA energy
sector: Highly vartcally integroted with
Eskom confrolling most of the country’s.
generation

Regulofory environment. Lock of nafional
regulatory framowork for embedded
generation. Also, currently Eskam i
the single buyer for 1P perec Focus
on lorge [P, nofe fhi g to
change with the inclusion

o Resources; They ars undsr stoffed and
often connot mast with requests of
embadded generafion. They clso clien
struggle to meet their primary mandete
providing basic olactric services. .
Grid capacity: Unable to adequately

d lof (28].

on @ basis of one-way flow of eleciricily.
The integration of DERs into dist ion
networks have led 1o the emergence of
active distribution nefworks (ADS). ADS hove
yiians i ploce fo-comicol o combinotksn of
DERs; geids ond storoge.

Mational regulations could not keap up
with the recent upteke of sclar PV systems.
Hence there is o nesd for new regulations
1o quide and regulate this market toking
all stokehalders info consideraticn. Though
progress bos been had ot o municipal level,
bewever this is not encugh in mitigating the
loss caused by embedded generation (8]

The South African Phatovehaic Association
launched the PY Greencard Progremme in
2017, The aim is o provide fraining end
ccreditation fo PV insiallers fo ensure sofety
and quallfy assurance. PGRS developed &
auolity assurance platform (P4) 10 scare PY
controctors en performance, knowledge
and best proctice [8]. These bodies will
inspiee investor confidence for development
of PV embedded generation solufions. If is
recommended fhat National Govemment
looks o hese infiaives and ogather develop

DERS for ambedded generotion. they can be
used for demand management, forecasting,
and contral of the various energy sources.
Thus, enabling the municipalities o optimize
their energy offe by olways using the cheapest
arargy source first

Data analyfics would aliow predictive analysis
and automatic management of the DERs as
illustegted in Fig. 5. Toble 4 illustrotes same
of the benefits of using technology 1o advise
ond control DERs.

Advances in technologies con assist
municipalifies fo improwe customer satisfaction
by providing advanced digitl serices ot
would ossit customers fo have confinvous
rosiient power ot the best possible price.

Conclusion

Embedded genoration is on the increose
globolly and in South Afica. This trend is
axpecied fo incraase as the costs for ohemate.
forms of energy decraases ond customers ore.
ooking for a more resilient form of energy.
However successiul implementation requires
thot ol stakeholders get Invalved and beneit,
else if could lend 1o negative disrption like
the death spiral discussed sarlir.

The diruptive orces of embedded generction
rogether with increasing electricity snergy
casls can b saen o on opportunily for

genercied shat would be beneficial
during stand fimes ~does not assist with to el sluhhuldln This will also benefit o bcr\uhl from the dis
poak, unless storage it included. o purchase I

The distribution network in Seuth Africo ot
both the municipalities and Eskem is not
proporod for the inoduction of embedded
genoration. The current model operates

R R e S S

are recognising thot their

electricity lmrr 7Ps.

Itis also recommendad that local govemment
and municipalities consider lfernate means
1o generole profits and cross subsidise

business models require change 10 odapt fo
ihis now markel.

It s rocommended that they consider  TOU
torfl model for rasideniol and commercial
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customars. They should olsa consider
inereasing fixed osts o eliminate the free
rider effect. Municipalifies are olsc keen fo
purchase eleciricity from private developers
e this weuld be cheaper fhan purchosing
from Eskam. However, fhis would reqire o

change in legisiafi
must also come to the port
in this energy fransifion for it fo be benef
for all stakeholders involved. Thers hos been
progress, with the new droff IRP moking
provision for embedded generafion, however
this is not enough 1o foke full advantage of
the opporfunifies provided by the energy

transition. New technology odvonces and
OEMs con assist municipalities 1o provide
enhance digitol ofers to their customars fhss
improving customer sat
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The impact of small-scale embedded
generation on municipal revenue

by Tanaka Shumba, Hlengiwe Rodebe, Josh Digpenoar ond Megen Euston-Brown, Sustainable Energy Africa

Rapid small-scale embedded generation (SSEG) uptake pro

alities via cheaper

los potential benefits for muni

electricity and reduction of technical losses, but many municipalities have valid concerns around how these systems
will impact their networks, technical operations and electricity-related revenue.

1t is essenial fhat municinoliies oddress
fhase concerns by developing and enlorcing
appropriote regulafions and farifis:

Many municipalities do not have deloiled
cost of supply figures = which should be
the foundation of forifl seting. This paper
axplores the impact of some of the opproved
municipal SSEG tariffs on municipal
revenue and customer ‘business case’
nd outlines key tarif elaments 1o balonce
aceass ond cost recovary, unil such time
s detoiled costing studies provide specific
tarif building blocks. This work s part of
the municipal SSEG suppon pregramme
discussed below

Four municipal cose studies are presented
where tha revanue impact of growing SSEG
on their distribution grids is investigated
The case studies are used 1o highlight the
potentiol effect SSEG has on municipaliy
1 the importance of
modelling impact o3 part of torf setting and
considers kay lessons that could be learnt

ravenue ond drow:

from the torilf structures in use. The poper
will conclude by highlighting how ravenca
loss could be avoided By ensuring thot the
municipalifies develop tariffs that account
for the cast of supplying electricity 10 SSEG
customers.

Municipal SSEG support programme.
s of October 2018, 41 of the 165 licensed
mismcipal distibutors allow SSEG installafions
=29 of these municipolifies have application
systoms ond 25 hove SSEG toriffs [1]. This
nllacts & wirong-upwerd. kand from 2014
whan only ten, musicipoliies allowed SSEG
{of which only five had famal processes), but
indicates thot many municipal distrbutors stll
lack the processas naesssary 16 snable SSEG.
In an efior fo accommodate the inevitable
arewih in SSEG and stem the tide of ilegal,
connedions, support s being provided id
municipalities o develop processes o formally
include hase embedded generators oo th
netwarks

The support wrk is port of the South African
Germen Energy Programme (SAGEN) with
co-funding from USAID: South African Low
Emissions Development Stralegy Progromme,
SALGA and the Deportment of Energy

Salaries and Wages, 10%

Repalrs, 6%
Capital Charges, 5%

Other Costs, 5%

Fig. 1: Average cast strusture of municipal slechicity disibuton

Model calculates the ‘
change in revenue
Normal Customer ‘
C ') Customer on
SSEG tariffs |
J

Fg. 2 Approach used o colculote revene impoct of solar PV

The training component assists the
muricipolities fo process SSEG applications,
perform commissioning inspections a5
wall as develop ppropricte procedures
and standords for SSEG infagration fo
ensure grid stobility ond sofely of systems.
In addifien, copocity s alsa davelopad
around SSEG fariff development. On
complefion of the fraining, municipalities

are lead pariners and implementation I
being underiaken by Sustainable Eneray
Alrica (SEA) with support from the CSIR
and SunCybematics. Suppor has included
capacily building of staff and e provision
of template documants which municipalities
can tailor for their requirements. |n the most
racent phase of tis programme 28 oddfianal
municipoliiies hove been supporied ond
frained lo develop necessory processes and
documantation

hove o full set of eustomized documents for
the entirs SSEG application, approval and
eommissioning procsss which are ready for
eouncil submission for formal adoption
This includes customised SSEG Tariff
racommandations for sach municipality.

Structure of SSEG fariffs

SouthAfrican electricity pricing policy
indicatés that ecanomic afficiency/cost
reflactivity should be the foundation of rote
setfing, Elecicity farifls need 1o cover the
costs of suppying that electricily. Toifs should
herafore be buil up from the associoted cows
Fig. 1, shows the averoge cost siucture ocross

The municipal SSEG document set s founded
on the AMEU-SALGA Resource Pock - a set
of template decuments and forms that have
been developed for wse by municipoliiies
and fove been endorsed by SALGA ond on
AMEU SSEG Workidg Group, The AMEU-
SALGA Resaurce Bock & ovailable on the
wiww,sseg.org.20 websita end not only has
ihe function of faclitating the development
of SSEG processes in municipalifies new o
SSEG, but olso stondardising the approach
ocrass municipalities.
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Reduction in
revenue

Fig. 3: Foctors affecking municipal revenue

| Nermal Residential Customers

| 171 GRWh (aneray) l._.i;——L>

Decrease in
costs

n in

tm:hnlcai Josse;
Cheaper

electricity to on.
sell

i

h the instolation of solas P [4].

Residential SSEG Customers.
R 245 / mondh (fxed)

+ 171 Wn (energy)
- 74 CAWN (export)

]n—’—ﬂ

R 160 | month (fxed)
+142-195 MW (18T energy)

[

|u-mu¢l-nr City 1
178 </ eneray)

R 380/ morih (fixed)
+ B2:325 ckWh (TOU" energy)
- 42285 AW (TOU export)

R402 / month (feed)

+ 154 c/kWh (energy)

* 8T ~ inclning Block Tar

g, 4. Tt of the foue municipolies which were used i the cose s,

vorious size municipaliies, 08 determined from

o survey of municipal D-Forms perfarmed by

NERSA (2], It s importont to note mnr some of
ih

residentiol SSEG customers cover thess fixsd
costs, mony municipalities ore Infraducing o
fned chorg, i ol monh o be conneced

4 oy charge for eact

thess costs ore variablo (vory it
of anergy sold) while others are ‘“ad {do not
change on o monthly basis).

