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Smart Metering as a service

Reliable | Secure | Cost effectives | Prepaid

siemens.comidigitalgrid

Siemens SMART METERING as a SERVICE delivers
immediate results without the complexity of
purchasing and installing the technology necessary
to set-up and operate a smart metering solution.

Siemens offers a reliable, secure and cost-effective
alternative to a traditional smart metering solution
which requires the utility to procure and install smart
meters, set-up a robust communications network
build-up a fault-tolerant computing environment and
install and configure all the necessary smart metering
applications necessary support traditional metering
operations. Most of all, providing a Security of
Revenue system based on a Smart Metering

Prepaid service.

Siemens Service options include:

1. Smart meter procurement and installation

2. Communications network set-up

3. Smart meter data collection, validation and
storage

4. Smart meter alarm and event management

5. Billing usage calculation and delivery

6. Smart meter consumer data web-portal

7. Pre-payment | Post-payment Revenue Security

8. Automated residential electric connection |
disconnection

9. Demand response management service

10. Analytics, including: Non-technical loss analysis
and reparting service

SCADA integration: Grid Control Predictive
Analysis

SMART METERING as a SERVICE helps you focus on
your core business by removing the burden of building
and maintaining a complex smart metering solution
siemens delivers peace of mind so that you can be
assured that your deployment will always be available,
reliable, highly responsive, and fully secure for your
mission-critical meter-to-cash process. Our service
drives immediate business case ROI with decreased
deployment times, no resource ramp up required, and
without the large capital expense of an on-premise

Maintenance-free
Smart metering

+Continuous and-tend Soution orloring
data back up services
i anaged Servces

smwl the-at Smart Metering platform
1o-date software & hardwan
ummw Metar Intagration

Tight security &

* Sute-of the-art meter, data centes &
high availability curity

communications e
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Advanced * Pre-Payment | Past-Poyment made
Revenue security | * Consumerfriendly & iteractive
« Handles al types of tariff code rafing

Siemens Digital Grid
Martin Kuhimann
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Martin kuhimann@siemens
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COMPANO 100

new COMPANO 100 is a unique, battery cperated
ing tool for all types of basic testing tasks in electrical
y 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
lay testing, are possible with this cost-effective device.

www.omicronenergy.com/newCOMPANG 10
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Alectrix

Alectrix (Pty) Ltd
South Africa
nfo@alectrix.co.za




Energy storage management made easy

Infarmation from DV Power

Improper functioning of battery systems installed in ut
applications, and 50 on, can cause severe failures of the supported equipment and loss of critical informa
substations, for example, o battery which

to catastrophic consequences.

Batteries ore designed ard sized to provide a
cerioin amount of

ontlor a given amount
of time. The only method 1o defermine
whether the batiery will suppert the load for
tha needed durafion is o copocily test. That
is-why among oll the tests, the discharge fest,
{also: known a5 o load test or o capacily fes)

i the only test that ¢
ihe rue remaining copacity of o battery
system ond consequontly gain on insight
in the epemtional condition of o battery. A
discharge test needs 1 bo performed with
automated test equipment that can log dato
of oll indi
process an

n sccurately measure

widusl cells during-the discharge

lacate the weak calls and faulty
inter-cell eonne<tions

For this reason, battery systems ought 1o be
testod in order fo vasify their actuol sfote of
charga [SOC] or siote of health (SOH] and fo
prevent unwanted scencrios which could resul
in signiicont budget loss o well o3 o

danger
humon lives

DV Powes, with headquarters in Siackholm,
Sweden, was founded in 2000 by 6 group of
enginesss wilh extensive xparience in power
sloctronics fechnolagy. The compony's main
ocus i to manufichora high cuolity test and
mecsurement equipment for the electic power

industry
Key to the compony's success is extensive
rosearch, development and underioking

speedy onal
applicof

sis of new commercial

s which encbles it 1o offer products
93 366n 03 fhe cutling edge solution becomes
commercially vioble.

unable to pro

DV Power hos @ unique philosophy: to
make instruments that are meant o fos!

at @ reasonable price. Offen, inferior
products are purchased, in our-throw away

consumer mentalify of today, which does riol

incentivise longevity. DV Power provides o
three-year warraniy on all products, That is

a guarantes %o s customers that they will

receive the highest quality instrumentafion
available and it changes the focus from
fo quality
products that last. Fart of this philosophy

cheaper manulacturing options

included in the deal. Therefors, when new
foctures are added your instruments won't
b left bshind

Typicol customers include electric utilities,

i and manufacturing companies,

as transp and mining

e a sufficient supply of power fo

s, power plants, telecommunication systems, industrial

n. Al
uits could lead

® Intemal resistance measurements
o Cell/ambient temgerature measurement

& Shon circul

rent estimation

Density of eléchrolyie can also be
party dev

ard logged using a hi
The BL
solution forfest anginers, developed fo mee!

series of devices ore a lightwes

custamers wids ranging tast procedures.

Using a BLU devics, the capaciy fest is
porko

ed in an accurote, usar-friendly woy
in accordance 1o the following standards:
IEEE 450-2010/1188.2005/1106-2015,
IEC 60896-11/22.

D
‘curmant, constant powes, consion! resiskance of

charging can ba perormed af consiant

indusiries. A list of customers in South
Africa includes: Eskom, Rotek, Powertech

Transformers, Wegezi, Actom Distribution
& Lorge Transformers, Maxi Cancepls,
Reliable Transformers, Delbia Motors, Transfix

Transtormers, HyFower — o name bt o few.

Wih o ising prosenca in the world morket and
repeesentatives and disributors worldwide, the
company's products ore in use in more thar
80 couniries

DV Powers battery testing equipment isabla to
perform the following bfiery measurements
wsing BLU, BLX, BVS or BVR devices

 Vohoge string and/or cell

o Intercell connaction wok

rage

i profile
cled
ry remaing connecied fo the

The discharga fest can even be cond
when o ba

cad - by measuring and faking info account
the laad current during the process.

The BLU series of devices provides o discharge:
sront of up to 340 A ond up fo 450 V.

When o required discharge current or power
axconds the capacity of o single BLU device,
Up 1o ten BLU devices can be connecled
parallel, Alternatively, external load units

L series) can olso be used 1o increose
dischorging capacity. Combined with batiery
voliage supenvisor, BYS, and batiery vohige
recorders BVR, BLU saries devices ore powerdul
to0ls which enoble peforming det

evaluation of botteries.

In South Africa, DV Power products are
distributed and suppor
Instruments, with product repairs and
ealibrofion undertaken locally by o SANAS
accredited loborotory with foctary rained

personnel, Tha company’s experienced

ed by Action

customer support learm guarantees continuous

sanvice of oll products. They will assis! you
with operating your fest devic
support you during measurements and have

and sofiware,

answers to.6ll your quesiions regarding speciol

applications.

Contact Jocques Franken,

Action Instruments,

Tol 011 403.2247, jocques@aisa.co 20
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Welcome address by the AMEU president

| would like 1o thank the Exscutive Mayor,
Councillar Athol Trallip for

apling our

invifation
Nelscn Mandela Bay Municipolity's
“windy city" of Poe Elizabath

rded fo all the MMCs
s who made fime fa atiend

this year's convantion in

Ourthanks are also
ond cox

our 66th Canvention

We've put fogeiher
a programma with ex
rek
will find them value-adding

llent popers and

presantations — we th

e hope that you

On behalf of the AMEU, | wish o exend o
warm welcome fo ofl of you. Mareaver, | wish
n 1o the Minister of
ienol

o moke speciol menf

ative Governance and Trad

Coope:

Affairs, Dovid van Rooyen and his deportmant
forthe umwavering suppar they have proxided
e AMEL over many yaors.

| want to make spaciol mention of the councilof
Nelson Mandala Bay Municipality for supporting
e AME in hosing ihis canvenion.

In deciding on o theme for this ye
convertion, wa delibersted and discussed
various options internally and given the
hellenges facing the membership of the AMELI
and our sector, we eventually decided on the
theme, “Technical salutions for aur changing
business modal”, We wish 1o answer the
question: s our current business medel and

ere Tshabolala, AME

Moar

in our electricity supply sector, especially in
metros- and municipalifies with respect 1o
graducte professionals, thare is now on urgent
noad fo upskill sur graducte professionals with

afocus on female professionals, 1o en:
e able 1o doliver

on fheir service delivery

date expacially
from o technical perspactive.

It is evident thot the AMEU
considaration o copacity building, in metros
and municipalifies through knowledge
reasing

d give

mentering, with a focus on
emplayabiliy, and job creafion for groduafe

energy mix the significant
challanges facing most of our musicipalitiest

Given the huge koss of skills and competencies

, especially females

We have olso se
leaving the industry under different

many senior leaders

circumstances, which is likaly fo leave a

leadership void wiihin the indusiry. | inust that

usiry a5 new colleagues are
till finding their fuet in the new roles with

which they hove beer usted. | am

s will be e

leodership roles

1 am parficulerly hoppy, that the work stored
y our immadiate post president,
Xulu, has metured encugh 1o the point that

on has baen faken o incorporate the
IE) movement into the

adec

en in Electricity {
reom of the AMEU thus ensuring that

there is only one AMEU ¢

lerence g year.

Thornks fo the positve ingutfrom fha affiates

who confributed fo this decision.
W has proven fo be astrong force within the

o3 mode significant progress fo

the achievement of the goals they hod sot for

current W leadership

themsalves. | wish th
ccess in e that woman taks. their
jghtful place within the electrieity. supply
industry working side by side with their mole

counterpars as equals.

fke o expross my heort fel prafitude o

soperative Governance and
OGTA) ond oll political

Moferctera Tehabalalo, AMEU president

Welcome address by the host city

Ahtor 64 annual conventions, 1t is clear th
fhe AMEL) is here fo stay and that it has the
magical powers of longevity and the bty

o consiontly renew and refresh iisell, o s

also evident from the fopic chosen for tis
wention. | must commend Moferefere
Tshobalelo, the president of the AMEU,
for o corofully crafted and very relevant
programme. | am also very happy thet ane of
aur own, Poul Gerber of the Nelson Mandela
Bay Metropolitan Munkcipality's Electicity and
Energy Direclorate, has baen granted a spot
on the programme.

The Nelson Mandela Bay Municipality is
very happy and provd fo hos! this important
<anvention. Energy hos been o key focus of

is municipaly in recent years, ond we have
in foct bean among the pineering South
African municipalies 1o explore an aneray
mix, focusing on options in ahemative snergy,

Councilor Aot Tolls — secuie moyor Nelon

particularly wind and solor power. The gifis

of nature. We are blessed with having sunny,

champogne fype wecther for over 300 days of

the yea rse there are our famous
local breezes, which ecrned us the tog, “the
windy city* some decodes ago. To aur visters

from Cape Tawn: reseorch hos provon that that

labeli¢ ightfully yours, but let me not creote o
st we love our broezes. They keep the citys it

cleon and

wind turbines fuming

A highlight of today's proceedings s being
addressed by the minister of COGTA, Dovid
van Raoyen, and to hear his vision and
perspactive first hand. Tho stoge is certainly set
foran informative and fascinafing canierence
aver the nex two days.

May this camvertian revenoie and insgire you

Councillor Athal, Trolip, exscoive mayor,

Mardeia Boy N
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PﬂWEK PROCESS SYSTEMS

Manufacturers
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Nature of Business

® Power Process Systems is an and Distribution E it We havea )
‘assembly and ring facity and all components of aur produucts are produced in-house. We have identical facilties in both Jhb and Cape
Town

® We cut, bend and nest in our CNC plant, build and construct these

companents in our fabrication facility md fit, wire and assemibie the finished, fucntional Control, Distribution or
Metering panels or Enclosures reacly for FAT testing in our assembly bays.

.we supply toth market with the main focus on Reticulation (underground and overhead) and
Commercial Distribution and Metering Panels. We have also supplied many MCC and Control Panels to various Water-Works and Mining
‘Companies but this is not our core business -t a service we offer very effectively to our existing clients however.

@ Options ir:mild steel / 3CR12 / stainless steel / polyethelene / fibie glass of DMC avallable

& We are OEM and product partner to CBI, ABB, Schneider Electric, Hagar, Legrand, Philips Chint and many, many other
comman switchgear brands.

 We have an 150 9001/2008 SABS quality and are a SABS accredited production facility for ] biies
under 10KA
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FOR MORE DETAILS CONTACT US:
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e: 0881 777 768 (PP POW)

011494 3572
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B KeynoteAddress

Keynote address at AMEU Convention 2017

1 am glad 1o note that the conference’s theme
s “Technical solulions for aur chonging

business model," becouse it goes 1o the heort
o the challenges currantly facing the industry
A special word of welcome fo the President
Elect o the AMEU, Refilwe Mokgosi. Whan we
met her o year.0go, the percentoge of women
i the industry was of & mare 5%,

Fom sure thot Mokgosi's elec
way fo addressing one o the challenges focing
this industry ~ that of wemen smpowerment

jon will gosome

and reprasental

1 look forwerd o heoring more about your

progress in inititives such os establishing

infernationol exchange programmas,
i i

programmes and promoting coreer doys
ond compatitions,

Furtharmore, I'd fike 1o hear whot rola we a5
government and municipolifies could ploy
in ensuring fhe advancement of women in
the secior

Th

Des van Pooyen, Minster of COGTA

Fricing models ore already changing, where
Eskom is locusing on rofionalising the tarifl
madels currently in use.

1t will be equally important for the

the industry. The dynamics of power distribution
in South Alrico i in o fast chonging phose
and major changes 1o:the way distibution

bhas been.done in the post will have fo be
implemented to keap up with the demand for
technology drivan systems and procedures.

Afew yoars aga the drive wos 1o implsment
“smart metering” systems fo improve the way
metering and distribufian infelligence wos

managed
Today the drive s. changing fo o revenue.
enhonced focus, where smallscole embedded
(5SEG) wil play @ major role:

generafic

1am glod tht fhe c

wenilon makes provision
for discussions and information on
important ospect of the future of eleciicty

very

utlfies in our country.
it & alraady noted thot private individuals are
installing solar photovoliuic (PY) panels o
their houses and generating power ot only
as.a siondby option, buf us o way of providing
ir o grid connecled neads

© 160 long fhese roofiop installations
are going to have on impact on the

municipal revenue flow and some form
of mgulation will have fo be infroduced

to protact the national and municipal

copitol investments in power generaion,
transmission and distribution.

We hope thot by warking with instiutions
such as the South African Local Govemment
Assacialion (SALGA), you will be able o
odvise us on how 1o go about this.

10 be proactive in this regard
and odjust the pricing models for distribution
of energy o their consumers. within the
licensed area.

A lorge capifol invesiment in power utilities
by municipalities needs 1o be looked after
care taking

through propar mainenance o
o thesa insallofions

It is ocknowledged by government thot
municipalifies are hompered by the vocont
positions for qualified and skilled engineers.
The capacity development progromme
under the Municipal Infrastruciure Support
Agency (MISA| oddrasses this through
placing emphasis on the froining of a
technicians and engineers.

ans,

Young enginsers will be ossisted by o
professional team of egislered anginsers, who
wil mentor and caach this new g
engineers fo enabla regisiration with the
outh Alrica (ECSA)

sration of

Engineering Council

Through this process they will be exposed
1o the vast numbee of different maintenance

policies, procedures and plans.
‘They will then be able 10 pick from thase plans.
the best-suited method 1o be utilised in their
work environmeant.

This can cnly have a pesitve impact on the
reliability ofhe anergy supply fo the consumer
Ovar time fhere will olso be ducreased
demand for funding far the replacement of
deterioaed installofions as the networks will
be well looked offec

Much research hos been undertaken in
the provis
leading 10 the development of reliable
fechnolagy,

fan of alfermative energy sources,

In some cases, fhe existing technology hos
improved sa much that it has bacoma viobls
o start using these alf

tive recourses more

Municipalifies should net ol focus or solar
plarits as so-called alternative energy, bul
should start looking of ether resources, such
as solid and liguid waste in their lowns, from
which to generate energy.

More and more private individudls and
campanies are sesing ha benelit of insfolling
salar PV plants and gencrating energy,
which they wont 1o sell, by using wheefing
sgreements, through the municipal and
Eskom transmission and distribution lines,

My question is shauld mynicipalifies not be
leading i his regard and be the fronirunners
in this business model?

The business model for generation,
tronsmission and d

ution is under pressure
mentioned above.

ot a result of the le
The total national eleciricity distribution
business madel is due for roview ond new
ond innovative ideas need 1o be explored,
researched and defined to. accommodate
the future of this industy in o susioinable
manner.

Eles
need o the paople of South Alrica, n ferms of

icol distribution seeks to supply o basic

use of

the constitution where 1

is rasource
will be ovailable to all South Africans in o
sustoinoble, afiardable and r

e mannar.

The long-term-evilook for fhe future cannot
be neglected in the endeavour pf achioving
these gools
The infegrity and durability of the network
stants the day the engineer of the future
will stort his/her design, keeping in mind
the cost of awnership from crodle 10 grave
from jastallation through
the equipment is token out of commission

isation unlil

As we look {0 the future ond noe the impoct
of decreasing revanue in eleciricity on the
future financiol viobility of municipalities,

stake of ignering the

et us not make the

future,
Let us examine how best we can ilise the
opportunities that the fulure presenis,

Des van Rooyen, Minister of Cooperaiive
Govemance and Traditional Afioin




CBl-electric: african cables has been
designing and manufacturing a
comprehensive range of electrical power
cables at their factory in Vereeniging, near
Johannesburg, since 1935.

Growth of the manufacturing facility has
been consistent with the demand for the
product locally while technological
advancement has remained abreast of
international trends.

Today the company employs over 800
people and can justifiably claim to be a
forerunner in the South African cable
industry.

CBl-electric: african cables is the first
company in the South African cable
industry (Category SIC 36300) to obtain
accreditation for 1ISO 9001:2008, 1SO 14001
and OHSAS 18001 simultaneously.

Market leader in the
design, development an
manufacture of electric
power cables

L

Included in this manufactured range are:
* Low Valtage PVC, XLPE insulated cable
« Medium Voltage XLPE

« Medium Voltage Paper Insulated cable
« Aerial Bundled Conductor (ABC)

= Overhead Split Concentric

s ACSR

« High Voltage XLPE insulated cable

Visit us @ www.chi-electric.com
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Address by NERSA

Congratulations on this sfimulating convention
held under the theme “Tachnical solutions for
our changing business mode
Jike o congratulate the AMEU for the work

1 would lso

i does in prometing uniform opprooches
ond technical excellance in the industry.
Conferences such os this ore to ba valued for
iheir cantribufion fo the industry.

NERSA hos @ vital role fo play in the elacricity

hot role is the

supply indushy and port of
bolancing of interests omangst vorious
stakeholders. We aro required 1o cxacute our
mandate withaut fear or favour:

Likewise, the municipalities hove an exdremely
crticol role 1o play, Thay ore o1 the cool face
when i comes 1o government’s service deliveny
1o the people of South Alrica. Amang these
senvices is the supply of elsctric

In regulating the municipal eleciricity supply
industry, NERSA endeavours fo create on

‘anvironment where municipelifies can ochieve

their goal of supplying good quolily slacticity

o customers ot ffordable prices

To achiove this goal, municipolities nesd
1o ensure that the electrical infrastructure is
always in good condition, and that electricity
depariments ore odequalely staffed 5o that
cusiomers will be Iracted faily ond ju

o

You may be surprised that tariffs are not
ianed here. That is bacouse farffs are o

1600 end and not on end in themsalves.
As this is o technical conforenca; | will now
shift my comments o tachnicl issues thot are
Hkel o affect the eleciricity distibuion indusire
In 2008, NERSA intraduced renewable soergy
fned in-torifls (REFITS). The proposed tarif for
solar PV was abaut R4,00/kWth, However, the
Depanment of Energy (DoF] advised NERSA
that there is no provision in the Elactricity
Regulation Act for NERSA fa proden
tariffs. That put paid to the idea of REFITs.

Subsaquent fo thot the DoE intisted the
Renewable Energy Independent Powar
Producers Procurement frogramme (REIPPPP]
I the first round, the lowest prce for PV was
R3,00/Wh, however by the fourth round, the
lowest price wos about RO,99/kWh, That goes
o show the price is approoching grid parit.
The main reasan for the decline in the unit
price s tha decine in the price of solor panels
It has declined by ot least 60% from 2008

During the some period, we heve seen
Eskom's average tariff increosing from
RO,22/KWh in 2008 toRD,B9/kWh in 2017,

Cleary this is encouroging condumers to
resort 1o self provision hrough rooftop solar
PV instollations. which we refer ta os small
scole embedded generation (SSEG). Thus,
consumens are converied 1o prosumers s
there is 0 possibilty o fhem 1o esport power
info the municipality’s grid.

A4 o result, the municipality is faced by ot
least two challenges: That the fegocy netwerks
ore not designed for this bidirectional flow
of energy, and thot lises will lose

the intraduction of data services such os
nternet browsing, WhotsApp, GPS, efc, the

moin source of revenue is no longer voice.

Thus, the slaciricity distribution industry should
lock at ways to iransiom itsell 1o the point
where the sale of kWh will no longer be ifs

main source of revenue.

How can this be achieved? The advent of
sman grids, smor melers, smart homes
and smart appliances should present an
opportuity for this transtarmation, | envisage
o siluation where The wires business wil
be saparated from the retoil business. The
network services business can ofter network
sorviees 1o the reroilers and the retoilers con
offer a suite of imnavailve services fo end users,
As the share of RE increases in the generafion
mixthere wil be @ fime when some generation
plants have 1o be curtailed to avoid congestion
in the system

One of the senvices which could be offersd
by reteilers s fo. switch on smo applionces
in smart homes to create o sink for the excess
power. Tha smart maters would then change
the applicable torifl fa one which would be
much lower in line with the excess capacity
Elecric cars can also present an opportunity
1o incrsose the lood

Smant technolagies will obviously require staf
who hava the prerequisit skil. We know that
many municipalilies are curently batling fo
ofiroct and refain skilled staif. To develop the
required skifls in the right quontities there

revanue - which is undesiroble as

o current
business modsl is such that there is an
ovar-reliance on electricity revenues, The
introduction of effective and relicble storoge
tachnalogy will exacerbate this siuation,

To deal with this possibility, municipolities
should redesign the tariffs i such a way that
the-odverse effect of SSEGs s minimised. The
volue of the exported kWh cannot be the same
o5 that of the imporied kWh. Municipaliies
should change their business modal and the

auestion is how?

An exomplé can be seen from developments

in the tefecommunications industry, When

the cellular phone was infroduced, fhe

main service wos voica. Today voica is
just but one of the services offared by fhe
n services providers. With

tolacommunica!

ppliers
of skills {TVET colleges and universities) and
the municipaliies

The gavernmant’s role would then be to
ensure that policies are in place fe.g. the
creation of an enabling market model)
NERSA would olso be required to ensure fhot
on enabling regulatory framework is in place.
| am looking forword 1o the deliberations
which will take place over the next thres
Goys o | believe that this is the right fime for
them. Whot we coll disruptive tochnologies

are disruplive 1o the exfend hol we ore nof
prepored for them.
No one hos ever succeeded in either avoiding
or resighng new tichnologies. The:only way fo
sutvive is 10 adapt

Mbulelo Neetezo, NERSA

Invitation 2018

The 67th AMEU Convention will be held from 7 to 10 October
2018 ot the CSIR Conference Centre in Lynnwood, Preforia.




INNOVATION DISTINGUISHES
BETWEEN A LEADER AND A
FOLLOWER

STEVE JOBS
.

Conlog, a proudly African company, established in 1965, has been at the
refront of pioneering solutions since the inception of the South African
prepayment metering industry.

A combinalion of a superior product range, coupled with & desire 1o mes! and exceed
our customer's neads with service excellnce has led 1o Conlog becoming a leader in

the market, We spacialise in providing Sman Solutions for the delivery of electricity
sérvices, Our broad product offer encompasses prepaid and post-paid meters, vending
and revenue

3 , support and g,
&8 well as a dedicated and specialised accredited training facillty.

M g Executive i and holistic approach enables customers 1o reap the full banelit of
their invesiment and ensures sustained success, enabling & smarter future over time.

Telk: 427 (31) 266-1111 Fax: +27 (31) 266-1500

E-mall: int onlog.com

Caonlog, praviding Innovative, effective solutions for Utiities
www.conlog.com
e facebook,com/ConlogSlutions

@ConlogSolutions
Conlog (Pty) Ltd Company Reg. 1982/01189507

Fe®@in

Solutiens for utilities
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Women in Electricity

The AMEL's Women in Electr
“,

smos

ond ochieving gendar squ

within the ale oly ond distrbution

ity su

industries - the jourr

y

@ topic has two aspects: promoling and

achiving gor

¢ equolity

moling gender equality within the
bution industrios
ndersiand
sifising the

elactricity

wpply

(qualitative aspect), which |

the advantoges of

5 the

d ke o qualiative o
iniiafives that are geared of prometing

equality. lf wauld include amony

pelicy definifion, execufion end comp!

2 value chain from universiy
ne, posifioning of the indusky in the
minds of femle studens, recruiimont processes
coaching,
wodinos:

g
gression glans,

menin thess projects as well

ouering the e

accass to on-the-job training,

mentorship and support; emrann

the porficipation of

as organisational reociness: volves, syslems,

culturs and sa on

Achieving gander oq
tricity supply and distribution indus
stand

ality within the
o

(quantitalive aspect), which | u

rotes evidence of gender equalify in the

ndusty. This is measured by the percenioge
4

i women parficipating at different levels of

iogament in the indusiry and he reasans
for an
wome

Background

In Octobar 2014, the then president, Sicelo
Xulu, In his acdress ot the 64th annu
AMEL conventian stated that o programme

ion or chollenges to refention of

required under the auspices of the
AMEU fo enable women, parficulorly Africe

women, fo become o critical mass i the
electricily genarafion and disribution sattor
ond fo achieve meaningful translormation

by idanifying the right condidates with the

ig

#t skills set, and providing cooching and

nities 10 enable. them fo.

add value AMEU.
Thus, WIE was estoblished with four key
pillars, nomely mentorship ond leadership
davelopment; partnership and networking
internotional exchonge; and tolant
et

Today, | am proud 1o chae

session with
areot wamen, women on whose shoulkders |
stand, indushry captains wh
y with WE to advar

e olso working

s ambitions.

diliger

da in 2015, Xulu said thot
ble iha

a siolemen

it was

naccep 21 yeors into the

mocratic dispensation; that women

sl ployed o miniscule role in such a cifical

sector which is the driving force of ecanomic

arowth. Diiving transformation and fast

racking wemen's advoncement i fhe sector

is o collactive undentaking thot requires oll

the role players 1o play their port to ensure
participoti sector is

that worm
meaningful and is enhanced; he odded.
A
o neglgi

rling to official shaistcs wor

o constitute
2 the

e number of professiondl
or, accounting for o paliry 5% of the
Alrican

total complament of

weeks loave, 67% of salary.

ted ol

o USA: 12 wecks leave, benefits grar
stote level,

18 weeks lsave, 100% of

salery.
* South Africa: 16 weeks leave, benel
granted ot unemployment nsurance fund
el
12 weeks, 50% of average
solry. Cavil sorvens gel & months fully
paid motemity leave.
& Swasllond: 12 wasks, only two weeks are

poi
it is imporfont of this point fo note that
gender equalily and porficipation in the
enetgy seclor is abaut orgainsationol
ond sustainability

innovation, its

ment ond effective execution; ond
building socially relevant and impactful
orgonisafions.

Whal gender equality s not, even though

widely perceiv

it is 05 hard @ top fine and battom line
matier os
b
and executed 0s such by both men ond

orgonisation’s

lance sheet, and must be seen, balieved,

women
Rania Andersan is the author of the award-
winning book Undeterred; The Six Success
Habits of |
She is oo @ global speaker, on exscutive
business coach ond an angel investor
women-lod businesses.

lomen in Emerging Econ

i

femalos ore loss rapresentad ond moke up o
marginol parcentoge of the oggragae femaie
population in tha sector

Visit to Germany

In 2016, Refilwe Mokgotsi and | were
spansored by Power Africa, o USAID
1o attend o workshop in Cologne,

nany, hosted by the United States Energy
Association. The workshop was atiended
by dalegotes from Jordan, Nigerio, Kanya,
Max

gender mainstrseming in ufities in the

o, 1o name o few, ond looked af
ergy

ond power sactor

Conceming matemily lsove, the following
couniries offer women the following benefis

o Amenia: 35 weeks, 100% of salory

© Russio: 35 weeks, 100% of salary

o France; 16 wesks, 100% paid, and up to
34 weeks in event of Itipke births.

o Genmany: 14 wasks leove, 100% poid

leave.

th Afica in 2015, and hd
this 10 sy in an article published by FINZ4

“The ressarch fi
aies with diverse teams ond leadership

dings are irrefutable:
cor

especlally onas that ore gender-bakanced
produce bafier results tha
businesses.

n hamogeneous

The dota from around the wodd is cleor
women make the vast majority of consumer
purchase decisions,
ssifies mora than aver bafore and
they re doing this ot rates higher fhan men.

from uni

The

omplex. They are economi

urent chollenges in South Africa are

ial and

5o

cultural. Ta solve complex problams, we
need cur best and most innovative thinking
fram the people who best understand these

issues

Continved on page 12.
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Bt n i _|MARITZ

" P |ELECTRICAL

Global T20 Fover has kil Soukh Afvica and S+
Grarge’s Park in Pork Elizabeth leads Hee vayl

Maritz Electrical was commissioned 1o install new state-
of-the-art lighting system that meets the ICC and CSA
specified lighting level of 2500 lux (vertical) an the wicket
and 1800 lux (vertical) in the outfield.

These levels are higher for the following reasons:

8) The small ball that travels at high speeds

b) Super slow-mation cameras show run-outs and close-
ups require much higher lighting levels

€) The increased lighting level complements the colourful
theatrics associated with IPL cricket that is broadcast live
across the world

The new installation allows the stadium to also do the
following via the DMX cantroller:

a) Flashing

b) Chasing

€) Individual luminaire control

d) When a 4 or 6 is struck by a batsmen, each lighting |
arrangement will flash either a number 4 or 8 .
Further to the very specific requirements of Lux levels

the system was specified to be LED and not metal halide
used in just about all major stadiums in South Africa. Only
top stadiums in the world have LED, like Twickenham,

! Sports Lighting Specialists
Arsenal's Emirates Stadium and Juventus' Allianz Stadium.

School Sports Field Lighting
St George's Park, is the first LED-lit cricket stadium in the Hockey Fields + Athletic Flelds
Wworld using this lighting system. Soccer Fields « Rugby Fields
Maritz used 6 x 40m galvanised lighting masts and 306 Swimming + Qutdoor floodlighting
LED luminaires (4 x 1150w and 302 x 1400w)

~imagine Hhe Passibimﬁ.,. conback Maritz today.

7 Wetton Road, Kenilworth

1021 703 0867 | C: 071 364 7354 27 De Wet Road, Ottery East
021703 0868
info@

c0.za | W www. .c0.za
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Round table: Promoting and achieving
gender equality

The AMEU's Worme

{WiE}in Electr
discussion highlighted policies ond

¥ round

ations which weuld supper anc

el mquality,

ranment for gend
Policy and regulations

ese policiss and regulations exst 10 support

ompanies 1o creale &

conducive working environment for women.

n predicts th

ing the.gander oo wall onky. happen i

2186, and women dorft want fo wot that long.

that organisations must
el der
balancing fecus on all company projects

The: panel sai

have on explicit

erate g

accommodate ol forms of diversity
her word les ond organisations
which d nat do s

denfally or acc

o deliberats plan, Al
nly be appointed in support roles

fi o resources ond ¢

of the populafion. Crg

are encouraged o frain s mar

as possible, to increate the fo

Entrepreneurship in the energy
sector

Basic business skils includa fir

corect delegotion, cash flow monogement

enagament

AMEL Wome

el

i ma

agement, marketing, recruitmen

and praclicing best practice, o3 well as we
Iife: balance

The energy/power s
d support enirapren:
are expeciod

urs because

become the biggest

de IC

ommunications and

equirad

ity cri

LR

ory for public officiols for

thern to understand how ecsily their actions

i SKAMES:

Mok

o
Meshaa und Yal

Creating selutians for gender
equality

The panel said tha

mployars must involve

wamen in creafing selufions, anc

sirategic direction is required a1

the arganisation, C

s ceifical throughout
executives wore
n
women o personal missian. This will require

challenged to m

necessory. ugh mebiliy is o consfon,

amployers should make o r

ningful and

se for siaff o stoy. Refention,
ul work

e panel soid, means gving meani
12 wamen, by pro

ing real oppartuni

advancement in a diverse environment

o5

continued from poge

Our pansliss
experiences and views on 1he fopic
v gender equality
d disributian

oday will share contextual.

“Promefing ond achi

y supply
“vumnvs fhe joumney”

Conelusion

Catelyst, @ leoding nonproft erge

with o mission fo occelercte progress

for women through workploce inch

rtune 500 componie

0 wornen boord

e highes
dire
financiol pedormance, on wroge, thon

represanioi

attoined significantly highe;

those with the lowest represe

men baard directors.

The report found higher financicl perormance

nponies with higher representation of

mporic

me

» Retunons
with the hig

et percentoges of women

baard directors eutperdomed those with

the least by 5

- Onaverage, comparins

cantages of women

board di performed those with
the leost by 42%,

& Returm on invesled capifal; On averoge,

companies iy e Hghes
o women board direciors
Fioea it i s by 48

ercentages
iperformed

For
geared ot achie:
the electr

iE 1o succeed

n supporting inifiatives

ing gender equality wihin

ty supply and distribution
Industries, it needs
participation of leaders with couroge.

e support and

ty and fodifude to dismonfle the

f whot women should

that with refroshed

be. and fo replac
partraits of what women can be. Leadars

o inspication {0 fronsfarm, ronsition

and traverse the cha

e trojectory fo
become an inclusi

organisation wi

employess representing every d

of diversity can t

v, Women
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Change of business models in municipalities:
Models for mixed energy distribution utilities

by Mokgadi Magemba, City Power; Hvan Jaorsveldt, Matleng Energy Solutions: and R Evert Penda Energy Solufions

Most utilities have based their operational business on the monopolisa

business model which only allows

streamlining their business 1o the distribution of electricity rather than energy. This moedel assumes that there are

no competitors or alternatives and one remains the distributor within their area of supply forever.

ities never

anticipated that energy can even be contained without affecting the utilities network, for example liquid petroleum
and natural gas, and made rules that only safeguarded their electricity distribution. Eskom highlighted its capacify

challenges but uti

them

Current business models used by supply
in South Africa are not

authorities wi
addressing complete solutions for the
migration from sleciricity companies o energy
companies. To become energy ufilies, an
approach must be fomulated oddressing the
ansition nees,

Several mixad enargy solutions can
be cansidered for the migration o @ compleli
anergy uilify. The mixad energy solutions
be unique 1o sach region of South

Adric due to environmental, financial and
logistical eloments.

The current copobility and skills level of the
vorious supply outhorities must be addressed
in order 1o ensure that the proposed mixed
snargy solutians are implemeated successfully
and mointained, ensuring o sustoinable
onargy future for the supply outhorities.

The proposed solufion proserted in this poper
is @ tailared solutian for the middle income
class, integraing elacrical grid, gos and solar
PV/thermal 05 o mixed energy pockage for
consumens,

Background

Mised anergy pockages

Mot uilities have: based their operationol
business on the monapalisation business

fig. 1: Proposed mimd energy package.

energy sources.

model which only ollows streomiining their
business fo the disiibution of electrici rolher
thon energy. This model ossumes that there
are no compelitors or altemalives and cne
remaing the distributor within th
supply forever,
that energy can even be cantained without
affecting the uiilifies network, fer example
liguid petroleum and notural gas, ond
made rules that only sofeguarded their
electricity distribution.

Eskam highlighted its capacity challenges but
uiiliies lacked fhe innovotive will o assis
overcoming these capacity challenges and

they wese caught off guard whan consumers
outsmarled therm rogarding altemative enargy

The current ensrgy status quo within
South Alrica encourages supply aulhorities
1o merge from electriciy uliliies 1o energy
ulilities by implemeniing difisrent sources of
energy o mes! the demands of consumers
The local market s floaded wilh renewable
energy solutions for residential applicofions
and if municipalities den't cdapt to mixed
enargy requirements, thoy might b ek behind
with individuals catering for their own needs
by implementing harnative srergy salutions

The proposed mixed enargy packages
presanted in his paper aim to pave the way
for municipaliies 1o merge to energy utiites
by infegrating clemative energy sources.
including gos and dolar PV hermal {see Fig 1)

s lacked the will fo assist in overcoming them and were caught off guard when consumers

The approach presented in this paper
focuses on the integration of o mixed energy
salution with gos for cusking and thermal
applicatian, solar PV far water heating
purpases and electrical grid for general
housshold opplic

South African middia elass

Housshold income clossification is an
economic measure that can be opy

large group of households ocross a caunty,
The ication is commonly used fa

describe, o household's economic skatus o
frack economic frends within a country [1]

Statistics Seuth Africa Report
No. 03-03-01 lor Proliling Seuth Alrican
Middle Class Households 1998 - 2006,
defins el closs housshold s houssnolds
living in formal hausing, running woler in
dwalling, fush toilet in dwelling, electicity
a5 main light source, slectricty or gas o3
main cooking source ond households with o
landline phane or o housshold member with
a cell phane [2].