Revenue recovery based on o single,
volumetric charge (le. c/kWh is common
amangst municipol residential torifs. This
*bundles’ both fixed network costs and
volumeric energy cosl info ooe charge. SSEG
customers purchase less energy and under
current tarif siructures they contribue fess
1o the fixed costs of the network ond are not
covering their share of these costs. To ensure

unit they consume.

The final compenen of o typical residentiol
SSEG foriff i the sxport tarif: this i the

Business and commerciel cusiomers are
typically olready paying demand chargas
and fxed chorges, so they ore ofien olrady
contributing their fair share 1o the cost of
the network, Therefora, many municipoliies
are simply infroducing an export fart for
these custamirs o compensote them for any
eleciiciy they expart info the municipal grid

The challange then, inhe obsence of detalled
<ost of supply studies, is how 1o cost each
elermert within this tarif siructure. The four
case studies ore cnlysed in order 1o explore
how some of the opproved foriffs have set
these costs and the relofive impoct of fhis of
municipal revenue ond customer businass
case.

Municipal case studies:
methodology

The anolysis of the four case study SSEG
tariffs which is summorised in fhis paper
was dene using o publically available Excel
1001 (3] known as the SSEG Teriff Tool, The
100l is tha product of exsnsive wark
cround the effect of solar PV SSEG en
municipal revenue. It investigates the
impact of increased uptake of solor PY
SSEG on ravenve using customer and
terift doto specific o the municipality in
auestion, It does this by comparing the
revanue generated per cusiomer befora
the instollation of solar PV and the revenuo
generated from thot cusiomer affer they
instoll solor PV, The SSEG farifls can
then ba varied, and changes in revenue
ossessed, thareby llowing o revenue impact
analysis of SSEG torifs in specific customer
cotegories in the municipality.

Salor PV can affect @ municipalitys ravenue
ina number of ways. Fig, 3, shows the basic
architeciure of the revanus impaet of the
medel, Revenue s reduced in two ways:
reduced sales volume o SSEG customers
and compensating fhese customers for the
eloctricity that is fed anfo he grid. Af the
s0me fime the municipality's costs decrense
becouse of (i @ reduction in bulk power
purchoses from Eskom, (i)} o reducfion in
technicol losses from these purchoses, and
(i) cheaper elecicity from SSEG customers
can be on-sold to other customers with a
slightly higher profit morgin than fram the
bulk purcheses.

When sefting fariffs, it is imporiant 1o
bolance cos recavary for senices ond
id

ameunt customers are for
elecinicify they export info the municipal grid,
A typical residentiol SSEG rarif thersfore
generally hos three companants:
Residentiol SSEG fariff = fixed charge
(R/menth) + energy charge (c/kWh) - export
toriff (c/kVh)

oo o Thase re ey blecivotiol
Sauth Arica’s energy sector, as highlighted
in the White Poper on Energy Policy (1998)
15] and the Electricity Pricing Policy (2008)
16]. Thersfore, it is vifol to understand the
impact of SSEG fariffs on o customer’s
slochricity bill. Experienca suggests thot if
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the farifts are too unatiractive, frusiated
customers wil ba driven to invest in off-grid
solutions ar connact their SSEG instollations
illegally

To consider the cusiomer’s perspeciive
the madal indicates how favourable the
customer’s business cose is fo install solar PV
unde the proposed SSEG farffs by calculating
the poyback period of the solar PV insiallofion
is0. the fime it fakes the savings on the
customar’s monthly electricity bill o recover
he initiol cost of the instollotien. Favouroble
ybock periods e ypically considered fo b
less than five yeors, while o payhack period of
more than fen yeors is generally considered
unfavourable.

Municipal case studies: results

To invesiigate how current SSEG farifl
approoches are afiecting municipalities’
revenua, four South African municipalities
have been chosen as cose studies. Al the
analyses have been done using publically
avoilable dofa. The case shudies ore seporated
ko casidsntial ond commerciol cuslomers
The torils considered and discussed are oll
eacluding VAT

The faur municipal cose studies cover difisrent
city characteristcs - o ore metros and o
intermediary cities - a3 well a3 reflecting an
amay of diferant approaches 1 SSEG taril
satting.

Residential customers

Fig. 4, shows the selocted fariffs of four
municipolifies which were used in the case
studies. The revenue impact of cusfomers
migrating from the norml residential tariffs
10 the SSEG torif is than invastigoted.

Fig. 5 shows the forecasted impoct of these
tariffs on each municipality’s revenue
The x-axis of the Fig. reprasents increasing
percentags of customers installing solor
PV while the y-osis of the Fig. shows the
percentage chonge in revenue in that torff
categery affer the introduction of the SSEG
tariff.

From Fig. 5, if s cleor fhat SSEG farifs con
impact @ municipality’s revenue significantly.
For example, under Metro 2's current SSEG.
torifls if 10% of resideniial cuslomers were
o instoll sofar PY, it would result in o 7%
increase in revenus from this tarf category.
On the other hond, Intermadiary City 2 wil
586 0 noteworthy roduction in its revenue
customers install solor P an thei current
SSEG tanfs.

Mairo 1 resulfs

Matro | introduces o lixed charge of
R245/manth and an export tariff of
74 </kWh for SSEG customers, This results in
a vinually revenue-neutral SSEG farif,

5 ehange in tevenus torn resrdential cusiomen

% of reaicential customers wih soloe PV

it 1

(e ) =

wi ]

Fig. 3¢ Impoct of SSEG farifs on the four municipalifes” revenue from resideniiol cusiomers

Under Metro 1's toriffs, the business case
for residential customers tc instoll solar P is
8 fo 12 years, but becouse the SSEG tariff is
revenue-neutral for the municipality, this can
be considered a fair balance betwsen he
interesis of ihe municipality and customer,

Metro 2 rasulls

Metro 2's opprogch has been fo infroduce o
lower fixed chorge of R160 per month and o
very fow export tariff of 10 ¢/ktth, The low
axporttorfl of 10 e/iWh means that the metro
mokes a significant profit when an.-selling this
slectricity.

The custemer’s business case is highly
unfaveurable in Mefro 2, with o payback
period of 20 years. The low compansation
for exported eluctricily (10 c/kWh) gives
little: encouregement for customers fo export
electricity onto the grid. Even though the fxed
chorge for residanticl customers s relatively
low, the terill does not appaor te reilect &
bolenea of customer and municipol interests.
Furthermore, the unlavourable business cose
me drive frustrated customers to invest in off
grd solutions or to connect thir inssollaficns
illegaly.

Intermediary City | resubls

This municipality has taken fhe approach of
 introducing o fixed charge for SSEG cusiomen:
(R38O per marhl, as well as shiffing them
‘onto @ TOU energy chorge and o TOU export
tarif. Since municipglifies purchase bulk
energy at TOU toriffs, sslling electricity ot TOU
torifls and buying frof SSEGs of TOU toriffs is
o well-tounded principle, ond resulls in fore
cost-raflective tariffs. In terms of the revenue
impoet of Intermadiary ity 1%s SSEG tanfls,
they ars sesing a considerable increase in
revenue. This is due 1o the high fixed charge

couped with the profit made from TOU expart
‘energy charges.

The business cose is poor for SSEG customers
in Infermediary City 1 - upward of 15 years.
However, since this municipality offers TOU
energy charges ond TOU expart forills,
lood shiffing to consume out of peak fimes
is-encouraged which is likely fo improue the
Customer's businss cosa fo some exfen! fthe
model only considers o stotic lood profile
before ond after SSEG). While initiolly the
SSEG taniffs thersfore appeor 1o be biosed
towards the intarests of the municipolity
‘awar those of the eustomer, the introduction
of TOU fariffs reflects forward thinking
which allaws fthe customer 1o improve their
returns, and is resilient into the future when
storage becomes o common port of such
installofions.

Intamediaey City 2 resuls

Intermediary City 2 alrsady chorges nomoal
residantiol customers o fixed chargs
(R402  por month): This fixed charge is
kept constant for SSEG customers. So
when customers migrate from normal
residentiol tariffs to SSEG toriffs, only
an export farifi s intraduced. This axport
tariff is equal 1o the energy charge
154 c/kWh - i.e. nal melering (meaning
that cuslomers gel compensated for their
exports fo the some volue os what they pay
for slectricity). This situation means thal
the municipolity can purchose elactricity
from Eskom for much cheaper than what
they are companiating SSEG customers
Considering the lock of additional revenue
frem introducing o fixed charge specilicolly
for SSEG costomers (it is olready in
place far normol customers) and the
high compensation for sxported anergy,
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Fig. & Commercial forlf sruetures o the four case.study municpalinas.

% of commercial cuslomans with solar P

e otermedtary City 1
o Intermactasy ity 2

Fi. 7 Impoct of commarcial SSEG o on municigal revenue:

Intermediory City 2 sees cansiderable
revenue loss when customers install solor

The business case for customers fo insiol
solar PV is very favaurable — paybeck
periods ore in the order of 2 1o 4 years. I
appecrs that the bolance of interests between
the municipality and custamer is biased
towards the customer, allhough the resulfing
aconomic sfimulus. can be  saund reason
for yuch an opproach.

Insightgrom residentisl customers

i
The abdbe cose studies have shown that
current opproaches fo seffing SSEG tarifs

are siructuring their SSEG farifs in o similor
way — lxed charge, energy charge and export
tariff - the value of these tariffs range widely
between municipalities. This considerably
impacs, either positively or negatively, both
the revenus of the municipality and the
business cosa for installing. solor P, Both
need 1o be cansidersd when setfing SSEG
tanifs.