The clossification of households is ofien
compiled based on the income of the spec;
household. The Bursoy of Morkel Research
1BMR) puts fhe annual income classification
of Sauth Africa s shown in Table 1

The South Airican middio closs comprises
approximately 18% of the working
population: The middle class in South Alrica
also genercies the most income comparad
1o the other income classes. If an individol

RI41 0844

Table 1: Hovsshold income classificaion for South Alrica (3]
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lives in a more wrbanised province such os
Gauteng, the probability thot they are in the
middle closs is 21%. This 1s botier
1o less urbanised provinces s
Northern Cape where the probability is 16%
[4]. The mixed energy packoges discussed in
this. paper ore focused on the middle class
of Sauth Al

Census 54 estimoted the Gouteng population
fo be 13 399 725 in 2016 (5], The number
of households olsa incroased over the past
few yoors lo more than S00 000, This
then oecounts to approximatsly 2 813 943
individuals or 105 000 households within
the middle closs cumently living in Gauteng.
Fig, 2 depicts the differes
within Gouteng,

Income classes

The graph graph in Fig. 3 indicates o projected
steap risa n the middle class calogory of South

Africa between 2016 and 2026 This con be
exploited fox potentiolincrease in revenue and
improved innovaiion relafing o the energy
space for supply authorities.

The. projected increase in tha middle c

55
as an opportunity for supply
authorites 1o empomwer the consumers with
alternative energy technologies that ara

must be soe

availoble. The implemenialion of complela
onergy packges will hove benefits 1o both
supply outhority and consumer

Mixed energy packages

The proposed approach enfails the formatian

of energy pockages u
available alternative energy sou
Consumers wil then be able to purchose
energy packoges comprising units of energy
from the various sources, including grid

lising the various

Upper
Middle T ) '":‘ume
income: G
class 1
21% g H—E
H +
Low income
class
78%

Fig. 2: Gouleng - ha

African HH

l &

Fig. 3: Projecked growh of midde class (2]

BT e T e

triciy, gos end soler P¥/thermal. The
idea is: for municipalities 1o implem
similar contracts currently avallable in the

telacommunication sector where @ consur

pors o predstormined omaunt ond recoives

airtime, SMS, and doig bosed en the package
on offer

The susccessful implemaniation of the

energy packages i dependent on a number of

key alemens. The current metering fopolagies
used by municipalities must be investigaed
in order fo determine if the fopologies
able o oddress the metering requived for the
energy packoges

Municipx
anergy lorifls ond implement forifl strictures
wih speci
energy mis solutions c

es should also review cusrent

¢ docus on oddressing the unique

prising muliiple
scurces of snergy,

The implementaion of an enery package,
including o mix of grid electricity, gas ond
solor PY/ihenma
elocricity utliies to complate energy utlites.
The packages should be
municipalities 1o have maxin

i prometa the move fro

ruetured by the
benefits for
Iy and the consumes

both supply outh

Business model

As per the AMEU report on the guideline
on the installation of embedded generation
ond the impact it moy have on the revenue
of municipolifies doted 5 October 2013, it
already shows that much work hos been done
on analysing the impoct of renewables and
embedded generation (6]

From tha report the following is fo ba
neted from the City Power cose study o
highlighted that under business as usuol
(BAU) conditions, i.a. no mojor changes
10 torif structures over the next fen years,
embadded and renewable energy will
decrease City Powsr's revenue bosa by
2,26%. The resider jor is responsible
for aparaximately 50% of the total City Power
revenue {see Tables 2 and 3). -

The same report proposed the following
sirafegic financiel coses far interventions.
SEA has underiaken o ronge of EE ond RE
intervention cost-benefit analyses. Thase
determine the finon

ial payback of each
infervention, toking fhe following factors
considersion:

& Fullinstalled cost of inervention.

Cusrent tarif specific 1o sector residential,
commercial, indusirial),

» Torilf increase of 8% per year
 Financiol atiraciiveness of the infervention
fo the end user bosed on cash up I
repoyment, band repoyment (B,5%
inferest over len yeors ond refoil bank
loans 18%

ver fve yeors




I 6 6thAMEUConvention2017

L%

Table 2: Frojacted upioke of RE and £E.

558237 401

0,56%

-R281 823 107

061%
2.28%

Toble 3: impact of RE ond EE an Cy Power reverue,

The strategy that will be progosed in this
paper is based on the full installed cost of

intervention only adedressing the middle closs

Time of use (TOU) fariff structure

The proposed mixed energy packoges will
yield maximum benefits for both cansumer
ard supply authority with the implementation
of @ fime of use foriff sucture, Tobles 410 &
llustrate the: i
used by Eskom. Supply authoriies con use
this: atructure as o guideline in formuleting
their own o adop the current sirselure a3 i

e of use struciure currently

The mofivation lor the implementotien of
fime of use siruciure s bosed on The principle
of rewording consumers who moke use of
he mixed energy packages. The peak farifis
for both seosons foll on weekdays, in the
following fime slots: 07H00 - 10h00; 06h00 —
09h00; 18h00 - 00 and 17h00 - 19h00.

The averoge households folling within the
middla closs wil ipicolly propara food within
thesa fimes. A normal cansumer, wifh enly grid
sunply, will herafore pay more per energy unit
(kW) for cocking, This will 6l os mativation

for the implement
packages where cocking will be by mebns
of gas, reducing the electrical lead of-the
consumer during peok periads.

Case study

Introcluction

ion of the mixed anerg

Althoug
faflared for oll income elasses in South Alrico,
the information presanted in this paper will
focus on the middle class.

e mixed energy packoges can be

The torff structure used for the purpess of fhis
proposal s based on the City Power approved
ol for 2018/2017 for a domestic prepaid
230 V, 60 A, consumption from 501 to
1000 kWh of 129,03 ¢/kWh (8]

R3I05 886 623
R1T45941 131

Differart municipalties will sach have their
own tariff siructures, moking the pofential
enwrqy savings for each cption unique fo fhat
municipaliy. It is therelore esseniicl thot the
individual municipalities invesigate their cwn
torfl structures o de

ine potentiol sovings
and formulate new tariff structures to maximise

the benefis o the consumers. The propesed
implementation of fime of use siucfures can
furiber assistin crealing benefits 1o consumers
choasing 1o implement the proposed mixed
energy solutions

Table 7 shows the typical lood for o middle
class household, with subsequent energy
cansumption ond energy expenditure on o
menthly basis.

Gos oplicn

The gos porfion of fhe energy package is
meant to replace the cooking with eleciricily
from the residential loads. Tobla 8 shows the
typical neray consumption presented above,
without the lood of the electric stave.

Fram the foble it can be seen that a monthly
saving of 76,1 WA por hausehold can be
ochioved when cooking with electricity is
replacad with the cooking with gas selution

Salar PVthermal option

The solor PV/thertnol portion of the ansrgy
pockage wil be utilised for woter heating
purposos within middle closs households

The propased opfion includes the installation
of sither solar PV or thermal geysers
domestic water healing purposes. The two

tachnologies con elso be retrofted to currant
stallotions of conventional electrical geysers,
redicing the cest of implementation for these
options.

Sclar irradiance is the power per u
area received from the sun in the form of
eleciromagnetic radiation in the wovelangih
ronge of the measuring instrument. The

7500 - 10800 | 06400- 09H00
18700 - 20000 | 1700 19600
06h00-0700 | 09h00- 17800

Table 5: Eskom TOU stuchure - Saturdeys [7)

mojority of South Africa has good solar
irrodionce, rendering this a suitoble opfion
for most supply outhorities within South Africo.
Tabla 9 shows the typical energy consumption
presented obove, without the load of the
eleciric geysor

From fhe fable it can be-seen that o monthly
soving of 237,3 kWh per household can be
achieved when solor PV/thermal i iisad for
the woter heating purposes

Complete mised snergy option

The aim is 1o implement complete mixed
energy packages for the housshalds within
the middle income closs of South Alrico.
These packeges will include a gos porion
for caoking as well o3 the solor PVjthermal
packoge that will be uilised for woter heoting
purposes. Toble 10 shows the potentil
monthly energy savings when o complete
packags s implementsd

The results indicaie thet o potential
313,3 kiWheof grid energy con be soved
ona nthly bosis per household when
the complete mixed snergy packoge is
implemented.

The cormbingd efiect of energy sovings will
yield ar improved lood foctor for fhe supply
ithorkyhich in o, cxiias 1 fivings i1
enery expenditure. This s lorgely contributed
1o the foct that majoe energy loods within
housshokls and spacilically ones olien uted
during peok load fimes ore substiuted with
he altemotive anergy sources.

The results presented in the tobles and
subsequent potential savings ore based on
the raduction of energy consumed on the
electrical grid. The cost for the aliemative
energy sources must be compared 1o the
capital sovings of the various aptions in order
1o determine the financial benefits to. the
individual onsumers
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00h0D - 24h00 | 00KOO - 2400,

Toble &: E 7l

atentiol monthly reduction

for each of the pockoges

Proposed implementation of the full
installed cost of

Uilies hove the opportunity 1o get revnue on
fhe savings made from fhe proposed sovings
opproach {sea Table 1),

Should the
month to top up, & unit wil be charged ot Yoblo 7 Mool iiddls ciass howsshold
159,00 cants per kWh fsee Table 12

ssumer exceed 150 unifs o

Should the consumer excesd 100 units o
month fo tap up, @ unit wil be charged ot
19,00 cents per kWh (see Tabla 13).

Should the consumer exceed 60 units o
month 1o top up @ unit will be chorged of

200, nts par KWh

A manthly mointenance fee of o percentage
ofthe assets financed must also be calculated
‘and added to the monthly repaymen, This fes
e oll epairs o the equipment during

Cidworhere 2500 07 23

alculation will be done once fhe
pher's guarantes period is stablished

Success factors

The suc

ssfulimplementation of the prapozed
mixed energy packages rests on o number of
issues to be addrassed, including

Table 8: Gas ank apior

Toriff anolysis

The analysis of energy tarifls will determine
the energy mix comb and highlight
the preferred fime of use.

dividual municipalifies fo

struchure in order
ure that will Ganefit

sumer and supply outhority with the E.‘h'_,,,

tion of the proposed mised energy T
¢ Tornble doyer

solutions e

| Washing machine

Loud facior

The implementation and correct use of

ihe mixed energy packages must yield on [ Heusheld fohing

improved load factor for the supply authority
This, in turn, will result in overall lower cost
of energy which can be ranslated 1o lower

i

Toble 9 PY anly apficn

consumers will have o undersiand borh the
hologies implemented, o3 wall as
different technologles  System support

should be used 10 obtain the required results
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As this will ba riaw For most supply outhorities

within South Al e

i - Stove (hebl 0 | 0
ickcachor bt riyond consimer —
Y wods: lucdes systems Sov 7ed) . | = 1 g -
like gas depats and PY maintenance feams, ;“”f' L) -
- Frdge
o T e e
In order fa ensura thot the integrotion of Dt 2

St il fal 1..mu|a¢w
vill have to implement appropriate operation | Miashing machine
and m i to each Talevision
| Addsionat

Household lighting

ologies will be
municipalities. Th

technologies

mived anergy 350

solution is vifal as the fechnology proposs

w
=]
=3

might not be cile 1o p

for the insiallation of the equipment
potential salution s to provide o ler

awn optien for consu

a
=]

(=]

Bay a predefermined ama
intervals until such ime whes
repoi
F

= NN

the municipoliy

cial legislation is

-
o & @
2 o

d what funding mud

pursued by supply outhoriti

Electricity (Grid) (kWh)

o
L]

make the options financially mors ottroctive
ond affordable "ONSUMBTS. 0
Gross subsidisotion Gas only PV only Complete

Cross subsidisatior

o praciise of charging solution solution energy
1o ane group of services 1o package

ise lower rdies ther

n-uw»mm-\‘ sclures o

sod i ord to. ollow or cross o FePetmoted socr
afion 1o thosa consumrs

who implemented one of the propesed

packoges. This will then act os a further
niive mofivating cansumers o apt for Gas ol 23700,00
the mixed energy packages; in fum oss 680,00

the municipal
R690,00

with their transtormation 1o

plete e

<oy 1

Time of use struchi

Additanol gos (1 kg = 13 kwh) &kggosxR19/ia |

One of the major benefits fo cansumers | Guid methly unisol 180G 129,00 | 19354 |
ould be on overall lower cost of energy. This

can b accomplished with the implementa

e 11: Grid ond gos.
of time of use structures where the consu FI g

aliemative sources of energy within

ds 1o ovoid eonventional grid slecticity os this will hold  benefits, motivating the implementation of

minimal to no benelits for them the proposed solufions:

e A Beddlog Wrespromcked ® 5 g 4
i cress subsidisation, funding models and  Back office requirements

time of use tariff structures, cansumers  The back offica of the supply authorities will
Withou! firm mativafion, consumers will nol il realise thot the options hold actval  ganerally handle the adminisirative aspects

subsftute fheir of ener;
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successiully only
P geyser high passura 150 R17.000.00 R344,00 il
Financo admin cor 768,00 f this paper ore oddre
G mnily unis of 100 @ 129,03 R129,03
d man 00 @ 126,01 129,08 e
¥ Grd ond# The Werkd Bank e soartickiionicts
Available: hiips://blags wordbonk.aeg
Gas £3 700,00 R75,00 i
Gas borle (4 kg Hied) RARO,00 ®1300 g Vi et A iy
Gat Invllonon inciing COC #490,00 R13.00 03.01, 1N
Financa odmin cout #8600 .
P goysae high presurs 150 iwres. | R17.000.00 R340 PSSy r
Additonal gou (1 kg = 13190 | 6 kg gosx RI%kg | #1400 Online] e
moniiy unis of £3) o
03,22 R7741 S——

e is wilol that the correc Several mixed energy solutions can be

considared for the mi

The mixed energy sc

ach region of South Alrica

mental, financial and logistical
nent of the

ialfo ensure
solufion prasanted

ture withins South Alrica
the back of

ul the mi

lufions & grid, gos and solar

the be
sumers, The
ximum benefits
both with the revision of current farifi
structures and migration 1o time of use forit

struch subsidisation

o s o containeised 1MW a

4 in comb
1

binat A——
I
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Change of business models in municipalities:

Operation and maintenance

by Lomile Modiselle, City of Tshwane

The condition of municipal elecirical infrastructure in South Africa is o crucial element in our ability to ensure service

pmlslnn 10 all communities. This paper will look info the state and p:
maintenance, and the underlying causes of this state of
Theti is 1o also identify priorifies that could be faken fo improve the

by identifying maintenance ps

the state

and facing

necessary actions could be taken by appropriate role-players.

f municipal

, lock of mutual frust,

infrastructure is among the commones!
operation and activities o improve the system
reliobillty and components avalabilty [1, 2]

The purpose of maintenancs and rehurbishment
is 1o ensure that an asset mainains ifs abilily
to operate reliobly and sofely (ihe same os
maintaining your motor vehicle). In terms
of the Oiccupatianol Heolth ond Sclely Act,
clectricty utlties ora obliged to crecte a sofe
snvironment for their smployees ond thair
communities [3]. Unmaintained lecirical
assats bacome fime bombs waiting lo explode

Municipalitias ore expected to clliver quality
Power o the custormiers that spand their hord.-
eotned money on acquiring the services
With well-maintained lighting infrastructure
the communities and roods are ket safe.
Municipalifies need 1o ensure that ossets
are operated within their limifs ond thus
extending the reliable lfe spon. Poor quolity of
supply damages the appliances in indusiries,
hames, e, Eleciricity autoges due 1o poor

lack of communication and communicafion
of systems technicol solutions efc. includ
imtegration of diffecent systems, fiming
problems for lorger meintanonce breaks ond
a primifive mind set in undersianding ond
arganising maintenance [6, 7]

Common challenges

I this seciian, various issues and challenges
associated with development and
implementation of mointenance ars identified
and discussed,

Limited mointenonce budgets and funding

Th determination of tha eost kor maintenonc
work in municipal infrasiructure has always
been problamartic betwesn the mointananca
contractor and the client. Worsening the
scenario, it s always @ problem and it is
usually o very hard tosk 1o determine fhe
1 cost of meintenance works such os
irs, replocement, or infernal mainienance
works [8]

from no.
eleciricity in our homes fo ircffic disrupfions,

s ot carried out aceor dmg 10 actual need, but
bosed an

msuling in loss of peaduciion. Inf

management is likened fo fhe configuraf

of volu
d oliobl

reation or value chain element [4]

o careful evaluglion of the actual nesds of
the: mainfenance work (%], Consequentl
insufficient budgets are the

&ihe
ol successhul nofians

Maintenancs and reforbishment need fo be
planned properly o be cost effoctive and offer
value for meney 15]

{E.g. Maintaining the befierles in o substation
con cost as lite s R10.000 fo RS0 0G0 per
year per substation. Mot mainfaining i con
couse domage in excess of o R100-milion
per occosion) - Not wise fa neglect] Thus, i
Is importont to priorifise mainfenance lo be
alfordable and within budgeted cos

Hence, mointenance is siill considered
05 an abligaiory cost instead of parf of
process optimisation (6]. However, the
main challenges that resirict maintenance
i:vewnpmarﬁ ore insufficient measuring, lack

(g of our

emain concer which resricts the maintenance
procedures being perormed well

Lack of resources

T

lack of manpower, materiols, equipment,
fransportation, efc

e mein problems focing municipalities is

Lock of knowlodge/skilis

One of the most importont concerns in
municigaliiies is the experts’ knowledge
and experise which can directly affect he
meintenonce quolity and performance, Lack
of skills and fechnical know-how personnel
coused by the loss of iniellectucl ossets and
key technical stoff, and their non-replacement,
of replacement by others who ore less
uw\mua or perienced, remain o chollenge
wi

naining procosses, development of old and

an of
maintenonce ocross municipol infrastructures.

of municipal

ties to be attended to, and then o initiate or facilitate a process whereby the

IIIHIII

Fig: 1 Shop fo operate and mointain an asiet,

iy

Customer
compalint.

’b

Time taken for
restoration

Fig, 2

Compliance with NRS 047 [11].

Bios of funding new assets and projects

Most municipalities emphasise or pr

ise
the budgets into consiruction of new assets.
However, o complemeniary and more
effective opproach is fo improve uilisal

and 16 moke the mos! of exisling casels by
means of eptimal opercton and maintenonce
(O&M). Again, mainienance s neglected
since tha poliical bios is towards funding the
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Improving reliabiliy ond qualiy of electriciy
supply
o Erhance compliance with both NRS 047

® By using new technologies fe.g
remote ossets inspection); eutonomous
operations and infegrated scheduling and

technalogy

pensive, or whers
A A il
municipalilies moy op! fo outsource
mainfenance works or IT services so that

| pers T 291 1347,06 391 994,46
perM/s | sl0why | 29 134706 39199446 NS 048 e B 31
per WS Ik % 1347,06 3771768

stivr | Ovh T O] EreTe Reduce maintenance cost

CpSlosar | 3y 0 134706 1347060 |
par tom 3yly a3 134706 4445298 |
per hem 3y 3 1347,06 Aol | systems control
pacitem | x10yly 7 1347.06 $429,42 e :;‘ hacom ey bl
por box Trr | 3918 1347,06 5277 781,08 e
pekin Ty | 89Bim | 44002 5040249.50
por K ey, 387 k. 41902 | 217213425

Table ): Exampio of o preveniative maintenance plar,

Toble 2: Vacancy rate siatisties (n electicit dupartments for all municipoilties.

new projects, As @ resul of this maintenance
bocklog, and fhe lack of resilience measures,
the existing cssats dsteriorate much faster
than necessary which leads 1o o shorer lfs
span

Negligence ta O8M pracices

In mony insiances, majority of municipaliiies
eglect their existing ossets and do ol follow
their currant Q&M practices

Operating and maintenance plan
o To implement initictive fo drive
standardisation in O

To develap standordised mointenance
processes, then roll aut and imploment
Building blocks for planning, scheduling
and exeeution estoblishe

Quicker fo introduce maintenance
moritoring and drive improvement

assets [10]. To meet up with these demands,
most goverments emphasise consirucling

new assets, but this imposes o great challenge
due 10 public budget constraints. A polentially
more eost effective approach is 1o improve
the utlisation, efficiency, and longevity of he
existing infrosiructure stack, Fig. 1 shows steps
o operate and mintain on oaset.

Maintenance sirategie:

The commen strotegies used by many
municipalies are preventative ond comecive
maintenance; however, It will be diffcult fo
follow the maintenanca os per Table 1 below
due to (funding, fock of resources and High
vacancy s eic). The below mainfenance
plan will be expensive when only, utlising
persans bul not manitoring systems.

Exomple of preveniolive mainfenance plon

Jyses the fime spent

. G building blocks
[ eaﬁemmumwwwm *correc!
hings.*

Establishes osset management fhinking

Steps fo operate and mainiain an osset

Around the world, many countries are
experiencing severs infrastructure needs
because of growing populations, economic
growth, urbonisation, and aging legacy

mainfenance of Table | equipment.
Changing business model
Implementation of best proclices

Maximise ossel ullfsoion

* Reduce losses by harnessing leakage

defection technalogy and invest in new
equipment

they can realise major cost savings.

Mifigate exiemalifies

« Environmentol and OHS impaci — an
inefficient meinfenance performance can
ead o incidents, accidents ond other
healih hazords.

Exend asset life

o Infroduce new technology that con bring
obout sensors and embedded technology,
information and communication

inspection technology like vibration,
speciroscopy, thermography and
others, which are replacing prevaniive
mintenance with predictive maintenance.

Assel management accerding fo its
spocification to control excessive usage
or consumtion.

identify and do risk ossessment, develop
plons and incorporate more resilience
nfo existing ossets in the cose of naturol
disasters.

Again, ensure fhat the physical assets
perform as per design [12]

o ofthe equipment adhering 1o
the bathiub curve, the failure rate is high bot
ropidly decreasing as defective products ars
identfied od discarded, and sarly sources
of potential foilure such as.handling and
installation error are surmounted. I the mid-
e of o praduct generallythe failuee rate s low
‘and constont, In the late e of the product, the
failure rate increases, as age and wear foke
their toll. Soma equipment depreciotes faster
dus fo them being overlooded fo more than
thel copabilties [13],

Reinvest with a life cycle view

®  Most of our infrostructure/assets were
constructed @ long fime ogo and need
1o be reploced or refurbished os they are
approcching tha end of their e cycle.

Roplocement/rofurbishment: should
considar cost benelit analysis ond
lifecycle cost analysis (0.g. include
thoss technologies mentionad above on
incepion of new projects)

® This will see the true cost of initial
consiruction higher than the cost of
operation and maintanance.

S —————————— T
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Time spent perfoming Preventative
Maintenance

20000
15000
10000
5000
0
S I
S P T P P PP
Wl o e e
Fig. 3 he i et on oftable 1 equpmen.
Constant Increasing
tailure failure
rate rate

Failure rate

Constart (andorm)
faires

Fig. 4 The boshtub curve (13,

o Introduce: grosner infrastructurs facilifies
with energy savings,

Implementation of asset masogement

Assef management: systematic and
coardingted aciivity and praciice hiough

+ which o ity opfimolly manages 1s asse's,
and their associated performance, risks ond
expanditures over heir Ife cycle for achieving
the ufility's organisationol strategic plan.

o Tha main purpose of asset manogement
implementation is monaging, ohd
boloncing fhe cost,isk ond i xpediance
of o parficular asset

Assef maniioring
Racord all past filures
Calculate frequency and impact of il ures

.

Prioritise the assets in o risk classification
matrix

+ Customise maintenance sirategy for sach
asset/be equipment-speciic
Idantiy stondord procedures [14]

Asset lifeeycle stages

An osset lfe cycla includes ollthe stages thit
asset expariences over ifs Ife. In some
orgonisatians assets are purchased, used ond
disposed of while others, such 0s roads, have
o reslisic end of astoge (15]. Fig. 5 shows
stages of asset lifecycle.

Successes through Installation of
computerised systems

The SCADA system proved fo be an
extromely volvoble operofional 100l and
coupled with the lood resioration software

Fig. §: Stoges of osset manogement

Conclusions

Below is on indication of where and how to

start and what fo allow:

® Identifying assets to maintain; such as
a substation, wher asset failure couses
major damoges and loss.

o Idenify assets where foilure may couse
loss of limbs o lfe

+ Tha complionce with all relevant
legislofion,

o Toprovide o quality serice delivery.

Municipaliies need to develop a holistic

and lang-ferm sirategy for cperting and

malntaining their physicol ssets that may

represent o considerable financial burdan for

future toxpoyers,

If existing infrastructure is nat well-

maintained, municipalities often lace

o costly conundrum of palitical and

social pressurns to pursue much costlier

greenfield projects, some of which may

have been avaided (or at least postponed

by several years) if rigerous approaches fo.

had been from

packages, is in reducing
autoge fimes significantly during several
major faults. The control stalf can respond
more ropidly to these situctions than they
could in the past. It s no longer necessory
1o coll aut fiold staff 1o perform switching
aperafions on these occasions, such
oparstions con be pedormed remotely by
the control stolf instear

Benchmarking

Diforant evunicipaliies olready apply some of
these O&M best prochices, many ofhers fail
o achievs anyihing neor the full opfimisaion
potentiol. They should begin by sysematically
reviawing ond benchmarking heir O&M
proctices and policies ogoinst the complete
best pracice with cther municipolitins

Case study

SALGA releasad tha vocancy rofa siofsics in
alectricity deportmants for oll municipalities
for 2015/2016 financiol yoor (18] o3 shown
inTobla 2 and Fig §

the outsel, Given the generol siafe of fiscal
constigints prevailing in the country loday,
the importance of OAM aspects is brought
into stark relisf.

Finally, it s criciol 16 remember thal proper
Q8M is.part and parcel of high-quality
service orientolion for users, and this user
based focus is wha drives their willingness
10, poy for sarvices and thus undergins
funding sustainability, As such, effective
OBM ond osset monagement approoches
for existing infrastructure provide a blueprint
for sustainable greenfield investment in
future.

Varigus information systeims wors investigoted
and proved fo be forming part of effective
process and the best solution to maintain the
municipol infrostructure.

Recommendations.

Municipality leadership should:

= Apply ihe 20/80 principle: identify areas
where 20% money spend con hava on
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Municipal vacancy rate
2015/2016

S

R

o

P8 S
o -

™ 20% ™ 20.30% ® 30-50% * 50-75% ™ 75-100%™ Total

Fig. 6: Vocancy rate sastics i o

BO% reliability and cost soving impact on
the network

Ensure stable and sufficient funding for
O8M of the mentioned priorites

ild copabilities by ersuring osset
management planning, ensure froining
o derlopment e ond anach i
stoff or ong

Reform governance by ensuring
cooperation between agencies,
«onsider privote sector participation ond
compeiition

References
P Dabahanfon. M FolubFirszabod,
§ Bogheri-Shouroki, and A Rezi Kazer
“Ciificol Camponen! Idantification in
Reloilly Contred Asst Manogument f
Power ! i0n Systesn via Fuzzy AH 3
iRty

Systams: Journ
Dec 2012 =
[2] P Dehghanion, M Fetvhi-Firuzabad,

disibufon utitesof RAN,” Z2rd inernctonol
conlorence on sischicly ditibution,10-13
Jure 2013,
3] KL Brovec, 2016 Safely ond hoalth for
engingers. John Sor.
M) A Gobria and J Kikyood, 2014
models for model businesses: Lessons

from ranewable energy enimpraneurs in
developing cauntrias. Enargy Policy, 95,
Pp.336-349.

15| "W Tom, § Senorotne, KN Lo, LY Shen,
J Parica ond ICS Hlarkoon, 2017. Le-cycle
cost analyss of green- building implerersaiion
using imbet applications. Jovmal of Cleoner
Production, 147, pp.458-469.

Ali-Ma

=

ke
Madel. In Proceedings of the 101k o
Congross on Enginesring Assel Management
(WCEAM 2015 (pp. 459-449). Springer,
Char,

171 LBNL 2007. How to Determine ond Verify
Oparating and Mointenanca {OAM) Savings

departents o o municipolities

in Federal Energy Savings Performanca
st Ty Rk Hctoocd
wory, Berkoley, Caliornia, Arailable ot
syl
N Mohd-Noar, WY Hamid, A% Abdul.Ghari
and SN Horan, 2011, Byilding mainiananca
budgar dstermination: o exsloratian siudy in
iha Malaysia govermment pracce. Procads
Enginoring, 20, pi 435-44

91 RMW Homar, MA El-Harom and AK Manns
(1997),“Buiding Mainsenance sravepy: o new
managemant aporonch.” Joumal Of Guolty
In Maintencca Enginsaring, Vol. 3, No. 4,
pp 273260,

[10] C ethhalier 2014, Seotee nfrtrcsure: Siacn

' Overteand i suce sy
‘and Efociinely In Would Eco

[11] NRS 047.1:2005 [E4 300 tps:ls
store.sabsco.tu/sotolea/oroduct /view).
ignoa. . fnr3-047-1-2005-ad-3-00]
Elociniciy supply - Quality of semnce Part |
Minimum standards

2

z

soncnce of pubhc infrasuciurs: how 1o
master o or of foming controdictory forces
24 infrosiucim dialogue, Oct 31, 2013
ucturpdiologua <zaf... Raport
‘on Mainiongoce:ol-public-assels
131,12 Moare, KC Korok, K Broh ond
A Romes-Aparicia, 2007, lanuary. R
Reliobilty, amd Foilare Mads Analysis. In
PSIG Annual Maeting, Ppetine Simulaiion

14] NES 093:2008 Asse! Monagement
sotel | st com/ st/ 359674/

34 * prsniaton.| pdlt
et f
ving
Asset Mano Systems, Professional

o

Pracices ond, Cariicaton’ (5, 427.438)
Springer, Char

[16] Municipol Servicas Benchmorking: Elachicity/
Erergy — Sais Guo Assessmen! 201812017

Contact LA Modisella, City of Tsbwone,
lomilem @tshwane govza



I 6 61h AMEUConvention20 1 7
T L ——

The role of South African municipalities in
renewable energy: Review of business models

by Aurelie Ferry, Nhlanhlo Ngidi and Lungile Manzini; SALGA

This paper was written in cooperation with colleagues from the SAGEN programme of GIZ and SALGA. The
pace of change is accelerating in the energy sector. A multitude of factors such as energy supply challenges and

lity,

electricity prices,

with

g product g

with growing concerns for
in a decrease in electricity sales.

The decraase in electricity demand can
b otiributed 1o 0 number of responses by
customers. These responses are applicable to
various cusiomer fypes (industiol, commerciol
and residantial) and customers are nof limited
o.0ne approach, Cusomers can reducs their
electicily consumption fhrough the use of
energy efficiency lechnologies, through more
energy efiicient behaviours or by suppressing
some of theic neads dua to limiled offordotilt
Electricity theft and non-poyment might be
anather ovenue oxplored by customers,
residential and business alike, which lead
1 an incraase in non-technical losses
There: s olso on increase in custormers using
renewable energy technologies, with o specilic
‘emphasis on the seli-ganeration of electicity
through renewable fechnologies such as
solar phofovolaic systems s is also ofen
colled smaltscale embedded generation). Few
customers cre also contemplating moving of
the grid, which would be: the worst case for
the electricity distribution industry.

As a resull of all these rends and responses,
the sles of elechicity in municipalifes ond
of Eskom are flat or decreasing. This in fum
reduces the abiliy for municipolities fo cross-
subsidisa eleciricity farifs o the poor as well
e surpluses for ofher non-ding
services, ansuring sustainable provision of
services 1o all residents, It is worth nofing

Change in metro electricity sales

(2007 = 100)

impacts and

fhat the decrease in elaciricity sales fokes
ploce while the GDP grows, olbeit of a
slow rote. This demonsirotes fhat the energy
intensity of the South African sconomy is
decreasing slowly and that fhe decoupling of
energy consumpton ond economic growth is
becoming opparent.

The continuous electricity tarff increases
over the post years hove only exacerboted
these frends, providing grester incantives for
customers fo either find ways of not having
1o pay for fheir electricity or to reduce their
electricity consumption through energy
efficiency ond ranawable snergy systems,
somefimes even both This is illustroted in
ihe graphical representotions (Figs. 5 and 4]
Abthe same fime, through these trends ond the
deployment of innovative technologies and
opproaches, many opportunities are created
for municipolities 1o proyide offordable,
moderm, sale-ond friendly

local and

are resulting

offered by renswable anergy, such os solar
P systems,

 Using innovalive technology and
aperoaches as well as exploning new
busingss mo

Problem statement

s shown previously the elecricity distribution
industey is currently experiencing rapid
structural and behavioural chonges
Customers ‘are a driving force in these

processes, os moder fechnology enables
them fo make decisions with regard o their
A porallel could
ba drawn with the current challenges in the
traditional taxi industry, where customars
now have ofher fansporiation opfions. The
current rapid chonges in the eleciricify sector
could, 1o cartoin exten, be rofarred to as an
“uberisation” of the eleciricity industy,

energy senvice provision

Municigiionare forced foinnovotaf hey are

services fo their residents. Instead of
continuously increasing electricity toriffs,
the elacticity indusiy could exglors ofher

machanisms such as:

Ensuring that the electricity tarilfs ore
it o iy
and yet offordoble (Eskom and some
municipoliies have already storted on this
approo

® Taking advantoge of the opportunities

retgin fheir
ability fo- provide senices to their residents.
Municipolities naed o embrace and maximise
the benefits of the energy transiion.
However, fhe current policy and legislative
framework is il based on the old industry
el ond limits opporturilies in the secor,
incroasing the risks for municipaliies

Energy sector reforms are urgently needed
‘on mony aspects (e.g. business model, policy

Real GDP growth versus Eskom

3 electricity sales growth

Fig. 1: Chanpa in six metres elecireity safes from 2007,
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Fig. 2: Change in Eskom electicity sales va: GOP growth from 2007.
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Fig, 3: Changa in avarage forfs in s mafros from 2007,

|

Municipalities used 1o own and manage
electriciy generation in the past ond could
renewable

now do so. si
:

dish

Secondly, muricipali :

enesgy mix by buying renewable elecricity from
@ range of producers insteod of only from cne
suppler 03 i moinly the cose a the momert.

Lastly, municipalities could explore using
renewoble: energy to peovide o range of new

skom changs n resl sverage price by category
(2007 = 300)

P 4: Change i Eskom real average prica by cotegory from 2007

For example, landlill gos-to-electricity in
municipol londfill sites can help reduca
air pollution around landfls, or kiagas-fo
-energy in municipal waste water treatment
‘lants can helg improve sludge management
processes ond redvce sludge volumes. These
are non-negligibls benefits for municipolifies,
besides simoly electricity ganeration, which do
paricipate in service delvery efforts

To date, there ara @ number of existing

Table 1 Possible cotegevisafion of new business
mocls o rles i renevwobio energy for municipal
electciy ufios (Fom roper referancedn note 3

fromewark, grid mainfenance practises,
adopiion of technology, elc.]. This will require
@ counlry-wide dialogue.

The st seclion altempis fa ssplore ond
categorise- possible business madels for
municipal electicity disribulars and highlights
current prociises. or berriers.

Possible roles for in

customens or ploy a focll
role inthe sector, using their main assl which
is the existing electricity grid. The cument
paper focusses mainly on electricity-bosed
solutions, but municipality could also explore

how to provide oiher energy services such s
gos raficulation

The follswing sections will explore these three
categories in mors detail

Building generation capacity
One of he first business models on renewoble
energywhich could be explornd by municipaliies

is 1o bulld thelr own generation plants, Such
installaticns can have numerous berefits for
i b

renewable anergy

" . lod by the I

enhanced ecanamic development ot the locol
level. Municipal

using erewoble anergy These e mostlysmal
projects for own use within the municipality
{municipal buildings, woter works) through
solar PY systems or woste -fo-energy options.

Exploring new business models, municipolifies
could also investigate inskalling stand-alone
renewoble energy plents, on municipol lond
for exomple. In mast coses, and depending
on the Electicity Regulation Act amendment,
these plants could require an electricity
genemtion licence. The procasses 1o oblain
an elackicity generation licence are uncleor
ot the mement (se next section).
An option for municipalities 1o look af the
benefits of such installoions is o compane the
Levelised Cost of Electricity (LCOE) of such
solot :

municipalities and some intermediory cities,
‘are exploring how they con gresp oppartunitics
from fhe lotest development and decreased
cosls of renowable energy fechnology.

To benefit irom this developmentin the sectar,
municipalifies have fo change their business
models, which wos iraditionally very simple,
involving buying eleciricity from o bulk
supplier for an-selling 1o copiive custorners.
Business models are undenstood os mops,
fromewarks and plans thot siruciure how
investments are designed, implemented,
managed, and financed, Toble |
overview of these possible roles or business
models with renewoble energy, which can be

ertson

agarised in fhree main cotegories

Firsily, municipalities could build their own
renewable energy generation capocity

greensr sarvices and reducing the municipal
climate foctprint by reducing greenhouse gas
emissions. This is of poriculer importance
o municipoliies taking part In infemationol
Climate change commilment progrommes
Municipal renewable energy generation
capacity can olso assist municipalifies with fxed
o controllable slechiciy prices for a number of
years - up fo 25 years for salor PV for example.
Fortechnologies with prices that are readhing
grid parity, such insfallaions could be used
to shrengthen the capaciy of municipaliies to
provide electricity of subsidised farifs fo low
income households (Vermeulen P 2017).

Lostly, when installed on municipal
infrastructure, such on insiollation could
increase the efficiancy of such instaliotions and
previde added co-benefit o the municipaliy,

olectricity from other suppliers. A methodolagy
sl hasto bo dvelopad ook ino account the
focal added benefis, 0s previously discussed.