The cose studias help clorify some SSEG lorft

sefting pointars:

® A sensible SSEG foriff includes o fixed
charge fo recover mosi of the fired casts
~ usually in the arder of R200 fo R40G
per manth, A few cost of supply studies
examined suggest thot fixed costs of
betwaen R200 fo R400 per monih are
appropriate for residentiol customers.

However, il s recognised that fixed
charges are nat always well-received
by cusiomers, and so phasing in the
fied charge over o few yeors moy ba-o
sirategie opproac
Regording energy chorges to recover
vorioble costs, SSEG customers often
are kept on fhe same energy charge
s befors: for simplicity, however, since
these volumetric tariffs generally ars
alreody recovering some fixed costs, the
municipality should be coreful not to
double recover these fixed coats. Thus,
the anargy charge and the fised charge
ore inferdependent, ond if the energy
charge is indeed kep! the same o lower
fied chorge could be considered.

o The torif for exported secticity should
be related to the avoided bulk purchases
less the technicol losses. This is usuolly in
the order of &0 10 80 c/kWh.

Looking info the fulure, it is imporiant for
municipalifies 1o move lowards TOU fariffs
~ this is reflecied in the Electricity Pricing
Policy (7). When customess install solar PV,
their daytime demend reduces, but whan the
sun sets, the customer sill consumes espensive
peck-fime elactricity. If this fima-dapandent
contis not reflected in torifl, the municipality
rarmains vulnerable 1o under-recavering.

‘Commercial customers

Unlike residentiol customers, virually all
municipalties charge normal cemmarcial
customens o fixed charga and & demand

charge. Fig. &, shows the commercial forif
siruchure for fhe four case-sudy municipolities
When commercial custamers instoll solar
PV SSEG, the only fariff mediication is 1o
intraduce an export toriff,

Fig. 7, shows the impoct of commercial
customens installing sclar PV and migrating
10 the SSEG tarifs in the four cose-study
municipalities

The impact of commercial SSEG customers
‘on municipal revenue is shown 1o be less of
‘o concern then residentiol customers becouse
<commercial customers are already paying
fixed chorges, Although these customers
reduce their consumption of municipal
loctricity when they insioll solar PY, the fixed
costs of the network are largely still covered
by the fixed charges.

Although fhe impact of commercial SSEG
customens is significantly less than the of
residential customers, the cose studies show
that ravenue is slightly negatively affected
by SSEG. This is can be becouse the fixed
charges ara not adequately costereflactive.
Such fixad chorges should be informed by o
<ot of supply stucky 1o improve this situofion.

The importance of Cost of Supply
studies

The oppragch in this papar hos been
fo investigate the impact on revenus of
cusiomers instolling solar PV and migrating ta
SSEG tarifs. Currently i is common practica
far these 1o be bosed on currant farills,
a5 with most of the case studies covered
This apreach also allows municipolities.
1o set sensible SSEG tonffs without detailed
knawledge of theis costs, but nevertheless feel
secure cround the revenus impact that could
result. Howeves, since ihe purpose of tarifs
is to ensure the municipally covers the costs
of providing the servics, these fariffs should
actually be based on costs, ond not revenue
protection.

This situation can result in income loss
not proportionate with cost reduction,
and less than aptimol cusiomer decisions
.9 leaving the grid due fo incorrect price
signals. While SSEG has the potential fo
daliver substantiol beneft o fhe power
systom (decrensed costs and emissions and
increased reliabilify and customer cho
under @ traditionol tariff scheme SSEG may
increass inequities through cost shiffing
by weolthy. customers who can offord i,
The NERSA requirament for municipalities
to undertoks cost of supply studies is
incraasingly important. Municipalities need
1o develop o therough understanding of
their costs as. basis for tariff sefting, This

Continued on page 111..
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Leveraging open source technologies:

A remote monitoring case study

by R Singh, and G Nkoma; eThekwini Electricity

The 18th-century seafarers who conquered the oceans and invaded the londs to seek gold in o region that was
once pivotal in trade route economics were met with a humble force that saw the end of more than a century-old

Unbekngwn to many,
beckons ye! again but this fime through
& different guise. Under the nuances of
Industry 4.0, Afrce is lost losing its technical
soversignty

In & technology article by the Business Report
1), @ case about fareign backed companies
recalanising Africa hrough fechnolagy
prampts fears. The fechnology influence
of foreign companies is beginning to
surface through disrupfions in fransporation
ond monetary systems. Whilst digitisation
makes for @ good argument in 21* century
sconamic, f recuire though leadentipfo

produ

efficiencies. Bank Zero, the new opp-based
South Africon bank stort-up, hos stressed
the role that open source technology can
play in spurring innevation within incubating
storkups [3].

Inspired by Enel’s innovotive ond succasstul
Open Meter project inifited in 2001, a feam
o enginsers of Thokwini Elaciricity set out
fe develop on epen-source montioring unit
that mees the requirements of fhe control
ro6m operator whilst conforming fo indusity
best proctice.

strike o balance
the prosperity of the nation. One solution fo
this conundrum is through better fechnalogy
participation.

Specifically, within the Electrical and
Efectronies manufacturing sector in South
Africa, the import-export rofio using GDP
figuras {in USD) for 2018 wos 8,6:1.,8 [2]
This figure raises questions about the siruciural
changes for innovation fhot are needed if
technology participation n the global market
is  priodly; given SAs unemploymen rale
standing of 24,6%.

business case

Uriities are generally oble to deploy remote
manitoring equipment fo fier | [high voliage
[HV)) and subsefs of their fier 2 (medium
voliags (MVI) networks. Az ane begins lo
deploy monitoring equipment deaper into the
grid, the costs begin fo grow expanentially
becausa of the sheer volume of infrostructure,

Several monitoring opportunities for both

an assst in order fo develop mointenance:
strategies throughout is, asset Mecacle, Al
the vary minimum, the following information
bout the MV grid s relevant 1o both eperators
aind asset management proctfionars:

Circuit breaker (C8) stotus: These assist
sperators in quickly identifying & fault
on the network. Asset management
aractitioners use the CB open/close count
o drive breoker mainfenance praciices;
whether hesa have ipped an lood, Linder:
foult eanditions, et

Isolotor status: Similar 1o the CB stotus,
these assist operators i undesstanding
the real-fime network topalogy. Assat
manogement praciilioners use isolalor
open/clase counts to drive condition
bosed osset maintanance pracices.
Earth foult indication (EFI): These assist
operators with the quick identification and
isolotion of @ faulted circuil

o loud of shotegic points: These assist
sperators with load ransfer strofogies.
It also assists planning engineers in

purpo
evist. In order for operaors 1o cantrol the
network, they requine visibilly regording the
state of crifical elemants on the network. Asset

O ¥ po
source fechnologies. Apart from fast-iracking

Por Boy

| Digitals (6}: Breokec stotus; brackar positon; cable
i o »ms.m ey foil

| Anclogue {1): Phosa
Conral {2): Open nnd cosa

Incomens o jor wbich
ond feeders fo lbmilmmimm 731
ond cther 0SS5

* ndustrol, commarciol and
residoniol 11 KV o 400V
tranglormer with switchpiiar
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: D
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and | 283

ore required fo
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Table T: aThekwini Elecichy disribuon assefs

network growth and
designing for future network capocily.
Asset pracitioness cormolate lood profiles
and other independent variobles such
as temperalure 1o batter understand the.
operating performance of an assat.

~ R 50 000
{2014 fgures) ~ R 36550 000
Plshamy | R iE77RE
-~ 28 000
(2015 Figures) ~ R 79 380 000
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Gorgh -1 s 000




E: 3

27 YEARS AND COUNTING

e 8 8 8 Hmn

Alfl € b &

s OUR TRACK RECORD
" SPEAKS FOR ITSELF

: /‘ L“
# Rl ﬁgﬂ el pOlY

o
pmites
RS 1 doR  Choabsa T

Cnteng
o em—
Py a4 3577

e o M OB 777 39S M
ooy e
preepcasiry

A v GG e, DS e



B 2 7thAMEUTechnicalConvention2019

Rad phose fuse fal

el cpen
normolly closed

nammaly.closed

Vihiso phase fuse ioll rarmaly closed
Biua phose fuse fai fommolly ciosad
Red phose LV busbar current 0-400¥
White phasa 1Y busbar comant 0-400¥
Biue phase 1Y busbar current 0-400¥%
Red phass 1V busbar currant 0-800A

Vitite phosa 1V busbar cumant
Blue phase 1V busbar current

Ambient lemperoture
Rnlative Humidiy 0 100%
Transtormer VA max. 500 KA

dighal »
digital
dgiel
dgiol
agiel
anologue
anologue
anclogue
anslogue
arologua
arclogue
analogus
andlogus

anclogus

Toble: 2: Signal it

Provisioning of digicl inputs
Prowiioning of digial cutputs

Frowisioning of analogue inputs

Standard communications pratocel aver sthermst
Prowiioning of Hurmon Mochine infaiace

Should ba masly configurble trrough o web inaddaca
Complionce with lemparcture and EMI g lations
‘Complance yih cyber secury requirements
Campliance o availobility/uptime requirements

Table 3. Teck

The above information olsa serves o3 on
inpyt info. @ stote estimation engine within
o distibufion managemen system (DMS) at
the canirol confre, More data collected fram
the filel improves tha overoll abservability of
the network. Apart from an opsraticnal and
osset managemen perspechive, information
regarding the physical security of the asset
can also be acquired vir, occass 1o o cubicle.
through @ door contect, famper detection,
aic

Tatle 1 depicts s Thekvin's distibuion assets
that are considerad for remote manitoring
within its distribution outomation strofegy.
Tha figures indicate that a3 one meves desger
into the grid the cost of monitoring ocly o8
an inhiblor 1o increasing grid visibily. This

Minimum 8 espancioble
Minimum 2 sspandabla
Minimum 4 espardabla

NP3 (s, Madlbus [onoster
Web browsar

Web browser

ECE 18503 X3, EC 61000
EC62351

Fove nives principle

af requiremants for open source RILL

s bacauss of the sheer volume of Gssets
that exist on MV netwarks. It Is therefore
reasonable fo investigate allemotive opfions.
Opiions fo reduce such cosfs include:

The deplymer ring squipment
only ot strategic points on the network
and therofter 10 use state estimation
techniques 10 resobe of un-telematsred
junclions.