Procuring efecticity

Another opfion currently explored by
municipalities is to buy eleciricity from
eleciricity producers in parallel o the current
Eskom supply

Onco again, this could hove o number
of benefits for municipalities, including
and not limited 10 job creation ond local
economic development, graener services and
areenhouss gas emission raduction, price and
supply diversification with incroased cantrol.

On the ane hand, municipalifies could buy
eleciricity from exteral power producers,
fellowing applicable procurement processes
before entering into Power Purchase
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P of poor househalds

nergy eficiency and
y customers offthe grid.

exploe options 1o sell-genercte slecticity
To date, much progress has been mode and
municipalities are modifying their processes
o sofely ollow theie customers fo gensrate
electriity and feed bock their excess slecriciy

2 2 ) info the municipol grid.
il
Frae Stote 1 1 | L As per avoilable information, about
e F; =l T 2 30 municipalities are allowing customers
WowoZulusMotsl f " T T to connec! generation installations fo the
: = F = distribution grid, while 18 municipalifies have
i approved SSEG ranffs. Toble 2 contains the
I ) o .| temporary results per province and nafionally.
Norhern Cape 2 1 L N ! Westor C
North West 0 ) L] ihe most progress 1o dals on the odoption
Western Cape 18 15 13 of SSEG processes. Indsed, GreenCape

Table 2. Upake of SSEG procasses in
compiled by SALGA with

Agrasments, However, in all likelihood
such @ power plont would alse require
a generation licence ond os praviously

ioned these processes ore somewhat
complex. This paper doss not oim 1o discifss
the current i

icicalo: (o
o from GiZ, GreanCape ond AMEL.

1%

The doto s

Despite the current logislotive uncadainty os.
well s the obsence of published regulations
and rules on the topic, butIn accordance with
communicotion between Nersa and SALGA
and in response 1o an invesistible push by

bt oo
referred 1o in annexures and in the medio
It could however be interesting to mention
that during a siralegic meeting between
SALGA and the Depariment of Energy, the
deporiment indicated the possibility fo inifiate
discussions about the role for municipalilies in
the implementotion of the Inlegrated Resource
Plon (once published).

On the cther hand, it is currently an opfion
for municipolities to buy electncity from
iheir own customers. hrough small scale
embedded generotion (SSEG) programmes
SSEG relers fo pewer generalion installations
which are located on residential, commercial
o indusirial siles where eleciricity is also
consumed.

thair o d 10 the increased number
of unafficiol ‘angl un-registered insallotions,
municipaltiesare developing thei small
scale embadded generation progrommes
The cim s to allow their customers 1o instoll

high quality instollations on their premises,
which uphald sofety ond power quality
standords; Indeed, SSEG installotions provide
opportunities and risks for municipalities
and nsed fo be managed propedy. SALGA's
objective is o facilitte the odoption of small
scole embedded generation in @ war that
presarves the financiol and fechnical infegrity
of municipal distribution sysiems.

The City 6 Cape Town and Melson Mandeks
By Metropolitan Municipality initiated work
on SSEG s sorly.as 2008, when o couple
of very innovalive cusiomers decided fo

providad essistance fo municipalities in
the province. Bosed on the work done by
GreenCape, AMEU se1 up @ working group
camprising officials from the eight metros,
to develop o set of documents which can be
used by any municipality. The AMEU SALGA
SSEG Resource Pock fus provides femplofes
for municipaltties to establish sound SSEG
permiting procedures.

Fig. 7 and B show how municipalities have
odopted SSEG processes since 2016, Before
2018, anly the City of Cope Town and
Nelson Mandela Boy were known fo have
SSEG processes and pilot farifs in place
W i interesting 1o note that the numbars of
mynicipalies with SSEG processes and torifs
steackly increases ovar fime, now reaching
wall beyond fhe mefropoltan municipaliies
Itis expected that it should keep incraosing
as several municipalities reporied being in
the pracess of preparing their application
documents, palicies, by-Jaws and sariffs Fig, 7)

Playing @ lociliation role

This third cotegery of business models,
tiled *playing @ focilitation role” is broad
ond integrotes severol different opfions. As
previously indicoted, municipallties could
explore using renewable energy to provide
 range of new sarvices fo their cusiomers
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A PARADIGM SHIFT IN
THE WORLD OF GLASS
REINFORCED POLYESTER
MANUFACTURING

WITH OVER 100 MILLION ENCLOSURES IN
SERVICE FOR OVER FOUR DECADES N SOME
OF THE TOUGHEST ENVIRONMENTS ON EARTH X
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sing o0 the

recommendation in ellstudies and forurs s
understood fhol progress has been mads and
oll siakeholders are now eagerly awaiting the
gazeting of the omendment of the Elschricity
Regulation Act, which would provide clarity
on the licansing exemtions.

Tha studies, os well o3 previous AMEU
<onferences ancourage municipalities fo
embork on experimanting with some of the
business models. Municipolifies have clrecdy
inifioted some approaches end pilot projects
s was shown in fhis paper. These infliafives
will pravide information and hands-on
exparience 1o unpack soch business modsl
with the chiective of clarlying the regulofory
framewarks and ofhar possiblo borriers. This
opproach will be key in ensuring o smooth
ransition of the energy sector,

To ansure opfimal iransition and the
sustainobilty of municipalitios, new skills
ond compatances will be nesdad ot th iocal
level, as well as for all stakoholders working
closaly with municipaliies in the sector, These
new skills can be broadly grouped in three
categories:

' Dato: t s kay for municipalities o have: o
better underssonding of fhe costs related
10 the distibution business s wel as
of customer's consumpion levels and
patiems. This is neded to determine
pricing and revenvs impacts fe,g. fime
of use, fixed charges, subsidies, eic.)

o Tochnology: Il is also crucial for

municipalifies fo keep abreast of technalogy
development and 1o undersiand th
potenfiol impoct of thase deveopments
the electricity diaf

In particular, oll development s
to the electricity grid will have fo be
corefully moniored, os the grid i the main

seclor shall reflect on ol shese changes and
tronsformatians, in order
energy future for our ciffes ond for South

Africa
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Smart grid security perspectives

by Emil Gurevitch, Networked Energy Services

This paper

grid security

from a security

both attacking and defending

these types of systems in practice. It is formatted as an interview, with questions and answers. The lopics include
defensive

smart grid threat

and security

systems
and the smart r}ﬂngmﬂl
There are three sofs of threats tht need 1o
be addressed. Tharo s the set of ald school”
thtsats of fraud, theft and sofefy, which have
long been & top concen for uilies. There
is  newer and growing se! of regulatory
threats around non-compliancs, such as the
Genersl Dato Protection Regulation in Europe.
Finally, there are the threots associoted with
the adoptian, use ond increosing reliance on
information fechnology, such os cyberaifacks
thet can prevent a utlity from delivering its
servicas, Some of thase. threats ore simiar
1o thase of o fradifional 1T infrostructure,
But thelr pricriies and threat mode! usually
differ significantl. Far example, utliics use
AMis and smart grids fo stora, disiribute, and
manage enargy using information fechnology.

® Threots ariginating frem criminal
erganisalions thal munahsa lfom B
ulilify’s lack of security. e past
yours, e By 46 & fapid Increzte
malware samplas and ettacks specificolly
targeting utilties managing AMls and
smart grids. “Smort® almost always
means “vulnerable” which in turn
means opportunity for cybercriminals
A commen, and uaforunlely effective,
toctic is to demond & ransom In exchange
for nat damaging a uilify's infiliroted
systems and/or reputation.

o Threats that may compromise aur
privacy o8 utiity customars. Uliies ore
responsible for hondling and staring
private information. This makes dota leaks
ond unauthorised accesses 1o this data
o of the main fhreats fo privocy

Of course, these ore only part of the threo!
londscape that needs to be specifically
mopped out by experts when conducting risk
casessments for the specilic grid of hand.

Therefore, they shara many of th
and correspending threots o3 other enliies
relying on infermatian fechnalogy systams
There are three min types of threats | spend
a lot of fime hinking about while warking on
providing o safe ond resilient platfarm for
smort grids.

o Thwaats ol disnip or prevent uilies from
delivering energy. Most of us roly on the
mhh.m, of electriciy 1o power heating

systems, hospiaks, commaication sysiers,

ransporation systems, efc. Outages can

have severs and even fofol consequences

forus and our businesses, There ore mony

threats that eon result in outages; from
i ok )

Beforo AMis and smart girds, the Industry
relied an physical security measures and
obscurlty 1o prolect the pawer grid, Fances,
door locks, guords, video surveillonce, and
the obscurtty of physicallyisolated propristary
cantrol systems wera oiten encugh fa manage
the threats utilities were focing. In oddition,
incident response procedures were often well.
established and foirly

requirements and security certifications are in
progress, Unfortunately, these initietives may
be too lote in some coses and may even foster
a compliancy-defined approach fo security,
We have learmed from ofher industries that
shis is o harmful approach; an sspert-driven
isk-based approoch 10 safe and reslient smort
arids is the way forward,

Smort grids will confinue to increase in
complexity, and attacks will confinue to
incraase in both sophistication and frequancy.
An odaplive and comprehensive approach
15 security is nseded to keep up with this
odvancoment and it stads with experise,
poliics, and financial incensives.

How should a ufility approach ensure.
security of is systems?
Utilities need i go beyond compliance, make

infomation securily an integral part of their
cors business and inves! in i accerdingly, focus
nokorly on protective measures but in detection
ond incident response os well, conduct
independent risk nzsessments on o regular
basis with their technology vendors, ond most
imporontly, obiain as much expert knowledge
8 possible in erder to deformine exactly how
‘and precisely where fo invest in securiy.

A miscanceplion that | often hear is the
assumption that the intemet and the smart
qnd share idenfical system characteristics.
In reality, smort grids differ greatly from
the internet in terms of communication
technologies, network reliabiliy, smon meter/
server resources, and threat model.

A of applying an infemet-biased

The introdh

malfunction, operofional misiakes and
natural disasters,

Fig. 1: Key comsiderotions of o sacurty sstem.

s — R
T s T s e b S B S

of AMIs and smart grids, and
hes nfomation technology, changed everything
ond necessiiated o new industry expertice;
information security. However, abhough indusiy
embroced the many operational and financial
promises of AMis and smart grids, information
security expertise wos severely lacking and
properly sacuring these-new ond advanced
systems become an afterhought of best. This
resulied in ragile and insecure smort grid
deployments developed from non-existent or
misguided secury recommendations.

We o only now seeing industry and nation
leaders woking up 10 the “cyber” reality
s devastoting cyberattacks on uiiities ore
publicly being disclosed. As o resul initifives
1o estoblish nafian-wide baseline security

security mindse! 1o the smart grid can result
in degradation of padormancs forcing utliies
i compromise an socurity in ordor to mest
sarvice-level agreements (SLAs). You must
understand the technicol difierances in order
o apply fhe approprale sacurity measures
Thera is o one-size:fts-all when it comes 1o
sacuring these complex systerns.

e onakde; ekt pmwd-xa minimum
buassline of pracica and raises fhe bor for all.
Cartifcotions also provide fransparency and
accountability for secuity end compliance,
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“Dude, where’s my power grid?” - The
vulnerability of power grids to cyber attacks

by Jon Longstaff, Omnetric Group, and Rodney Swartz; Siemens

Since the cyberattack on the Ukrainian power grid in

2015, the

grids are vulnerable to cyberatiacks has now become a harsh reality.

With the rapid deployment of smart grid
fechnologies to enhonce our networks olso
comes the challanges that increase our
susceplibilily to cyberctiacks. In this paper we
look at some of d haw the

and prowide 6pporunities fo improve network
stobilfty and moke befer use of gad copacity
ta aveld s such s blockouts. A common

possibility that our power

fram manufacturers who usually only post
sabilities which
have: already been potched. Mony of these

information about vuln

fectwicimloc

Use of 6 common fromework con be applied
10 help address these issues

Since it bagan, the energy industry has been
developing salutions-and systems focused
an providing the highest levels of energy
availabiliy. These solutions have evohved kom
electro-macharical devices o todoy's digital
controls which can enable o higher lovel of
avoilabilty in energy supply and improve
operational efficiency.
However, our concem here s the impect of
ases chonges on the resdience of o grid when
it is focad with cyber-bosed fhieots. Before the
rollout of digial neworks mast quiprent wos
connected via piivate, proprietary neworks or
direct serlol cannections, ftat all, This, coupled
with @ focus on reliabilty, resulted in o set of
machinelo-riohine protocols which mod ifle
rovision foreybersecurly. There wos onimpled
3610l securiy contrels prowiled by the undecling
communications tachnology which mede
difficull 1o eavesdrop on them or campromise
solufions, The increasing use of commeity
il echnology now means thot many of hose
implicd cortrols are being ercded, rasuling in
e over-incroesing exposure of devices ond the
protocols they use fo communicole.

A cammon question which is raised whon
di ;

the 4o be abla fo support peak
demonds with on oddifional margi

excess
of this 1o ensure confingous operation, Typically
these peoks can be many muliples of average
loading, meaning that the grid is commonly
peroling wilh large evnounts of spare copacity
A more efficient method is fo manage down
these peaks by shifing lood 1o ather points
of the doly cycle using techniques such o3
demand respanse or enargy siorage. This
allowes the grid te cope with highar demand
without needing to physically reinfarce power
infrastructure, Whilst the defails of these
fechnologies are bayond the scope of his
paper, in essence they ore reliont on the use
of communications tachology 1o monage
pricing or cantrol signols that change demond
or shiftlaad. This sifling oims to reduce the
peait demands by encauraging consumers
10 use power of times when there s greofer
unused capacity in the enargy grid.

fhese communication channels are disrupted
we run the risk of expecting the grid to be able:
to dynamically manage load when in practics
it is unoble fo do so0. In the worst case this
sl resultin able ovesheating and resuliant
physical damage.

This s @ very simplistic view of the smart
orid but demonsratas how the use of more

¥ 4 o) ¥
is.the malivation of potential attackers. In
many indusiries thera ara clear financiol
drivers for atfackers but in the energy secior
these ore limited. Howevr, fhe imporiant
poirt s that whether there is o clear motive

ficated fechniques con enable betier
use of infrastructure but alss result in new risks
which must in furn be managed.

Vulnerabilities in the energy
industry

With

er no, the critical energy of
@ country s vitol ond there ore octors who
have the copobility fo disrupt i, It is therefore
essential thot operafors of fhese systems are
prepared

The increasing risk to energy
systems.

As with aimost every ofher sector thero i olso
o diive fo maks better use of the ovailoble
focilies by improving. the management of
networks. The solutions which enablo these
chonges ore often referred fo as fhe smar rid

and softwore infrastructure, the energy
industry is subject fo mony. of the sama
vulnerabilties o3 ather seclors, More speciiic
vulnerobilties are inereasingly being disclosed
by equipment monufacturers through clearing
qroups such the ICS-CERT (h

spacific farmiliar 1o thoss
working with other davices such as network
routors where we confinue 1o see privilege
escalations, failure to authenticate requests
and key management issues.

When considering vulnerabiliies, common
risk ossessment opproaches. serve well in
understanding likely issues. Looking of the
energy indusiy specificall, vuinerobilies are
ksly ta appear in tho domains listed balow

Phy: y assels are offen located
Iighy ceniolhecaciites which tor b

well protecied but many, and an increasing
number, reside in remote locations which
mokes it difficult fo physically protect
them. Hoting vinerobiles such as
BadUSB meons n altocker con
breoch systems with i el
Similarly, unprofected Etherat ports are
a simple means of eniry to o netwark

Protocols: Many of the key protocols used
in conirolling devices were developed
with o focus on ovailabilty and control,
not security. Consequently, there ars
many exomples of vulnerabil hich
are Intrinsic o the profocols involved.
This makes them very difficul 1o protect
‘ogainst os they con appeor as legitimate
commands.

Crypiographic profection: Or rather the
lack of it. It is increosingly common=in
inteme! connected systems 1o encrypt
dola using tronspor layer ;xum ms)
or an ivolent o5 a matfer of course.
In proctice many of the dovices in he
enecgy industey ore smply not copoble
of performing the necessary processing
fo support cryplographic profection, even
thaugh stondards such as IEC 62351 are
encouraging this approoch. As o resul,
most nefwork iraffic is nof profected ond
con b intercepted by en atiacker. This
loaves the systems open o man-in-the
micidle or replay afiacks

A criticol issu with the enargy industry is
thet essefs may continue: oparoting for many
"

us-cert.gex). This organisation, operoted by
the US Department of Homeland Secudiy
publishes product spedilc disclosures for oll
ypes of indusirial canfrel systems including
thase used in fhe energy
oes have limits os it relies on openness

o must ba losking furthier thon the currant,
in-vogue vulnerabilities, With legocy devices
we musi consider vulnerobilifies going bock
many years which are less common in other
indusiries due to corrective acfions and notural
oroduct refirement,



The Ukrainian power grid attack

The hackers who struck wiilities in fhe
Ukraine were highly skilled and planned
thair assault ever mony months, first doing
reconnaissance fo study the networks
steal operoiar credentials, and then kaunc!
a synchronised atack [2]

"9

The attack tosk part in o phases. In the first
stage, the adversaries ‘weaponised” Microsoft
Office documents by ambedding malware
colied BlockEnergy, The alockers delivered
a targeted email with a malicious abachment
that appeored o come from  frusied seurce
10 spesilic indwiduls within the organisaticns

an be unique and old with limied knowledge

process 510 undertake on oudit of assets while
implementing an asset changs monogament
process, but this can be problematic. Working
and cperaling in a high volioge subsiation
hazardous and individuals require speciolist
rining 1o be present on site. Physical occess
‘can then also be limited when dealing with live
equipment which may be operating of high
valtoges or pressures.

Anather challenge of werking with sguipment
in this environment is that whilst information
may be held about fhe physical asset, it is
often the saftware elements fhat are of most

in order 1o open the oftochments — thus
instaling the mabware on their systems and
allowing the aMackers 1o occess the company
systerns). The odversaries then siole credentals
that allowed them to *pivar' info supervisory
control ond dota acquisiiien (SCADA), end
dispotch workstations and servers.

Inshage o, the aftackers leamed how o inferoct
with the uilifies' distribution menagement
systems, which menitor and contral the
distribufion of power. The perpetrators olso.
developed malicious firmwore to attack
serial-lo-Ethernet davices of substafions. They
installed madified KilDisk software, which
erases the record of impacted erganisation
systms ond delete logs, ond then took
conirol of opertor workstations and locked
the operators out, To complete the attack, the
odversories used port of the SCADA system
to apen braokers of several substations.
pravening power from flowing across the lines.

i In some cases
enginesrs may not even be aware that arger

inferest

devices can contoin well-known operating
systems such as Windows or Linux. Therslore

very low but yet of cruciol inferest to. @ cyber
securiy cudit

Trpically when perferming such audts on the
corporale nefwork, o consultant may inifiote
9 port scon using o foal such s Neop or o
commercial variant. As with many indusirial
conirol sysiems the use of such scanners in
the lve snvironment s & isky undertoking. The
ssua s that many low-power, specialist devices
have cusiom nehwork software, such s fheir
intemet protocol (IF stack. This means that
whilst they can correctly interact on expecied
ports and using expecied profocals, unespecied
packets of data can in some circumstances
cause the davice Io resel, reboot o freeze, In
o I energy environment this could resul in

Afloast 27
three Ukrainian energy companies for several
hours, aifecting about 225 000 customers

Improving resilience in the energy
industry

We will now consider the topic across five
phases of securty: ideniify, profect, detect,
respond, ond recover. These oreas ore
token from the NIST Critcal Infrostructure
Framawork [3)

tdentify

The firs siop ks to understand what we are
rying fo pretect. I the context of an energy
‘grd this argely consists of the physical conirol,
outomation and profection assets whers some.
form of digitol/ather connection exists. In this
section we willshow some spacific approaches
for the energy industry

Asset monagement

Aspecilic challenge within the enargy industry s
the lorge nurmber of dishibuted assats and sub-
components that form the grid. Thase assels

We ore tharefore st with the slow and careful
‘audiing of ossets, working closely with power
engineers 1o ensura we understond what needs
profecting. When underiaking these audils we
must ensure that ollore considered ond not just
the primary energy equipment, Ofien smoller,
secondory assels will sl have connaciiity ond
therefore con pravide o route for offackers.

Ulfimately the security angineer is heasily
reliont on good ossel monogement
prociices, including ongoing maintenance
of osset records. Whilt it is dificul, having
o comprehensiva registry of physical assets,
the software thot they contain and how they
are connected is o crificol step in securing an
energy grid,

Business environment and governance

Wherever o securlty éngineer is working
they are only deing so af request of the
operator. This is usually as @ result of the

organisation which hos the for
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risk of not addressing security, Fundamantally.
the engineer's abiective is fo reduce the
tisk exposure af the operator, It is imporiont
that this links into the wider security and
tisk govemonce but in many organisations
this cannection is rorely in place, There are:
many frameworks. that con help in this task
including the common 15027001 standard
which provides o recdmap for the whole
‘orgonisation 10 improve their security posture

Cybersecurity risk management

There are many assets within the grid
which may need attention and we cannol
profect them ol nor do wa need fo. Tho
‘common approach i 1o carry out o rigk
assessment which tokes input from tha
business environment, situafional awarenest
and good securily knowledge, and then
quantifies the risks faced by the organisation.
Some may have already been miligated bu' of
thase remaining we need o select thoss ol
‘our security solufion

st oddrass.

This approach is no different 1o applying
securty in ther industries but hers we must
speciically consider risks inherent in cur ok
nirasiucture

of operofing criti

o Commercial risk: This is the most
common area for any business where
we consider the risk 1o the ongoing
business performance. resulting from o
cybersecurity incident,

Regulatory risk: Most energy operators
are subject fo regulatory suparvision
which often sets ol minimum stondords
or complionca ragimes.

Crifical infrastructure risk: We must always
recognise the role the energy operotor
plays in the wider economy and the
nature of risks associated with criticol
infrasiruciure. Whilsi ragulation moy state
a finimum stondard, this will generolly
log behind the reol-world risk by several
years. In praciice, organisations aro o
torget and there: are actors who see the
anergy indusiry as  means for advancing
vorious poliicol and economic ogendos.
Our mantra must bs fo maage fhe risk
and not the regulation, as the threat
tandscape wil inevitobly develop foster
than the regulation. Additionally, some
aperafors of erifical infrastructure do see
it os their sacial responsibility to protect
the grid appropriately.

8

Thers are many good sources of cyber security
fisk ossessments which can be applied in
conjuncion with specific industry knawledge.
Using experienced parsonnel who are familiar
with this type of material ond how it is opplied
o the energy industry is essanfial when
undertaking this type of octivity

Si

ilarly we must also be mindful of the

become o

the operation of the grid either needing 1o
comply with regulation or recognising the

¥
mare infegral part of the grid via topics such
‘a5 smart metering.
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Protect

Now that we have ideniified the physical and
digitol assets we wish fo include and the risks ane
undarstood, ournexttask is o select oppropricte
and proportionate strofogies 1o profect the
Many of these siategies will be fomilior &
security engineers working in other fields but
a5 ever we-must be aware of the consiroints

we work within, A general belief is that security
conirols should be passive in order fo minimise:
the risk of inadvertertly affecting erergy supply
Apglication of more aclive confrols, such as o
firewall blocking unouthorised network frafic
must be inkoduced carelully 1o ensune that no
disuption s caused. We olse need o be mindhul
that we dor't prevert avtherised users from

instructions which could domoge equipment
or couse a safefy risk. However, fhis require

doep knowledge of the profacols and sysiem
operation with the risk
will not b

ot this kriowledge
maintained and the rules quickly
become aui of date

We can olso consider preventing urn

essary
network taffic in fine with our policies [see
the “detect” step below) which helps in aur

monitaring of the nefwork. The commo

solutions for intrusion datection con also
assist us.

Protecting the assets

One of the most difficul types of assel
protect ore the outdated network connected
logic cantrollers (PLC) ond

o ]

field engineer who is shempting fa restore powe:
folowing ol storm being preventod from eising

sa.dua o ocyber security profeciicn mechanism,

So within the energy arid we generally ogt
for intrusion defection rother than intrusion
protection, especially if this could risk on
outomated respanse which
This should not

ables devices

however, prevent us from
faking steps fo harden networks and devices
thot we: can reduce the atiock surface.
and make ifficult for the wauld-be
nigues such os netwark
segmeniotion can impode fhe ability of an
aftacker fo: move around the nefwork ond s
reduce the domoge they can couse.

aftacker

Operatorsshoule also considor other srotegies
such os iraining, pelicies, procedures and
mairfenance.

Protecting the network

Following the compleon of the ‘identfy’ siep

we should have o good of the

olike, such o5 power profeciion devices. Ofien
these devices previously connacted via serial
port and hove hod Ethernet cords added ow
ime to enable remote access ond moniaring

The security approach has ofen nct evalved
ult is

to-motch the increasing threats. The
I ki

We must also consider the cenirol ¢

systems, such as those running SCADA
These: usually run on commerciol operoting
systems ond so potching is essential. Soma
vendors are able fo provide speciolist upgrade
sorvices whens experienced feams con execule

th minimel risk to the live

Eorler we discussed the need for physical
given that many of our ossels ore
te; unmanned locations. Much of

securily centres oround geffing fhe basics
right and ensuring that assets are protectsd
ogainst physical access is one such esomple
Given the sase with which o devics can be
compromised via a USE port or an unpralected
Ethernel connection, it s essential thot physicol
protection is mointained. Relgted issues such
s copper thelt mean that the physicol securty
of expensive, critical assefs is o key concem.

Detect

It 18 0 common understonding amengst

and fifle or no encrypfion. Raetrofitiing these

features is often impossible os ihe devices
cannot be upgraded or smply don’ hove the
processing power reqied. Access control

technologies are avolloble which will conirol

nccess fo devices by outomatically changing
davice posswords. In this model only the aecess
‘conirol solusion knows e device password and
octs 03 the condul for access fo the davico,
This technique does pravide occess confrol
but cannof profect agains! device credentiols:
beiing passad in clear fext 6n the locol nebwork
Specific hardening guides should be avoilable
from vendors wha can provide quidonce on
the best approach ko conliguring devices and

natwark topology. We can therefore select
key poinis-to apply netwerk: controls, such
03 implementing o firewell ot the connection.
batween a wide orea network and a substation.
declly this oporoach would be extended info
all the sites allowing the sagmentation of
networks o3 described in standards such os

for all but the lorgest ond mest crticol. Next
gener
by limiting traffic to known, expected
otecols in addition ta the narmel appraach
of ports and addrsses. Use of ihese technigues
fogether can enable application whit
where we permit known oppl

ion firewalls con provide protection

lishing

tions but
Prevont tinknown ones from oparating. Use.of
white Jiating o

iques provides o real-world
ther brings significant benaiis in that i
supparts our crifc
oc

soluti

pplications whilstlimiting
dentol or deliberate misuse.

The mest advariced solufions can olso stort
fo understond the folerances that specihic
davic

should expect and detect or prevent

systems f
must be ehollenged 1o provide them as they
are essantiol reading, Thess guides wil have
been tesiod 1o ensure that thay do not affect
the eperation of he device: Device hardening
is a crifical slep in reducing the potential
aftack surfoce and one of the most effective
approaches ovailoble 1o prolect the grid, We
should not forget thot many secuity breaches
arethe rasult of simple failures such as lecving
defoul passwords unchanged

A challenging issue with profacling ossas is
software upgrodes. It s comman far devices

o withou! an upgrode for many years leaving
them open 1o well-known vulnerbilfies.
There is sympothy for the view thot il f i’
broken, then donit fx 1", Howew

many of
these devices ara broken in tha sense that they
are insecure even though they may function
comectly. Vinerobilies are commen andsome
venders are now rightly odvocofing upgrades

by publishing wlnerabiliy disclosures with
ossocioted soitware potches. The challenge is
that implementing these patches fisks the very
service wo are frying 1o profect

sacurty thot there are oaly twa
types of orgarisatians; those that have bean
breoched and know it; and those wha have
been breached and donY know it

Our underlying techniques for identifying
brenches in the energy indusry ore no
different from other sifuations. The objective
i to identify indicators of compromise (1OC)

teliole information which, if spotied, can
alert us to malicious octivity. The dificuly is
thot this Is not  cose of spofiing @ needie in
a haysfack; this is about spotting the piece of
hay fhat is not in the quite the correct place.

1t must be said that efforts to detect breaches
will be compeamised ifthe earliee dentify and
Pratect phoses are not undetaken. There may
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be a temptation to.move directly fo the Detect
phase, but without o clear understanding of
ihe environment and the assets thot nead
protecting, an effeciiva defection soluion is
musch more difficult

Nenwark security

One of the most difieul aspects of datecting
breaches in many netwarks i the large volume
and diversity of traffic, so that identifying
ony malicious connections can be almost
impossible, This is ene case where the
prafessional fosked with profecting our energy
grid has en odvantage. The nature ai our
network means that we con and shoukd expect
very lamited types of roffc. Oursecuriy policies
should explcily ban aecess to axtemal wel

and it irafic o specific protacots ond routes.
1fthese policies are rigorously enforced, then
we can more eosily spot unusual activity. Table
1 provides some examples;

If these policies are not enforced then an
attackar will be for harder to identify and we
wil require much mare sophisticoted iools. As
with ony such opproach the more comples e
solufion the greater chance of a folsa positive
and in the enegy grid tis s one of ourbiggast
risks. Our level of confidence that @ breach
hos accurred must be higher than ofhe fields
G5 ony actian we foke increases. the: risk of
disruption to tha service.

Ve may alsc be oble to protect our network
using o deaper understanding of the limited
protocols allowed. Far example, ffwe ore able:
1o use next generation firewall technologies
fhat can parse control messoges and then
look for unexpected or involid values. With
very specific rule-sets we con block network
roffic which disables protection controls or so!
unsealisic fhresholds for device parameters
Defining these rules is complex and must
ensurs that oll valid conirol signals are
vermiltad. 56 whilst the approach can provide
pratection if doss 5o ot o high cost. ’
/

Device security

In a similar approach to networks, we
can make defeciion easior by keeping
device configurotion simple. The remaval of
unnecessary softwore components such as
modia pbo,m redoss lha likelihood of atiack
and

icl Valr

| comtol serves,

Shictly conirolled network connecty bewoan

fold ocaions, Mmemw‘m
Keoawn devicas anly. 5. optopi must be b

|t A malicious lopiop comecied 1 the netwark
Use of known end expected P ports. Fortscans, omemgt o conne 1 back door.

Tobla 1 Bxaniples

These solutians follow o five-step process
which, 08 before, we must implement in o woy
tha reflects our anvironment.

» Lo collection: The first step is to obiain
log dafo from devices and systems acrass
ur netwark, Our specific challengs is
abiaining logs from devices which may
ot eosly relinguish them. The only option
here s to work with product vendors fo
understand how, or even ¥, devices can
publish this information. Ideally they vill
support the syslog profocal but often it
is more difficult than this. A gacd place
fo-start is the more common M-reloled
tachnolegy, such os network switchas
where thece is o u'noinr chance of log
dato being occessible.

& Securing logs: Log dato is cnly of use o us
it we can rely upon it potentially even in
legal pracesdings. S it s important thot
we_ quickly secure the dofo, ideally with
some cryplographic mechanism sa tht
we can ensure it is not being tompened
with. Additiorally, we need 1o move the
dato to o secure location within our
security system. In the energy industry we
ars often dealing with remete locotions
wih fimited bundwicth ovailoble fo us.
Whilst we went o sacure our lag data we.
must not impoct the operafion of critical
cantrol systems, o tochniques such o3
bandwidth throtling ore importan

« Log normalisaion: This s the task of

ing the device specifc deta into o
normalisad form that our SIEM solution
can understand, This wil again involve
the device vendor providing specific
information such o log fle format

o Log opaiybis: This s where wa attampt
to correlcte data from muliple sources,
using our understanding of the operation
1o identify anomalous ocivity. Far the
secuily analyst i s imporiont that they
hava an normal*

mornitaring, Simply put, Ih-lswe(rnmwmnh

involved then the sasier detection is.

Anomaly detection
In orderto fid indcators of compromise (10C)
I

behaviout 16 thot they ore able o assess
whether an anomaly is o false posifive or
really an indicator of compromise. Wall
defined and enforced policies wil improve:
their deteciion rafes.

& Reporting: Finally we must inform

dato ond then atempts 1o idenity potenial
IGCs. Thera are @ numbee of technologies
avallabla 1o us which ore commonly referred to
s sacurity information and event managemen
(SIEM) salutions, although ofbar descrigt
e used by soma vandors

operators.
of ourfindings =0 that they

of socuriy polices

but requires understonding of the spacific
devicas, risks and operation of energ grid
technelegy. Ideally the security anclyst would
olso ba able 10 cross reference the work
potterns of individucls with outhorised access
o locations. These racords, i accas
prevkieo e iace o kommlion. ek
requirement as port of the overoll safety and
compliance regime they should be o frusted.
source of dato, So, for example, f an sngineet
is seen fo access a device vio 15 og, yet they
were not shown os working af that site or on that
equipment an anormaly may have been found,

Energy network pedormance detection

It s likely hat an odversary ahocking fhe
energy network i aiming 10 cause some form
of disruption; ither physicol o commerciol.
For anergy orids, especially electriciy, thers
will be constant moniforing of natwerk
perdormance and this can suppart our
<ybersacurty detection by helping fo defact
unusual behoviour and recognising fhis s @
potentiol ncidect.

From o grid management perspechive.
there are two types of aftack — observable
and unobservable — which we should
consider (4], Observable aftacks are these which
would result in defectable changes 1o the grid
operaticns, such es the deliberate opening of
@ brecker. Thesa atcks would be \mmed-uh\‘(
defecied alibough shey mory not bs immediately
ideniified os @ cyberatinck. For these situations
the grid contral centre should have approprate
training in feul resolusion and investgation 1o
ke abln 16 consider cybersacurily incidenis a5
a-possible cause. 1 s thersfore essential that
operaticns sioff ore able 1o undersiond fhe
noture of pssible anocks and their efectn so
that they can quickly recognise the signs thot
one might be undenwoy,

A more difficull scenario model is the
unebservable affack where the adversary is
deliberctely manipulating fhe grid 50 thot the
effacts are not obwious fo operators. Thers re.
meny differant models hers but one example.

further actions ond how ic respond. This
must ba o well-defined set of protocols
which link 10 the Response opproach,

The approcch abows i the same s for ofher

implementafions of kog management solutions

is of comp paints fo
“nudgs" the contrel system 1o o different pont
of aperation wilhout the oparator being oware
that fhis is hoppening. In his case faeding
false information info the conteol system coukd
cause it fo moke dilferent decisions obout the
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amount of energy t bo fed into the
grid by generators, known as the dispaich
process. By gradually feeding incorrect data
the overall siate of the grid can be changed
withou! detection until it reochies o point of
unexpectod foilure. Allsmatively the afiacker
could cause the gad to operate In a sub
optimal way for an extended period resulting
in premature equipment foilure or significant
cost of unnecessary generation. Detecting fis.
unobservable aitack requires o dofa driven

approxith where grid operations are monitared
1o detect anomalous bahaviour in the power
systoms themselves. This is o complex fosk
which requires close collaborotion between
power engineers and cybersacurity st

Respond

There are fwo key succass loctors which will
determine the eHectiveness of o response
srategy. The frstis 1o ocknowlodge the nned for
a response plan and the sacond is o prepars
fhat plan thoraughly. Thia may appear obvieus
but these fwo peinfs are commonly missed in
cybersecurity, Within the context of the energy

industey ganercl incident response plans shovld
clready be well sstobished compared to many
other indusiries a3 they fom o key part of
normal business aperations. The chalienge
of the security professional is to incorporate
cybersecuriy info these edsiing plans.

The basics of incident response planning are
common acrass many situotions including the
energy grid 50 we can use common methods
nd fechniques but of course ensuring ol
we lake info account the specific needs of
the environment. If on incident occurs the
objuctive will be 1o sither restore powse or
ensure thot power is nol interrupted whilst the
respanse 1o it s undertoken. The eybersecurity
rasponss team may not even be invalvad In
th corly stages of a major incident unless this
has already been identified os a lactor. So
baing able fo quicklyintegrote with ap uiready
running incident is essentiol.

ulun

tomuitiog
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A useful source on incidert respanse is the
NIST Guidelines for Smar Grid Cybersecurity
which provides a checklstof Incident Response
capabilities [5 p. 146]

One point werth menfioning is the role of
foransics. As noted obove the focus on incicent
response i 1o restore the sarvice, in this cose
the flow of energy fo consumers, This con
olten rosult in the destruction of evidence
which would be critical 10 understanding
how the breoch cceurred ond therefore
prevent future incursions. There may olso
be a need 1o recover forensic information to
support legol proceedings or support wider
investigaions, Part of responsa plonning
should be en cgreement with fhe operafions

Auselul example is recovery from the Heartbleed
incident in 2014 where @ software componen!
managing secure canneciivity wos found fo
ook confidential information. This included
sscurity cerificates and keys meaning thot
aven whan the softwore hod bean potched ofl
cartificates had 1o be reploced. The recovery is
alang pracess thot i sl angoing. It wos found
that may devices ussd in the energy industey
elso used this same sofiware camponent and
therefore should be patched. We have already
dincossel the siguilicont chellonget his Brings
but in addifion fhis vulnerability olso requires
us to replace certificates which is o secand
maintenance acliity

In an ossel intensive industry such as energy.
schedules will be drown vp

suspecied of being involved in o cybersecurity
breach, it is remaved and quarantined ready
for later examination, Many breaches involve
technigues such as root kits and firmware
changes, especially with devices. This makes.
ons difficult fo detect and they are
likely fo be missed completely in the midst
o on incident response. Withau! the corect
procadures in ploce the afocker will remain

incur

persisient in he network with corfinued access
and therelore able fo easily sirika ogain

Recover

This is the finl step in our opproach and
the mast commonly overiooked. Whilst the
immediate incident is now complete, we
emust stll look 1o ensuring our defences oro
reviewed ond that ony short-term solutions
we introduced to resolve the situation are
wploced or made permanent,

We: must also lesarn from this specific incident
and use it os the colalyst for necessary
improvements. For example, i ene subsation
ws compromised then onee we undersiand
how, we must ansure thot ol other locations
are oddressed 1o ensure tht they ore not
vulnecable

geni

engineers
« Maintenance Management

« Buslding

months of years in odvance due fo the lagisticel
nal complesities. Toking o lesson
rem traditianal 1T monegemant, an opproach
would be 1o ensure thet a slot is reserved in
these schedles for cybersacuriy, aven when
the spacilic activity rquired is nc yet defined.

Conclusion

ond opscot

The energy grid is one of the mest crifical pieces:
of infrostructure given the place it holds in o
word, Tha ncresiog use of gl lechnologiss
is essertiol for the succssiul operofion of fhe
e but brings with it increased risk. By loking
lessons leomed fom ctherindusties i is possible
o improve the resiience of the snergy grid 10
attacks, Whilst # s very difficul 1o prevent an
incursion by o determined afiackes, i s pessble
1o imit the damage caused and prosect the core
service of delivering energy.
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Cybersecurity for critical infrastructure:

Legislation and
by Cobus Poal, Proconics

South Africa hos been

regulation

700% from RS,8-billien in 2014 to RI5-bi

an upsurge in

is o of
country in the world when considering

As a general guideline about 0,5% — 2% of
all eybarcrime and cyber incidants ore related
to indusirial installatiens, Exact numbers are
difficult 1o quantify due to inconsistencies in
reporfing.

The European Union Agency for Network and
Information Security (ENISA) in @ 2015 threot
londscape report [3] idenified smart grids
8 one of the insicllations tha is porficularly
vulnerable fo “normol” ICT motwore. In @
lallow vp repart in 2016, specilfic malware
rends were highlighted es shown in Fig, | [4]
Hhighlights the erifical importance of securing
industrial systams.

The aim of this paper is o consider the
legisative and regulotony kameworks thot are
inplacs o3 wol o being changed/considered
for implementation. In sddition, guidance
wil be provided on censiderafions during
and post implamentation of o cybersscurity
management system (CSMS).

Legislative

Although it is lagging behind, the South
African logal framas-ark has come along woy.
To undarstand how the ramework it together,
itis important that the s an oppreciation of
the history of the acts and preceding policy
documents

Historie perspective

Fin. 2 shows o brief overview of the fimeline for
the developmant cf the relevant acs, 1 should
be undersiaad that none of the act/bills have
a specific focus on industrial cybersecurity. The

nirosiructure, inchuding Gevermment, financiol

nd securty systems. Notionol key points ond
ther indusiial systems are included, but only
through indirect refennce. This, however, doss
nat relieve one cf the responsibilly of adhering
o the requirements. Some of the imporiani
octs and drofts will be briefly discussed below

Electronics Communicotions and
Transactions Act (ACT) 25 of 2002

This o¢t was first promulgated in 2002
and then last updated in 2013. It provides
o fairly comprehensive legal basis for

e-commerce, information fronsfer and

and the cost to the economy has grown by almost
ion in 2015 [1]. Although the cost of cybercrime as a percentage of GDP

or , we are still reporied as being the third most active

the amount of cybercrime [2].

et s |
1 Mabware. 0 1 Mavare (1) >
2 We based attacks (1] 2 et based atacks (1] -
3 (1] 3 (1) 2>
0 4. Dot of serice 1] 4
0 5 otnts (1] +
] & Phishing -] L
(1] 7.5pam L1} i
= pe— > 1
o . e imatcons. P
— 0 |movies 0|y
theftfloss
11 Gata breaches. 2 1. Exploit bt (1] +
rpre—— ] 12 Dota braachen (1] +
1. ifommation eskage. (1] 1. igencry et LY +
4 Samsams 0 | somteninin o b
15. Cyber espionage 0 15, Cyber espionage (1} >
A e e & G

Fig. 1

cybsrcrime definition. However, if has
however not kept up with the changing
environment and will be reploced by the
Cybercrimes ond Cybsrsecurity (C&C)
bill that is currently before parli

nt
The most important

Cybersocurity bands from 2015 o 016

Fiest drat cybercrimes and cybersecuriy bill
2015

When published, fhe droff wos mel with olmos!
niversal criticism ond candemnation. It
wropased quit droconian measures and severe

is in
Chopter 13 and specifically in sections
B6 & B7 where whc'm-!ms ore defined

penalies, South Africa (155A)
wos particulorly critical end seid: *A disturbing
ummm the Bill s ha apparent absence of he

inthe C8C

which is o feature of oll credible
fromeworks, of estoblishing o

bill. “Unauthorised access to, intercey

or intederence with deto” does cover o wide
ronge of octivities, and carries a jail term of
up to five yeoss if convicted.

Dra polcy 2010

The draft policy resulted i the esiablishment
of fhe National Cybersacurity Advisory Council
[NCAC) ond the Cybersecurity Incident
Responsa Team (CSIRT) which reports o the
State Sacurity Agency [S5A) in 2013

ballnce between civl liberios ord the powers of
rational security ond low enlorcement mgencies.
There it no apparent acknosledgement of the
constntional right of privacy, which has bean
globally rocognised s erically importont in
Iegislative frameworks that are being developed
10 address 215t century lssues.

Cybercrimes and cybersecurity bill

After public submissions like that by the

LSSA, the bill wos exiensively rewritten and



incorparated the mojority of recommendations
(6. The result was the bill o submined 1o
porligment in February 2017, In its cument
e confused with the
droft bill of 2015, While overall structures

form the bill should ot

and prosecution responsibi
the same

s remoin
requiraments for oblaining the
information requires more formal processes
similar o thoss for the collection of evidence

for invesfigaion ond prosecution.

hapter 2 provides a defailed description of

what consfilutes o cybercrime, but of special
interest i the following
Aggrve

11 (1] o) Any person who commits an offence
refemed to in

d offences

section 3(1), 5(1) or 6(1), in respect of; or

i) section 7(1), in so for as the passwords,
access codes or simiar dafa and devices
relote to, o restricted compuler system, is
quilly of an oggravated offence.

(b) Forpurposes of paragraph (o), “a restricted
computer system™ means any data
computer progrom, compuler data slorage
medium or compuler system under the
canirol of or exclusively used by:

(i) any financial institution;
(i) an ergan of state os sel outin section 239
ofthe Constinaion of the Republic of Soulh
Africa, 1994, including a cou

(i} o erifical information i
contemploted in section 572).

rastructure as

12) Any person who commits an offence
refered 1o in section 5(1), é{1) or 10,
which

(a) endangers the lfz or violates the physical
inhegeity or physical freedom of, or cou

number of persons;
(b} causes serious risk 1o the health or safely
of he public or any segment of the public;

(c) causes the destruction of or subsdntial
damage fo any property;

(d) couses a serious inferference with, or
secious disruption of, on essential service
facility o system, or the
essenfial service;

elivery of any

(e) ‘causes any major econormic loss;

1) creotes o serious public emergancy
situation; or

(g) prajudices the security, defence, low
enforcement or infemaional relations of
the Republic, is guily. of an apgrovated
offence.

(3} A prosecefion in ferms of subsection (1)
or (2) must be authorised in wiiing by
the Director of Public Prosecctions having
Jurisdiction,

Saction 57(2) (c) than specificolly mentions

Establish
BT act Neac/
200 ST 2013
Oratt Cs
palicy
0
Fig. 2

Fig. 3: Overview of CSMS activ

i . This will I
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include all national key poins. The following
responsibiliies rast orthe owners/oparatars of
efitical information infrasiructure:

Apply to have the infrastructure declared
erifica

Comply with dirsefives (ot own co:

0 ba perlarmed avery 24 monihs
ion 58).

As owner or opergior of such infrastructure,
foilure 1o comply s punishable by two years’

cousing “o maio plion

The ocl also requires that

securty 4 *naticnal
standdeds”, in this cose specifically the SANS
stondords.

OHS Act (Act no 85 of 1993)

Whilethe CAC bill s ot yei been promulgated,
i1 does not relieve one of tha duty 1o implement
cybersecurily measures. The Occupationol
Heath ond Sfety Act contoins throe specific
regqulotions that tauch on cybersecurity for
inclusriol systems. Ths covers control, ety and
smart arid systems including IEDs
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Fig, 4: SANS 62443 implementotion process (Froconics)

Gensral Mochine regulations (GMR

regulations 3 & 4)

—Contral systems forms part of maching

mblies os it is integral in the
operation of the machines,

- A machine is defined o3 any drvirt
or assembly that converts en
ectorm work: This includes suchgety
ond associoied devices.

~ Because the control systems fosim
machine assamblos the securmenls
around the securing ar e aperations.
of these devices are opplicable.

*  MHI regulation 6

~ While. the MHI req

menis are not
generally applicable to sleciricily
distribution, it does offect the wider
manufaciuring community and can hove
on indirect effect an electrical systoms.

- Owners/operators of MHIs must do risk
assessments and mitigation on all new/
modilied plans. Frequent oudits ore
olso raguired.

Standards

The twa ossociated SANS standards have
besn accepted o national standords in 2014
1t is 0 full acceptance of fhe IEC standords
1t is impastant to note thot the standards ore
not prescriptive, in how security should be
implemented), it only preseribes whet aspects
should be addressed during implementation
Vihat isimporfant 1o note is that the applieable
davices doss not need to ba connacied 1o o
communication network, if only nead fc hiave
communication capabiliy

SANS (EC) 62443-2-1

The standard can be overwhelming, but
the infention is 1o establish o cybersecurity
management system (CSMS), The CSMS is
divided inta hree main achvitiss

o Analysing risks

o Addrassing the risks.
* Monitoring ond improving the CSMS.
Eoch of thesa have specific sub-activiies with
the standard providing the roquirements for
eoch, The process is represenied graphically
in Fig. 3.
The standard uses fwo imporfant principles
as quidance:
s Delence in Degth (DD ~ this includes
isalaiion of funcfional and logical unifs
o Continuous manitoring and impravement.
SATR (EC) 62443.3-1:2016
This part of the stondard is fecused
on tachnologies that could be applied
during implementation 1o secura the
system(s]. It is not required to implement
all technalogies and in most cases it is
olso ot desirable as it can make the
implementation unmaintainable. Note that
(EDs ore specificall
RTUs for slectrical 5

mentioned olong with

ms.

There are six main fechnology groups:

Authanticotion and authorisation
Inchodes possword monogeme

Filtering/locking/access s
R i et e e, b
includes frewalling.

includes

Encryption and dota validation
VPN

gement, audit, measurement
ing and defaction — includes
IDS and o mmmml sﬂllm e

IACS sofware — covers the different
aparating systems.
Physical security — occess contrel and
personnal securiy

Because there are so many opfions, indusiries

generally refor fo industry specific guidatines
such as the NERC CIP or NIST standards
to assist with specilic guidelines, When
combining e twa parts of the standord, most
af the prablems con be addressed with the
process in Fig, 4

Conclusion

There are extensive chonges coming fo the
legislative framework in South Africa, It i
importont for the owners/operstors of crifcal
infrasmucture 1o be awore ofthess changes and
adhere ta the requirements. s olsa important
1o ole that while the bill is not yet in ploce,
re cre olreody o number of regulaiary
roquirements in place thot must be adhored to.

It is impossible fo make your systems 100%
socure, but o best efior s required fo ensure
operational security ond canfinuily,
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Modern asset management in utilities

by Francisco Arenos and Kai Schiabitz, Schneider Efectr

Asset management Is a key activity for ies. Adding intelli and analytics, the asset
management approach in ullities can be moved from @ tradifional preventive maintenance approach fo a 215t
century digital approach which encbles better decisions, resource isation and customer

1 about the existing assets can be
hing  found in differant soflwore s

Tradilionally the mainfenance management  Inf

Trpically, there are olready existing

lutions like the

rid cssels ke transfor

and swi
s are charocterisad by the maintenonce  geographic information systen, the o
lure or maintenance in manogemant system and in odvon,
shibution management sysiems. The

clufions farget

5 in the high voliage and particlly in

e

voliage substations, from where

strotegies

n about the ossel health siotus

ed. These are for example the

con be des

defined cycles. Research shows that only 18%

of asset failures are age reloted so thee an he stofic d sloctrical measurements like currents and
many failures which go unnaticed with the  'he gaospatial ossig

speration of the assets.

ment, administrafion ond

active power where the load the assets
have been exposed to, con b
ianally, devices such os femperaturs

tradifional asset management strategies. measured.

Nowadays mere advanced solufions help iary sources of asset healh related

s installed in the

e pr

optimise assel healih awareness

ars in switchgear which monitor the
o online dissaved gos analysers
support

farmation are fh

contact

for fronsformers health meni

the indication of mairfenance noeds.

The-substation automation system is the
next level which should be investigated wilh

respect 1o the asset
Existing and new sansors ore connected lo
the substaticn automatian systems and are.

nogement process.

available for furlher processing. However
in the substation necessary inform
regarding assel management is lost due fo
n 1o the control

limiting the communica
centre o the information dedicated fo network

example, transformer oillevel or femperatures
give: more detailed information obout the

assets. Even more voluable information is the

unused potential in the substation

systems. Modern systems con be activoted

by configuration of advonced stafistics like

operation countes, operafion copacily ond
Fig.1: Geographic information syrfem ths sum.of switching curceat,

Fig. 2: Oriine manitoring, Fig: 3 Powar melex.
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The typicol ¢ nicatien path from

the decentralised substations is the

mmunication fo the froni-ands of the
eleciricol supervisory cantrol and data i
acquisition or distribution management ASSE' opem'mns
systems (DMS). Somfimes further barriors Management Management

must be overcome to communicate nan.
operational data, for licence, resaurce

or erganisational reasans. For sscurity

Maintenance
KPIs

reasors thase systems and networks are

usually dedicoted 1o a limited user group
the

| centre, responsible far the
operation of the network, To enable access

10 the information for other deporiments in
thes company, o web access via o 30-called
demilitarised zone (DMZ) is often part of the

contral cenre solution

A more functional way to bridge the
operafional (OT) and infarmalienal (IT)

technal & use of real-time dato

historians. These historion solu

powerful toals o analyse real
torion dato. The hi
con be connected in the OT network,
e.g. to the DMS, 1o gain the relevant

orian solutions

time series of data. Even i the DMS is
not able to collect all information from Fig. 4: Assal parformance monogement

the substations, this information can be
directly collecied from the field using the

lorge porffolio of implemented protocals

HISTORICAL DATA

Via unidirectional replication mechanisms.
the OT implementations of the data
vored into a. centeal
IT implementation which can collect
information from very diffe
like other O systoms, far axomple in power

histarians can be »

it dofo sources

plants.

Altar erassing this IT/OT-Bridge, the real-time
iy ovailable for further

analysis by the assel monagemen:

ms
and other enferprise users who can laverage
from deep insight inta-the dofa. Based an this
‘access fo information, o reol condiion-based

mainfenance approach can be established
utily,

In oddition to the dota historians, an even
nore advanced mainlenance appeoach con be

plemented. By using prodictive mointanance
technolopits an sody delection of upcoming
failures con prevent further domage fo ossels
‘and enable well-imed countermeasures. The
soluticn is based on equipment modelling
by using advanced pottem recognition
The madel is built using historical dato 1o
describe how a piece of aquipment nommolly
operates, Once the model is croatad the
systom continuously monitors behaviour and
generates alarts when the operation differs
from the historical norm. This provides eorly
waming detection of equipment problems
Upan detection, advanced analysis capabiliies R T
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-
dentify problems and provide
analysis
Strategic ' 5
The: bensfits provided by opplying a gaad - s ,,,,,L.Fma"c';lu
asset maintenance can be seen in different mpraed oo
beter mantenance planning) mainlenance cosis)

areas [see Fig. &)

A-good example of fhis con be se

Juvh o Of latwnal . Safety

Dusha power plant (6 x 600 MW| whars By RN o b

Eskom first installed this system with a o, inproved Quily, A impending satastiophic
mant below US$7.million and savings production perfamance) equipment fadires)

of US$1-milion within four months. This

exirardinary payback of just three months Engineering T

mads Eskom implement the system 1o the {éecalon sppor. e tme (cata qualty, uizabion,

i et ol e and more tme impraved mode's, reattme

" : Seing mobie souions) and pregictive nsights)

Al these steps and levels must b

16 have o betier insight nfo e h

id assets

of the. i

Bul nol just the knawledge of the osset
health supports the optimisotion of the
assel mancgement siratagy. Also, the

isation in fems
nal (OPEX)

expenditures con be supported by new

of capital (CAPEX) a

tools which are available for ufilfies. As

nvesiment optimisation solution

support the sirategic process to define the

intenance and renewal cycles by

oviding simulafion capacity based o

wsset invenory, renewal and moinfenance

Criticality

costs o optimise the financiol re:

With this new oppraach, the decisions are

taken with o whols-of.company focus,

ing risk, TOTEX ond quolity of service
oll at o company level and
undersionding of med;

viding o clear

1 and long-term
pacts of decisions

Aodals, simulofions

d integrated planning help department

g the Health index
isions and optimising for

ove consensus by understan
impects of d

whole- of-company.gools, mifigating risks Fig. 7: Hoolh s mop,
related fo over or under.investment

As an sxample of the benelits produced by

this approach,

scamaios StrnATION &
OFTIHIZATION

*  14.5% reduciion in OPEX/CAPEX

*  20% reduction in operational conflicts

Ancther example shars his new approach hus
‘been applied is at EDF Nuclear Generofion,
An investment programme fo mainfain and

revamp nuclear plants was needed, o the cos!

of unplanned dawntime con amou i
to.Euro 1.milbori per day. The moin objectives
wers the optimisation of power plan!
medelling and simulating optimal decisions, resourca opfimisaion
eslichon of ookl holly eiftesnse. s ig tagoieis s L
ability
With the adaplation of existing systems,  References

loet level and the

adding further intellige
which are slready ovo:

nce ond solufions
lable today, the

m web.com/Lists/Pasts/Post

eaptiD=260

Improvement of robustness of the cperational

.0

plonning against random events. Bocause

asset manogement opproach in ufilifies
of implementing this progrom, EDF could  con be moved from o traditional praventive  Contoct Francisco José Arenas Pé

batter identlfy risk in mointenance plans  maintenanca appronch 1o @ 21st centuyy  Schneider Eloctric,

ond oplimise power plant shutdawn by digital opproach which enables bear  Fronciscojose.amnas@schneider-sleciric.com
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Predictive maintenance of transformers
through stray gassing studies

by Matshediso Phashoko, Powertech Transformers

Predictive maintenance of mineral oil-filled transformers through the use of oil condition monitoring is essential

especially for critical fransformers located

monita

3 has been
in usoge sinca antiquity. In r
new unusual gassing phenamenen, siray
 different

gossing has baen wilnessed

mineral transformer oil blends across the

world. This paper looks of some of the
laboratory results of dissaived gos analysis
and materiol compafibily 5
somples abtoined from virg
wansiormens believed 1o have stray gossing
activity and transformers known ta have
classic faults ond how siray gossing aciiviy
has offecied prediciive mainienance of
transformers

Introduction

Prodictive maintanance of tronsformers

wsually involves the monitoring and anclysis
of gosas dissolved in the ofl [DGA); oil quailly
ding the dislectric broakdown
nwerfociol tension IFT), moisture
content, dielactric dissipation foctor (DDF)/
1an 8, neutrolisation aumber/acidty, colour,
sludge content and the cancentration of
furfural and assoclated compounds. Gases
dissolved in oil and moisture content can be
ramotely ond continueusly menifored through
the use of anline monifors. Other tasts regquie
thot o manuol sample be collected from the
transtormer ond tested in o laboralory. For

a normal opetating transformer, manvol
ail sampling moy only be required once
a year. The interpretation of the absolute
volues of the dissolved gases and the gas
production rates is done aecording 1o cither
the IEC 60599:2007 1] siandard or fhe
IEEE €57.104/2008 (2] stondard. Other
DGA tools include the Duval triangles and
Pantogons (developed by Or. Michel Dovol)
for the type of oil and the equipmentirfwhich
the oil s vsad. Guidalines on racommended
firits and larms exist in both the IEC and
IEEE guides. Asset managers usually use

a) Paraffins.

Fiy. 1 Moleculor sruchae of mingral o

remote areas.

these interpretolion stondards and tools in
conjunction and whara concerning gassing
behavieur is detecied, the assessment of oil
quality indicators may be employed te furher
disfinguish the fault ocfvily, A deferioraiion in

ail qualiy is usually accompanied by on-s
elactrical fe.g. Meager) and detection fe.g
acou

 porfial dischorge measurements)
tests. Depending an the outcomes of thess site
tosts, internal inspoctions may be conducted
and the faulty unit may be sent bock fo the
manuiacturing line for repairs.

In 0 eary as the mid o lote 19705, 1
have been reports of unusual gassing octivity
2. stray gassing. Since 1998 (3], fhis gassing
phenomenan has been covered in acodemic
and industry texts ond publications. Wih

the proliferction of online DGA monitors,
there has bean on increasa in reports on
stroy gossing activily. Howsver, this stray
gassing has probobly ofways occurred [4]
Siroy gassing is the generation of gases,
mainly hydrogan, methone and sthane in
oils heoted at relotively low femperaturas
(7010 200°C}. Skay gasing ociviy hos been

Tabla 1 Fpucal obsokse dissoted gas volves

[N

Table 2: Gos produckion rates in mifdoy 1]

reported for ransformers in-servico cs woll
a3 those that had not yet bean energised
This decompesition af the oil & in most coses
net accompanied by the deterioration of
the oil gquality. Diagnostic fesis and intemal
inspections performed on fransformers

with siroy gassing activity have yielded
inconsequentiol result.

In 2013, the ASTM D7150-13. (5} was
published. This ndordised test
methodology lo« the determination of gossing
choracteristics of insulating liquids under
thermal siress; . stray gassing fest. Th test
samples ore aged o 120°C for 184 hrs. The
results of the fest ofen do not corelate with
in-service DGA resuls, es also witnessed in
similor fests conducted in (3}

s 0 st

Understandably, siray gossing has asset
managers worried cbout the increased risk
that such an obscure phenomenon poses fo
the health of their asset and the implications
it has on the voliddy of their asset insurance
cover,

This poper explores case studies involving
stroy gassing activity, how it is influenced
by material compatibility ond is effect on
condition monitoring.

The role of DGA

Mineral insulating ofl used in transtormes is
mada up of hydracarbon molecules with C-H
and C-C bonds, comprising the poratfinic,
naphthenic ond oromalic chains o llustroted
in Fig.1. A speciiic oil blend used in @
ransfomer comprises varying quanifies of
thess inolecules.

When these molecules are subjected 1o
ihermal or electrical sirass, the C-H and C-C
bonds afe served, resultng i the fomaticn of
compounds that recombine 1o form moleculor

05 kv

Woter contont

I}

NN gk =0,15
ity

(oot @ 50c. |/ <020 ]

Table 3 ol s ko inhitibed o
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hydrogen and other gases ond

polymers. The goses dissolve in oil and con be
detected by gos chromatography if they are in
large quantities and are nof depleted through
leaky gaskets into the aimesphere. Depending
on the composition of the delected gases,
fault activity, if prasent, con bs aither thermal
or elecirical. Becouse certain gases ore only
formed of specific femperature rangas, the
detected gases can be used o defermine the
temperature range of the foult activity, e.g.
the presence of acetylens is ossociated with
arcing, which accurs ot temperatures obove
800°C.

In dissolved gos analysis and inferpreiaion,

the goses frequently used ore hydrogen (.
oxide gases (carbon monoside ~ €O and
oide - CO, h

s backocorts

nsulaior

its ability to perform its primary funclions
are routinaly assessed as port of condition
manitoring. This paper focuses on the role
of the dielectric breakdown sirength (DS),
moisture/water content, inferfaciol tension
(IFT), dielectric dissipation foctor (ODF)Aon
3 and the neutralisatian number/acidity in
condition monitoring

Dieleciric breakdown sirength (DS): The DS
is 0 measure of the oils ability to provide
insulation when it is between two slactrodes
across which o voltage is applied. If is
influenced by the moisture/woter and porficle
content of the cil. An oil blend with low
moisture andl few particles willhave a relatively
igher DS volue.

goses including methane (CH,], ethane
(CH,), ethylene [C,H,) and oceylens (C.H,.
The IEC and IEEE both have guidefines on
typical dissolved gos values of individual key
gases and tokal combustible gases (TCG) e,
sum of carbon marcxide gases, hydrogen and
fydrocarbon goses

Table 1 is adapted from [ 1] and is o guideline
on the typical gos cancentration volves
observed in power transformers without
communicating anload fop changer

In addition to the concentration values,
the rote. of gos generation (which is usually
calculated in millires per doy) is alsa crifical
s it o better indicator of active faul acivity
than fhe concantration values alens.

Table 2 s also odapted from 1] and s 0
guideline on the typical rafes of gos increase
per day,

Slightlyhigher levels of indwiduol or combustible
gases may be detected, but if the rotes of gos
‘generation are steody, there might not be ony
fault activity, Conversely, the measured gas
concentrations might be lower than the fypicol
walues, bul the gos generation rotes might be
highes, indicating pessible foult activity. These
Paramelers are used in conjunchion with the
key gos raties and further analysis tools such
e the Duval triangles and paniagens o3
opplicable for the ype of oil and equipment
being analysed.

Nate that the recommanded dissolved
§0s concentrafions and gos gensration
rates ore only o guideline, ond it is best
to develop recommended values for the
specific tronsiormer communily in which the
tonsformer undar analysis s in. This woy
variables such s climatic conditians and
Inading trends are similor for oll tronstormars
‘and thus similor behoviour con be expected
across the equipment age and sub-ypo, .8
industriel ransformers

The rale of oil quality

. content: Minerol il blends
typically have o water saturation level of
oround 55 ppm of ambient temperature. Th
amount of moisture present in oil afiects its
dielectric strangth, The higher fhe moisture
content, the lowet the dislectric. breokdown
swength

Ioterfaciol fension (IFT): The IFT is o meosure

Fig. 2: Duval Trangle 1 meuks

ngth of the

water. It is dependoni on the polar groups in
the oil and it i moinly negatively offeced by
polar conteminants. T is used s on indicator
of tha level of contamination in the ol

Dielectric dissipation factor (DDF)/tan 5: The
DDF s o meosure of the dielectric losses,
which ore dissipoted cs haat energy, in the
oil. It depends on the guantity of ionisoble
and polar malecules in the oil (8], which
could increcye the temperature rise in-service,
The DOF is increased by the presance of
contominants and usuolly increases af the
onset of the oxidation process.

Neutralisation number/ocidity: The ociiy of
the oil is & measure of the quantity of acidic
compounds present in fhe oil. Oil oxidation
leads to the formation of carbomylic acids,
which incrsase its ocidity. The acidity is olso
influanced by contominants such as paints.
and vormishes. The increosing acidity of oil
s usually o precursor 1o sludge formation.

Table 3 shows recommended values for
cotegory A equipment [IEC 60422:2013),
The role of compotibility tests
Whenever o new molerial or an alfernative
material is introduced in transformer
manufacturing, the standard practic is
o test the material for compatibility with
the minesal ofl. This fest is the first ine of
defence against In-service performance
issues. |t is not alwoys possible to perorm
his exercise o5 some materiol suppliers alter
thei production processes without informing
tronsformer OEMs (original equipment
e ). The

The transformer oil serves os both o coolant

this s
e issue of compatibilty only coming 1o light

|7
w S
% Wacall | S8

i

Table 5 Dl of posver el sshiiing
sl gassing charocterites. (* GOES = Highly
permeable grain ariented elocmical (sicon) sesl )

once tha unit has boen in-service for some
ime or when @ unit previously in storoge is
energised. Materials known 1o have varionts
that are incompatible with fransformer mineral
oils ara mainly glues (epoxy based), vamishes
{for transformer windings) and paints (used fo
coat fransformer walls),

The semple preparation ond the
analysis of the results of the stondard oil
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potibility test ore done aocording fo the
ASTM D3455-02 [7). Duplicate somples are
prepared for esting. Typically, the fest material

sample is aged in the mineral oil in on oven
sof fo 100°C for 164 hours. After the aging
period, the somple is removed from the oil
and fests fa assess the influence of the fest
matericl on the ofl s well as tha influence of

the oil o the fes maleriol are conducied, To
test how the test material offects the oil, pil
quality tests ore performed. To test the effect
of the oil on the test materia, fests related 10
the usage of the material in franstormers are
clad. For excmple, i the test material
is o gasket used fo seol gaskets and prevent
ol leakage, the tensile sirength of the gusket
before and ofter oging in ofl wauld e
‘condudied.

o
Toble 8 Laboretoy

tative of

paints) are vsually not repres
fhe cose of real fronsformers. Typically, the
concentralion of fhe fest materiol is higher
thon it would be in an octual ransformer, thus
moking its influence much more pronounced
shan i reality.

Table 4 presents the allowable properti

d from [6]

oged raference ail and is ade

In recent times, dissolved gos onalysis afer
\ performed on the oil as

aging has be
part of the companbility tests. This anclysis
is performed 1o ‘detarmine the gassing
characterisics thet the oil exhibits when fhe
ust material is introduced
was adogied affer reporls of siroy gossing
phenomenan experienced inofh

This practice

rwise healthy

tusting refoence standards on accepioble test
results for the reference oil (ol oged without
aterial) samples. The allowable
percentoge change in the properies of the
il ond the test material after being in contact
with sach other are usually agred upan by
the purchaser and the test material supplier
prior 1o festing. Percaniage changes outside
hese limits render the material incompaible
with the il ar warrant furfher tests.

Worth nofing is that the rafia of the test
naterial 1o the ofl and the curing mefhods
used (i the case of glues, varnishes and

Becouse this dissolved gos
ot form part of the slonderd

compatibilty test, the results are only used for

analysis d

stray gassing oxiss 5], ther ore st na clear
guidslines o whot levels of stroy gassing ore
ble and when siray gassing activity

wo stray gassing fest somple
ration methods documented in

cellulase ester filter, Duplicate samples
of the oil ore sparged with air zero fond
oiher duplicate somples with nitrogen) for
30 minutes. The sparging of the il samples
with the two gases is done fo simulale the

different types of il preservation systems

used for transformers, .e. free-breothing
ond in contact with axygen foir zero] and

sealed [nitrage

) Duplicote samples are then
placed in o glass syings, sealed and then
aged of 120°C for 164 hours, Aler the aging
period, the somples are removed from the
oven, cooled 16 ro0m temparature and fhen

dissolved gos onolysi.

lts have shown that il in contact
with oxygen fends i produce higher levels
af hydrogen compared 1o ofher combustible

gases

fing the aging femparature and durotion
ta simulote in-service condifions hes been
dane. Resuls of such modified tssfs con then
be used 1o esioblish o gossing lingerprint
aitributed to thermal siress. Estoblishing @
gossing fingerprint for stray gossing ochvity
is especiolly useful in transformers filled with |
oils known fo produce stray goses. The siray
gossing baseline can b used fo adjust the
goses delected from standard DGA tests in
order fo distinguish betwsen stray gossing
octivity ond classic franstormer faults. This

process is covered in (3]
Case studis

In 2013, o customer submitted reports of
unusual gassing behaviour exhibited by an
in-service alioconnected transformer with

o noncommanicating on-load top changer

manvacturad in 2004, Table 5 is o summary §
of the transformer details. |
DGA tranding storfe
Table 6 shows
tor wo somples collecied in July
mber 2013, The conceniration of

in March 2013
o resulls of regulor DGA

s

ormotive purposes
Stray gassing

Until recently, stroy gessing tests have only
boen padarmed by ol suppliers on oil baiches
before shipment, Wit tha increose
siray gassing activiy in faidy new transformers,
fless than five yoars.in-service), ransk
OEMs and end-users storted performing the
test in-house.

reports of

Thawgh o standard fest methodology for

ogen and ihane exce yoical vl
of Table 1 substantially. In oddiion, the doily
generation rate for sthane wos mare than fen

s the typicol value 1.

According 1o [2], the translormer is in =
Candition 2, 1. the transiormer is producing
greater than normal combustible gos levels
and any individual combustible gas exceeding
specified levels should prompt additianal
investigation. Sampling frequency shauld be
inereased 1o monthly. This was subsequently
implemerted
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“ with oir zero and nitrogen respactively. Also
shown in these tobles are the DE sty gasing
2 - crfeta fmifs or nclviduel guses. These fmits |G 2 i
wore davelaped from somples fested for gty e e
L .. o umerous customers across the werld using
el different oil blends.

Fig.3: Duvl Paniagon 1 resul

DGA interpretation using the key gos rotics
was inconclusive; each ratic-showad o
different faull.

The Duval trionglés for mineral ofl (Tiangles 1,
4 and 5) were then used 1o mop the possible
fauh. The resubs. of the interpretotion using
Trangle 1 are shown in Fig. 2

Triangle | indicated o thermal fault of
temperature lass than 300°C type for nine of
the ten somples. The one sample indicated g
PD fauh mainly due o the fow evels of/fhe
detocted dissolved ethylone.

Triangle 4 indicated & non-detsrminable foul
for all the samles. Tiangle 3 indicated an
avecheating fauh

Triongle 5 indicoted overheating a

of tamparatuce lass than 250°C for
samples.

On-site tests, including electricol tesis, SFRA
and diagnasti fests, showed no signs of fault
achvity Subsequent intarmal inspections wera
alsa ot forthcoming

An additional sample wos collected in
Septembar 2013 1o be tested for siray
gossing. The sample was fested af tho
Dable Engineering [DE) insulafing materiols
laborolory, o8 there was no fes faciliy in Souih
Africa at the fime hat could perform fhis fest
Tables 7 and B show the laboratory stray
gossing test results for il somples sparged

The stroy gassing ossessment is done o
follows: IF any of the listed gases is mors
than 10% above the set limi, then the oil is
siray gassing. The sevority of the stray gossing
il is determined by the magnitude and
the number of gases that exceed their limits

As soen in Tobles 7 and B, the ol is excessivaly
stroy gassing in both the oxygen-rich and
axygen-deprived ervironments. Case studies
documented in literature including (3,
revesled that the solufian fovoured by most
©EMs and utilifies to remove goses due
fo siray gossing activity wos degossing, o
process by which the goses are reduced
to non-detectoble levels. Noted in these
studies was that the stray gassing activly can
platecu en its own of the alroody establishad
gossing level and thot the recurrence of siay
gassing octivity, olbeit of o reduced level, hod
been observed ofier transtormers hod been
degassed. The tronslormer wos degassed in
2014 ond o new BGA irend was established
The siroy gossing aciivily re-emerged in eorly
2015,

At the publication of the algarithm for the
Duval Peniagons [9], the interpretation of
the DGA results was conducted using fhose
new foals, Both indicoted siray gassing
activity for oll tan somples os shown in Fig, 3
(Pantrigon 1 results)

‘The oil quality parameters for the 27 November
2015 sample is presented in Table 10

g period, the ol quol

gossing were sent 1o Dobls Engineering and
Eskom Labaratory (EL) in Bloemionein fo fest
focility for siray gassing had recontly been
estoblished). It wos expected hat the levels
of the dissolved goses measured by the fhree
loboralories would vory; but similor gassing
characterisiics for soch sample were expected
ocross the lobaratories.

Tables: 11 1o 13 show fha fest results obfained
by the three loboratories for oil samples

sparged wilh oir ze(o, Presented in Tables 11
10 13 are o comporison of siray gassing test
results for oil collected from Tronsformer 1,
i.6. the transformer wilh siroy gassing octivity,
and Transformer 2, i.6. o translormer known
for partiol dischorge activity as determined
through. acoustic measursments and on
infernal inspection

The gossing characterisfics under thermal
stess for oil from Tronslormier 1 are similar
tor ol three laborataries, with the excepfion
being that higher carbon monoxide lovels
wera detected ot the OEM's loborotory, The
resuls for Transformer 2 ore. simvlar for the
OEM and DE loborotories, whessas the Eskom
loboratory detected higher ethyleno levels

The regular DGA results of Transiormer 2
befora it wos repaired showed o combustibla
gos compasition o follows: TCG (356 ppm);
hydrogen (244 ppm), methane (23 ppm)
and carbon manoxide (B9 ppm). The ofher
hydrocarbon gases were non-defectable.

iniios ermained it el
In mid-2015, the OEM esfablished o siray
gossing test facilly in their oil laboratory,
To vafidate the test setup, samples from this
transtormor ond other transformers with
‘gassing aciivity due fo classic fauts

Moterial d
in conjunclion with the siroy gessing asts
Table 14 presents fhe DGA results (alfter
stondard compatibilily oging) of mefals used
in transformers thot possed the oil quality
compatibility tests, but hove been known fo
il S
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The rasulis ore for

af high temperatures
the reference oil (RO}, GOES, bore coppst
1BC) and mild stesl (MS). As sxpected, the
composition of the dissolved goses does not
mich that indicated in Table 9

A mefal oxide paint variont (used as on
el coofing in rediators and fransformer
tonks] that was of the Hime suspecied of being
responsible for the xcessive gassing was 0150
fested using both inhibited ond uninhibited
ol

The DGA results [after standard compatibility
aging) presented in Table 15 oo for the
somples aged in inhibited and uninhibited
oils from the same ail supplier. Only corbon
monaxide could be defected in the aged
refersnce oil somplas; of datected levels of
13 gpm and 30 ppm for the inhibited and
tod il samples respaciively.