.

mon

Changing the taditional concentrator
type. remote iterminal unit (RTU)
infrastructure to one that deploys
lightweighi sensors similar fa thase
oftared by intarmet of things (10T) devicas
over low power wide areo networks
{LPWAN) technologies. This sirotegy
bacomes cheaper with volume os bose

stofion costs speeod over the amount of
sensors that are deployed; and,

»  The use of open source technologies.
This paper focusses 00 the last option above.
The obiectives of this paper are hersiore to
investigale the following:

 Can open sovrce lechnology offer o
rically vioble remote moniloring
selution for the smort grid?

Wt ore the nen-iechnical challenges
thot exis! with open sourca technologies
and how 1o overcome thess?

® Whot ore the cost advantages assacioted
with the open sourcs remote ferminal unit
O RIU when implemented within the
municipal landscope?

Technical requirements

#sa case sudy, this paper investigates the

use of open-souree technelogies ot on indaar

mini subshatien viz., Cresimore 5§ 3532,

This substation supplies o block of flts in the

Durban centrol areo. Fig, 1 depicis the defails

of the station

The siation was wired for remote telemeiry

by in-house electricions. A signal list wos

developed bosed on the coniral raem
requirements and the wiring efforf required.

Table 2 depics fhe signal st

There is currently no private communications

from the Municipal Control Cantre to

Crestmore substolion. The use of Genersl

Pocket Rodio Senvice (GPRS) technalogies

wes therefore. provisioned. Some of the key

requiraments of a moder-day RTL exiracted
from eThekwini's spacifications ore detolled

in the Table 3.

eThekwini Electricity is aligned to the IEC suife

of profocols os ore most olher distribution

utifies in South Africo, These requirements
were used ot a guide in the development of

an OS RTU proposal.
Open source fechnologies

Open source: What is it?

Opan source refers fo o concept thatis owned
and modified by the public; @ community
of users that serve 0 common purpose. It
allows for collborative- poriicipation, apid
profotyping and transparency-for open
exchange of products and ideas [5].

Open sovice safwars vs. proprietory
softwore

The source code for open source software is
avoilable for anyons to inspeci, modidy and
snhonca [S]. This differs from proprietary
software wherein the tsorm or organisation that
developed the softwore has full or exclusive
control over it. The Opan Source definition
dascribes the fen fenets of open source
software [6). These include:
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No fee for disfribufion.
Uncompiled and compiled source code
must be mode available

®  Must allow for modifications of seurce
code

Con ollow for integity of author's cade:
through the distribution ef path fles

Mo discrim
peaple

Mo discrimination against fields for
endeavaur.

The license must be fachnalogy neutral
The ficanse must not reshct oiher sofware.
Tha license shall ol be specific 1o @
o

The license musi automatically opply o
all to whom Ihe softwere is distributed.

tion against groups or

.

.

Licensing
Open source licensing allows developers.
ond users 1o use, modily and share licensed
softwars for any purpase, subject fo the
conditions that preserve the openness of the
software tself (7], The main two types of apen
source licenses in the morket ore discussed
below.

Copyleft lizenses: Developers ore ollowed
fo utilse: the softwore under fhis license for
commercial purposes ond fo madify the
code provided tha they disclose fhe source.
state the changes that were mode ond

preserve the copyright and license notices
The medilication must hewevsr be undar
the ariginol license and the develaper shall
moke the completa source code available
An exomgle of this license is GNU General
Public License (GPU,

Norcopylelt licenses [permissiva): Very similor
1o copylehlicense but much less demonds are
made on the user or modifier of the source.
eode. Developers can modily the soures
eods and daclare their work os propristary
Examples of such licenses incluce Apncha ond
Berkley Saftware Distribution (BSD).

Both licenses hove limitations on liability and
watranty

Community based hardware
development platforms

Several hardwore development plofforms
exist in the markei thot compate on
specifications such as powsr consumation,
temperature performanca, memery and
storage capocity, For remole manitoring
puroses, fhe key requirements ore: o)
temperoture perfermence; b| provision of
on-board digho! inputs; ¢} provisioning of
anvboard digital outputs; d) provisianing of
analogue inputs with ot least o 14 bit ADC;
o] provisioning of a recl-time clock; and 1
‘on-boord storage. Some of the more popular
developmant bocrds includa the Arduing,
Beaglebone ond Raspberry Pi (RPf) ond o

comparison of these are shown in Table 4
Eoch boord hos its awn merits depending
on tha funclionality thot is infended 1o be
deployed on them

8ased on the technicol requirements
discussad above, tha BaogleBone Black
and RP! il the reguirements well. Since
the RP is ublauitous in fhe market: having
besn named the third best-selling general
purpose personal computer affer Apple
and Windows PC [4], it was dacided ta
be utilised in this open source project.
should be noted that since both the RP! and
Beaglebane Biock have Linus Integrated
Development Environments (IDEs), the
option 1o utilise the BeogleBone Black s
the hordware plotfom can ba ochieved with
similar affart. Both the RPI and BeagleBone
Block boards aeraln on the apen source
soffware ecosystem.

Analysis

This section conducts on analysis of the
abiectives setforth eordier in his poper:

Objeclive I: Can apen source technologies
provide o fechnically leosible remore
monitoring solufion for fhe smart grid?

This quesiion is answered by investigating
the Open Source fechnalogy market ond
whether such can match the technical
requirements listed in Table 3. To investigate:
the fechnical performance of the proposed
solution, three key performance mefrics ore
suggested and explored viz., lemperature

bl d

Madsl R3 Model38 Bk Open =
Flash T DCod | AGhOnbood | Edemalfon-boord
GO ry a0 & Atlesst 8 and expandabla
Anolog input 6 i Ewwmal 2 1 A leeyt 4 and expondoble:
e 08— Ardivo | 0 limx O-lmn |
Ehormot Nans ™ Yes
Real-fime clock External External md7
. 5T a5Ca 8sc
pedonmance i !
Project Aduino UC | RFi Foundafion | BeagleBone org ESia
= | wsao w035 UsD 55 2
Toble 4 Dievelopment board comporisan.
(1 ATMEGA i
12) Broadcom .w.mnmmw runs the hottest s mmmmmmm:ug o 850C. APl
foundofion i unable 1o quailfy the: wunit with mazimus
oparafing lemparature of souc
JREIPHIRCR e o
oouarn  ®
Aot e
e
Raspberry Pl

o
pracessor ond memary usoge. The potentiol
foilure modes of the proposed solution is
olso investigated es'a means ta understand
the performance over the aperating lifecycle
of the asset,

Open source remote terminal unit
proposal

OS RIU is.on Open Sourte Remate Terminal
UnitRTU) bosad on the Pt hordwara platform.
An opfion for utilsing the BeogleBone black
industiol platform is also availobla,

To meet the tachnical requirements, o
proposed hardware architecture is prasented
in fig. 2

The proposed archilecture mokes use af the
AP as the main hordwars plotiom, _

I uilises the ane-wire protacol 1o commuricate
with o DH-22 temperature and humi
sensor. The Serial Paripheral Interface is
villised 1o communicate with an expondable
Input/Quiput board viz., PiFace Digital
The Piface digilal is eguipped with sight
digital inputs ond wo 54 switchable relays.
These inpun ore szpandable o requre.
5000 Vrms isolati chi

Fig, 2: GS RTU Hordvare erchifeciue.

hrough m opio-coupler ircull. As anciogue
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inputs are not ovailoble o5 o default ption
on the RPI platiorm, the board communicates
with an ADS1115 ADC chip using the 12C
communications intarface. The ADST115 chip
is equipped with four 16 bit ADC channels
For the specific implementation af Cresimore
substation, the ADC chip is not utilised os

i f VI_l;l-nm-HOSl‘ﬂU

the anglogue values ere interlaced fhrough
o power fransducer,

In arder o maintain fime when the network
goes down, o real-time clock (RTC) is
integroted into the system. A DS313] RIC
is infegroted info the platform using 1°C
communicotions

L

—— temperaturs
— o

| rasaosr

A

; "
. )
i

i

S

Communication profocols
DONF3

DNP3 is the de-facio communications
protocol used ormation exchange
between a remate telemelry site and the
control cenire wifhin electric utiities. DNP3
is often o preferred protacol as i support
buffered ond unsolicited event reparting

OPENDNP3 is on open sourceimplementation
of the DNP3 profocal o3 defined by
EEE 1815. This stack offers bofh moster
and outsiation implementations of the
DNP3 library 65 C+ + code. This code
is published undar the GNU General
Public License (GPL) implying, amongst
other conditions, that there must be full
disclosure of the source code within derived

iE] E 20 E

Fig. 3OS RTU femperoture performance

CPU usage on RPI

¥=-0.000086x.+ 41,08

|

T

100 120 40 160 180 200
sample

Fig. 4; RP CPL sage.