The results in Tabli 15 show thot the presence
of exidation inhibifors is o large foctor in the
composition of fhe gases genarated when
the el is in cantact with the poirt ot elsvated
temperatures.

Conclusions

Unusual gossing behmviour of transicrmers
due fo stroy gessing is & phenomenon
whose mechonisms are not yat fully known
Appeoaching the problem of eacessive gassing
through o.combination of existing focls such o
regular dissolved gos analysis and oil qually
monitoring may shed light an whether the
oclivity is detrimentol fo the oil. Establishing
0 siray gassing boseline of the oil prior 1o
filling transtormers con be usd to distinguish

betwean elassic foults and gassing due fo

Table 14: DXGA reults aher aging lor componibily fests ~ medal

u:f‘ 15 D\JAV{'M#\ u’\rr aging far compaiib
e o R

his. phenomenan. Such a gassing baseline
should be incorporoted info siondo
fools for the assessment of ransicrmer health,
dy on tronskarmers in the Seuth
Africon nemwork using the Eskom opproved oil
blends should be eonducted 1o estoblish local

s and

A brooder

stray gossing limits.
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The embedded solar PV market
in South Africa

by Dr. Christopher How and Niveshen Gavendes SAPVIA

Over |h= past 24 months South Africa has seen an exponential increase in the number of embedded solar

and industrial sector. Estimates of annual installed copacity

range between 80 10 120 MW p.a. with a fotal installed capacity of around 300 MW. Unlike the large utllity scale

program which has procured almost 3 GW of solar of the past five years, this market

not based on government

incentives or guarantees, but purely on the econemics of cost saving using solar rather than conventional utility

supplied electricity.

Tha dynamics of ihis market are significant ()
because thers are occuring in an area that is
inberently diffcult 1o regulote and cuenty in
the absence of clear regulation, (i) becouse
they signal a futher reduction in the demand
for lectricity soles rom, in some cases, alrsady
financiolly constroined utility companies
and (i) becausa thay signify the start of an
energy fransiion o more disributed electricity
generation and sterage. In this paper we
provide the South African Photovoltoic Indusiry
Associatior's viaw on the current PV markef,
the need for clear regulafian and the efiors so
far that have been carried out o self-reguiate.
the industry in the form of the PV GreenCord.

Lack of regulation

South Alrca’s Energy Regulation Act sipulotes
that every electricity generolor must eblain &
licence from the Nofional Energy Regulotor
[NERSA] unless they ore generating slactricity
for "own use® purposes. The defintion of
“own use" can be interpreted diflerortly, with
rogulators nsisting that it would only opply to
o user that is entirely disconnected from the
national grid ond davelopers ond consumers
interprating it o3 *not feeding onything
back onto the grid". In order 1o receiye
genaration licance from NERSA thara mils be
an allocation for the applicant’s fechology
in e Integrated Resourca Plan (1R) and the
minister musi have made o detormination hat
the state wants fo pracure such fechnology.

The meter embadded generation fechnology
was nat envisaged os o siate procured
source of energy and therslors, up 1o now,
there has not been any provision created
far such fechnalagy in the prevailing IRR
This IR?, which is meant fo be updated every
two years, hos been delayed by five years
due in part 16 angaing lobbying fo try and
Inchide nucleor ensrgy into the plan, despite
indspandent ressarch indicating that it would
not be sconamically feasible. Further 1o this,
NERSA has released o dra set of guidelines,
which are not yet enlorceable, envisaging
o requiremen! for embedded generoors fo
obtoin licences above | MW in size. As o
result thare is significant uncedainty. from

Anmad intalled non (99 sdar P im South Arica (K

Fig. 1 Estimoted market growth in non-IPP projects 2010 - 2016,

different siokeholders as 1o how o ireal
@ projects from  regulolory perspechive.
This in fum has resulfed in some developers
ond consumens progressing with uncegulated
projects of significant size (up 10 5 MW) and
clso hos hindered the development of third
porty financing for PV systems, which hos
been o mojor enablor in cther markets. From
on industry perspective, SAPYIA encaurages
regulation thet

'+ Does not arbirarily resirict larger system
instollations where they ore technically
feasible.
Encourages third party financing of
syems,

.

Pravides municipalifies and consumers
with clear requirements for quality
sandards, conmaction procedures, system

informe and timeframes fo process
opplications.
Market growth and effect on utility
sales

Despite this lack of ceriainty around

regulations, many consumers hove foken
the view tht il thei solar ganarafion never
excends their consumption they are “own

usars” and os a sesul o significont mumber of
instollations hove been concluded, some even
larger thon | MW in size

Funthermore, many of these installotions have
boen procured by large listed corporotes
(0.g. Growthpoint Properties, Redeline
Properties, Attacq Property Fund, Aterbury
Proporties]. At on averoge price of k1,00
et kWh and ossuming a solar speciic vield
averoge of 1650 kWh/kWp, the installed
copacity i currantly ofseting approsimately
R420-million per ynar. With the reduction i
PV madule price and further increases in by
tariffs, the business case for solar systems
such s those already instolled is improving
presenting a potentiolly continued expanerial
growth in the sactor, In a global conext it &
ot unusual for solar morkets to grow 1o rapid
rates (sce Table 1),

Movement fo @ new energy
paradigm

The trands in South Aliica ore nof unigue
China installed 13 GW of solar ¥ in umqk
month in 2017; over 10 GW of uri
projects have applied for grid connections |p
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was launched in June 2017; fo date fhere are
36 installers rogisered

2010- 2017 3 70,47%

~ ai0-2017 075% Conclusion
2010-2017_ | N-‘mi . | Solar PY os an embedded generatian
2010.- 2017 p 92,860 aource: s sees proliic growlh o the kst
20062012 | W% | 24monhs. Thebusiness cossforsolor

of further expo

there I3 o lack of appropriate regulal

intiol marke geowth, C

say 2014, p. 63)

qiving rise to developers and consumers

r own industry siondard for  esioblishing

reir owen self.reguai

within the last six months and the
dsolortoreochthecasi @ iy connections. and inlerprefations of tha existing law, U
R B e by their noture b
Instollers are encouraged fo register on fhe  of risk it mare affention s not given 1o wha the

PV GreenC ok like-and

USApn P
of slectricity fransmission by 2020. With

dificult o transform, are

ual 1o the trans

ard programme by envoling
. Consumars

fikely

anergy sysher

oliern

ampele. Botiery  parsannelin iaining progromn
are encouraged 1o insist thet compories they
orto

how best 1o regulate .

resent these qualifications i Contact Chris How, SAPVIA,
ore of sufficient quality  Tel 021 421-9764
s The programme  Chris@opsoluti

snsure that insiollafions
‘and mee! salety require

demand for electrc vehi
willincrease the
iy vehicles parked during

o0

y salor power seems ikely 1o play @
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ond those that do will create mare
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Customers more.

Grid defection is nat the most effcient
future for the enefay
whole. Idsally c

umers would want
store as much a3

they ore able fo over the fime periods
that they need
de d renewable en

may be coses whare there is an over
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that hos no space for sol

and consumplicn fareces
operate o network can charge users for
lty comparies or

IAC AFLR up fo 40kA for 1

using fhis service

ale owned service
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Miniature substations: What they are
really capable of delivering

by Rhett Kelly and Grag Whyte, ACTOM Mesium Volfoge S

gear

The latest edifion of the South African national standard for miniature substations, SANS 1029 Edition 3, was
published in 2010 and has thus been in place for at least six years. Both users and manufacturers have been

referen

g this standard, but few people in the indusiry really understand some of the key concepts relating to

the on-site capability of miniature substations fo deliver their rated maximum power.

SANS 1029 Edition 3 {previously dual
numbered as NRS 004) now references
71202 0s the primary
nce to which miniature
substations in South Alrica are fo ba designed
‘ondtested. reviows ecifins of SANS 1029 (and
NRS 004) mode reference to
SANS (IEC) 61330 ~ but only with respect
to the infemal orc testing of the minigture
In 2007, SANS (IEC} 61330
wos withdrawn ond reploced by Edifion 1 of
SANS (IEC) 62271202
standard for high-voltage/low-voltage

substation
the internafional

peefobricoted substafions.
SANS 62271202 provides a clear d

o the roted meximum power of o

substation ond provides the femperature
rise type test requirements applicable fo
complete miniature substation assemblies.
Furthermore, it provides clear guidelines on
how ta determing the vating of a ranstormer
within an enclosure, However, in most coses,
many users and ongineers have eithet ot reod
o nol understood exactly who the rating of @
mii-substation s, and more importarty, whot
it really capable of delivering. The Impoct and
relevance of concops such os the temperaturo
class of fhe enclosurs, irenslormer de-rating,
lood factor, ranskormer temparatuse risa imits,
solor radiation and average site ambiant
Iemperature condiions are pocrly undersiood
and applied in the real world,

This paper aims 1o highlight the commen
misconcapons in the industry and presentihe
ruth bahind whet minioture subsiotions are
reolly capable of delvering. It would surprise
many that the actual output pewer capability
of minioture substations having the same
nominal rating fe.g. 500 KVA] supplied by
diffenent manufocturers can vary significantly.
Power wtilities ond users would do well to
take note of and understond fhe key issues
discussed in order 1o batter understand what
ihey are really purchasing - and the possible
tinancial implications.

References
SANS 780, Distribtion Tronsformers

SANS 1029, Minioture substations for rated
a.c. voltoges up 1o and incluing 24 k¥

SANS 61330, High-voltage flow-voliage
prefabricated substations [withdrawr
replaced by SANS £2271-202]

SANS 61439-2, Low-voltage switchgeas
and confrolgeor assemblies - Port 2: Power
swithgea
SANS 42271-202/1EC 62271202, Hi

voltoge switchgear and conte

ind controlgear ossemblies

202: Highwolloge/low-volioge prefabricoted

substotion

Evompie of o 500 KVA ransfommer

SANS 600761
Port : General

SANS 60076-2, Pawer iransiormers
Part 2: Temperature rise

SANS 60529, Degrees of protection provided

by enclosures (IP Code)

Power iransformers

Important concepts and definitions
SANS 62271.202 and SANS 60078.2
infreduce some important concepts and
definitions, Inclu the following:

eplate.
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salor rodiofion.

d substation fe.g. m

substotion]; type-tested omambly coropiing
n general

an enclosure contain
ranslormers, low-voltoge and high-voltoge
ausitiory

switchgear, connections and
‘equipment 1o supply low-voliage energy from
1 high-voliage system or vice: versa

Class of enclosure: the differance of

femparatura rise betwsen fhe fronsformer
in the enclosure and fhe some transformer
outside fhe enclosure ot normal service
<ondiiions

ted closs of

Rated closs of enclosure: The 1
the enclosure is the class of the enclosure

ormespanding o the rafed moximum power of
the prefobricated subsiation. It is imperiant fo
te hot the fransformer roted values power
ond losses) correspond to the meximum
rated volues of the prefabriceted (minioture]
substation

The rated Elass of the enclosura; the
tmansformer temperoiure rise ond the service
condiions are used fo determine the lood
factor of fhe fronsformer, There ore six rated
closses of enclosue:. clossos 5, 10, 15, 20,
25 and 30 correspanding fo @ maximum
valua of diferonce of the tempsroture isz of

‘Short-circuit of LV forminals /smnmumlvmu-m
|
| v
v
High valtag Transtormer Low vollage
‘side supply sido supply

Fig. 3 SANS 62

tha transformer of 5 K, 10 K, 15 K, 20 K,
25 Kond 30K

271,202 prefeced temp

the sum of the manthly average temperatures.
For air-cooled, oil-immersed transformers

yearly average temperatura should not

Code: @ coding system 1o indicate the
st N exceed 20°C
degrees of protection provided by an
enc! occess o hazard onthl

ingeass of solid foreign objects, ingress of
water and 1o give additianol information in
connection with such protection.

food factar: per unit valus of
from e
Ironsformer ot constant rafed voliage.

Teansforme
constont curren fhat can be foken

imum power of the prefabricated
an: The rated maximum power of

fhe prafobricated substation is given by
aximum roted power and the total

SANS 60076} far which the subsiation hos
been designad. If is crilical fo note therelors
that

e raled power of tho minjaty
termined from

temperature: the colculoted
arthly evaroge ambient oir temperature
at the instollation site -

equal 1o half the
the average of the doily moxima

sum o
and tha average of the doily minima during
a particulor menth {over many years)

ir-cooled, ail-immersed tronslommers, the
manthly average temparature, for the hotiest
should not exceed 30°C

manh

Maximum ambient air fe

peralure: the
ppar limi of the permissible ombien air
mperoture. For air-cooled, oil-mmersed

transformers, the maximum ambient should
not exceed 40°C

It is imporiant to note ihat the above

nameplote rated power.

Ambient oir temperature: femperaiure,
detarmined under prescribed condifions,
of the air surraunding the enclosure of the
prefobricated substation

Yearly verage temperolure: the colculoted
yocrly average ombient aif tempersture of

the installation site ~ aquol 10 one-twelfih of

elwlale

i
|

limits are used fo determine
the: ollemoble temperature rise fimis of the
tronsiormer. They correspond to fhe normal
stormer temperaturs e lirits of 60 K ard
45 K for the transiormer top oil and windings

respactively. The normal temperature.cise

such coses the limils of temperature rise are
modified. If the temperature candifions ot

site axceed one of these limits, the specified
temperaturerise limits for the ronslormer
shall oll ba reduced by the same amoun
as the excess. Mony users loosely specify
‘ambient air temperoiure conditions, without
necassarlly understanding et doll
fhey are reforring to the yeorly overage,
menihly everage or maximum ambient oir
femperature,

whather

Transformer nameplate and

“,\y‘.-

Toble. 1 Average and meximum lemperatares recorded for some locafions in South Afrc

Iput power
In eccordance with SANS 780 and
SANS (IEC} 60076-1, the fransformer
namegale s required to include, amengst
other rafings, the rated power {in kVA or MVA),
fhe rated voliages ond rafed currents. Note fhof
the secandary rated voliage i the fransformer
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cose of SANS 780
15 [as specified for

no-load valioge. In th

siribution transhor

increased by 5%

primarily for volioge regulation

mpensate for the tronsformer
d voli-drop on the LV networks
For example, the no-load sacondory valtage

formers used in 400 V
eople do nol

for three

systems is

realise i ic requirement of

SANS 780

that this

foctivaly de-raf output
This is
secondary current is
determined based on the transformer rofed

power and rated na-lood secandory volioge.
For exomple,
4 500 kVA distribution transforn
ot nominol valtogs (1. 400 V] is 475 kVA. A
100 KA transtormer con deliver 950 kYA
So before the sransiormer is even instolled
inside the enciosure of @ miniofure subsiafion
rsformer is unable fo deliver its raied
power of the system nominal voltage. The next

can dolive

on the intermal ambient femperatur
niature substation

Substation class of enclosure

A foundaiional principle of

SANS 62271-202 (ond thus SANS 1029)

is that the key components housed in the

being the HV switchgear

(6.g. RMUJ, the transformer and the ¥
switchgear (IV Assembly) ore each required
10 be designed ond type tested as individuo]
components in accordance with their own
product stondards. Once assembled in the
complete prefabricated subsiction, the corrsct
design and perarmance of the prefobricated
substation a5 a whole o verified by means
ol relevont additional fype fests described in
SANS 62271-202. Thess tests include:

& Temparture rise tasts on the complota
substation

« Relsvont tests on the HY and LV
interconnections (whers opphicable)

0.g.IP

o Mechonicol and comosion fests [

For the putpases.of this paper, the authors are

only concemed with the temperaure fsa Iost.

Aceordingly, the HY. switc

geor, the power
wransformers and LV switchgeor are each
provided wi
as defined in their raspe,
standonds

heir own individual nameplate:

The prefabricoted substation is designed to
be used under normal service conditions for
auidoor swithgear and confrolgear according
1o SANS 62271-1, lnside the enclosure if is
assumed that normal indoor conditions prevail

ot a solar form.

‘Short et of Low

Fig. 4: SANS £2071-207 oltermative temperature-sive mathod,

occording fo SANS 62271-1
ombien

iowever, the

temperature inside the enclosure of
the prefabricoted substation will be dil

cent

10 the fsurrounding} ambient temperature as

a

def in the pravious section, Note thot
SANS 62271.202 fand thus SANS 1029)
only covers designs using natural ventlafion
Therefore, specified requirements such as the

enclosure IF Code may have o profaund effect
on the intemal ambient temperature and thus

fhe femperature rise of inter

1 he amb
is highee than the limits fixed forthe componeats
in their respective proxduct standards, de-rating
may be necessary. A transformer looded with
rated normal current inside an enclosure

W lemperature insida fhe substation

has o temperctu

when tested on it
and the lemperture limits os defined in
SANS 600762 can bo exceeded. The
maximum hot-spot lamperature af

fransfomer should be maintained irespective
of the enclosure, and therefore, it may be
necessary fo de-rate the transformer 1o ensure
ihat his hat-spat lemperatuns is not exceeded.

The cons

i of the “class of nclosure” is
bosed on this fact and effectively makes

the conditional de-rafing of the
tronsformer ance insfolled nsice f

@ miniature

substation. Accordingly. the service condiions.
of the tronslermer are detormined according
o the locol outside senice conditions ond
the class of the enclosure. This enables the
ex o User 1o coleulate
using Annex DD of

wanslormer manufoc
s posuible de-rof
SANS 62271-202

The required class of enclosure should
wctually be salected from fhe yeorly average
mbien femperafure of the insicflation sie,

the required lood factor and the actual
temperature rises of the fransformer an
its own. Alternctively, for o given class of
enclosure, the permissible lood foctor of the
tronsiormer depeands on the temperature rises
of the tronsformer and the yearly averoge
‘ambignt temperofure of the subsialion sie.

In most coses in South Alrica, the required
closs of enclosure is not specified and is ofien
ignored or left 1o tha
Furthermor, manulocturess thernsalves do et

sfacturer te: decide.

understand the concept of “class of enclosure”

nd i ohen comes s a surpr

o ko mony users
and manulaciurers when they discover thol
their miniature substofion is simply unable
nai's

to continuously deliver the fransfo

rated power under ceruin conditions. The
enclosure class s required 1o be confirmed
by test according ta SANS 62271202
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Temperature rise of arinside enclosure 81 in K

Fig: 5+ intemal LV componment

Few manufacturers have: conducted
temperature rise fests in accordance with
SANS 62271-202 to verily the closs of
enclosure, and in many coses the manufocturer

is unable 10 stafe what closs of end
being offered.

W shie user is unawore of what closs of
eniclosurs has been offersd, this con have
ificant and/or dire implications on the:
abiliy of the transformer o deliver its rated
Maximum power — particulady if @ high
class of enclosure is unknowingly
Furthermors, manutocturers offering betier
(0. fower] classes of enclosures of o cost
Promium may be disodvonioged ~ whereas
in actuol foct the manulacturer is offering @
Minioturs: subsiation thot can deliver higher
Ufput power. Howsver, in both cases, the
Transtormars themselves may well comply

with: the temperature rise reguirements of
SANS 780 and SANS 60076

Nota that it is possible for a manufacturer i
98sign to the some enclosure different classes
Cormesponding to different valves of pover
and lossas of the tronstormer. For example,
95K closs of enclosure could be ossigned
when housing o 315 kVA transformer
*hareas o 10 K closs of enclosure might
be assigned when housing o 1000 KVA
Yransformer (i.e. hoving higher tofol losses) in
the same enclosuim. it should further be noted
that i an enclosure is fested for the highes!
Yorsformer power and losses, the doss of
enclosure achieved moy outomatically be
9ssigned for oll tronsformers hoving lower
Power and losses — without the need for
further testing, Such rules cavering the
Bddension of the validity of type tests carried
©uln prefobicoted substotions ore currenty
Being drafied into. o new IEC siondord.

ambient lemperature rise of @ 1000 VA miniar

Using fhe quidalines provided in Anvex DD of
SANS 62271-202, it s possible 1o determine
the possible de-roting of & translormer bused

ise and the actual servics conditions, the
ransiormer and thus the culput power of
the substafion mey well need to be de-roted.
Conversely, if the condif
the transformer could be up-rated.

ns ere favourable,

The next factor to consider is the effects of
solar rediation 01 the enclosure

Effects of solar radiation

The temperature rise type fests for the HY
switchgear, LV swiichgear, fransfommer and
complete prefabricated substation cumently
do not take into account the effects of solor
radiation. Only until very recently has o
type test for LV power switchgear assemblies
used in PV applications been proposed in
onnex DD of a commitiee draft (CD) of
EC 41439.2. is foiry intuitive fo appreciate
thetsoler rodiation on the minioture subsafion
housing doas have o direct affect an the
internal ambien temperature of a miniature
substotion and fhus the temperature rises of
the voriout companents — in particular the
transhormer ond LV assembly

The most enerous solar rodiafion efiects on

the miniature subsiation ore assumed to be
d

ambient temperotures at the installation site
o the minioture subsiotien. Fig. 1 has been
ot from Annex DD of SANS 62271202
Ficst, select the curve applicoble for the closs
o enclosure. Then select the yeorly average
ombiont femperoiure for the substation sife-on
‘he vertical wis using the anis corresponding fo
he top ol and winding (O/W) temparature rise
Jimitsoftho Wersformer outside of he andlosure.
The intersection of the class of the enclosure
curve and e ambienttemperature line gives the
load fackor of the ransormer aliowed.

There are two ways in which this graph con
be used.

The first is when the user specifies an
ombiant temperature that s higher than
one of the standard temperatures os
defined in SANS £0076-2. Far example,
the meximum embient temperature is
sioted as SO°C (ie. 10'C higher than ihe
maximum cllowable ambient of 40°C).
In this <ase the ollowsble transformer
Jemparoture tise imi's are reduces

10 K to 50 K and 55 K for the top ofl
and winding respectively. The appropriaie
¥ oxis is than selected 1o determine the
allowable load foctor depending on the
class of enclosure.

Alternatively, if the eciual tronslormer
temperaiure rise volues obigined
are lower then thse allowsd by the
SANS 50076-2 {e.g. 50 K and 55 K lor
the 105 oil and winding respeciively), then
for the standard ombient femperatures,
the allowable load facior would be
greates than 1 (e 1, in this cosel.

Therefore, depending on the closs of
enclosure, the tronsfarmer temparoture

ar mid-o when the
109, bock or front and ene adjacent side of
the substafion enclosure s subject fo solor
radiation. At thess times during the doy,
the salor rodiation is approsimately $0% of
the radicfion experienced ot midday (ie.
1,2 k8], For fhe duraiicn of the femperatue
fise tost, radiant heat lomps ore used 1o
simulote the effects of solor radation on the
1op, front or back and one adjacent side
of the tested substation. Fig. 2 shows the
proposed aangement of rdiant heat lomps
for temperature-rise test with simulated solor
radiafion. The rediant heat lomps ore aanged
50 that the overage selor iradionce received
by the substafion under fesi, perpendicular o
the surlace being considered is:

If the manulocturer or usar proposes fo use
different extemal colours of the subsiation, the
substation fest shall be don with the darkest
colour s this represent the worst case

The outhors, trough their participation in the
intemational working group (mainfenance
tsam) responsible for IEC 62271.202 have
proposed thatthe sflects of solor cadiation are
in future token into account in the type fosts
given in IEC 62271-202. 1 will be proposed
that o fest set up similar 1o the one doscibed
in Annex DD of IEC 61439-2 be used. The
authors. plan fo propose a new voriotion of
chass of enclosura which olsa fokes the effects
of salor radiation infa account

Experience with temperature rise
type testing 1o SANS 62271-202
SANS 62271202 mokes provision for we
mathods for conducting the femipsraturs
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rise test on o miniature substation. The

preferred method requires two separate

power supplies - as shown in Fig. 3. The
high-vohoge side supply is used 1o supply the
total rofod transiormer losses o the incoming
MV switchgear ferminals with the secandary
side of the tronslormer shori-circulted — in
accordance with SANS 40076-2. The secand
supply is used 1o supply the LY assembly in

ith SANS 1439 1

secondary current of the ranstormer and with
the 1V ossembly isolated from the transiormer
ond shortcircuited ot the peint of isalafion

Top 109 x 1203 0,76 Wiim?
Frotor 0,9 % 12/V2 % 0,54 k¥/m
back

Sde (0.9 1.2/

The chemative method can b ussd if the test
facility only has ane sourcs of current [as fs the
ense in most est Facilies in South Alical or the
dasign of the minigiure substaticn makes the
connection amangamans of the kwo sources of
curment impossible. 1 requires only ane power
‘supply connaced 1o the high-voliage side of the
minicture substation. The testis conducted with
the IV ossembly connected to the transformer
socandary side and with the LY essembly short
circuited ot the ouigoing leminals or furthest
end - as shown In Fig. 4. In aecordance with
SANS 60076-2 fin the case o liquid-filed
Wonskormens), thefirst stogs of the lest requires
sufficient cument 10 be supplied 1o generate
the total rated losses of the translormer: For
the sacond stags, the curent is reduced 5o
a1 1o produce the roted secondory current of
the transiormer for one hour. While i is ot
‘explicily stated in SANS 82271202, 0s tha fest
method is required o be in aecordance with
the relevant fransfanmer produdt slandard fe.g.
SANS 60076-2 for liquid-filled transformens),
ot the end of the first stuge, the wransloemer
109 oll femperaturefiss & measured and at
tha end of the sacond siage, the translarmer
winding and LV assembly femparature
rise volues ore measured. 11 is ihe,
authors opinion thot clarity is required: In
SANS (IEC) 62271-202 on the two-shage:
Jast method given in the ronsformer product
standord and whether the measurement of
both the transformer top-oil and winding
\omperature- rises are required when cssessing
the nccepionce criteria in relafion 1o the
femperature-class. of the enclosure.

Based on the outhors’ experience with
femperature-rise testing of miniature-
substations in accerdance with
SANS 1029, with the provision of aptimally
positioned and designed venilafin lovyres
in the enclosure, il is possible fo abiain
femperoture closs of § K. In accordance
with SANS 61439-1, simulation of the
{ossos ganeroted by fhe ovigoing fesder
circuit switchgear and cables is done

= 0,54 Wim?

LV ASSEMBLY
~8 LV ASSEMBLY wah TRF LOSSES.

Temperaturerise of a inside anclosura a8 n K

Fig. & bvernal 1Y g

# famperature

{zome enclosure).

through the use of heaters installed in the
LV compariment. I is importont thot the
information regerding fhe size and number
of hecters provided is included in the type
test report for evaluation by the user - o5
this could ensily be overlooked.

the ranshormer. Due ta the relofively long
thermal fime constant of the transfarmer,
whon the lead increases and even exceeds
the transformers confinuous rafing, the
winding and oil fempaeratures offen stay
within their i

in many cosés, large utilities have

intemel ombient femperafure grodient vithin
the: miniature substalion enclosure. Both
colculations and meosurements made during
temporoture rise fype tesiing confim diferences
in temperaiures ol up fo 30°C between the
beitom of the enclosure and e fop.

Historical performance of miniature
substation transformers

Considering the variaus issues raised above,

the question has to be osked why the failure

1o approptiately de-rate tronstormers that

are housed in miniature subsiafions has

not resulted in any significant problems or
fremoture transiormer failures on site. The

Tollawing faciors are considered o be relevant

regarding the performance of miniature

substation ransfosmers:

o Al many igstallation sites in Seuth
Aitica, contrary fo populor beliel, the
yearly and monthly average ambisnt
femperaiures ore reasonably fovourable:
when compared 1o these allowed by the:
SANS 60076-2 standord, Table | shows
soma of the overage and maximum
femperatures recorded for some locations
in South Alrica

In many coses, minighure substctions re
insialled in residential arcos wharo the
typical lood probe is substanticlly cyclic
innoture. This imglies thot in between the
moming and eveni ik demand fimes,
the transiormer has fime fo cool dawn
when fhe Joad is well below the rating of

power rutings:
in order o minimise stock variations and
ulfimately optimise through economies of
scale. In some coses, some ilies only
purchase 500 kVA miniofure substations
inespecive of he aciual size of he load
to be supplied — resulting in the foct that
the transformer power raiing ofien well
exceeds whot is aciually required

The typicol Trpe A or Type B minioture
substation designs in eccordance with
SANS 1029 have the transfarmer
cooling radiaters locoted extemal fo
the enclos in some cases (L.
carloin Tya A dafigns), the radiotors are
not only extemal fo the Enclosure but
also shelierad from solor radiation by the
substotion raof.

Having said fhof, in many coses the user
may nof eveh be aware that their minioture
subsiction tronsformer s baing louded beyond
its dusigned capobility and questians will
only'be asked # and when the fransformer
eventually folls prematurely, In other cases,
and often to the surprise of the. user, the
transiormer thermol averload profection (e.g.
linked to the top oil femperature thermomeer
~ f fitted) mery trip with @ transformer lood
factor of less than |
In the mejerty of cases, problems relofing 10
the obilty of minioture substotion transformers
o deliver their maximum rated power have
surfaced in the following cases:
 Industrial or commarcial oreas whers the
load profile is less cyclic fi.e. continuous



_éewmmucowennonmw =
—

losdi

reduced lood for cocling down).
ond inclu
(IEC) 62271

urrently

verifying the

Contect Rhet K

@ sales@neweleccoza ¢ +27123271729 9 5’9:;;'0‘:";;55’"@:

© www.neweleccoza
A South African Company to be Proud of




N 66thAMEUConvention2017 T e A i e o o
.

Impact of commercial/industrial SSEG
installations on MV networks

by Geaven Moodley, De GD Jennings, V Pilloy, N Reitz ond J Govender, Digsilen Buyisa

‘With the ing levels of

in South Af

ded SSEG) being
a at low veltage (LV) level, there is concern about the impacts these embedded generators will have

dinto municipal networks

on the technical performance of the municipal networks at medium voltage (MV) level.

While severol siudies have been done.
much of the facus has been on the financal
impacts for the distributors with very itle
technical impact sudies avaiioble, This paper
resuls of studies that wore done
in the Polokwane

pres
considering an MY netw
municipality and the impact varied levels of
SSEG penelrafion could have on this network

The network had predominantly indusiriol
customers on dedicated foeders with some
residential and commercial customers on
shared fooders. Utlising NES 097.2-3 [2] as
& connection guideline, different penetrafion
levels of SSEG installofions were modelled and
the impacs on the vollags regulation, power
fiows, harmonics and the revenue from energy
soles wos studied

In 2014, the outhors released o pops
the impocts of SSEG on LY netwarls [1
paper uflised “acodemic* networks o perform
fechnical impact studies. Subsequent 1o the
releaso of the paper, there hos been much
focus on fhe impacts of SSEG an MYV nefworks.
Based on this need, the authors investigoted
the impacts of SSEG (implemonted at LV levels)
an the MV networks. For these studies on
aciuol municipal network was uiilised fo give
he sy rasults more crechbilfy and help the
technicol stoff operating distribution natworks
gain o better undersianding of the impacts of
SSEG on the elacirical networks, The studies
abio considered the impacts on the energy
sold nd henca the financial imglication 1o
the municipality.

Simulation model assumptions.

In order 1o perform such siudies i s imporiant
1o choose o network where the customer
clossification con ba easily identified.
During the DAMIDA project, the Palokwane
municipality was identified o hove an area

St e

Fig. 2: Commereiol load prabe

Load profiles

Differant customor classes have different load

profiles, Onca the cusiomer classes wore

ideniified, typicol load (consumption] profles
Allload

[network) whereby the customer cl i
could ba sasly identiied

Laboda has 32% residentiol cusiomen, 58%
indusiriol customers and 10%light cammercial
customers. The network has o iotal insialled
copacity of 33,200 KA of MYV ranstormers
Al industrial clents ore on dedicated MY/LV

Fironk i

eoch
profles wero nomalised. Fig. 1 shows the
iypical load profile of o residential client with
an evening peak cccurring between 18h00
and 19h00. Figs. Z and 3 show fhe lood
profiles used for commersial and indusirial
customers in the studies

customers on shared IV feeders which ore
operated as ring feeders

All studies were done using Digsilent’s
Powerfoctory software, Version 2017,

at each of the MV/LY iransformers. Far
the study purpases if is assumed that he
MY/LY iransiormers can lood up fo 100% of
heir installed copocity, No diversiyis opplied

1o the loading and is bosed on the customer
laad profile connected to that transformer.
Th fellawing essumptions ware made wih
tespict o loading in the chosen networks:

o Pack load occurs in winter.

®  Summer peak load is BO% of winter peok
load

Minimum lood peck occurs in summer
and is equol fo 25% of peak winter lood
[December and January due fo indusiry
shutdown),

SSEG generafion profiles

For these studies only PV installations are

considered. Utilising publicly ovailable
generation records from S, typical daily
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siclled wi

om SMUA inve

pro
the Polokwane network was downloaded
ond analysad [3]. The generation profiles

ters were bosed en o 4 kWp,
ower 6000TL-20
sneration profiles were then stali
analysed and typical daily generation proliles
mmer ond winfer

odel. The dally

Sunoy

ally

‘were created considerin

o5 well us cloudy ond sunny days. The PV

4

7 is shown in F

gene

In winter the peak PV ge

approximotely BO% of the summer peak

Sizing of SSEG instoll

NRS 09723 [2] 0s 0 @
sumptions were made with

Tespacttothe size of SSEG installafion ot

cuslomer's s,
o NRS connection criteria is applied

based on shared or dedicoted LV feader
Al industriol clients hove

upia 75 o MY

customers can it
ransformer capacly in SSE

s are connecied

o Resideatiol custar
using a 6 A connection breaker (notfied
maximum demand (NMD} = 13,8 kVA).

rod IV feeders
mer will be

Thase cusiomers ore ans
as such a residential cus
fted fo 25% of the fofal NMD, i.e. the
10 3,45 KA

SSEG instalation is limited
(3,45 kw).
Commerciol cusiomers ore also on shared
LV feeders hence will olso be limited
fo maximum SSEG instollatian size of
3,45 kA (3,45 kW)
RS siipulates.in the simplified criterio
that the generation should be
limited 1o fess thomor equal fo 15% of the
MV feedder peok. Since there is i ceive:
ving of the MV leeder peok, fo
tevia is nof pos
considered In the studiss:
d

moni
oy

s suc

ould not

SSEG peneiration levels ore consideres
as follows:
All

onis ore assumed to have SSEG

ed on ste and the inslolled size

is the maximum allowoble size
no SSEG i
ing powes regardiess of the fimé:

§ penetration meot

100% peneiration means fhat every
customer's SSEG mqvallm on is
Generaiing power up 10

allowed by the PV generation profile.

For SSEG penstration levels between
0 ond 100%, the ge
of the customer's SSE
limited 1 the specified po
b0 limited o the maximum allowed by
the PV generation profile.

[ R sl

Normalised PV output for Polokwane region
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Fig, 4: Narmiatsed PV generation profiles for 4 invarfe

nive Polokwars region
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. 5 Vahage vorioton for  sunny vs. cludy oy in summer and winter for Liboria.
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Study criferio

Since the load ond PY gensrafion vories
studies had fo consider combinations of the
following citeria

»  Peak and minimum network los

o Sunny and cloudy days
o Winter and summet loading

o Varied lavels of SSEG penetafion
Impacts on voliage regulation

The firs set of studies facused on the impoct
the varied levels of SSEG will have on
the voltoge regulation of the MY feeders.

Speculation is that “the voliage will vary 1 =

v o o

. : oo %00 @ T W% e
wremendously causing the faps fo bum cul” on SEremey

the HY/MV transformers. The studies focused e

‘an monitoring the voliage variation and since s

e Laboria feeders are ring operoed, the e
voliage was manitored o5 close to the o
of the foeder as passible.

with pek summer loading with vared lovels of SSEG penshration

Peak network looding

The first study considered the impoact of
the SSEG on the volfags, for o sunny vs. o
cloudy doy, when considering 100% SSEG
penelration, Since the peok loading varies
batwean summer and winter, the study was
dore considering both seasans. For Laboria
network the valtage variation for suany .
cloudy days is shown in Fig. 5. The resulls
show that fhe voltage variafion is <1% for
both summer ond winter in both networks,
thus litle couse for concarn

The next studies focused on the effect fhe

varied levels of SSEG panetration will have.on

ha volioge ragulation of fhe feeders. Figs. & O %bano G Wz 54800 ae e ey
and 7 show the voltage variance of the centre i
of Laboria’s longest feeder, for both summer e
and wirter looding, with the SSEG penetration s

levels varied from zero o 100%.
Fig. 7: Volhage variation wih puolk winker looding with varied levels of SSEG peneration
The results again indicate that velioge

variction on tha feeders s less than 1%, As

expected the impact on the voliage during the u o
day with the SSEG insiallations is noficesble, )
ut still within g acceplable variance range. :

During the evening pea fhare is no-effact
with the network sxperiencing moximum
voltoge varigtion (from low loading). In the
Loborin netwark the SSEG installations oSt
he voliage regulation during the day when
tha network esperiences high loading ond
reduces the volluge variation betwoen midday
and night.