MODBUS

Modus s an industry stondard profocol used
for digital communications betwsen master
and slave devices. For this opplication, the
Modbus protocol is used for communieations,
betwean the RTU and transducer devices.

The Pymodbus protocol s on open saurce
implameniation of the Modbus protocal a3
monaged and maintoined by the Modbus
orgonisation. This code is published under
the BSD license implying o more permissive:
utlisation of the source code.

Security

IEC52351-3 specifies iransport layer secorly
(TLS) as o requirement for maching-to-
machine cemmunication for virtual private
network (VPN] connecions,

OPENVPN is on open source application
that implements VPN techniques usiag TLS
securiy for point-io-peint connections, VPN
technologias allow for ancryption of data
thus ensuring the integrity of information
Waversing o third porty network. It also
ollows for the authentication of remate
devices thus ensuring that the master siation
is not communicoting with o potential rogus
device.

The OPENVPN client stack con be readily
deployed on the hardware development
plattarms mentionad eorlier. This code is
published under GNU GPL, with similar
vustictions imposed os with OPENDINP3,

Configuration

Node red is o flow based visual programming
tool for the Internet of Things. It is browser

= Memory availabiity on RPI
il free j= 0,008 + 41
48] —— tinear 3 -
g j N 2
| &
i“ L % i - i--id
& 420l L., .
|
\ g“’ I EREERE
| i 1
‘ i S
‘ 20 40 60 80 100 120 W0 160 180 20 |
"
Fig. 5: RP! memory usoge:

sk it
of templates ond librories. Node-red has o
sirang seciol developmen inferest in place.
It is licensed under the Apache sofiware
agraement, i.8. 6 more permissive type
license.
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pigraspbarrypiz
wi-data 1734

spberrypi:= § Ut
495 days, 2
pifiraspberrypis- § ps - etines -
499-22:52:32
pigraspberrypi

i |

Darobase

There are o plathora of dafabose types
available in fhe moket, SQLits was chosen
s the preferred dofobose o it is kghtweight,
scolable, efficient and infuitve 10-use: It is @
opular database that is bult for embedded
davicss, SGlite source code is in the public
domain. However, the general public is
not able fo. apenly contribute 1o the SGlite
it H. A team

Last logine-Mon Apr 18 22:27:43 2017 from 10.12.216.
-5 ps et Lgrep outs
199 2sly

7077 7066 & 13:48 prs/l

g, 7: b diogram - OIS ¥1U

M|

47721-26:24:18 . feutstation-dena
00:00:09 grep

CPU, memory and temperature parformance
statisfics discussed above.

outs

2:52, 2 users, load average: 1.49, 1.45, 1.48
» 1734

Fig. & Uptios of open source FTU

Temperature

(EM1)

Electromagnetic interference ocesrs when
on externcl source alfects an-electrical
cireuit through eleciromagnefic induction
or electrostatic discharge. Electramagnetic
compotibility ensures ihat all eleciranic
devices funclion reliobly within their infended
environments [8]. There is significant
radioted elaciromagnetic disturbances
within the power system environment and

any sleciranic sysiem installed within such
on enviranment should be hardened such
thot it is immune from such disturbances:
Whilst immunity 1o EMI disturbonces are
impartar, designers of hordwors should
also ensure thot their products do nat
emit unintentional radiation that could
wossibly inferfore with other elacranic
systems in the neor vicinity, Devices should
thersfore be subjecied o both emissions
and susceptibility compliance ests

Electronic devices thot have no rodio
equipment are classed as unintentional
amitters os they may contain o high speed
clock which moy introduce unwanted
interference 1o local devices. The RPI 3B+

Processor and memery

In order to datermine the stability of the
code implemented on the RPY, processor and
memory Usage wara monitored over o week.
The results are preseted in Figs, 4 ond §
respoctively. A bosic it linear equation is
superimposed onto the results. In the case of
CPU usoge, the small and negative gradiant
.0,000096) corfirms thaf the processor is
g te! .

regulorly
update. the code bosed on community
requirements.

An investigation into the performance of
the O RTU using the 4 key metrics vz
Jemperalurs, processor and memary usage
and availability siafistics follows below.

Tempercture performonce

In order 1o investigate the OS RTU far
thermol runawdys, opproximately 300
temperaturs samples were token over
a three day period. Hf should be noted
thot the core processer operates ol @
higher temperature fhon the ambient
The maximum operoting femperoture
of the processor is 85°C ofter which the
processor will begin throttling activily.
Fig. 3 pressntsdhe temperature perfcrmance
of the S RTUL A linear basic fitis apglied to
the resulis, The smoll and negative gradiant
indicates temperature stability of the unit
thus confirming n thermol throtiling of
runaways. The average temperature of the
processor is olso well below its thermal
operoting limit,

memory avoilabilty on the RPf, wiilst low, he
smal and pasitive grodien (0,008) confinns
sysiem stabilify, The llustrofions indicate that
there no runaways In processor and memory
usage ths painting fo siability n the cods and
architecture af e system

Availability performance

Prior o installing the OS RTU of Crestmare
subsiofion, @ unit was insfalled ot o high
veltage subsiation fo monitor critical battery
chargor alarms. The unit was installed in
il 201 7. The systom ugtime end e uptme
ofthe key DNP3 process wos investigated. The
results are shown in Fig, 6

The: resulls reveol that the hardware
was online for 499 deys. The OS
DNP3 application was also onlina for
499 doys confirming that the application
did not fail since being commissioned
The stability of the hordware plotiorm
and OS DNP3 application thersfore
pravide fachnically compeling results. The
availability performance also volidate the

WiFi interface.
ond is thecelore considered an infenfional
rodio tronsmitter. In South Africa, the
RPI 38+ hos been approved by ICASA under
Tipe Approvol number: TA-2018/1 426, This
however, only ansures that the device does
emit inferferance onto other devices within
its immediate vicinity. In order to determine
the impact of EMI on the device itseli,
«cerfain immunity tests ogainst electrostatic
discharge, electromognetic fields, fast
tronsients, efe. within indusirial environments.
s called for in the IEC 61000 standord is
required, Research an EMC susceptibilty
of the RP| 2 platform was corried out in an
IEEE paper by Mach, af al., [9] with findings.
revealing compatibility in industriol type feld
siangths of 10/m across a wids requency
range. Considerafion of EMC requirements.
when designing enclosures for the unit itself
can assist with conformity requiremanis within
such enviranments, Enclosure shielding
through concepls like the Foraday coge
effect can be faken info aceount, Stringent
EMI susceptibility tests on the current
implementation is further warranted.
Failure modes

As with any slecironic device, there ore many
failure modes of play thot could result in
complete follure or reduced pertarmance of
the device. The main foilure modes associated
with the OF RTU is proserted in the Fishbona
diagram of Fig. 7. Each foilure mode is
discussed categoricolly.
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Microprocesser with DNP3 R350 ka2 000

1G board {8 inputs] R650 I r000

ool Time Clock »50 nclocd

Analogus board (3 inputsh RIGO 4000

Case R150 Inchuded
Temperaiurs and humidiy sensor (addiionl] | RS0 k00

Cabinat ond occessaries 71500 | inckend

ool (15,000 unty) 3050 45 750 000) | R28 200 (423,000 000)

Tobie 5 cast Comporison,

Secure digital (SD) cord

Flash memary has o limiled amount af
wite cycles which is nosmally in the. region
of 100 000 cycles. This figure improves
with the quality of SO cord thot is utlised
Som higher quality SD cards employ wear
levelling techniques that prevent cards from
pre-mature failure. In the manner in which
ihis unit is designed, @ wear levelling SD
cord is recommended. I is also ot o dificul
technical procass 10 keep o backup image of
the SD cord. This SO card con be reploced
avery ten years of o minimum cost.

Temperature range

Whilst there is no official operafing
temperature. of the RPI, thermal imoging
of the davice under heavily loaded
conditions reveals that the broadcom
chip processor) runs the hofiest on fhe
board [10]: Temperatures above 80°C
have shown significant performance
dagradations and the system is known o
throtle perdormanca of temparatures obove
82°C. Heat sinks ore ovailable thet con bs
attached to the broodcom procasser chip.
An industrial grade RPI Is available from
COMPULAB [F1]. This supparts industriol
grade aperofing temperatures of up fo 80°C

Safhware
o Raspbion operating system
There are no known issues regarding the

opplicatians that have sirong community
parficipation offer o high lavel of quality
assurance o3 there ore many independent
code reviews from global and random
porticipants.

Municipal engineers are encouraged to
subscribe, participate and contribute lowards
the OPENDNP3 software application and
other relevant open source fechnologies
related io their specialist felds.

Objective 2: Whot ore the non-techsicol
challenges associaled with OS technologies
and how fo overcoma these?

Seueral non-technical challonges exist which
include the resource consiraints 12 assemble
such units, the ovailability of spores and
ongoing support. These are discussad below:

Human resource constraints

Apart rem tha technical issues fhere are also
human resource conairins fhat need fo be
considared., Assembling o physicol device
raquires sffort and fime. A business cose
and project plan will need fo be thoughtfully
constructed. This however, remains oulside
the scope of s paper. The sytem sheuld

Iiocycla of the osset. Support for community
based hardware platforms and cpen source
softwore cuts across. several industres ond
thereors far surpasses the cohort of support
aroups availabla from individual suppliers
of propristary producis. Howaver, whiki the
breodth of knowledge is bigh, the depth of
support may nof be os defailed as those
received from supplier product cantric focus
groups. Again, if @ strong development
community i formed ofound the cancept of
the ©5 RTU, support vl grow commensurately.
Using aforum member sialistic os an indicafion
of the breadih of support available, the
RPI hardware plotform has a forum with
appraximaely actve 270 000 users [13]

Objective 3: Wht are the cost
odvantages associated with the OS RTU
when mplemanted witkin the municioal
landscape?

A costing comparison was conducted for
remate monitoring of Crestmore substation.
The costing o the OS RTU s bosed on present
morket value prices. The opprosimata costs
illusiroted for a vendor specific unit is drawn
from recent public tander opening prices in
2015. This specific vendor product wos the
cheapes! and most fechnically compliont.
Table 5 depicts the cost comparison.

From a cost point of view, it is clear
for smoll stations with o low signol count,
the OS RTU is very cost effective. In the
cose of aThekwini Elaciricy who mainfains
approximotely 15 000 MY assets, the
sheer copital cost savings based on volume.
immediotely wanrants further consideration.

From on operationo| cost point of view, fhere is
o financial commitment o  specifc vendor

be designed for ease of
the ntelligence of tha OS RTU resides on m
SD-card, o simple clane of the card should
ba kept s 0 spore.

Spares avalability

Depending on the community development
p ity of.
po

o virtual online ecosystem from o globol
user-space.

The objective of this reseorch wos o investigate:
whether open sourcs technologies can offer
o technically appealing and cost effeciive

s very
in enhancing the performance of the system.
There have bean many iferaticns of the
Raspbian opergiing system with each teration
providing performance enhancements. The

ke e RPI

Black, the unit is aveilable from many

suppliers locally Moreover, the BeogleBone

hardwore is bul from open elecironics. This

means hat the design is publicl available
and fu

improves the overoll stability figuras.
O softwore opplications

According 106 2015 Cpen Source survey,
78% of companies alraady run open source

m,umg of the hordware from the ground-up

using readily avalloble cammon of the shall

comparents, standard processes and open

Infrastructure is therefbre possible. If o strong.

deuhepm-ml :ommum‘y  buil oround the
R,

of the open sourca applications will
imprave the overall reliability of the systam
Custom implementations run the risk of the
changed code not being vetted by third
party independent sourcss. Open source

5 b i mm suppler for

Suppor s necassary hroughout the operational

1 rid.
a0 gocs on to investigote the non-technical
challenges in implemaning such fechnology
within & muricipal londicope.

The research indicates that open source
hardware and software fechnologies exis in
the public domain that con meat the remote.
monitaring requirements. of distribution
utlites. The OS RTU proposal put forward
in this paper offers o compelling option.
The technicol mstrics investigated indicate
stobility of the cpen source cade and
overall system orchitecture. However, it is
recommendad that siringent immunity tasts
ogainstthe IEC 61000 standard s conducted
08 @ design imperative.
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The non-technical challenges associated
with implementing OS technologies within
the municipal landscape can be reduced
through the farmation of o sirong open
source communily consisting of fike.minded.
enginesring praciifioners. It s recommerdod
that Uity Enginsars collaborate. on cpen
soutca projects in order 1o shara knowledge
and where passible, contribute positively
1o code that ulimately resides in the public
domain. Such collaboration spurs inferest in
research and development and reduces the
financial commitments thot lorger sauipment
manufacturers place on customars with regord
1o suppon.

A cost analysis reveals that fhere ore significant
uptront cost benallls in ufising open source
technologies lor grid monitoring when
compared 1o praprietary opfiors. In scme
coses, the cost of proprisiary systems uct
as_an inhibitor fo increasing grid visibilly.
The recommendatian Is that it is betfer
1o implement some level of manitaring
through cost optimised mathods than fo
omit ony attempt 1o extend grid visibility
because of funding complesities. There i
also reduced operating costs associated
with ©S technalogies os usars have access
15 a large develapment communiy within
a virual acosystem that Is free-of-charge
Furthermare, there is no vendor lock-in and
code is generally hardware agnosfic

Future research

Tha currant implementation of he
@S RTU is within an
indaor mini-substation. A
future implementaion and
subsequent evaluation will
be on a pole-top transormer.
OS technologies within the
smart metering environment
has already gained traction,

EBVi

code is evailable for other municipoliies fo
adopt and implement where nseded

The use of open source technology removes
vendor lackein thus bringing flebility and
technelogy agility to the organisation. The
collective powar.of crowd-seurcing from
global communities introdues new idoas and
concepts mors: effectivaly than rigid feams
working on proprietary ahtemafives. Opan

i
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Conclusion

An investigation info the use
of apen source fechnelogies
within the smart grid for
remote monitaring hos
shown that the apen source
market is mature snough 1o
spur product innovation. It
is recommended that utility
spacialists contribule, even a1
afunchional lavel, 1o the open
source knowledge bose

The OS RTU. propasal put
forward in this poper offers &
compelling low cost remote
moniloring solufion for
municigalifies. The source
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Competence in an ever-changing asset

environment

by Tim Beavon, Progma

How many times has it been said that people are our most valuable assets? Typically, assets are defined as
Hems, things or entifies that have potential or aclual value to an organisation (15O 55 000 definition). However,
organisations rarely realise the true value of those assets without people.

This poper will ook ot the impact of the
Internet of Things/industry 4.0, the spread
of techrology and the impoct s having on
people, how we train people and how we diive:
competence in our peapla in order to achisve
the true value potential of our asses. So, lst's
hove o look ai fhese pecple that we rely on fo
deliver the value

Challenge 1: Closing the
competence gap

Evary orgonisation faces the challenge
of an oging worklorce that has skills and
experience, ond young, enthusiosiic, fech-
savvy people entering the workforce but
lacking the knowledge or experience in many
areas. But even more challenging, these
young pesple use technalogy that chen the
aging workforca hos yet to understand. Now
Iet's add anothar ingradient 16 eur challenge
~ the concept of incompetence, which can
be subdivided into:

Cornscious Incompetence: | know | don't know
this and it challenges ma or overwhelms me
Unepnseious incompetence: | believe that |
truly knew something and consequently make
significant ermars of judgement in my wark.
Learning and development of pecple
antering tha work-force is erifical fo helping
them overcome the barriers to competence.
In 2018 reseorch by Dovid Perring of the
Fosway Group. showed that learning is
the top 780865 why people want joln your
organisafion or leave if. The risk is that, by
facusing on the radifionol wey of learni
Ule’s call #f cramming — becouse thres

to five days of immersion in new idsos
shoulde't be called anyltiing else), is more
fikely fo resultin an increase in unconscious
incompetence.

Parhops our solution lies in ensuring thet

Those people that, recognise that they ara
incompelent are provided with the trafhing
and access 1o learming material that allows
them 1o find fhe knowledge that they need 1o
grow thei competence, Whila this hos always
been the: goal of training it is going o fail
the eramming

Lot us also recognise that formal troining

is necessary fo push the boundaries of
learming, ond 1o creote the aworeness of

enviranment thot can provide isaring and
knowledge to the employes tho is relevant,

needs 1o be followed up by smaller learning
interventions that are exiremely informal
and supporfive.

Challenge 2: The modern learner

Josh Bersin [Bersin by Deloitte] carried out
extensive reseorch on what he colled “The
Modern Learner”. He described tadoy's
employees o3 overwhelmad, distrocted ond
impatient; They are hungry fo/léar ond keen
o grow their skills ond if their employec won't
help them, they will leave.

Todoy's employees are untethered — they
frequanily wark somewhere other than
their employer's location, ond they are
frequently contracting or freeloncing in
order to occommodate their lifestyle. Thay
are accessing information on-demand
via thair smariphane, calloboratively from
paers ond collaguss, ond often not from
the traditicnal training content bacouss the
learning content has ta ba useful and relevant
16 them in thair immediote situation, Kirstie
Graany of Elucidat noted in her paper on
peeple centred e-leaming that the average
parson gives a page of content around seven
it is for them and 70% of
wsers will leave i it's not optimised for them
and theit needs.

seconds 1o decids

Today's employees also are looking 1o the.
future; as job roles become mors fluid and
their lifestyle expectafions more flexble, they
ara looking out for the kinds of skills that will
do them well into the future. Bersin stated
in The Modern Learner that the holf.life of
professional skills wos befwéen two ond
o holf and five years ond employess ore
constantly looking for integration between
their leaming and work ~ fhey want the
learming fo be as relevant ond proctical o
their werk situation os possible.

The problems of today ond fomormow

In my mind we need fo safisfy the short-
term challenge of providing our employees
with the skils and compafence fa meet i
challenges of today while also thinking
of the long ferm and creating o work

available and odop

requiremerts.

Solving the prablems of foday

A storting point for many erganisations
s 1o ensure thot there is an oppropriote
orgonisational design and structural
clarity between the various role players.
Unforiunately, fhere is ne secret recipe
to salving problems that can apply
ecross indusiries and arganisafions,
but the organisational systems must be
aligned with the purpose and objectives
of the organisation. Further, roles and
responsibiliies must be defined occording o
o RAC! maris (respensibiliy, accountability,
consulted, informed fhat clearly lists the
opplicable organisational manogement
proctices and the impact of the role.
This process will highlight areas where
competence gaps exist for the individuals
in the role. The competence gaps-con be
wsed fmonoge career expectations and set

Adrgets {8r parsonal development.