Minimu cetwork loading

The voliage regulation was also studied when
tha natwork is experiencing low loading.
This is fypicolly in Decomber and Januory
(holidays, company shut down, efc.), hence
only the summer looding wos considered for
thesao studies. Fig. 8 shows the volloge of the
canire of the longest feeder in Laboria with

0

1 summer looding and voried evels of SSEG panetration
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varied levels of SSEG penefrafion. The resu penafration was olso

er/Janus

rigin panetration

e day is higher than

indics

Deces

the vollage duris

fhe valtage of night, This i clearly shown in
Fig. B where the

i

o fh

MY fo the HV network as shawn in Fig

MW cain flow b

the HY network far 10

power flow is noted from

MV transformers w

dering vor

peneiration levels in the

Harmonic impacts

Peak network lood)

Small scole embedded generation ofien

show the verter technalogies in order

Figs. 9 and 1

> the Laboria While most madarn

power Hiows i 10 produce powe

conside jocturers have reduced the

loading sulput from the Inverters, there are atil
decroase in power f midday ome harmonics gencrated. U oro
llotions are producing emed that when there ore large

penciration levels of SSEG in the netwark, the

umik ons

m SSEG inver become signficant

s adversely offeciing the power qualify fo

network looding

all clents supplied from the utity’s nehwrk

ariod favels o

The obiectiva of this: study wos fo. quantity

]
AGENCIES

etwork bei

impacts the hormonics would have in fhe

udied when considering worst

harmanic injection currents p d
by the IEC (5]. The maximum ollowoble
aemitied by

retwork mod

e for each of

Harmonis

cuted, considering varied ley

neiration in the

an then compare:
allowable planning volfage

to NRS for MV

inear network impedance assumed for
the HY nefwark

No skin effact on cables co
this vill lead 1o worst co
distortion levels.

dered hence

INo background hammonics are considered

from fhe network

npedance loads
with oaly the cable copacitance of the

All loads m
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20th

low the NRS

harmonies (>204h) the volfo;

For higher o

harmonics exceed the allowable NRS

nce around the 381h order, as showr

13. This is consistent with
ol IV and- MV cobles used
h valtage harmanics.

ey resp

the networks, thus

fing in the

The results udies for these networks, show

thot even with extremely high SSEG penetration
levels, the impoct of fhe PV inverters on the
nefwork harmonics is within acceptoble limits. I

study rasults
on the network thot is being
pawer foctor
t will affect

y olso b
on ond fillering equipme:
the network. Furthermore some

ain equipment that may cause

ances could cause

network resanan

wormenie distor

qguides. It highly recommendaed that each network

dapendantly in order to ossess the

ill have on the harmenic distortions.

Impacts on energy sold (revenue)

With increased levels of SSEG penairafion thers isa
significant impact an fhe power that is drown from
the HV netwerk info the MV network_ This will have o
direct impact on the energy soles by the municipality
in the network being studied. Since the studies are
conducted using load and generafion profiles over
a typical day, the effect an the energy soles canaba
d. For thase studies it is ossumed thot

be quonif
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Domesic 177 = | 1
Commercial 151 |
Industio! & e e i 1l
% 1: Fired forlfs ossymed for the
of woergy
Summer (peakl RACS 197 _g
Winter (peok Réds 999 | -
Summar [minimum) ”137296 [ f
o — m‘ AEBEH. B 7 o
it i
se torilf i considered, The tarfls cansidered =r=
own in Table 1 -
g 12 Fotoric clghalom vl Jor veried levels ol 866 pereenton. I8
Considering the network with no SSEG e SN Peiatoion. s ik
present | ’j penetration) then the total iy L
favenve thot can be expected per day,
s given in Table 2. As the level of SSEG s g
Incregses the expected revenue from ef "z
soles s reduced. For Laborio nefwork o
expected daily reduction in energy revenue [
is shown in Fig, th the Laboria netwark L =
hoving more industrial clients with larger
SSEG installations, the redution in doily
&nergy sales is expecied ta be greater. For i e Zi
100% SSEG penetration the doily reduction i
i energy soles i as high as 37% in summer {
and 25% in winter. Again the reality s shat el ML
while industrial clients may have more ITTE S F ™
finincial resoun purchase SSEG, not i
all customers wil instoll SSEG. Assuming o 2
very favourable penetration rate of 0%, fhen - i 2
the daily reduction in e
For peck loading coses there is no reverse - = =
Power flow from the MV fo the HY network =
For the minimum loading coses howsves, i Fig. 13: Nework resonance dos Ko cobling ond wonshormers,
hos bean shown thot fhere is neversa power
flow from specific levels of SSEG penatrofion
nd obove., Fig. 15 shows the impocts on the
daily Revenue loss/day
inloby s i
hot is generared o
this raducing the & i
o s
!t must be noted that since the me
hos no official feed-in toriff, excess power e eeesee
that is generated from SSEG installotions e
€0mes gf zero cosi, However fhis power con as s
#6ll be sold 1o, nearby customers, thus this
R e Leoen s it o triowe g
ot the muricipolity (with n 1t must be e
furher nated that the loss of rvenue fron - 3
®nergy sales is not entirely incurred by the ool . : g2 o
Municipalty since they do not have 1o BOY e
Eskom for this ynsupplied energy. Also the Fig 14: L o il il vl o SSE pametrion: for

i peak looxding an summer and wintet doys

v power from Eskom
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Revenue loss/day

SURETECH Instruments

Electrical Safety Kit: :
choose your own instruments BT paraeihe,
+  Reference Generator ¥

HV/PAS (LV-MV / MV / MV-HV)
HV/PT2

Contact adapter, with probes & handle
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Global electricity disruption:
The South African parallels

by Paul Vermeulen, City Power Johannesbur

lobal electricity

and loss of

industry (EDI) can take many forms. In South Africa, these disruptors

plors b
include sluggish EDI

The local EDI may, however,

leap-frog the transition pracess before the industry reaches a critical sustainability limir.

The City of Johannesburg's first serious
look ot disruptians in fhe elechicit business
happened in Fabruary 2014, promptd by he
mayoral commities's concems of declining
solles volumes, spirolling trifs, out of eontrol
losses and, of course; who! wos then
o canstant threat of load shedding. Energy
elficiency, demond side manogement and
slernotive energy sources came fo fhe foro

e o el
054 asetn

et -
e o oo i

e i s iy
feymiy o s

ik ey before,
the problems. it was cleor the moinstoy of the
city’s revenue generaling entilies was unable
tor deliver as it had in the past, ond without
orants and subsidies the slectricily ‘core
business® was unable 1o generae a surplus.
What's wrong with the cash cow?

Thrse disruptions hove clready foken elfect
and hove eroded the asset colled elacticol
load, These ware the sustained economic
down-turn since 2008, spiralling tarift
sicity of demand
urol

increases with the prica elast
reaching o fioping peint, o5 well 03 sruch
changes occurring within he energy syster of
the city itself. The struciural chonges, omong
ih

Sactorin

T,
s bog
e

Fig. 1: Global-

Understanding the implications of
logy driven disruption.

f e renewo
ond gas alternatives, prompt
Committee fo considar ehonging the charier
for City Power from being just 0 narmow
Eleciricity distributor info o new enfity; o more
SUstginable *energy compony” providing
. centralised

ted the mayorol

$8rvices using more fhon just i
91d power, What f s company would
ks was most uncertoin of the fime. To ry f&
dafine the form ond secure fulure rovenue
From energy services, EON Consuling wa
ehgaged 1o develop  new energy plon for he
Sty and o new business model for City Powe

The first siep was, in consuhtant speak, oA
“emvironmentol scon”. This included o ook
Sl what wos happening globally, yiekding the
Pleture in Fig. |

ely doos

The: wheel of global disruptors defin
98ply locally, albeit with some varigfions
o fhe fact that very littie real
ed in South Afica
e the wriing of the Energy White Foper
In 1998 which wos widely regorded 0s fhe
Slieprint for the industey af the davn of the
Dew demacrocy, This paper s intended 03
S9uth Alrican view of eoch disnupive sP0ke
o the wheal, perhaps with some fonguerin-

commentary.

A the root of fhe globol disrupiion is new
tschnology. Competiively priced wind end
photovolfoic technologies, fogether with
ubiquiteus alectronic communications and
cheap computing power fo control things,
i3 reclly what it is. Thess tachnologies are
changing the energy londscope across the
globe. Enargy storage, the newest kid on the
block,is also poised fo accelerate the changes

spiurs ideniied a5 port of the: new energy plan (Source: EON Energy Plon presacofion]

of workshaps on the matler over he lus! few
yeors. The workshops included input from
acodemics, notably UCT. The point has been
made (Trolli, 2017) that beth the [EP ond the
IRP ore:stll based on lost century's ceniralisad
elacrriity generofion and distibution models
ihat are completely at odds with this disrupiive
quadruple "D* phenomenon. In other words,
our lalest IRP is complefely uf of touch with
roality. W lsa excludes consideration of uliity
scole energy storage and slectric vehicle
{s0e Fig. 2).

ot every poi g the y

value choin, and is already on o similar
dowmward price path o what the word has
eoen with photovoltoic panels 1] (see Fig. 2).
§o much for the technology or “engineering”
aspects of ihe disruption... In atiempling
o understond what this really means, [2]
expresses fhe Impacts of the changes in

more sacio-econamic ferms, In these ferms,
the disruption is rather the decentralisation,
democrotisation, digitisation and de-
corbonisation of the world's energy systems.
These are powerul new weopons indeed,
particulorly when it comes to dealing with
Imonopalised power supply, rom o consumer’s
perspoctive.

SALGA is likewise cancerned obout the
futura of the EDI, having conducted o saies

Around the warld, consumers hove come 1o
view uillfies as a kind of grudge payment. For
a century, the consumer simply had i pay
the “regulated tonffs® and had no choices
o options. People do not like this ospect
of manopolies, na matier which continant
they live 00, Theow in on element of graf
and comuption, some arroneous billing ond
unjustified cut-offs and you hove o severely
disliked indusiry with openly rebellious
customers on your hands, to whom the idea of
rid delection hos great appeal, This current
realiy is our own unique brand of disrupion.
When prices were low, these issues were
perhaps folerble, buf in the South Afican
context the 500% increasa in eleciricify
prices aver the last ten years accomponied
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by intolarable bouts of load shedding has
changed our anergy system lorever

elasticity of demand, considersd a
by the industry for mony years prios, kicked
in, consumers mode serious investm

gas for cooking ond woter heating and ignited
o fresh public interest in personal renewable
¥ Systems to reduce their depandancy
able 1o
invest in thess measures simply resoried fo

rend

arid. In many cases, those .

electricity.the, evident in our growis

of increasing losses. The honest consumers,

once their free allocation of kilowatt-hours
hove been used up, rever back to cheoper

baving occass

candles and posoffin, despil
o the grid

The aftitude towards the locol industry as
a whole has deteriorated by on order of
magnitude following the exposed corrupt

octivities ond involvement in stote copture of

Eskonts board and executive monagement,

and the mismanagement identified in some
ies. The new “DDDD” options,
particularly when the cost of storoge reduces

o on alfordable level, wil provide o real
alisrnative o the grd far afffuent residential
customers ond commercial anterprises olika.
With all the negative indusiy sentiment cbou,
itwill be: dificult 1o soll ha grid for he value it
con bring in an effcient greener energy future,
providing seamloss load baloncing services
and o markefploce for new green energy
generafion cpporfunifies. The indusiry. hos
perhaps o very narraw window of opporunity
ta change these perceptions and keep these
players connecled t fhe grid.

Infrastructure investment

Much of the urban infrastructure was put into
senvice in the 1960s and 19705 and needs
10 b replaced 03 the equipmant has reoched
the end of s intended dasign le. Nowadays,
vietually oll availabla cogital is spent on new

Watt next?

Battery cost
Worldwide, 3/kWh

000

000

800~

0
2008 10 12 1415

Ry

bcsms oop

)
20 2022
target

Source: US Department of Energy

Fig. 2: Ensrgy storage i sef i

an osse! management business, parficul

lorly

where the ossefs ore of o technical nature,
it makes sense o siondardise os for o5
gossible and limil the voristy of plont and
equipment deployed within each asset class
This is ochisved by applying stotegic sourcing
principles, howevar thase alweys seem 1 be
at odds with the cyclicol competitive bidding
processes and shontemm contract nature of
thie MFMA

An enormoys amount of effort is spent by
municipal supply chain managers on opplying
the *rules” of the MEMA, olten in conflict with

intake substations and with
very litie on refurbishment, particularly the
hment of the “lost mile” in the oldar
established

Where supply chain monogers ond clerks
win oul, probably ten fimes that effar is

suburbs. At last review, the EDI maintenance
bocklog was esfimated o ba in the regian,
of RéB-billion (3]. The industry is seeing &
worsening piciure o8 for os NRS 048 quality
of supply stondards is concemed ond in
comparison fo the rest of the world, cur SAIDI
and CAID| ligures are poor. This cngoing
disruption s perhops more like a tic
e-bomb.

Of the funding thot has been available over
tha last decode, ane hos to question il he
best value for spend has been achieved.
MFM#A procurement regulations have in
themsalves been disruptive fo business. In

i

d from s
ed enginsering staff 10 manage and

naintain the rondom rather than sirategic
collection of ussets that is procured ond put
into service. The prablem only worszns. over
e

Changing energy mix and
distributed generation

Most municipalities hova realised that their
etoil customers hove a right as property

Gwners 16 invest in energy efficiency and
instoll photovoltoic systems on their properties
1o supplement fhe anergy they faks froem the
gid. Most do fhis- to-contain rising enargy

ity diswibution valse chain

costs and tha Recsiver of Reven
incontives i

evon hos tax

aloce fo promols thase ocivities,

he case fhe cust
and ses the grid

nec °g his system
load blancing and
oll ony surplus energy
d operator remains
elevont 10, and con retoin the cusiomer. To
ffsel reves lasses from the reduced sale
of units of energy, the disirbulor con adjus!
the tariffs and charges fo access the grid ond
sote for the loss.

a5 @ morkeiploce fo &

he may have, the n

In overseas markets, fhe big disruptor fo
utllty companies has been ragulators insisting
on el m

19 policies o incentivising
renewable_enargy

n farifls that hove

severely impacted utlty revenves

Here af he

severol municipolities have

put in ploce NERSA opproved smoll scole
embedded genero
any surplus

orifls that aliow for

o the grid to be compansated
through & process of net billing rather than

et metecing. In this orrongement, the surplus

is efiectively *bought bock' at o lower rote
thon whot it would be sold 1o o neighbouring
customer.

Regulation being what it is, the NERSA
approved buy-back rofes o the distributor
must be less thon fhe cost of Eskom bulk
pawer. The energy losses associated with (he

rplus ore olso significantly less because (he
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Rapidly increasing awareness of the unsustainability of
current business models Cross-subsidization issues are
taxing the inputs 1o the Economy instead of the outputs

RE s emerging
as the least cost

niegrated Energy Plan (IEP) and Integrated Resource. Plan (IRP) remain based
ntralized generation and distribution models. To include distributed options,
an IRP at City level is necessary 1o aifive at the true least cost option
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With huge bills to poy for the construction of
Kusile and Medupi, resisting the tronsition
is uniortunately Eskom’s present approach
to renswable energy, os they see balh
embadded generation on distribution grids
and transmission connected REIPPP generation
68 a loss of morket shore.

Ironically, the municipalitias, treated as a
group of ‘refail” customers, do not ssem o
have the right fo make fheir own investments.
in photovoliaic ar wind energy systems fo
supplement the energy they faks from Eskom
and obiain blocks of energy at a lower fired
price thon fassil based energy. A few things
trip them up clong the way; the IRP and
ossociated minisferial dispensations, the
Eskom single buyar cabinet dacision of 2007
ond the onerous requirements of the MEMA.
that need 1o be followed 10 sign o power
purchose ogreement for @ duration longer

than three years
This is o double disruption for municipal
distributors. Their own prime Customers can
west in and connect alternative energy
systams fo power theic loods and reduce their
energy costs going forward. They themssives
are et o libery, os either refail cusiomess
af Eskom, nor os fully fledged distribution
system operaior, 1 do the some fo contain
costs and use the savings fowards subsidising
theit low income residential cusiomens, o3 thiy
ore abliged fo do by tha national Eleciricily
Pricing Policy.
This is why the City of Cape Town hos faken
NERSA and the minister of energy fo courl,
saoking an interpretation ond declarafory
order on Section 34 of the Eleciricity
Regulation Act (2006]. The wording s that
the minister “may”, not “must” or “shall®,
make delerminations on now generafion plart
for the country. They have a city level IRP that
was done by the CSIR which indicates fhet, by
inclydiog 170 MW of photorolioic generotion
and 220 MW of wind power into their grids, by
2023 their bulk energy purchoses will become
half o billian rand cheaper. Thers is @ good
chance of them winning their cose.

Empowered customers
In hindsight, parhaps the mest empowering
furn of events for the eleciricity cansumer
‘Over the lost decade bias been load sheddiog:
Despite Eskom's current 6000 MW surplus
Capacity, o number thot foday is olmost
meaningless fo the average consumes, the
it helplassness and inconvenience of load
shedding wos parmanently bumed into the
Memory of an eniive generafion. As a result.
they now also know of, and befter understand
their new energy options.

PV system and inverer vendors lomented
the fimes load shedding subsided os regular
Bouts of load shedding was their best form

of adverising and opporturily for cusiomer
education. The fiming could nof have been
betier as the cost of PV wos reducing and the
technology was baceming offordable to o
greater porsion of the population.

Gone are the days of the cansumer foking
eleciricify for granted. The paying Seuth
African consumer now comprehensively
undarstands energy efficiency and altemative
anergy sources, and hos o plon of how o use
them going farward. Lood shedding can be
argued o hovo been the most savere of South
Alrica’s disruptors to dote ond fs lingering
effects soam to continue in two new forms

o Firslly, o5 an engoing increase in rarifs
needed o fund the cost of the new-builds
and seftle regulatory clearing account
clow-bocks, couplad with the consequant
"utility deoth spiral” fhot feeds on ever
increasing fariffs,

Secondly, as SAIDH and CAIDI figures rise,
signalling o deterioration of the security
of supply o cusiomers from the effects
of lood shedding siross on the networks
ond sustained under expenditure oo
disiribution. infesiructure meintenance.
Also oggrovated by vandalism and thei
assoults on the nefworks,

City Rower o dole hos oficioly commissianed
8,4 MW of roolto PV systems and the number
of rew anplicotions rises monthly. Thera is
a strong suspicion that of leost onother
30 MW of unauthorised small-scalo
embedded generation is, connected
to their grids. The City of Cape Town
has commissioned mare than this end
also racognises thaf fhey alsa hove fans
of megawatis of unauthorised systems
connacted to their grids

Digitisation

Moore's low was an observation made in
1965 that the number of transistors on
o computer chip would double roughly
evary two years. The cast of the chip,
howeves, would not double, which meant

The secand disruption hos besn that the
technalogy hos a kisspan of only o decode if
you are lucky. Things develop 5o quickly that
the microprocessors used ore absolete within
five yeors and usually not supporied altor fen
yeors, Eleciranic syslems oge quite quickly
and ot leost one unit will fail before they tum
15. If they are running in @ connected mods
for automation purposes, when spares run
out, all v will hove to be replaced. Mare
disruptive is the problem that the PC or laptop
originally used 1o configurs ond program
the davices packs up even sooner ond Ihe

commissianed conliguration dota may no
langer be avaitoble. Or the siofl who originally
i fhe work have left the organisation.

‘The hird disruplive factor of digital disribution
technology is thot i reqires the puffing in place
the copital budgets fo suppor thase confinuous
upgrade cycles. While the costof e squipment
may came down euer fime, fhe cost of the
wnginearing resources 15 do the upgrode
work and system re-commissioning does not
Great difficully and seriaus engineering afiort
are required 1o integrote fhe variaty of newer
devices into the existing control systems and
the switch 1o digitol equipment becomes a
continuous burden o itself as distibutors foll
inta the irap of nat incraasing their capacily to
do the necessary work.

The same problem arises with complex
engingering informatian systems. SCADA,
IS, condition monitoring and aviage
management systems fend fo have o
golden period of operation o few years
immedietaly ofter they are commissioned,
but will degrode over time os bardware ond
more offen than net mandatory software
Upgrades ore required to keep fhe sysiems
functianal. Should & municipolify have
no internal syslems integration expentise,
“digitisation” will need fo include angoing
software vendor suppent creating anather,
usvally substantial ongoing cost.

that computing power would ds ly
drop in cost o3 time passed. This has held
rue for sevaral decodos ond todoy we soe

The probler is ance ogoin oggravated by the

¥
for @ municipolity 1o establish o long tem
relationship with a vendor who offers a fully

relatively cheop based
metering and integroted profection ond
SCADA products being deployed all aver tha
electricy dishibution system. These devices
have wonderful functionality - perhaps
generating for 166 much unnecessary
Information in some cses.

Old disc and mechanical relay-based
metering and profection units had a espan
of anyihing up fo.3x docadss, They never
roquired “upgroding” in all that fime, only
some physical maintenance: avery few yeors:
The fist disruption that come from odopting
ihe new digital fechnology leoring how fo
configure and use it sensibly.

has off he shell infegrated network planning,
GIS, SCADA, outoge marcgemen and plant
candition monitaring hunctionality

Market and policy reforms.

Twe notable non-events, the obandonmeant
of the REDS and parlioment's rejeciion of fhe
ISMO Bill despile both being key elements
of the 1998 Eneray White Poper, have hod
serious disruptive efects on fhe indusiry.

In the build-up fo the REDs, municipal
distributors put the brakes on cresting debt to
address fheic mainienance bockiogs. Similarky,
there was no oppetits for copitol expenditure
for network expansion just prier o the REDs
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od. Years want by withou! the
frasiructure investman in monicipal
distribution oreas, and it took at least another

two years fo resume offer the REDs were
abandonsd. A key objective of the REDs was 1o

incorporate smaller struggling
intes voble: distibution companies. Neediess
o 5oy, the situation in smoller municipolities
has since deferiorated, with mary apparently

on th verge of collopse
No independent system and morket operafor
(ISMO) also means. no independent power
producers outside of the REIPPP program,
o program that enly got underwoy becouse
if wais underwritien by Treosury in suppor
of South Alrica’s climate
fments

ge mifigation
cor

I the continuing ISMO vacuum, there has
been o further development. The verfically
intograted Eskom, stll cloarly dominated
by the generation division, remains the
nominated single buyer or markel operator
for the caunfry and hos hod the power 15
scutile the REIPPP by rofusing 10 sign the PPAs
beyond bid window 3. This means the REIPPP
program, tha once shining South Alrican light
in the eys of the rest of the warld fhof hos
basn adopted by many countries a3 policy
for the procurement of renewable eneray, is
in serious danger of fizzling out, right whese
it started.

Mo ISMO hes alse meant no competition for
the generation industry — o real incenfives
1o keap the cost of the now-build in check,
‘and no incentives o keep the coss of primary
energy down, Unfortunataly, fhe opposite
has happened. Oppartunists in both the coal
and road transport indusires, allegedly with
inside help, have made ovemight fortunes ot
the: expense of the South Alican electicit
One step towards the establishment of o0
Iodaarat gower it ke poba
Alrican ragion was the estak

Inferncsional 15093 14% | 10602 | s90% |
Table 1+ Summary of Eskom customer information shoet
(Source: Eskom Integrabed Raport, 31 Morch 2017),
dd lgred i this. that the sructural ith
was the case, the cost fo the distributors would the: industry.

be lower thon ff

cast 1o industry

The quick analysis shows th s not the
cose and fo further jusiiy the slotement,
one simply has to compare the difference
betwsen ragulor Magofiex and the local
outhority Megaflex torifs — there ora virtually
o differences, perhops twa cents’ diflerence
in the enargy rafes and virually o diffesences
in service and network chorges

Eskom supplies 51,7% of is total energy
1o its South Alfican slectricity cusiomers.
represanting about 40% of the South African
customer basa. Exports account for 7,14%
of sales and the remaining 42.4% of the
anergy is sold fo municipel distributors who
then an-sell 1o the 60% belance of the South
Alfticem customer bosa within the municipal
distribution oreas (4]

In reolity municipol disiibutors cre Eskor's
“prime” Megoflex relail customers, by far
fhe biggest customer group in tems of sales
volumes and from whom o relatively high
morgin is exiracted, owing 1o the fact thot their
load profiles are charocierised by o greater
propariion of expensive morming and evening
poak anergy sales. A1 81 cents per kWh, the

e

the Southem Alricon Power Pool in ms
Ironically, today it is possibly cheaper to
saurco Eskom powet from the pool rather
than 5 o Sauth Alrican municipal customer
of Eskom. This is evident from o quick
analysis of the customer information sheet of
Esko's integrated onnuol report for 2017
(se0 Table 1)

While #f may be possible for o metro fo
becoms o member of the SAPR the MFMA
does nat allow any foroign currency frading
Somehow, the cily hat is often referred fo as
the econamic powerhouse of Alrica, cannel
troda intermafionaly or s own, ond ulimaely
the country's benefit

As far as Eskom is concernad, municipl
distribufors ore retail eustomers and are
iruated the same as the indusirial customers
They are not really considered ra-sellers who

i o
cl v

their flatter loed profile indusirial Magaflax

customers.

One of the moin reasons thet large carporote
company headauarters ore moving eutof City
Power commarcial precincts bko Rasebonk
ond into Sanchon, which is Eskom supplied,
isthat, over a yoar, he energy cos! per squore
metre of cffice spoce i significantly lower,
There Is no coresponding migration of low
income casidential areas inte Eskom supply
oreas, and definitely ne rush on the part
of Eskom to electrify ond provide service fo
low income setilements in municipal sipply
areas where o massive cross-subsicy from
the commercial and industrial sector would
be required fo service them

Further evidence of fhis disruption is hat
recently, certain municipalities have been
unable o poy their Exkem bill - in paricular,
those that hove a predominontly residentiol
customer base-without a bolancing portién
of commercial and indusirol customars fo
previde fhe necossary cross-subsidy o keep.
residentiol tarifis of an affordable rate. The
aventuol resul is oither higher residential
tariffs with massively discuptive runawoy
nen-technicol lesses or worse, loss-moking
vesidential arifs fo star off with. Both lnad
10 on inability to pay Eskom,

To effect “cradit control” to fx the problem,
Eskom nowadays requires defaulting

|
1o bo competilive 1o thess of Eskom, howaver
the point is never made that 6C% of the
country's electricity consumers and fherelore
£0% of the final distribution assefs that need
1o be maintained, are not in Eskom’s hands,
The cast of buikding and maintoining these
assels ond the need to create o surplis fo
feturn o ousefs) for the municipality hos 1
be factored in on top of this and means fhat
municipal tarifs il never be able fo compels
vith thase of Eskom. The big disruption is
thot Indushry ond coimerce, being “business
ociantated", migrete out of murscipal sopply
areas to Eskom supply ereas. They are olso
not inclined 1o esioblish new businesses in
municipal creas, These anomalies indicate

and to lodge o *consumption deposit” with
ihem in cosz of payment defoult. Definiely
no consideration here thot these defaulting
municipal distributors are no different to
Eskom distribution operations in Sowato for
exomple, wheré losses are alsa high and fha
trend is proving difficult o reverse (4]

Note in Table 1 thol Eskom olso has over
5-million residsatiol custemers, largely in
the low income sector These customers
ore oo being, cross-subsidised from ofher
tarif categories, and yes, you guassed if,
the biggest coniribuion o fheir revenue, of
40,9% of the otal, comes from the distributor
customer cotegory. Not only are we cross-
subsidising our own law inceme residential
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there is an exsmption if these are connected
o1 11 KV or below, which by s very nature will
be fhe case for embedded generatian. On
1o of this, i the network is vondalised, the
distributor must compensate the generafor,
whas makes absolutely na confribution fa the
sy, for any lost generation. We would be

foolish ta allow this disruption fo creep info
our industry

A fresh look af these mgulalions is needed.
Ore opion is to change the principles 5o that
ol loads confinue to pay for network cocess
and generators infanding to enter bi-loteral
greements with private offakers must olso
oy network charges. Any generator willing t
sell power o the distibutor for the purpose en
on-sellingto the distibutor’s customens shouid
be allowed free occess fo thi grid, os s the
cose with Eskom power. The natwork charges.
o generafors should olso be fime reloted, os
‘any ganeratar putling power into the municipol
grid during peak periods is really doing fhe
municipal distributor o foveur. Concessions
should be madata reduce for even incentiviss]
network chorgas for distibuted genaration fhol
makes o contribution behind the Eskom meter
ot the right time of the day.

New options and competitors
‘Shapping cenires have fast realised thet thera
is 0 good comrelation between the output of o
roofiop PV systern ond thair air conditioning
oad. The correlation maans that there is never
o surplus that I fod back fo the grid and there &
avery sirang argumentthat such on insfallation
con always be classed 05 “own use” ond wil not
roquite @ generation [icense, Any commercial
building depandent on gir conditioning will
prasent the some scenario. The levelised cost
afroofion PV systems has long passed the parify
pesint with respect 1o municipal forffs and are
fost approaching the pasify point wilh respect
to Eskom bulk forifis, In municipal areos the
businass cose for PV i pasitive.

Now renewoble snergy companies, keenly
supported by the banks for financing, ere.
offering leoses fa businesses with rockop
space for PV systerns. The leass takes mors the
form of o PPA, with only CPlincrases opplied
v the next 15 years — an obvious, low risk
choice for any business with air condifioning
load. The big question o ask is why municipal
distributors are not already doing this for
thair awn customers. These ore truly our new
‘competifors.

A revelafion from City Power's 2014 cest of
supply shudy is thet it costs RB93 per manth,
o maintain the grid 1o residentiol customers,
the figure applicable 10 low income os well

senvices. To make such a grid bosed energy
system work, Cily Power needs 1o subsidise
the bosic energy for these communities and
will have 1o source the necassary energy from
Eskom forever, ot an ever increosing cost

i a five yaar fima frame is considered, o
subsidy of over R75 000 per hausehald is
axiracted from the commescial and industrial
tariffs 1o provide the service connection,
belore n single kilowat-hour is dalivered to
the household. s f possible 10 provide a PV
system fo meet the household's electrical
neads for public lighting, indoor lighting,
cell-phone chorging, internet or TV access
and perhaps refrigeration, fogether with
a botled gas system for the household's
cooking requirements for the same amount
of money? Is it possible thot such a system
could be bt to last tan years and come in
ot hali the cost?

11 seems faasible ond new cheaper over-time
options may well ba evailable 1o muicipal
distributors. A potentiol problem may be to
convines these customars. of the value of
receiving such "sustainable ufility services'
rather than the grid.

Skills and diversity

1l o “back to bosics® approach is taken
fowards ensuring the skills the indusiry needs
are developed, technelogy advancements
have roised the baseline of whot “bosic”
moans. Today, the basic skills required in
the sacondary plant areas of the distribution
industry including the disciplines of metering.
numerical profection, SCADA and energy
manogement requires o new breed of
sorviceman, capable of dealing with the
digitol aspects of fhe business, alectronic
communication systems as well s the primary
distribution plont. This is particularly frue if the.
distributor hos any "smart grid” ambitions,
nd the skillset will need torincluda the abily
to suppor! fhe: integration of information
systems ot o higher level.

The younger set fhat have mastered ol of
these disciplines are sought affer resources
private indusiry and i is dificul to keep
them in the municipol environment. Much of
the engineering work fores with deep primary
plant knowledge and experiencs, who hove
alio loomt the new digital ospects ‘the hord
woy' are on tha verge of refiramant, While
nawly quelified angineers ore conversar with
digital systems os the subjecis ore included in
their university curricula, the problem is that
there ore ust oo few of them

By controst, there seems o be o foir amount
i he ICT

ppe
1o over R10 000 par onnum. A'20 A sevice
connoction in o low income area costs
R24 000 to insall, including the bulk supply
contribution. I is required fhat “mgularised”

rmny looking for employment. Ferhaps o woy
1o deal with the issue  to bridging
courses 1o p-skill ICT competent stalf with
basic distribution engineering capacity. A

s so of the ICT
world, ideally sk 1okl bt o oot
provided fhey understand the risks of the
substotion environment.

Conclusion

There are of present many dismuptive fociors
offecting our indusiry, but by for the most savere:
is o0t ormished image and our loss of credibily,
brought about through groft and comupfion
within government and of all menagement
levels, from boord members 10 executives,
from seniar aperafional management down fo
the procurement officers and dlerks of wods.
Abundan evidence of this has amerged in
recent months ond dessite vinually none of
fhe evidence being refuted, thare hos been
very litle oction token ogainst porpefrators by
the relevont authoriies.

The slow pace of EDI translormation in
South Alrica, leading 1o on increasingly
unsusiginable industry, has irself been o
disruptive foctor and, i allowed to continue,
has the potentiol 1o evenually collopse the
industry in ona final mego-disruption where:
it will fall on the siote 1o boil out Eskom and
the municipal distibutors alike.

One pasitive note 1o conside i that the South
African EDI may hove he chance to laap-frog
some of the transition poins that other parts
of the world have already been through. The
i is ripa for bold but carefully considered,
decisive oction is fo be faken. This needs fo
happen soon, before we finally reach a final
sustainability limit which this outhor believes
may only be o few years awoy.
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Second generation solar street lighting:
Technology evolution and applications

na Design

Lighting is an essential driver of socio-economic growth. It creates the conditions of road and people safety and

security while increasing

Strong technical evelutions have appeared in the field of solar street

Harger

public ond private applcotions os sk powered

+ uptake of these products wil

te towards 6 more susioinable and
ity with solar powered products, lawer
n nhanced
greenhouse gos em i G

wnology

will first introduc

street lights. Then we will

evalutions of solor
ese products and

discuss the applications ¢

present g case study

Evolution of solor street light
technologies

First designs and drivers of change

Off-grid solar ays
lights have been designed ¢
than 40 ye

the markg for

o highly imited

their price ond perormar
their market uptoke

solar

First ganero
of comventional solor pa

pole nssociated with o
either buried, at the botom or o1 top o
mast fsee Fig. 1), © charge controller and
o lanterr

h

pan of lead

solar stree lights are the low I

e Figh lemperatures such
ha low lighting performance, the accurrence
{ black-outs and their vulnerability to thel
in the post ten 1o 15 yeors, o number of key
drivers have che
. panels and sclar
drvided by fon, mokin
' st competitive e

nersased signif

o The cost and performance of batferies

 improved.

ing diodes) ligh
dyramic developmants

150 im/W"

cad light pollution,

g 50000 hours), superice

quality of light (high CR]) ond extended
bi

ciency (

Building upon those changes, o nu

resex res and companies have come

up with new designs and echnolog

oler
street lights, thus solving some of the main

issues assaciated with previous technologies.

-ane solor s

Through heavy investment

davelagmant, co
have chonged completely the dsign and

e botom o s buried

e potential for economic and sacial activities. With the rise of solar and LED technolagies,
hting

trapicol ciin

ible o theft.

asingle cov
Fig. 2

evalu

charge and ara much smaller and lig
a5 well as by the i o smort battery

manogement syster

Batteries ond 50

e il solar sireetlight systems, fhe battery
I poin

because if is very heat.

portant selection criteria are

nd perfor

Iy cyeling, resistance

nce

undar very high temperot
and lifespan.

es, maintenance

In the African climote and
ight applications, the optimal techndlogy
the nickel-metol hydride fechnology (NMH
ompored fo lead-acid

and lithium-ion

2 Design of an 1551
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bateries. Table | provides i description of

tery technolegies

hesa thres
acid batieries (ako called VRLA, AGM

are the oldest rechargeable slorage
ast-effecien

Leax

ot gel

ouse of their

jesi and cheapest choice for many
show limited service lie

applications. But they
when submitted fo both high temperoture and
deep cycling, Alhough they are-widely used for

solar applicafions, there ore no smort nery

ot systems to prevent blackouts, and

linwobves o limited lespan

Inducing regular technical mairtenance (baery
Jocemen

is lten the chenpest upfront
+ this technology tsn't woll suited
o strest lighting application, especially in hot
ones, hus lsoring 1o very high operaing costs

The lithium-ien battaries re

asent o
comparaiivaly new technology withou!
Among them, @ lorge scole

memary effe:
of tachnoligies hos been developed: lithium-

ion-phosphote (LFP], lithium manganess

spinel (MO, lithium titon
ickel-manganese-cobalt (NMC] and lihiurm
nickel-cobalt-aluminum (NCA). Th variety of

the options makes ftvery complicated to make:
sure thatthe right batery is availablo and used
for the right

The mast popular fechnology on the solar
steeet light market is lithium-ion phosshote
(LiFePOM). This technelogy hos < tly the
same main weakness as leod-ocid batleres as
ihey show limited service liie when submined

fo high temperoture or desp cycling

800 eycs (2 yoors)
480 o 1,3 oo |

s pmes o | home i minium

1500 cyces 4 yeon) yum]

900 cyces. (2 yaors)

crery techniclogy comparizon chort,

Larrierm RS800.00 242 050,00
8 m pole #2900,00
Civil work R26 100,00

Insiolltion and commissioning 243500

Totol purchase cost fper unt) R39 150,00 R49 590,00

[ ——— 19 575 000,00 724 795 000.00
investment requiromant £0,00 R5 220 000,00

Hsckicollood of amps 76,000 W

Driver loss (10% of slecrrical lood). 7000W

Totod alectrical load 77000 W

Rurning fima por yoor 4380 hours 4380 hours

Energy consumed pac yeor
Elaciricol domand saviesgs
Total cast of electaciy / ¥fh
Total cost of energy (par yoor)
Dirsct,

252 945.00
R0,00

337 260 kW

337260 MR

#0,00
R252 945,00

i . :

Weiromance o ichig
cion-up, lamp, ballas, irikor
apecio slocumart s

Total operaing cost (par year|

Nickel-metal hydride batteries have bcome | Tolal savings onthe first year

very popular over the lost decads, especially Electical and maintenonce sovings

for indusirial appl such as power lools ok p T

or hybrid vehicle applications. There have Table 2. Case sty of 15 ko 1000

been many successhul improvements of the
NiMH battery performances through efforts
made on hydrogen storage alloys to achiove
higher energy density, faster activsian, batter

rate copability ond lower cost

MiMH offers reasanable specilic eneray
and covers one of the largest femperature
ranges that ovallobls rechargeable bottery
tachnologies can afford (40°C to +80°C)
nawadays. This maintenance-fres technology
nfegrates o safsty volve in case of cell
temperature incroase and shows very geod
thermal propertias without memory effect.
Tha issue with NiMH s often the inifiol cost of
purchase, bul il resisionca ko heat and deep
cycling leads to on incomparable ifespan,
making fhe fafal cosl of awnership lower than.
with any efher batiery technologies

The bofiery management system (BMS) is o he
hoar . # monoges
{he energy roduction from the salar panel, the
rarge ofIhe bafery and cortrols lighting levebs

New BMS technologies by now offer o higher

lovel of intelligence with adoptive lighting
profiles bosed an the weather ond siote of
charge of the battery, no blockout features,
baery lils extension mode and conneciity
features. These smari slechonics oflow the
lighting service to last all night long witheut
intarruption and enhance boflery fifsspan

Applications and reference cases

Applications
infegroted solar straet lights with NikH
batteries and smort manogemen! systems aro
o gome changer for mant lighting projects.
Although the copitol expenditure fo purchass
fhe lights is highar than with corventional
street lights (such as HPS or LEDs), 1551
presents a number of Eost odvantages:

No cost #oc digging reiches, inchuding
squipment and labour.