Supporting ihis, there needs 1o be an
enabling “scosystem” for learning and
development in the organisotion — access fo
learming moteriol that is sosily ovailoble via
smariphones, ond the use of techaology that
enobles employees fo access infarmation that
is relevant and ovailoble in the moment of
need. On top of thot the content needs to
bridge the seven-second rule becouse it is
effsctively curoted

Again, technology provides the orgonisation
with fhe opportunily 1o sel up communities
oF proctice that will snoble learning
thrcuah o ihe job expanencs, mentorhip
progrocimes, ‘and collabatarion oad
Knigwlsdgs: sharing Wetween pesss: Tool
such s Slock, Linkedin Learning, Degreed,
Anotily; etc-aksist In providing; saabling ond
reinforcing learning.

Above oll the modern leomer wants 1o
opply and be confident in their pplication
of learning ond thik is whers mantorship
programmes ond gecoming by the expeds of
fhe post are needed to suppor the modern
learmer in the workploce.
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s of tamormow

Hogal, Brown ond Wooll (Deloitte Insights)
in thelr artcle “Skils change, bt capabiliies
endure” report on how Toyela is compelling
new employees fo build mator cars by hand
from scrofch before they leom fo assemble
the vehicle on the assembly line. The intent
15 4o ensure thot these employees drow vpan
their imagination, cracfivty, preblem.soing
ond experimentation eapobilifes s that they
con ask the right quastions when confronted
by on unforeseen problem and develop new
solutions

Avatime when the skil need is changing even
more quickly, there is o focus on cultivating
underlying essential human capobilities
that will make the individual adopiable fo
he: chonging circumstonces. Hogel, Brown

spotial, erganisational and cultural
boundaries

o Social intelligance: Understanding
interpersenal dynamics and behaviourol
impacts of humen interactions

» Sense-making: Creafing awareness and
meaning oul of collective experiences

Crical thinkingz Analysing, evluaii

9
]

synthesising and reconsiruct
information

Adoptive thinking: Recogniting new
pattarns and applying paterms in new
contexts

It ane considers the skils ond copabilifies,
thay aren't new, they exist in all of s — we
need fo nirure ond rewerd them because
this will ba the most sustainable woy forword

and Wasl! propose fhat of the

future wil develap fhe following skill and

capabilies:

® Emotional intelligence: Undersianding
ather peaple’s emations and
expariances and how they shape humon

i Callaboraiing effectively ocrass

..Continued o poge 101

willbe a focus of municipol support going
forward.

NERSA's cant of supply framework ilises
the cost plus. methadology which allows
for o surplus of 15% on foto! costs,
inclusive of snargy costs. This approach
means thot when customars consume less
alactricity aher the instollafion of SSEG, the
municipality loses the 15% surplus it wos
raceiving from each unit sold. With cost
reflective SSEG tariffs in ploce municipol
revenue is substantiolly protected in ferms
of cost recovery, but averoll revenue may
decreose in the [onger term. Municipalities
and NERSA will need to oddress this
particulor revenue vulnarability.
Conclusion

This paper has shawn that fhe mpid vptoke
of SSEG hos the potenial 1o significantly
impact municipal revenue, Four cose studies
were explored whers municipolities used
varying approaches fo SSEG torif seffing,
ond the outcomes ranged frem significart
revenwe gronh fo consdarable revenue
loss. Some high fned

our organsations enabla these copabilities
o thrive.
Conclusion

The fourth Industrial revalution, internet
icial intelligance and all the

of things, or
recent odvances in technology will changs

charges whita fering very low sxpart tarfs
for exported slectricity.

Although tarif seting should be informed
by cost of supply information, an inferim
opproach can resultin @ senaible SSEG farif
that belances municipal revenus interests
wilh th customer business case. Tha
analysis of the commerciel secfor myealed
thotit s robust n the face of SSEG due fo the
olready existing separation of fixed nefwork
and variable energy costs. Metro 1, which
closaly apareximotes the recommended
toriff appraach for the residentiol sector

the woy we recruil, develop and refain skills
and competence in the future,

Whot we need most is people with the skills
and copabilifies 15 be flexible and odoploble
in a fasi-changing smployment snvironment;
we need odaptable leaming to support the
madern leamer and you need fo ossess
whether your crganisation is nurturing and
encouraging grawth in fhose skills ond
copabiliies ofherwise yau're sure i fose them,
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TID rollover checklist and timeline

by Don Taylor, STS Assaciation

The taken identifier (TID) is a 24-bit field, contained in STS compliant tokens, that identifies the date and time
of the token generation. It is used to defermine if o foken has olready been used in a payment meter. The TID
represents the number of minutes elapsed since the bose date of 1 January 1993. The incrementing of the 24-bit
field means that af some point in fime, the TID value will roll over to a zero value.

All 5TS prepayment meters will bo offected
by TID roll over on the 24 November 2024

Any tokans generated ofter fhis date and
uiilising the 24-bil TID, colevlated on base
dote 19973, will ba rejacted by the meters as
being old tokens as the TID value encoded in
the token will have resef back fo zerc.

I order to overcome the TIO rollover oceurrence,
all meters will require key change tokens with
the rollover bit set. In oddition 1o fhis, the base
dote of 1 January 1993 will be required fo be
changed 10 0 base date of 1 Jonuary 2014.
This process vil force the metees o reses the I
‘shock memory o zer0. To avoid previcusly-used
Tokens from baing accepted by the mater dus
1o the TID siock reset, tha key chonge process
changes the meter key ot the same time.

A process. is therelore required 1o allow for
the management of this TID rollover key
change with the least impact fo the ulilities
and equipment suppliess.

Definitions.

® HSM: Hardwara security module KLF:
Kaylood file:

SGL: Supply group code

SM: Security madule

STSA: STS association

VSM: Virtual security madule

CT5: Conlormance fest spacifications

Benefits of a TID rollover and STS.
edition 2

The STS adifion | specificalions huve beon veed
sucoessfully for more than 25 yeors, and with the
vecent lounch of STS edition 2 specifications,
significant banefits for the industry can be
realised, hese being!
. E.m.mud algarithms for vending key
reation and profection: The new system
il uie g 4o 192 bt mmeoypion ol
state.-of-the-an olgonthms approved by
Msv for use of least up o 2045,
# Key expiration: The new system will alow for
 vending key 1o bo expired aher a coni
time (chosen by the SGC owner], Ty

outhorised vendors will rject these iokens
affer fhe TID rollover key chonges have
beer p

Process overview

Overview

The process that should be followed to ansure

that & smooth and successtul the TID rollover

is cartied out to il meters is outined in the

sections below.

Update key management cenire (KMC)

The KMC hos been updated 1o support the

upgraded securify levels in complionce with

ST 600-4:2 and oise 1o suppor the updoted

securiy modules fsse below). The KMC stil

suppots the legacy key monogement pratocols.

Update security module

Vending and manulacturing securty modules

have been upgraded fo support the upgroded

securiy leuels and the genertion of TID rolover

key change tokans. The upgraded sacurity

modules have  new APl (STS600-8-6), thet

reguires difional vending and mantocturing

software changes.

The upgrade path of the varius securily

module models is given Toble |

o TSM210: Reploce with TSM250

»  TSM220: Reploce with TSM250

TSM250: Send 1o Prsm for firmuare

wpgroda fo §1

TSM410: Rluln-w with TSM500

TSMS00: Send 1o Prism for firmware

upgrode to 5756

Update vending systems

Vending systems 10 be updated ta cater for

muktiple base dote funcfionality in the securiy

medule. This willinclude the handling of o

new key-load file specification os defined

in 5T5800-4.2, and confarmance fo the

STS600-8-8 HSM protacol.

All vending systems are fo be re.cerified

to ansure with these new

.

compramsad, e ko il e ofer o
cerain me. This wl sgniiconyreduco e

requiremants. Nota that offer June 2019, all
w»div\g systoms must be compliant 15 the

vending systems or sacurty madlss.

The longaviy of the STS systam is
guararieed.

All TS prepayment meters thot hve
been using tokans purchased from un-

of the STS Edition 2 suite
al standards (ses appendcx A).

Updote mefer mamufacturing process

Meters ore manuloetured with o new base
date of 2014 by selecting o vending key with

o base dote of 2014 — no further changes
ore required fo manufactured mefers. This
will require updafing of monulocturing securtty
modyies, s6hware and| processes fo. caler
for dual base dates for the duration of the
changsover period,

Utikties con only use meters manufactured on
bose-dote 2014 oher their vending software
s been updated ond should only do so upon
specific request from the s

The meler certfication test facility could not
test for TID rollover functionality prior to
2014, 50 there is a'small risk thot some of
those meters may nof correcly support the
TID rollover key change. Uiliies and meter
manvlacturers must select somplas of these
meters ond resubmit them for testing. The
STS Association will do the test free of charge.
Those mefers that do nat comply must then be
reploced in the field, A st of meters/suppliers
Falling inta this categery is ovailable from the
TS Association.

STSA fest facilities

Accrediled STSA fest facilites are now able

1o cerify oll updated vending sysiems and

socurty modules. These will be issued with

new certficates and ofl prior complionce

cerlficates will be revoked oher June 2019.

Mefer key-change progromme

Ulfies and sub-vendors must develop @

programma ta manage the TID rollover key

changes 1o all installed meters operoting

on base date 1993. Those meters alreody

operating on base date 2014 do not need

their meter keys changed.

In cerfain cases this programme will be @ hug®.

undartoking and uliliies are thus odvised 1o

start a5 s00n as possible.

There ore Iwo possible options fo follow

*  Theend-customer moy be issued with ih®
ke change token pair ot the fime when
they next purchase credif at o vendind
station. They then enter he token pair 7%
the: mater themsaives befors thay enters
their newly purchased credil ioken

& Al dedicated field-service team may D¢
wied 1o visit eoch meter and then ene”
the kay change token pair.