No cost for underground wire [no cobling
s iewotved), distrbution and control panel

#1880 287,50

500 solar ights

343 650,00

‘grid siresi light cost vs 1S5L costs

o No cosf

or elechical nstallation end
connecion fees.

» Noelectric usoge and demand charges
I5SL provides 100% energy savings over
conventional rood lights, and hence
savings on fhe energy bill of municipaliies
or end-users

o Reducad moinenance costthanks o fong:
e carmponents

Solor simellgh systams are thersfore ideal for
o number of applicafions:

« New developments where fhe availabiliy
cast or fimel w powet supply is
an issue.

s Existing locations where the cost or
technicol difficulty of digging renches is
oo high

® Locations where electricity costs ars high.

* Remote areas - rural development lighiing
projacts

o Eco-sensiive londscapes

& Tomporory or emergency installations.

e ——
e ——————T T e
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Innovative technology permits predictive
maintenance on an HV power network

by Patrick O'Halloran, City Power

This poper covers innovative fechnologies that permits predictive maintenance fo be done on a high voltage
power netwark, Results obtained from performing condition manitoring testing on high voltage equipment have
prevented numerous failures. Many of these failures would have occurred and coused extensive and extended

outages in Johannesburg.

Gity Pawer and Singapore Pawer Global
Sol
that is now bearing fruif, Singopore Power

jons entered info @ strofegic partnerhip

Glabal Solufions is the consulfing division
of Singapore Power
{hot electrical utfifies can implament condition

sponsible for ensuring

monifering 1o improva the reliability and
quality of supply to their cuslomers

Singupare Power hos successfully
implemented condition manitoring over
the past 20 years. Condilion monioring

is ane of the key conributing factors for

Singapore Power becoming one of the most
lioble ufilifies in the world. Based on the

latest performance indices, a customer
i Singapore would experience o power
failure only ance in every 142 yeors (System
Average Interruption Frequancy Index -
SAIFI) and the longest foult any customer
would experiance is roughly 30 seconds
(System Average Interruptien Duration
Index - SAIDI). These figuras are absalutely
amazing, but possible (see Figs. 1 and 2).

Benefits of performing condition
monitoring

When condition moniloring festing is
implemented, the fallowing bensfits sholl be
ochieved:

Improved reliabiliy and qualit af supply
due fo reduced foults and forced outoges
{improved SAIDI, CAIFI and NRS 048,
ote))

The roct causs of the partial dischorge is
not destrayed and preventive maintenance
can be done before foilures occur.
Recification casts prior o a failure ore
much cheaper than repair cost ofter
foilure.

«  Extend infrusive mainenance intervols and
perdorm condifion bosed maintenance
only

Extended squipmnt lile

Road map 1o make condition
monitoring a success

Due fo the naturs of electricol neworks, fauls
will s#ill occur and because of this @ business
needs 1o conloin the foult and prevent ony
unnacessary Updiream trips. Onca & fault

has been cleored it is essential 1o get 1o the

raot cause of the failure, Once fhis i known,
condiion moniforing programs moy need
o be changed to defect such faults in the
future befor fhey oceur. Quality assuronce is
crifical o sliminofe installation errors. Lasily,
when a cartain product hos reached ifs end
al lfe, it should b replaced before it fails

o [

Fig. 3 shows Singapore’s recommended
condifion menitoring road map.

Root cause of equipment failures
Partial discharge (PD) is the root couse of
most HV and MY network reloted foilures
axperionced by City Power, excluding

ol o years
“iil
wm_“!!!!!!!!!!!ﬁ!zzﬁ

Fig. 1: Singopors Power System Average Inferrupian Frequency Index (SAIFI,

s

»

5
n .
3 on Frsqu
0
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Fig. 2: Singapore Power System Average fnterruption Durasion Indes (SAIDI)




— 66thAMEUConvention2017

—— Prevention
o Coanen tass
o et
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i, At sy
o evreion

& qualit

Mitiga

Containment.
Bones
sanwuny
mamagemer
resinren srs.
Bpvwwed ot mapemee
Mot comml CHMEADRCY
e g wporsionpian
it Containment
procton
e
2 3: Singopore's condliion moriton

: Cli's EHV/HYV Jest ik
Fig. 5: CBl's EHV/HY

| Thamel soming
[Eismieem orcrnt

LL”" P
Minute curreed \-ntng-

o Fig. 4

The vorious types of parial dischorge ore

oullined below

® Surface dischorges: oczur on the surfoce
of tha c dislectric material

o Covity rges: occur when cov
are formed in solid or liquid insula

materiols where the gas in the cor

overstressed and discharges oceur

PD s o resull ¢

many cantributing factors

* Poorwork
amors and lock of

ship s, inshalakon

correct opplicofion of products

. d leading fo insulotion breckdown
ses insulation 1o breokdown)
. 9

Once the PD causes the insulation medium

to breakdown, o power flash
This PD can be detected and o
‘exactfailurs fime can't bo predicted

ver.will oocur.

sed, but the

The recommended Singopors

Horing test equipment ond
are able fo detect p
equipn before o foilure occurs, As
these potential foults are defected before

o failure oceurs, their location and oot
identified and recified befors
they foil. This then ensures sofety of staff

ond communities by preventing poten
f

dongerous
quality of
we prevent o foi

resultin customer outages and vol

age dips.
Cify Power is able to carry out pro-active
condition-based mainienance on fhe network
and is maving awoy from currant

maintenance practices, which have in the
past missed

any polentiol faulis. City Fowar

in the futu

would only shuidown the power

plont i 1 is absolutely necessary to ped
preventative maintenanice. City Power has

already soved lots of monay on

nance
and post foilure repair costs. One day power

inferruplions should be reduced to hopefully
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TEV PO Test Untrasonic test

Simple way to perform condition
monitoring testing
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*  Ulrosenic airbome. o
probe generally cer iz
Surlace disch
s 50 much
ich can be
+ coron.
cses the

Jnit outomatically diog
anfirms i it PD or 1
e Fig. 9).

1 to do with
we subconiroct
to contractors and to ensure fhey
ation you need 1o

m the

Tots of
lots af we

perdorm the jaint or e

perdarm the carract test which will ¢

Guality of the workmans
In the past, City Power has done typical
SANS 10198- 13 recommended commissaning
= ; voluge pressure tesfing
which ars “go 0 go" tesks. This has proven
001 15 be odequate as o poady insolled joint

ge pressure fest

oo

may withstand the applied
butil PD is present o foulf oc
the PD eventuolly weok

s alter a cerfoir

time period baco

a foilure. It must

the insulation which leads 1o
be remembered that all insulation ages; and

# is important for us o menitor and know the

condiion of th insulation ta provent foilures.
DC voliage has olso proven
n oints,
rations and cobles, unless they ore bod

bs. The use of AC voltoge test equipment

Cable tasting w
wable fo defect pofentiol fault

1o be

Singapore Power now PO tests oll new XLPE
cable systems fo detect ony unocesptoble
PO actiity in joints and terminations. This
detected PD e breaks down the
# not correcied immediciely. Tha

dorming @ “no go”
e reliability of the
cable ore over. It is now time to record finger
coble networks and ther manifor

pressure fest fo prove

prints of M
them over their life cycle 1o ensure reliability

of supply.

H PD is de
able system shou

ed

ng testing, the system
t be energised, but

investigot

City Power have now c paper

interpretation to identil ot

Fig. 14: Typicol onine DX
powe

A manitor i
shommer
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and delivery in SA
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New challenges facing the utility engineer

by Poul Gerber, Nelson Mandelo Bay Municipaliy

Utility engineers are in a quickly changing energy environment at o time when they are the least ready for it.

The new envirenment is characterised, infer
olia, by:

» Loss rovenue

o Loss skilled ond human
resources.

@ Restricted access 1o ofher resources (e.g
latest design softwars) cs o result oftighter
budgets

 Bidirectionol power flows

» The possibilty of smoll scole embedded
generators (SSEG), with s associoted
orotactian and sofety nsks, anywhere on
the system.

'+ The harmonic poliution of tha sysiem by

moder elecironically confrolled devices
and fhe inferoction between devices.
The most signficant changs in the industry
has fikaly besn infroduced by small scale
embedded generaters — whether grid
connected or not. The utility is suddanly
confronted by new challenges in terms of
safely, earthing, profection, harmonics ond
mare. Islonding needs 16 be defacted ond
SSEGs must be isolated from the grid within
wo seconds. Basic ond/or passive islanding
datection davices might nof be oble 16 do sa
under generation/load malching scenarios,
the need fo insist an a cerain

level of device, Ii becomes even more
sssential 1o do so, bearing in mind fhis

device actually becomes your profection

W,

o—é@——o

=
O

Fig. 1 Reduced foppreximate] ransformer model

system in scenarios where PY foult current
might be toa low to operate |

ies also need to

profection devices. Ui

decide of who level of SSEG generation
(size af installation in Wafi) should hove
aceess 1o the inverfers of SSEGs, as the
inverters hove the capability of conirolling
the complex power, S, in any of the four
quadrants [1] - possibly @ huge benafi

Background - A new business model
on the horizon

A new business model for the electricity
business in utilities could toke on various
forms, but it is o foct thot the industry
changs, ond thot o fow elements
manifest in any form of o new model:

I see
ll ikely

o Revenue bosed on kWH sales is no longer
a sufficiently accurche woy of accovating
for the costs associated with the natwork;
Tarifls will have to be bosed on real cost,
inclusive of *standby” ganerafion cost
when renewable enargy is used (1o hove
o sall: by resio of 1 1 forgrid-connected
SSEG is clearly unacesptable, as if does
ot oke core of real caat. To do the same
vsing TOU-bosed farifs offers an
improvemen, yel is stll unaceaptable
froem a reol cost view poin).

» The uflily could increasingly just toke on
the role of bolancing supply and demend.
The focus will (shoul) shitt from selling
KWhs o “hiring out o network” used
mainly for “staring electricity” and
wheeling eleciricity from generator {e.g.
SSEG) to user:

Closely related ta the previous bullet
is the provision of professional advice
and expertise by the utiity enginser ond
ploying watchdog 1o ensure o network of
good technical standard.

Cantral 1o the lnst three bullets is o wel.
dasigned, moincined and operated neteork

.

Fig. 2: Modal of unloaded ransiorme:

ot excaeds he basic requirements of service
auality and power quality os guided by the
NRS specifications and NERSA

The new technical challenge -
(“problem” statement)

For the wlility Jo remain relévani and
financially sustainable, o well-designed,
miintained and operated network i not
negoticble. Customers would want 16
remain connacted 10 the grd for purposes
such a5 energy *slorage*, wheeling ond
redundoney.

Exisfing design practices in Nelson Mandela
Bay Municipalify [MMBM] have fallen info o
routine invalving verificotion of only certain
bosie criteria such os voltage lims, current
limita and fault levels. The low vollage
(V) design software (CARD) in use was
intemally developed and is vary besic with
an inherent inability 1o test for the effect
of #.9. PV'installatiens, unbalances and
harmanics.

Considerafion of a wider range of design
ciiteria hos bacome important ~ mora so
agoinst & backgreund of modsrm electronic
squipment with higher pollution levals, in
parficulor harmonics.

The designar of LV netwarks should not
hove 1o decide on o set of design criteria
sach fime o small change 1o the network
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ancnce betwsen on unloaded dist

onces under - gongad switchi

y
77777ﬂ777777’777777;7;:

Fig. 5 An sxample 0

le.g. o small PY insfollotion) tokes ploce.
stended and

Design criterio needs fo be
standardised

Pariicular technicol preas related (but not
tied SSEGS that need o

restricted) 1o gris
re-visit (and preferably standardisat

the following

), ore

 Bolancing omongst LV phoses ond SSEG

diversity
i, thoro seerms 1
installations

- Unlike common
be diversity between PV
using dilfecent fypes of inverters.
Re-bolancing on elder instollations

compraing breeches o
insolated LV mains cobles may nof be
siraightforward.

Ae———
i
A | 1000mm
[T [10000mm
c | #000mm
Can | 84 nFAm
iine

Neutral currents ond the capacity of
neutrol circuts

Couplod 1o the above, the obility of
tapered LV feeders to accommodate PY
instaliations of the end of the faeders.
Hormonic generation and sinking, and
in particular, design prociices 1o verify
compliance of the some.

Resanance.
The possibility of unsale voltages
between tha neutral and earth of o
SSEG running islanded (ofi-grid) in SNE
ups.

reficulation

- Whera istonding has been delecied
and the SSEG is sclated from the grid,
he SSEG cauld confinve supplying o
House off-orid after a four pola (hence

- -3

. 4: An exomple of par phose switching
Distribution 500 kVA, 11/0,42 kV,
transformer Dy1l
s 542%
X — Magnelising 840,238 pu
reactarce

Magrinshg 20, 686 pu

1+ Parameters of o d

ransforme:

neutrol included) change-over switch
has been operated 0s suggested hV
NRS097. The earfh would stil
Prseat iy
point sarih mol. A foult thare will ses
the valtage of the earth risen (GPR) in
respect 1o the newrol of the SSEG. This
sise (diference] in voliage could be
unsale

Methodology

The rest of this poper will focus on Ihe

following thres of the areas menfiened in the
previous section,

* Resononce

* Unbalance

o Harmonics

Cose studies ore dane and conclusions drawn.
“Additional” standard design
criteria - problem discussion

Resonance.

A loaded distribution frans
with regsonable accuracy, be presented

by s short circuit imped
in Fig. 1

nce as indicated

However, with the transformer unloaded
or very lightly loadad), the mode theraol
changes to that in Fig. 2.

This high impedance inducive load could
(depending o ng

arrangement] form parallel rasanance

the primary neutral so

with the system capacitance. It could olsa
form o series rasonant cireuit with system
copocitances o3 indicated in Fig. 3 when
un-ganged switching fakes place [2)
Un-ganged swilching hoppens when links
or fuses can be operoted per phose - a
common phenomena on rural netwsrks
(see Fig. 4).
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Resonance is not o new phenemena,
However, the wider use of SSEGs hos

increased the chances of unioaded or lightly

aded translormers considerably.
Case study

Assume o distribution tronsformer with
porameters os per Toble |

Should this transformer be instolled at the

end of o typicol NMBM rurel line and it be.

1 10 a Fig. 3 swilching scencrio (i.e
anly the red phese closed), unoccepfable Fio. & Topored IV foader
resonance starts faking ploce when the
supply copacitance is aboul 28 nf. Al
30 oF, the voltoge ocross two of the

transformer’s phoses would be 14 kV of PV to Other
plus — not the ideal. Using o line with the
approximate dimensions as displayed in 18
Fig. 5, about 7,5 km of such line wil crecte 16
the “resonant” copacitance. 14
NMBM has hod of least one such incident gt ? =
on s rursl natwerk rcendy. g 08
06
Unbalonce of LV mains feeders ue
in [3] & topared feedor similar 1o the one in 02
Fig. 6 is onalysed for the impact of the o J
micro wind turbine instolled off COU 1, 3 5 7 9 11 13 15 17 19 21 23 26 27
nearest fo fhe distribufion fransformer. Harmonic Order

This very small, one-off installation of
approximately 56% of the After Diversity
Maximum Demand (ADMD) can, undar
certain circumstances, drive the vollage of
fhe disiribution fransformer's 400 V busbar
outside the 10% lower limit, as a result of
utrol current. The authors PV Array Inverter Filter
concluded that “the utiiies cannot ignore e e O

their duty 1o assess network performance,
even if o single small genarator is odded

Fig. 7: Camparing PY harmanics with that of oiher devices.

unbalance and

SSEG instoliotions complying with the
guidelines of NRS 097 do not necessorly
guarontse compliance with all design

criteria.

Suitable design software is required fo
pertarm checks like this. b

Hormonics Vpu(h)

Harmonics, like resonance, has been

highlighted by the increased use of PV

installotions, It is a well-decumented

phenomena (e.g. NRSO48), but litile is

scid about the woy in which it should be B

igned. Apportioning of harmanics (o.g

per user] is also not widely coversdiin

terature, Once yaur system is polluted by

harmanics, i is difficult 10 find the erigin oma s
of .

Whan the harmonics ganerated by PV
installations ore compared with that

gonarated by ofher electricol devices and PP ———
opplionces (see Fig. 7), it becomes clear @ k" forothe

on a3 harmanic generstos; (c] PV insalation o5

armanic generators
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ehold mode

Cr=c -

e e ettt
i

fhat these hormanics are small compared
of all
orall

with: the wector sum (per harmoni
ather harmonics aleady on the syst
prachical purposes they could be ignored [4]

Howevar, ignering PV Instollations o8
sources of harmonic current, does not
maan i can be ignored oltogether. If
could well ploy o role in sinking harmanics
{hefice acling o an impedanca) ganerofed
elswhers {in the housshold by ofher devices
such os loptops)

Fig. 8 shows how a PV installation could be
reduced 1o an equivalent harmonic source
(Fig. Bb} and to on equivolent impedance
(Fig. Be), should # be ignored as a source
dus o s low impact. (Loosely bosed an [4])
Fig. 9 reflects @ household modeled os
a harmanic generator. Should o single
household fited: with a single: PV insiallation
be connacted ta tha supply system for he
purpose of verifying the harmanic pollution
ot the systam, Fig. 10 reflects the model that
could be used

Household Filter

Supply impedance — up to PCC

s

M) Vs (50 Hz)

Ino(h)

Fig. 10: Household ox hormenic gens

O---9--

-
o L
.
!

B e
'
B e
1l
1

Fig, 12: Mulipls PV installaticns
connected o

where

V, = The 50 He supply volioge (indicaied
only for illustration purposes). This
volioge needs fo be short-circuited
when the impact of household
harmonics is investigated.

- Supply impedance of the grid up to
paint of commen eoupling.

7., = Impedarce of one housshold based on
the ADMD and oftec diversiy has boen
applied

Z, Equivalent impedance of o PV filker

1= Vector sum of harmonie currents
generated in o household.

toc with P¥ installotion camnected io supph

The reactance parf of all impedances wil
change with freguency while the resistances
of some elements (e.g. cable) will change due
o skin offects ot higher frequencies.

Figs. 11 ond 12 show the revised diagrams
for multiple househelds and PV installafions,
respeciively.

The nefwork paramaters are outlined in
Table 2

Harmonic example

f could be seen tha there is some resonance
ot bout 4 kHz when the red phase - neutrol
equivalent impedance - is checked from the
PCC, This weuld hve basn a concern f lower
frequencies where considerable harmonics
ore injected info the system. However, of

4 kHz virtuslly no' harmonic. current is
polluted into the system

i the harmonic currents listed in Toble 3 is
injected al the PCC in Fig. 15, harmonic
waltage distartions of the PCC exceeds the
limits of NRSOAB for the threa highest order
irequencies (ses Toble 4). The hormonic
currents in columns 3 and 4 of Toble 3 have
been arrived af by adding the hormonic
current vectors of 2.x CFL tubes, o lapiop
and o dishwasher os listed in 4], for ach of
the 20 households. Laptops seem 16 be one
of the warst forms of hormonic gensrators
af higher harmonic arders. Ideally more
knawledge is required on the diversity
between non-linear loads {harmonic
generators) in households. Similar o

DMD and diversity algorithms for 50 Hz
analysis, standard algorihms ore required

for harmonic analysis.

Table 3 olsa lists the resistance of fhe IV
<able for higher frequencies. {column 7)
offer the skin effect has besn occounted
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19 - E foult 11 ¥ bushor 2/_20° kA

001280 (1K)
024401119

8926 0 (114

urning v

277011
3km
% azs10
i I 0758 mH
- 3,4326 0
H, T 0,533806 mH
7995 of
_k 542
7 21650[”&‘1‘ Unbalanc: ul
VI3 ¥ m 12
R, ! LSO ~ The installatio all SSEG ha
: 305 A (4204 " oliay y
= BiQuAM leiisiaiive limils due fo unbalc
2430 4204) en af unespected positions such o
Tm = 1 s gencrated by SSEG are amoll
- 3 compared 1o existing harmonics on the
Sizo Iers forming part of PY installation
: 0243 mHim auld, howave oy o role in moking the
; T impact of sxisting hormonics worse.
® L —
3 T 1,0442 mHfkm Conclusion
H, - e S—
Al | i A The uiilty o know of eoch existing
d new SSEG in area
] Fist 20, then |
B o1
¥ 1.038
onsiomer phasss
20 @ scenarias.
L0029, W~ 19, BS U NOM0 DTN Informatian perfaining o SSEGs ore criica
7= 9,85, W = 95,8 = 675 (ADMD 1 DF x M) J towords v
— e e W 1,267, 8 = 1425 (ADMDx DF x N, ) Such detail inchudes the filter parameters end
= 0318, W = 0318, B = 0,357 (ADMD x DF xM,) islonding detection davices. (Tha latier actually

becon
conditions).

the profection device under certain

2. Natwork par

Each new SSEG instollation needs verificatior

in terms of its grid impoct in line with ar

extended list of parometers 1o ba checked

50 A
150 18,952 | 1624 |

| e 3joa9 o2 | 5 |3z
1= 2 o lom
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Ekurhuleni Metropolitan Municipality’s
approach to promoting the green economy

by Mark Wilson, City of Ekurhuleni

The City of Ekurhulent (COE) adopted an Energy and Climate Change Strategy in 2007, From this strategy the COE
Energy Department developed and adopted an Energy Plan in 2015. This energy plan aims to reduce the energy

domond in COE as well as diversifylng our energy mix. The plan sets o target that o mi

usage must be from renewables by 2020.

The city will achieve fhis ombitious forget In

o ways:

o Insialling photovoltaic [PY) plants:on our
awn buildings, o3 well as installing solor
water heating and energy efficer
Jighiing ond building lighting

insialled and owned by the city on oot
ol program. Weclready hova olmost

T MW of roofiop BV installed and wil

instoll an addiional 2 MW inthe following

hree years. Fig, 1 shows the winfer output
of one of hese plonts.

of, and partnering with

nerate

The creation
Ekurhulen Powe: Partners [EPP] 10
predominantly renewobe energy o
Targe scole. Thisis e subject of this poper

Background
When the COE wos formed in December

2000 it incorporoted the: nine old fowns orid
1l s portions of

cifies of the Eost Rond, os we
the Kyalomi Metro ond the Eastern Gauteng
cil. 1t became one of the
as well os ane of
(see Fig- 21

Services Cou
country's largest mefros,
1he lorgest elacticity distibutars

s, and unlike some other

As lorge as COf
large cities, it hos o power stations. Kelvin
paver thalion i within the boundaries of COE,
but it was incorporated info Johonnesburg,
given thot allthe networks it was connected fo
belonged 1o the City of Jahannesburg

1, 1he COE was enticly reiont o1

Uil recer
eer reguirements. During the

Eskom for i
laod shadding yeors the premier of Gouteng
proposed o future level o energyindepandence

for Gauteng. Following the 2018 local
govermnment elections, o/ neEw. eeaculive MOy,
rd the

uncillor Mewandile Mosing put farw:
Joni power siatian,

vision for an Eky
The Energy Depariment was given he fask of
creating our awn power station. |t wos soof
apparen that wifh our imited capial budget of
cbout R700-nilion per year, i would bened 12
impassible 1o build and operate o diy-owned
power station, Mos! of our capi)

f i city elechrification backlog progrom:
which s ground 180 000 househotds.

s used 1o

MW of rocftop Y

We have instafled about |
ughly 10 MW

ot this stage and willespand fo o
by 2020. The city also owns 1 MW nl londfill
gos elechriciy generation (sse Fig. 3. These
ore insigrtican volumes in our fofal me U

demand value thot excseds 2000 MW

1o

gosE8sEBIBE
| gEs

Fi. 1 The woeklyprole ofthe 250 KW PY ntolton o thevarkous tociops ol Bcta

imum of 10% of our energy

Canre, faken in the firs week of July 2017.

Over the last number of years, many
compenies hove oppraached the COE to
<upply sleciricly, ofering varicus realstc and
unrealistic technalogies

Tha COE, as the industriol heart ef the
country, hos o nsure an adequats relicble
pawer supply, taking the cify susiainably
o the fulure. The city hos @ net influx of
paople from rural arsas ond hos o high
unemployment figure, which requires posiive
and practical job opportuniies 1o effectively
deal with fhis ospect. In addition, the COE
needs o reduce emission levels in the
and the country us @ whole.

Thess requirements led 1o the idsa of croating
Ekurhulen Power Pariners (EPP].

The Ekurhuleni Power Partner (
model

)

In the obsance of robust legisiation and with
many regulations in dralt enly, the COE, oz
 sphere of govemment, designed o modal
that would fil info these droht regulations as
bast as possible, whilstsill meafing the needs
of the
Our concept was discussed with the Nationol
Deportment of Energy, 05 well as the previous
Minister of Energy.

ity

The model con be described os oullined
below,

Ekurhuleni would call for tenders for power
portners, exlending over a period of ot least
20 years. This being the minimum time
desmed necessary to moks the investmont
required 1o be financially viable

EPPs would build power siafions within the
geographical boundaries of fhe COE. No
cross boundory supply will be allowed and
power plants would be dirsclly connected o
the COE networks. This s fo nsure that no
complex whesling arrangements ore nesded.

1t als meets the draft regulation idea of own

generciion for cur awn needs. Having the

plants within our boundaries will alse ensure
hot emplogment i created within the COE

Al technologies have to be renewoble ond/

o reduce emissions. Netural gos generation

of slectricity wil be ollowed.

The main technologies proposed are:

o Woste to energy: The COE disposes of
almast 2-million fons of mixed waste to
four moin andil sites per annum, This vl
resul in the reduetion af waste disposal,
a5 well as the generafion of o significant
volume of eleciriciy.
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Fig 3: The onthy pealie of the | MW lanaiil gas generation nsiofaion on fhe Simn

anl in every one of the COE Energy Depet areas, thase baing fram lef to right, Brokpan,
Benan, Edemvale, Sprngs/Nge, Alberfon, Kem;

wion, Boksburg and Germison.

]

ind Jack londil

e i Garmiston, ks in oy 2017, with 480 000 4Wh generoted i the monh

Landfil gos: The COE has an estimated
volume of methone gos from our gas wells
and flaring program, 1o genercte between

5 MW and 10 MW, The wells and flaras
olready exist 30 this could be o quick win.

Photovaliaic (PY) eledricity generation:
Gauteng has very good levels of solar
radiation which ara tofaly under-utiised.
Most PV placts are in the Northem Cape
which requires long Iransmission lines ard

-assacioted fechnicollosses. By building

Tha prcing for the electricity generoted flo
be poid 1o fhe EPPs) shall be o maximum of
the Eskom Megofiex Torif rates as paid by
the COE t Eskom, The pricing sholl follow
the annuol NERSA approved Eskom Megaflax
increase for the nex 20 years. All EPPs shall
offer o discount per yeor with the fis fivee
years alffer power production, commencing
with o 0% discoun, i.e. the full Eskom
Megoflex tac shall be paid. This three year
period il 0id saup ond saslaton. Al

e
PV plontsin he COE,
o elactricity consumers, the: slightly lower

radigtion levels will be more than offsel

by the reductian in onsmission losses.
£PPs vl be allowed 1o build a PY plant an
thasir own land within the COE or they can
utlse o COE owned farm of olmost 500
actores. This form is unsuitable for lorge
scale commercial foming, 0% underground
water cannot be pumped out due o
dolomitic conditions. It il ba ideal for o
lorge PV instolation of obout 250 MW.

Motural gas aleciricity generation
Ot

i offered per annum will

per technology and overaged, excluding
fha highest and lowest discount. The some
average discounted o shall then b paid
16 sach EPP per technology,

The COE shall apply ks NERSA for o genaration
licence or licenses ond the EPPwill peavide the
rolle of service provider.

EPP implementation
The COE Energy Department cblainad *in

principle” opproval frem councl ta call for
tendars exceeding thros financial yeors up

1020 years. A specification was prepared
and adverised on 2 September 2016, The
tender closed on 4 Ociober 2016 ond was
aworded on 24 May 2017, The oward was
made subiject fo the Section 33 process of
the MFMA being concluded, i.e. approval 1o
commit the city budget for a period exceeding
three years. il wos olso subject 10 0 successful
power purchase gresment being concluded
between the COE and sach EPR as well os the
necessary generation licences being cbtained
from NERSA, The following number of bidders,
technologies ond averoge discounts were
aworded subject ta the conditions named
abore:

» One company was offered @ controct
for landill gos eleciricily generation 1o
she volume of § MW with an average
discount of 1% per onnum, ffer the first
hree years

Six companies were affered controcts for
waste 1o energy electricity generation for
1 totol of 139 MW with the minimum of
95 MW plant and o mazimum plant size
of 33 MW with on averoge discount over
20 yeors of 9, 7%

Thirty-two companies wera offered
controcts for P electricity genarotion for
0 fotal of 288 MW with the minimum of
0 5 MW plant and o maximum plont size
of 10 MW with the averoge discount over
20 yeors of 8, 7%.

& Seven companies were offered controcts
for natural gos electricity gensration for
a fotal of 195 MW with the minimurm of
0 5 MW plant and o maximum plant siza
of 50 MW with the averoge discount over
20 yeors of 12,4%.

One company was offered o controct for
coal gasification electricity generafion for
36 MW with an average discount of 0%.
One compony was offered o conract
for KPP Technology (silll 1o be clorified)
elechicity generation for 10 MW with on
overage discount of 8, 7%

Conclusion

At the tfime of writing, the COE hod ksued
a dralt PPA for comment. Porallel fo this
we ara following the Section 33 process,
as prescribed in the MFMA. Once the
Section 33 process is concluded, the COE
will enter into indiidual negotiations for each
of the tachnology groups fo conclude the
PPAs. Ones these two processes have been
concluded, the city will approach Do and
NERSA for the issuing of icences

The ity has o long way 1o go befare the first
KWh will be genersied. We are operoting
in @ new regulatory environment, but we
will persist. We have the full support of our
axeculive moyor and council and we believe
we shall succeed in defining o new model far
power generation in lacal govermment.
Contact Mark Wison, City of Ekurhuleni,

Tel 011 999.4256, morkw@ekaurhulens gov.z0
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Feasibility study to improve electricity
distribution performance

by Jeon-Luc Farges, EDF and Peter Neilson, Nelson Mandela Bay Municipaliy

The objective of this joint feasibility study is to produce o business model on behalf of the Nelsen Mandela Bay

assets combined with

ality (NMBM) to improve the

of the electricity

an increase in revenues collected. In particular, investing those revenues in the network’s operations, as well as
the expansion activities would increase the sustainability of the municipality’s business model.

During the two mssions from & March 2017
1018 Morch 2017, and hrom 12 June 2017
10 23 June 2017, wa identiied a list of
key opportunities fo improve fhe collacled
revenues of NMBM and fo optimise the costs
obe able 1o finance the necessory invesiments
in the pawer sysiem

The main priarity is the need fo docreose
lossas and incroose the colleciion e, We
also proposa fhe related quick win solufios.
The NMBM currently has 10 fo 14% electrical
losses (14 1o 22% on V) and 7,5% unpaid
invoices, sooround 1710 20% (101 14% + 86
10.90% x 7,5%) of encrgy purchased fo Eskom.
is not poid by tha customers. This resuled in o
foss of R51Gemillon in 2015/16. This trend is
it hending i o good direction dua in paricular
Yo high increases in tarfs avesy yoar ond the
irsrocsing mumbes of custorsers who con benoit
from Assistance fa the Poor grants (ATTP).

This situation s further exacerbated by the fact
that only @ few pecple within the electricity,

Increase raudfanomalies detectian:
profitoble activiy, increase intermal stafl
on this activity, plus external contraclor,
request froud defection by field infemal/
external stafl: metar readsrs and stofl in
charge of disconnsctions/sconnections
for unpaid involces. Ask the field stoff
10 defect oll #ypes of frauds and not
only meter bypasses: include mater
tampering, fraudulent connections ond
reconnactions {on unpoid invoices),
dismantling of connections for repeat
offenders, false ATTP clients.

o Hite private delaciiien 1o detect parolle!
erganisotionsindividuals proposing their
servicas o stool alectriciy. The intention is
o s10p the problem at is source,

Increase control of ATTP clients' files

Start to block the prepayment meters
olsa for indebled ATTP clients [poliical
decision).

.

No systematic write-olf of ATTP dab after
90 days (polifical decision)

in parallel externcl communicotion on

~ How Io save sleciici, particularly for
the ATTP (distribution of leafits by fakd
commerciol stof).

~ The bad impoct of unpaid invoices on
the general interest

.

Pyt the pressure on, set KPis and obiecives
for e 31 emplayses in charg of poyment
callaction wihin the budgel and freasury
diractorate ta collact mere during the firs

anargy, budgel nd reasury

on loss reduction end cesh collection. It is
tharafara necessory fo put in place o proriy
oction plan on these o priority issuest loss
reduction ond improvemen! of collection

Table 1 ouflines the potentiol extra revenues,
extra collaction, o reduction of costs losses,
1R, CAPEX, eic.) in the elecircity feld clane:
To be added fo this iokal amount the imporiant
potential of cash collection for ATTP with
Rl4-millon write-chls only for one menth in
February 2017 This will necessiote o polifical
decision 1o find the optimal compromise fa
collect part of this fost cash.

Key actions 1o decrease losses

The electrict

1010 14% during the lost thres years (ond 14

10 22% on LV}, and was 8% in the post. This

reprasents a loss of R250.millon per yeor

Key actions to decrease slectriciy losses

o Nominate o project director or profect
moneger on losses reduction ond
roceivables manogament (prioriy project,
ransversol approcch with different sub
deparfments, and sections: network,
customer menagemen, 1T, HE, budget &
treasury, efc).

municipality.