The 5T Associotion is avoiloble 1o os5#'

ond odvise uliities and sub-vendors o0

oppropriate approach 1o foke.
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Action plan _

ST5 association

The STS Association (STSA) is pufting in place

the necessory i

the TID rollover requirements and lo ossist

and odvise users-in the execution of the TID
rollover key change progtam
Checklist of actions required

& ST5Ato communicote 1o oll s members
an — this process

Generol assistonce from the STSA technical

support ia respadt o rollover queries
Development of CTS tests for the new SH

and KMC - this hos been eompleted

Monags the updated KMC project —this
s boen completed

Sacure module suppliers

Upgrading of secure modules (SMs) fo coter
for the rollover bit o well o the handiing
of multiple base dotes hos been completed.
1 i the responsibiliy of the Sa4 supplier 'o

ate production

s
1 meier manufacture |
New base datas

e all SMs to STSE
de vendingsoftware |
accreditation to

80 aross ]

all sub-vendors.
Parade SMio STSOwith
base dates.

e 1: Overal prcject imp
Note: e in bl ore compleled Shoded

Year| 2016
Guarter

unicate with their customers to inform

theim of the requirement to upgraide fhefr Shs.

Al SMs hat do not suppor the STS6 pratocel
most be upgroded, this includes the TSM210,
TSM250, TSM410 and TSMS00 models.
Checklist of octians required:
Upgrade 5M fo cater for rollover bit
and muliple kase dotes — this has bsen
comple
Test SM — initialisation, key-looding, and
i firmwore funclianolly fo STS400-4-2
speciicalion — this hos been completed,
Certy SM to CTS spec for STS600-4.2
[ST5531-8:2) ~this hos baen completed.
Field fest SM - code of KMC ond fest
sokens. with live keys — this hos been
completed.
o Deploy upgraded SM 1o the field ~ this
has storte

Key managemant cenire (KMC) suppliers

Upgrade fo the existing KMC and rollout
the new KMC supporting mulliple base dote

Key manogement cenire
The key management cenire has been
upgraded in complionce with STS 600-
‘and is luly aperational regarding support for
the TID rollover progrom

Checklist of octions required

»  Issue new vending keys intha new key load
fle format 10 upgroded vending and meter
manofoclurer systems when sa requested
ond are ready o receive them

« Maintain support for legacy key lood

files until oll TID rollover key change
progrommes have been comploted.
Meter manutacturers
Meter manufacturers must update their
production processes in order o cater for the
new manufocturing security modules, and fo
enable them 1o manufacture meters an either
base date os specified and 3o requested by
their customers
Checklist of actions required:
. ur;dul= manufacturing modules - this has

functionality has been completed started,
® Check ro”qvor bit functicnality in meters
ST o ~ this hos starh
T 5 10| Q4 o s flalichon otesseso s
! muliple base dates — this has started.
f . M maters with new bose date

0 2014 when requesied to do 5o by their

siemeriotion fimefine:
 ftems starfed but act complefed.

customers
. T Vending system monulachurers
i " ;
pdse ol perctionsl vording scfiwte
© 1o caler for the new SM.AP| and key-lond files

and rules. They will also be required to contact

oll their customers fo arrange for softwore:

upgrodes 1o be performed in the fiald

Checklist of actions required

®  Undate softwore 1o coter for new key load
fibe (KLF) specification — this has started,

s Update software to hondle multiple base
dotes — this hos staried

o Certy software to CTS fest specs — this
has started.

o Upgrade customer vending software in
the: fokd - this has storted

o Gel conioct deiails of ol sub-vendors
thot use their vanding systams and
communicate these forthe STS Associaion

Unlies

Utlites are responsible for their own rallout plon
o the TID rollover key-changes fa fhe new base
dte. This program must be sst up by fhe utlifies
shamsalves bosed on the timing requirsments of
their progrm fimelines. This part of the project
s naturally the most impartont and difficul of
the-eniire progrom ond must b thought ot
thoroughly belors implementafion.

Chacklist of actions required:

o Raquest tha vending systom suppliot to
upgrade the vending system.
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| Appendix A (informative)

The ST Edilon 2 document suile comprises the following documants:

[EC2055-41 Ed3 2018

S15101-1
S15101-2

5152011
5152024

STS202.5

§T5202-4

5752031

STS531.0 (ED1.9)
§T5531-1.0-02 [ED 1.9
ST5531-1-0-04 (€D 1.9)
STS§31-1.1-04 (ED 1.9)

S1S5912:1 (€D 1.9)
ST5531.3 €D 1.9]
STS531.4 (D 1.9)
STS531.50 f€D 1.9

| $75531.6:1:07 (€D 1.9

§75531.8.2 (€D 1.9]

5T5531-10:02 (£D 1.9}

STS531-10.04 D 1.9).

ronsler specificafion (STS) -
for one-woy token corrier system:
Physical layer machanicol ond elecirical Inferfaca lor
virial foken cariers

Asphcation layer prolacol
o

for remole connaction over DUMS/COSEM

e
jmct: Rogister

hysical layer
for diroct locel connacion
Closs 2 token exensions
Addional requirements for vending spserms

tasting.

Complianes tes! speesfeotion - Qualty plon

Enty type A - POS 1o 1eken earrer nterlace opplication
loyer protocol for POS devices supporfing DKGA=02

Inthe case where the iily had developad thair own
vending systam, the utlity must do the upgrade,

Divide the installed bese of meters into smoller
manageable groups for processing one group ol o
time.

Decide an key-change programme opiicn.

& Compile o programme for tha entire key change
operafion

Inform all ol ployers (aspeciolly the end-customers)

and regions of the programme detoils.

Stor the programme an o pilol sife fo_fest the
processes

Roll out fo ofher meter groups.
»  Ensure that the entire progromme is completed ot
st one yeor before the TID rellever date of 2024
s so0n os the vending system has been upgraded,
new orders for meters should insiruct their meter
vendor 1o menulaciure these meters on base-date
2014,

.

Sub-vendors

Sub-vendors are responsible for fhe rollout plan of fhe

and EA=07, o ophiorly DXGA04 and EA=GY. kcy-‘huw;m #o.ho v bose-dote on mefes thl om
Entt fype A - FOS 10 ok

layer profocel for POS davices ;.gpmvg GA=04 | s wvvs,bﬂwdu the s
and EA=11, ond optionally: mmn 0F | of the progromme timelines. This part of the programme

Entity e A - POS 1o foken corrier inlerlacs oplicotion
layer protocal for POS: devices supperting DKGA=04
and EA=07

Enity type B - POS to taken comier interface physical
layer pratocal for TCT = 01 and TCT = 02
g Token carrier: Token carer for TCT = 01
ond TCT=02

Entity type D: Token carvier so mefer infedace physical
loyer prolocol for TCT = 01 ond TCT = 02

Entity type E - Teken carrier fo meter interlace applicotion
Tayar protacal for TCT = 01 and TCT=02

Enity type F - Meter appiication process for ICT = 01
and TCT = 02, Using EA=07

Enty type F — Mater application process far T1CT = 01
and TCT = 02, using EA=11

STS31-8-1 (ED 1.8 Entty ype H - POS 10 sscurty medule inrloca

Entity typs H - POS uls ihark

D!Gﬂ-lﬂ DKGA=02, DKGA=04, EA=07, ond

s«m. o.p. H1 - Sacurity mw- POS interface

odoplotion layer protocal for POS davices supporing
DKGA=07 and EA=07, mwm—um
EA=O7

mmut-mwm:mm:
loyer protocol lor m;lm-wwm“ng

;fmm and EA=11, ond opfionally; DKGA=04 s

is noturally the most important and difficult o the entice
programme and must be thought out thoroughly befors.
implemertation

Checklist of octions required:

Request the vanding system supplier 1o upgrade the
vending system.

Divide the instolied bass of meters inta smaller
manegeable groups for processing one group of
fime.

Decide on the key.change program opien.
Complle o programme for he entire key change
operation.

Inkorm ol role players (especially the end- customers)
and regions of the programme deioils,

» Stort the programme on o pilot site o test the
processes.
» Roll aut o other mefer groups

Ensure that the entie programme is completed of
least ane yeor before the TID rollover dote of 2024,
& As so0n as the vending system has been upgraded,
new orders for meters should insiruct their mefer
vendor fo monulociure those meters on beise date
2014

Tools/speciications requiring updates

mdule (VM)

* The update of the VSM to cater for new base dates
has been complated

Allow impor of KLF using VSM allocofed keys
Updote VSM to handle new KLF spacification
Reloase updated YSM for use,

Virtgol secur

o aiw

Nedisys fls specification
The specification [ST_240-76627071 Prepoid Meter
uplood siandord Revd] mey be obiained from Eskom of
wer Qr8QYMEN! 83KOM. CO2Q

Coract Shawn O'Nail, Prism,

Tal 031 267.5500, showno@zozooltd.com
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Condition monitoring for asset management

in MV switchgear at eThekwini Electricity

by MP Lokathwayo, Sheila Cele Diploma, N Zufu and PM Nfombela, eThekwini Electricity

The aim of eThekwini Electricity is fo operate electrical assets in the field without any defects at minimum cost;

hence, improve service delivery, increase safety of | and and ensure i health
and safety environment. Eleciricity distribution assets comprise overhead lines, power transformers, instrument
transformers, swicthgear and cables. This paper is centered around medium voliage (MV) switchgear.
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