Key odtions o increase collection rate include
tha following

Nominate @ project direcior or project
manager an losses reduction and
receivable management

o Apply interal disciplinory sonctions 51 doq ol pajment dos da
# Connect illegal connections on ron 4 Pojential oppartunity fa increase the
proclaimed ervens foround 25 000), but connection fes, in porticular for MV chents
check e business plan. Measurs the ahd big IV chens
impacts of elecification (consumption, et i *
e ond accelurote e procass  ® Accelerale the move from credit to
birehricg o0 o eonmion of okt prepayment mefers, 1o improve collaciion
e rate, bu olsa 1o transter meter reading
» lmprove the design of metering for and disconnection/reconnection stoff 1o
domestic possible. more fhan
. still
to decrease fraud. This is pariicularly 7% clians wih cracif mofers
celeant for risky chents. Do not put an,
e etor el houses boeouse s ool avisinginornol and extemol sl
e iy efficiency on cash collection with follow
makes it easier lo commif froue
k up-of KPls (number of disconneciions,
» Actian on public lighting that is regular TR e
switched on during the doy.
o o Alter conirol of staff efficiency/profitabilty
» Quick Wine on lechnicol losses (develop on cash collection, increose dedicoted
a sirafegy fo reduce lechnical losses}, stof for client disconnection.
Key actions to increase the invoices » Cut big clients after 45 days.
collection rate ® Imploment clase cantrol of EGH activity
The celloction rate is 92,5% for oll NMBM {asernpl cprivo o mychomeioi
e e e collection. an receivables aldar than
ki Tor Sl v 120 days), and prepare plan Bif necessary.
yith 0 decroasing irnd due 10 the high forf - 4 A
increases and the increase of the ATTP 30 RY P Cumcpe o o
’ g 4~ more than Rl-billlon per ysor of unpoid Potential froud/ comuption of contraciors
JORES NS 1108 USE OV invoices for all NMBN) senvices (elocricity, Frshigd chedhpoliiyion
water, elc.), and: more fhan R250-million Parallel organisationsfindividuals
G veat For slstilchicions, ol caliociion AP thi srvices K ks o
reloted 1o invoices is the respensibility of pECUISN fhoonaich PR,
the budgel and treasury directorate of the  ® Apply intemal disciplinary sanclions

Improve client services

Itis necessary o meosure fhe performance of
client services with KPls. Customer surveys can
identily the cliants’ priorities and safisfaction
tevol pe delivered service. EDF proposes @
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Improve the quality of supply:
reduce the frequency and duration
. T r 5 of power cutages
10 R35-millon per yeor R on how fo improve the
» d % auality of supply ore fisted below:
p 0.5 2 1% pe yeor k)

mn-m-'ﬁu . P..uneq‘mmmgpu o the hoart of the.

technicol policy,

|.. Tosses on MV should be low (2 10-2,5%), lossat on 1Y are around 14 40 22%,

1 peterki] focacraced Y omes by 03 10 m-vmunaeoewn flow » Nominale a fransversol project manoger
i Ik ecesseofprchose o Eskon, 50% st i) =
1M, 509 o 18 GWh per year, wllﬂ . Define KPis {SAIDI, SAIF), colculofe them

& ’ ond use them fo opiimise the policies fo
I TS be
e . (mstnad of 25 roally i M’:iﬂ 10 ®  Incregse operaticnal efficiancy:
| ey e = - Finalise the new network control syslem
| et e yoar {we systems in parallel),
o, : s Insiall outomation, remote-controlled
| sppeert Iroe pr switchgears ond remote controlled
= x4 d 10 faultindlcators on MY network,
e - Reviow he protection pelicy reclosers,
Porchoss apéimischon '
Optimise the medium and long term
Toble 1 Prapased ocfions o increase profobil network development

temploto of sotistaction survey and how 1o
implement . This customer survey will give the
priories perceived by fhe clients themselves in
ferm of services improvement, This survey con
be implemanted thraugh SMS, phone colls,
during clisnt visils In the slectricty ond energy
directorate, customer services, cosh desks.

helped

The site visits and dota from T tools
1o get the neaded detalls, and to highlight
improvament fracks.

A recommendafion is that the front office stoff

should register on the NMBM dato bose the.

customers visis, foc ol types of visits:

o 11 would help to get the history of the
customer issues.

o Couldget areportof how many cuslomers
come and the purpose of their visl, their
waifing fime, efc.

® I you know the visits “lood cutve”, then
you can odjust the plonning of the front
office and back office sialf.

Thare ore apporurilies.fo find synergies
the

emang cll fhe customer front offices of

ipality through the develapment of

mubi-skilled employees

There is a muliiphcation of diffarant fypes of

fron affices within the municipaly:
The electicity and energy directorote front
office o client fechnical requests; change
of meters, new conneciions, elc

& The electrcity and enargy directorute front
office for losses mmm (fraud issues:
dlivery o froud invoice for penaltes ond
Somaines ol fr etimoted unmetered

supply.

woices paymens

o Coshier desk fo
o Water division front office
o The budget and reasory direclorote fronf
offce for invaices issves

The budget and freasury directorate front
offce for ATTP requests manogement.

Vending slations for prepayment fickets
purchoses.

This situation daes nol facilifate client
services, ond it is a source of conlusion and
dissafisioction. Clisats ore obliged to go to
diferent front desks 1o solve differont issues,
and they sometimes have to queve at some
ront dasks while there is o lower actiity ot
otherfront desks, efc. On the ofher side thera
s lock of synergy between the different front
offices s0 NMBM is obliged 1o pay mare siaff
10 cover al these front offices.

There is an opporuniy fo frain the relofed
staff in order to be able 1o manage differant
customer requests. 5o thars is an opporturity
i devedop the staff, an opporunity 1o have o
more: diversiied octivity and en epportunily
o have o bettar solary. And in fhe end, the
# clients will improve.

safisfaction
It oppeors that a lot of clients call/raquests
ore not correctly managed/salved fsuch as
ropair of public lighting outages. So i is
necessary fo check the process, colculate
the KPls/reslts, share thess KPis with
the field stoff with the (T system, and
provide improvement selufions basadon this
obijactive information.

o Internal communicotion: organise
meetings between field arfsans and call
centra/cusiomer core service

1T could be updated [new reports, prices
updating, outomatic data filing, ete )

Pl in ploce o proper sysem 1o handle
customer claims.

o o improve he customer relafions, have

regular coaching and training. about
customer excellence.

Recommendations o how to achieve this ors
listed below:

20 km of old 66 and 132 KV cables.

30 HV/MV substations and MV/
MV substations for o peok oad of
600 MVA: an oversized HV system, some
underloaded HV/MV transformers
Design of HV/MY substation fo he
challenged (double buskars without
firowals)

A few old subsiations: o be rencvated
o suppressed, taking into account MV
netwark upgrading.

Some leaking HV/MY transformars,

A complex network: Three voliage e
in the same areas (22, 11 and 6,6 m

- Expensive developmant.

« Tochnicol losses.

« Maintenance costs,

Numerous ond long incidents:
Froblem of reliobilly.

Canssquancas of incidents an the MY
derivation lines.

Lock of network automation and
remote control on MV feeder

Many underoaded MV/1V substations.
Mary old busbars.
Safey problems n some MYAV subsiofions.

Polentiol o renew while simplifying and
standardising the MV network

Potential to simplify the networl
vollage levels, decrease switchi
subsigfions, and unify MV cross secfions

Mwnu\bgmuﬂfy the HV/MV substations

R

.

m«mr o mprons shrig o ol
informan
Better mlumunwmlimwn' fex MY
feeder loods, MY cable oge).

ol
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Mandatory revenue protection initiatives to
improve municipal cashflow

by Nzimeni Mgogi, Centlec and SARPA

This paper will

i
solutions to fund and support best practices like the

uss the revenue protection shortfalls within the municipal environment and highlight strategic

fa revenve

unit and the

of revenue prolection processes, in order to counter such shortfalls and improve municipal cash flow, income and

service delivery standards.

The problam of elactricly thelt needs to b

discussed ond defined,

Theft of electricity

Deprives the uiilily of income:

o Prasents & heolth ond safely risk.

o lIncreoses fhe tarifs for those customers
who diligenly poy.

tricity theft is

One of the hs obout
that It is 0 *fownship pioblam’”. The reality
is electricily fhel is happening everywhero,
including In business, indusiry and commerce.

Meter fampering and bypassing is much more
discroet in lorge instollations, sophisticoted
and difficult i detect, and hos the potenial o
ore

cost the uilty my

i the form of meter
and

Electricity losses con be
{ampering; steoling, billing imegularities,
unpaid bills

Electricily heft con get out of conir
strict govemonce indicators ond effective
‘occountability are not opplied.

and have been applied,

Various inifiatives con
jcal solutions such a5

ranging from techn
Jompet cesisiont meters to manogerial mefhods
3 well o3 inspections and maniloring

the

The purpose of this popor is fo discuss
s of combating i

Lat's niot forget that fhe fotol losses are made
up of technical losses and non-technical
Totsss; Technicel lossesre possible 16
compute end cantral. Hewsver, non-lechnical

Extract fram *Bockground Paper for
the World Bank Group Energy Secior
Srategy”

Iosses are due fo human o [REOEEERRY o ot
b chnicol losses was
e, in users abls 1o poy for costrellective

Taking into considenation that there ere clearly
defied loctorsthat couse non-tachnicel losses,
its important o oddress thesa issues and find
salutions in order fa minimisa the impoct of
such losses. Thase lssues include

o liegol connections

o Mefer tampering

o lnaccurate recording of billing
consumption

o Data fraud

o Non-read melers

o Inaccurole customar occount data

o Indigent tarif

« Lock of punifive oction in bylaw
enforcement

o Syndicate activiies

+ Norevenue pratection saction or budgel

« lack of speciolisation in combatting

revenue losses

Thersfore, all we really need in the municipal

current trand:

problem, and o future strotegy
Revenue profection shorffalls

One of fhe mast imporiant shodtolls \::;‘vn
we define fhe elechriciy loss problem. When
you anolyse the challenges in municipalties
that oresrugglng financial you ealse o
camplex the issues are in fu around suc!

on organisation.

Smoller munics do ot have dedicafed reverue
protection stoff or even an opeft
budget o counter non-technical loss fssues

As dedicated ravenue profection 5&
o R18-billion since heir
rainer”

ational

clions

have recovered up ! g
itraduction, it con be seen as @ “na b
o conside

to go this woy, Taking int
custamers had fo endure & 37%
elochicly coss since 2012/13, this must be
seen s o serious-concern for ufifiss and
customers olike. It is estimated that plus minus
R9,2-billion in total electricity osses will
Incurred in the period 2017/18.

is for all entities and role
players to realise the importance of revenue
protection procssses and the salutions i bing.
Expeienca has shown thot utifies who inifie
dedicated revenue protection sections very
scon find thot thesa unils become self-hunding
ond within  period of s litle as twa yeors
can clow back significont lost revenua for the
uiliy. Furthermore, one should ot forget that
oudied and reinstated installafion are once
ogain the cash regiser of the utily.

Strategic solutions.

Best proctices
The best solutians fo effectively minimise
revenue losses is fo facus on revenue
profection best practices. This would include
the following processes:

o Audiling of maters

o Remediol actions

« Dafa onalysis

tariffz. Thus, non-technical losses con
be reduced with fitls loss of wollors,
whils their cantinuation jeapordizes
the financial sustainability af tho
power sacior and harms well-behaving

icity consumers, taxpayers, socially
ditadvantaged segments; and the
€ountry os o whole, Elimination of thoss
losses with the exception unmetered
consumption explicitly and fransparently
defined in the regulatory framework)
should be o matter of high natianal
ity for every country.”

o Revenue recovery
s WD meter recerificotion
® Revenue loss forum

Furthermore, if is very important 1o oppoint
o copoble revenue profection manager
who understonds all the ufiltys plicies
and processes and who is o go-getier and
alsa o chompion. It is also odvisable fo
appoint dedicated siaff members 5o perorm
bath fechnical and administrative revenve
protection lasks. Field siaff investigating and
reinstoting (prelerably in o cne-stop action)
ond odministrative stof updating master
date and adjusting accounts 1o recoup lost
revenue. It has been proven beyand o matier
of doub thal femporary siaff members do not
have the dedication fo be able to perfom ol
the fosks required from revenus protection
members. The occountability and botiem line
responsibilty shovld be on both defection and
rocavery of revenus, os il is easy fo deect bt
mare difficult 1o recover losses and prosecle
the culpitts. Focusing on the *big fish” (lorge
power users) i, is a proven concept, as *ltle
qupples” (domestic cusiomars) will only bring
in smoll returns.

Approximately 90% of all tamper coses are
found in the domestic enviranment. This is
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evident iom an analysis done i o largs Sauth
Africon munic where, of more than 2100
tomper casos, only 200 were commercial

instollations, and the remaining 1900 cases

were domestic.
Revenue profection depariment/section

One of the questions that gét asked ohter, is
whather utilities should go “big" or *small*
when putting structures in ploce to deal

afoctively with rovenue losses. The stronger
‘and more specialised the revenue pectecion
unit is, the better the results. Just remember
0 revenue protectian unit will alwoys racover
ity costs ond the amount will grow with sach
year the unit cperates.

New speciolised positions have become
more prominent in the modem day revenus
protection depariment,
investigations and dofa arolysis. This has
been necessitafed by the infroduction of new
technology and smarler metering systems
The doio anelysis and mining processes have
become mare important, as smort systems.
make availoble diferent kinds of infarmation
that enable one fo defermine customer
consumption patterns. This has howsver
brought new challanges with the infreduction
of the "big dala concep”, which requires
more reseurces in order fo manage the doto
effactively.

3 revenus recovery,

The mest important issues when It comes fo
astablishing o revanua profection unif 01 o5
follows:

If-is strangly recommended thot the
revenue prolection uail is housed in
tofality in the utility service deporiment,
waler and lcticily.

®  Proven results axist where utilities hove o
revenue profection safing leval of or
stoff member fo S000 meters.

The unit should be oble to have snough
manpower fo reach fheir KPls.
Knowladiga lovels ofindividuals should be
infegrated 10 allow tham “ko think out of
the box.

Corfoin members resporsible for doto,
revenus racovery and investigations
ahould b spacialists in their respeciive -
fields ond understand oll campany
policies and procedures.

. Th

Multi:departmental and stokeholder
collabaration

In orcler fo reduce losses you olso need muli
deporimental and stakehelder caflaborafion
between the revenus proection department,
techno-commercial units, billing operctions,
business centres, kow endorcemen, community
leaders and customers.

Focus peints

All actions to reduce losses should be dajo
driven operations.

Implement close moailoring and proaciive
restifution,

KPls for objective performance
measurement s very imponant ond should
facus on recovering losses rather than just
detecting thell coses

Top level managemant support and
involvement is also very important, os
revenue profection officiols need all the.
supper they can get

Risks of outsoureing services

Many usliies hove bean faced with the dificult
decision to outsourcs cartain aspects of the
revanus business, due fo the chollenges
created by the influx of new tachnology
into the municipal environment. Most of
them have apted 1o go the easier route by
completely outseureing this serviee. Now in
this fies the biggst sourcs of concem, as these
‘culsourced comparies are in most coses given
o corte blonche to manoge the municipalities’
income and billing operations. This in itself
is o huge risk, except il the total operatians
s fully scrutinised on an ongeing basis. The
quastion is: how sure are the municipalities
that all tha monies owed o them do octually
rench their coffers?

{ think the time hos came fo fake bock
the conirals of our ravenue generation
processes and rather teach and enable our
own employees to. perlorm such tasks. If o
munlcipality does not have he means to do
fhis, wa in SARPA would strangly suggest that
municipalites should includ in their extenal
Service providers cantrocts that they wil tain
municipal sioff members o operate sysems
and implemant procasses within @ stipulated
fimekrome. The ravenus protection beneiit will
come in once the muticipol employees fully

with the normol line functions and be
synchronised to simultanaously oddress
ssues.

Highly quelified and energetic members
must be deployed 10 enable the unit 1o
deal fast and eflective with problematic
issues that couses big losses

The inferaction balwaen revanue
pratection, low anforcement agencies
and the logal entifes should ba on @ very
high level ot ol times

s6e the loopholes which the service providers
can now sasly hide awoy ond succassfully
ackdress

The impact of high losses

Tha real impoct of high revenue losses is
very difficult to understand in totolity, but let
us ook at what could happen 1o 0 municipal
entity i South Alico: should such losses not
b fectively rinimisec

o NERSA supply licence cauld be a risk
o NERSA approval of new farifs eould be
ed.

o Cosh flow incom will be reduced,

& There could be mare compensation law
suits

o Ihcould escalato nto community viclence.

« I will definitely cause o lock of fuith in
political structures who promise service
delivery

« The loss in income will also couse the
network 1o degrade, which will cause
more issues.

+ There will also be on escalation of
operational costs.

» Fossibla DOL intervention in serving

prohibition nofices on the CM.
Proposal fo oboin funds fo reduce lasses

The NERSA Licence ogreement shortfall is
hampering the sffort of South African metros
and municipolities to effectively redyca
revenue losses. The licence agresment stotes
that % of the operofional income must
be used lo recuce tachnical losses, but no
provision is moda for non-technical lasses
Municipolies therelore are ot required o
provide adequote budget for such losses
ond therefore net enough funds.are made
aveilable in melros ond big munics and none
atallin semoller munics. Hthers i not enough
prasision in the budger for reverue protection
acivities in order 1o reduce non-technicol
Tosses, CFOs will simply ignore such losses
until such time when it escolotes beyond
acceptable levels.

SARPA therefore recommends thot a minimum
of 1 — 2% of aperational cleciricily income
must be used 1o fund revenue protaction
programmes until the national standard of
9% electricity losses is achieved. This funds
must then be utlised 1o adsquately rasource
revenue protection sio structures and fund
the: revenue protection aperationol budget.

Precicied future:

Predicied future of fhis issue and already

noted growh in the prablorn;

Civic involvemant iniliclives e.g. public

compaigns to highlight he dongers and
of fampering.

Coundillor involvement in fighting the

scourge

Public campoign 1o expose lampering
customers.

o Public compoigns o discourage theff and
warn agoinst dangers and oction to be
faken,

o Rewards system [a.g. reward for
information leoding to successful
detection of lampering].

 Further improvements in the modus

operondi of the ravenue protection
vision
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Processes

Pracesses cuirently in ploce 1 idenify and

help combat electriciy theft
« Agplying intlligence, “no sales” o
mpilon reports

«  Applicolion of prepayment metering fo ifs
fullest extent.

o Meter raplocement projects.

o Conversion of melers o prepaymen split
ype m

o Dedicated siaff policing lorge usors (LP)

occounts
o Defoiled feedbock from field staff.

« Cosperation irom other deporimants

« Assistance from meter reoders and other
support staff

+ Qualfied st performing inspections and
feinstotemer

+ New madus operonds “ane siop shop”
opproach, eliminating muliple vislls wih
detection and rectiication done in single

o Suceass of “tip-off * lino.

o Confassions by public

o Kooping u check on authorised copachly
and noified max demond.

« Full placement of metering instolafion.

& Mova to AWl for LPU custorners.

Full commissioning fest and rocords-

@ Follow-up checks at biling validotion:

o Adjustment of accouns [.ro lfost k¥Wh
units

« Full replacement of metering inslallofion.

.

Maove SPU customers cought fompering
o AW

Whot can be done?
can never be totally erodicoled.
A irect deal of efion hos been devoled 15
the sechrological and manogeriol methods.
Inspection and moniering is very importart
policing. A criical siep

ome

e et

o5 0 visible form of
in slectricity theht reduction is 1o bec
knowledgeoble about the thett problem.
ion divisian is contnually
striving to succeed through pﬂr‘\:inalm’:
in ragional and national meelings o
The Southem Africo Revenve Frofection
Associafion (SARPA).

*  Ravenue protecti

o A fulurs infiotive would be the ole o
of o smant malering ystem whare 1hs
iitiafive. will prove o be economicaly
viable

o Aessogeof o pay na cleciriciy” must
b applied, instiling @ culture of porment
among consumers ond preventing &
culture of non-poyment from developing

Challenges

s Theee is no fomperprocf meter nor kiosk.

+ Cuhural and behavicurol chongss 0@

required.

o Meter occommedation challenges

o Staff ore endengered

«  Enemy within, "do it right fhe first fime"

o The 80/20 principle certainly applies.

o Switch-olf solution for pockets where
fompering is ingraines

o Canfinuous staff raining o keep obreast
with technology and tamper curve.

s FPolifical buy-in and will to assist with
awaranass campeigns

Conclusion

In canclusion, il must be menfioned that

the eniire revenue profection concept hos

developad in the post 20 years and has now

reached @ new level of expertise, which hos
resullod in fhe need for those invalved in such
octions 1o go fo he next level of specialisatien.

(“- streamer”
\/

The only way to dry your
transformers efficiently

without shutdown

TRANSEC filters 24/7 the maisture contained

This hos come about due fo the fast-tracking
of the technology development process of
metering worldwide, This has tiggered the
senvice providers 1o copture the market and
olfer all kinds of packeges and wondarful
solutions

1 want fo end off by colling on electricity
distribution companies in South Africa fo
stand ogether and foke bock ther revenue
systems by training their employees o

perform such tasks and allocating enaugh

funds te the revenue protection eperation
budge! that the pracesses con be effociively
corried ot

oc! Naimeni Mgod, SARPA,
Tel 051 412-2613, ceofcentiec co.10

TRANSEC

Ontine Drying Solution
for Power Transformers

Convention 2017

in the transformer il and insulation paper for
a long term preventive maintenance.

TRANSEC ADVANTAGES

« Waintains a high bresidowm veltage
0 yaur teanstarmer foe 1 safes operatin,
+ Incesses tanssormer e expectancy
b reducing malsture i incyla1c6 paper
- Emy the fallstion and onlie
operation

+ Morttaricg o trasstormer mobture
fevel, and il saturarion avaatie.

-« More ki 1530 unies i worid-
wide over the past 15 poans.
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Advanced revenue programme for
large power users

by Martin Kuhlmann, Siemens Digital Grid

This paper focuses on the fopic of advanced revenue in relation to large power users in a smart meter AMI
programme. I will explore the benefits of advance revenue for bulk and large power users (LPUs) as well as

and indusirial into LPU
the transition from “post to “prep billing” using dvanced
revenue and for LPUs; and how water meters inferface into the

same framework.

What are the benefits of *advance
revenue" for bulk and LPU CT
consumers?

Prepayment is o lose term with reference fa
slecricily metering. It has o stigma attached to
5TS prepayment meters which predominately
meter smoll pawer usars (SPU)|.

receive post-poid invoices and ganerally pay
3010 80 doys (with soma extremas of 120 fo
180 days) ofer receiving their invoice.
LPU/MPU electricity dota is provided an
their invoice ond is 30 to 60 doys post
comsumption, This makes it very difficult for
LPU/MPUs o plon ond understand real fime.
doto.

‘wsers (MPUs], there were no STS prapaid meters
avoilable on the markst, Also, ufilifies refroined
irom forcing thess consumers to go
“prepaid” dus to administrative issuss such
os “disconnecis/raconnects”, cosh flow
conversion for especiolly large power users,
and also design on meters that ollowed for
large prepayment purchoses.

LPU consumers are fypically large indusirial
manufacturers and the ke which, in some
coses, hove one or more MV feeds and thus
electricity metering requires o thras-phass
currant transformer (CT) metar. Medium
pawer users are ypically connecled fo the
IV grid and have o mixure of CT and DC
connected mefers

To-date LPU/MPUs ore nol metered os post
payment consumers and have either old
analogue metering of high accuracy digitol
‘meteting, but the meter dota i ypically reod
manually and tarif rated infa their respactive
illing engine.

LPU/MPUs typically consume BO% of the
utilfies: total consumption and therefare
contribute to B0% of the ufiliiies revanue.

Meter population wise LPU/MPUs only cover ©
20% of the fotol mater population, whereas..

5PUs cover B0% of tha mater population, but

anly ganersia 20% of the revenve.

LPUs require high occuracy meters

ypically 0.2 and 0.2 thras-ghore
matars).

MI‘UI require medium fo hi
et (pichy 0550 1 piy i
€T or DC melen).

Advanced revenue for lorge/medium power
users {LPU/MPU)

For LPU/MPU consumers, prepayment
(or advonced revenus) is o new concep!
‘and not readily deployed. These consumers

The banefits for LPL/MPUS in on advanced

revenue anironment are

& They con download and view (typically
depending on the AMI system] online
dota in ferms of real fime consumption,
billing dato stc. This halps the LPU to plan

out of electricity - a huge benefit for cash
flow planning.
The benefits o the utility are immense. Utility
cosh flow typically moves from 150 deblor
doys to minus 10 o 15 days - this means
fhat the utlly gs's cosh in odvance before
electricity consumption  thus ollawing for
growsh planning and strafogy.
Roal fime data is ovalable to the ufly and
thus allows for planning, growth and value
odd support fo tha end consumer, be it
LPUS/MPUs or SPUs.
Grid conteol s enharced as a real fime view
oflood consimprion and rends s evoitle

occording o doto fe.g. whento D, MOM, this ype of o
switch on their smelter, eic.). b nksd nfo o SCADA sysem
« Reconciliotion happens in a real fime
,,.,::.M e How does a ulility infroduce
iff roting is done in real fime and complex eleciricity tariffs into
LR LPU odvanced revenue?

therefore they con delermine their costs,
despite he torf codes being complex
Cosh flow management — the cusiomer
an pay according o their cash flow and
cansumption plon/sirategy, g well s
optimise cos soving, ic.

Current STS propayment tariff code siructure is
based on fiered/linear or static pricing, In the
post, complex toriff codes such as fime of use
(TOU)/max demand/energy charge/network
domand charges were difficul fo include in

data,
Predictive onalysis forewarns the
LPU/MPU consumer when they will run

require post censumption calculations as well
‘and fiming — none of which are avoilable in @
STS prepaid environment,
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A prepaid etering AM) system s oble
10 incarporate mony difecent farift cades and
siructures 63 the dot we receive on o real
time basis alfows for intelligent farff rating.

Also, @ smort metering AMI system is able fo

cffer mors ¢
the post paid billing allows for. ‘Al il inon
e bosis

AMI salufion are done on @ rea
with real fime reconciliotion.

How does a utility manage the
transition from post-paid billing

to prepaid/advanced revenue
billing using @ smart metering AMI

‘Siarmans Manoged Servicas Complete piece of mind thal the AMY solutien s |
e | looked o and menaged {
Mubiple matss pac account | Con offertha s o (Pt i e mateing i
(e | a5 oné aecount

High accurocy PowCl | Maling .
e i B b ok |

iu«»- Cok e ke dablor
Dot ko - ot wating for 30 10,60 days for
il v with lon matet dato

This i @ huge volue add 1o tha utities cash flow

anl_uﬂ"ymmhiﬂhnr:dx)mm. and |
planaing. dun fo near real fime:dato

| Mo mare debtors depariment - Siemens fokes

advanced revenue
Typically for LPUs the dofoult methad of biing
s post-paid, Converting (PUs fo prepakd or

advanced revenve
LPUs spend large ameunfs on energy usoge

and ore sed fo the hythm
electicity in arrears.

A utlty will be required 0 angage 0 & one:
to-one level with thei LU customers 10 plan
for the chongeover. This may involve the utliy
allowing for o ronstion pericd for.a LU to
pay off their outsionding post-poid bil, oad
engage immediately on o advanced revenue
prepoyment siruchure.

1t i reaily up 1o the iy fo undarstand theie
o their billing and

ner, be sensitive
4 sngoge on o personal basis.
base are

custo

ow, an
Typically, only 20% of the custor

5o by moking o concerled sffart on
these customers, the Utlity can pian o relatively
us adding benefit to the

easy fransifion,
consumer, and themselyes.

How does a utility manage
“disconneets/reconnects” for LPUS?

Ramoely discannecting ond reconnecting @

LPU is autramely difficult and expensive

The short angwer fa fhis question is that o
uhilty shauld not be daing-this activity. There
are numerous recsons why, but here are some

points to consider

o Romote disconnedis/reconnects work only
on dirsct eonnect (DC) smart meters {..
meters thot e diacty connecled batwoch
fhe wility feed and the consumer’s loa

for muau- jranslormers

( annot be remately

il aconnacied 08 he Mmeler

in ol in diract line between the: utliy/

grid fieed ond lacd.

Y |Pw {PUs that hove CT
& ¥a-one LPU customer

is imperofive.

e are ver

ag

mm\uqcmem i this case ;
These types of customers have mm‘ph:
indusiriol mochinery ond plants tho}
e soged shutdawn o
e, o by wiching o

3o and cost o the Ul

immanse dan
the smort

ug prediciive anolysis, the smert

v
metering AMI systent con oll

Rool e account conciicion ‘
Roal time complax a1 roneg: TOU/mox ‘Cmulwm.wmm.unduwrmwh !
e | multiple codes per |
| = |
s very senifive fosk o5 e e b e
ying for heit | GHFTwata detestion Tris faghors halps @ iy reduce massa

Phata ot meosuramant and deteron

inoccurate CT ok losses =30% astra |
Hefps datoct NTL on phase - reveaue prosection

Table 2: Siemens Smart Metering as a Sanvice (SMooS) for uhiies.

sdvanced communication to the LPL
forewarning them of imminent shuidown
due 1o non-peyment. A suggestion would
be that of the last minule, o phone
coll 1o explain thot the feed will be
shutdown and that the LPU needs fo either
make payment, or sfoge a shutdown of
their machinory.

How do water and gas meters.
interface into the same framework
as above?

Typically in a utility, water ond gas

interoperations between them are found
Thys soch deportmant duplicates sach other
forcing high cost budgets. Theses duplicate
05 ore typically

Field service engineers

«+ Support personnel
« Separate systems
o Separate billing
« Saff

Oria of fhe most pressing issues to.o uility
or municipality is revanue collection and
profitability. Electricity revenue is vary
{mporiont to both a utility and municipality
a5 budget allocation is very high. In @
waler department, there ore high costs
with, normally, large revenus losses and no

profitabilty.
Sacurity of revenua [SoR) is very sought affer in
terms of smarnt meter AMI solution jushificotion.
This is despite the accurocy and relevance of
dato it offers.

Combining smort eleciricity/water and gos
metars fo o AMI soluiion offers huge benefits
fo.a utbty.

Combining slecticitylwater and gas meters
onto one system allows for

Instant view of ol the meters with one end
user porial login.

Instant accou
for the consumer
control

meter data visibility
mere consumer centric

Ease of Information and eleciricity
payment using smarf phane apps, etc
Prapoyment.
Link existing 5TS vending Po§ fo
backend sysiem.
Keeps existing payment hobits the
same.
o Improved cosh flow — Le. roduce deblor
doys

When “central wallet® is deplefed

{ie. the balance i zero] the prepayment

AMI solution allaws ane for more) mes

1o be controlled such os:

- Disconnect the smant elechricily meler
remately, while leaving the water meler
1o continue to mefer, or remotely
throttle the water flow {applicable by
Taw in SA)

End user top up transaction is then
canirolled by the *central wollei” which
first ollocates the “neqative balance"
caused by woter or gas consumplion
10 be paid first, leoving the difference
10 be allocated 1o the electricity mefor
- the “ceniral wallet” has positive
balance, the electricity mefer
s reconnected

Wates and gos mefers interface into the same
AMI framework o slectricity meters o3 the
data s rmad seporotely by the MDM, and
appartioned o the *prapayment application”

Continved on page 10!




M 6 6th AMEUConvention?20 1 7 |

Implications of the Occupational Health and
Safety Act on electrical installations

by JP Malotse, Department of Lobour

The Occupational Health and Safety Act, Act 85 of 1993, is there, inter alia, for the protection of persons where
machinery is involved. Some trades may be regulated as stated in the constitution where persons’ health or safety
may be endangered. The electrical frade is one of the trades that are regulated by an act and regulations.

The Deparimant of Labour administers

the Elacirical Insfallafion Regulaticns and B — e
Elocirical Machinery Regulations. These [r————

regulations apply o all seciors .9 domestic, o iz 1 BEcEBER a0
commercial, industrial and ogriculture, i olso ‘OCCUPATIONAL HEALTH AND SAFETY ACT (ACT MO, 85 OF 1903, AS
applies to temporary electrical instaliations on e

constructions sites, remote places, elc

The department has appointed inspectors to INSTALLATION REGULATIONS, 2008

ensure thot these regulations and incorporced
standards are anforced, The department hos

also approved inspaction authoriies fo ssist D o
the depariment with the enforcing of these Acacry Counch tor Oocupional Hea and Sty heraby, nder Bectn
4o e Occupatonsl Hasih s Siety A (Ati N 8 of 1000
regulations. ‘amended, moororate e he Elecrical nsttation Reguistons. 000, the
v Vaon
Persons invalvad with olectricity and those i
who are using eleciricity, their lives may be Sy
endangered when working cn or close 1o Chie Iapaci
electricity, when elecirical machinery are
not correctly instolled, and when electrical SCHEDULE
machinery do nol comply with standords.
St of Souts Abca

Registration

SANS 10122 The wiing of remaes Pert 2 Nedum-
Thisis the reason why the Department of Labour rmtioon above 1 KV ac pot excencing 21 KV 4.2, 4 1o o
rogisters persons who ora involved with slecirical e bt e d
installation work. Elsctrical controciors who ore
involved with elactrical Installafon work must
also register with the depariment, There ore
alsocifber machinery where perscns and eniiies i SANS 10142-2:2014
have o egisie, such as for pressure equipmert, e,
and gos instollafions, bs, escalotors, passenger
commepors

Fig. 1: Safely sundord omendhment fa the Occupational Health and Sofety A

The department registers electrical testers

for single phose, installation electicians Gnd SOUTH AFRICAN NATIONAL STANDARD
master installation elecicians
Safety of electrical installations
The safety of electiical installotions are The wiring of premises
confimed by o certilicate of complionce:
issued by o registerad person Part 2: Modium-voltage installations above
1 k¥ a.c. not excesding 22 kV a.c. and up to
The department has appointed opproved and including 3 MVA installed capacity ..

inspection autharities 1o volidote cartiicoes
af compliance and to investigate incidens.

The elecirical supplier may olso inspect and
test electrical installations at any reasonable
fime an condiion that they nat charge the
user or lessor for such inspections and tests
unless fhe inspeciion o testis camied out ol
the request of fhe user or lesser,

It must ba noled that there ore no other persans
to invalidate Cerficates of Complionce (CoC)
in tarms of the regulations. Fig. 2: The South Alrican Natio

Standard relafing %0 the winng of remi




SANS 101422

Consumer rating <3 MVA @ <22 IV

@AAJ

SANS 10142:1

Conmerte
Sama@> 1w |

Stepup - Stepdown
R I i

Eskom/Municipalites

Approved inspection autherities
Approved inspection autheities. ara public
entities who deliver services 1o the industry and
ony person wha i using slecirical installafions:
The costsfor their sanvices ore not regulated.
5011 the costs that ore charged by electrical
contractors.

Design and construction

The design on an elechical insilloion above
1KV shall be approved by 0 person deamed
competentin arms of paragroph (0), <) o¢ ] of
ha defintion of o compotent person i regulation
1 of the General Machinery Regulations or &
person regisered in o prolassionol cotegory in
tecms of the Engineering Profision ACt

continued from page 101

oparopriotel. hus allowing for separofe
data visibility, but allawing for o “cenfral
wallet® to combine the tanf roted doto of
the saporate meters and shown 1o the end
user a8 one holistc view — thus making 1
aosy t6 provid for SoR

Conclusion

With the growing acceptance of smart
metering to provide reol tima big data,
and with utiities in developing couotries
requiring o solution that caters for s-wm]:
of rovenue, the effeciivenass of o el
manoged smort meler AMI deplorment
needs 1o include the manageability o

five chagram shawing where the hwo stondonds are appiicoble

The slectrical instollations abave 1 k¥ sholl
comply with SANS 10142-2. It does not
include any machinery of the supplier reloted
1o the supply of eleciricily on the promises.
The single line diogram in Fig. 3 shows where
he fwo stondords ore opplicable.

Commencement of work

No person sholl commenes insiollation work
which sequires & new supply or an increase
in electicity supply copacity unless the
supplier has been nolibed thersof n fha form
of Annesure 4. The supplier may waive his
requirement or reploce it with anofher form

Supglier mey not connect supply to an
elacirical installation without o CoC

. =

advanced payment (prepaid thot enhoncas
cash flow ond profitabiliy, educes NTL, and
adds huge volue 10 both the end user and

the wiilty.

66thAMEUConvention2017
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axcept for the purpose of festing and the
completi of the CoC by o registered
person. This requirement does nof apply
where the clechicity was disconneciod for
nonpoyment

Municipal infrastructure

Most tachnical requirements were removed
from the-old EMR and ploced in the standord,
SANS 10280-1 that is incorporoted info the
regulotions

Some technical requirements ora sill i the
regulofions such os

Distonce of power lines from sxplosiva

magazines
& Power ines crossing over waler

*  Encroaching minimum safety elearance
«  Conirol of vegetation

» Protection of overhead conduciors and

live parts
SANS 102801 deals with the sofety of
everheod power lines and should be one of
the requirements when the municipality give
out a fender.

This standard oppbes o new infrostrictures,
unless otherwise indicold in the standard,
When this stondard was developed for the
design of overhood power lines, cost was also
considered, but nat 10 the derimental of salety
ond health of persons.

Canclusion

The municipality must make sure the their
infrastructures are sofe and well mainfained.
The act ond regulations ore available o our
website yyw lobour govag

The impact of not being able o supply
customers with electricity will be huge on fhe
industry,

Confoct Jokes Malatse,

Depariment of Lobour, Tal 012 309.4391,
iocob molatse@iabout govan

benefitsto a uiifty, the biggest benefit being
cash flow and the reduction for any CAPEX
spend. While fhe argument by mony ut
may be a concem for whero the dato is kupt

ies.

the i APEX)
o smarl metaring AMI $ohution hs far
reaching benefts thot justiies the project
CAPEX con olso be avoided in sefting up
and operating o smort meter AMI advanced
revenue poyment degloyment by opling for
an operation expendiure (OPEX) soluion
typicallythis is referred 1o 05 AM1in the cloud*
o smart mefering a3 @ service solution

an be answored, but ihe reassuring pointis
thal  usilty can engoge with a smarn metor
AMI advanced revenve payment deployment
ota low base, i.e. they poy on o “maer-per-
month” bosis os and when o smari meter
it installed.

Cortact Mortin Kuhlman, Siemens,
Tel 011 6522231,
crie bl

An “AMI in the clovd” muliple
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SHEQ alignment to 1SO 31 000 (Enterprise
Risk Management) and King IV (case study)

by ity Power

This presentation gives an outline of perfarmance of the SHEQ management system based on the 1SO 9001:2008
(Quality Management), 15O 14001:2004 (Environmental Management), 1SO 31000:2009 (Enterprise Risk
Management) and OHSAS 18001:2007 (Occupational Health and Safety) standard requirements.

e cuslodion of

ragement sy

SHEG

and is poised 10 ensure that City Power drives

the companent of compliance and assurance

within the safety, heolth, environment and

quality sphere, in the form of integrofe

stainability reparting in |

licies and procedures; by-lav

s (Ki

any relevant st

55 processes

Top manage

procasses/opar

reviews the business
ns of the
implemantation o the objectives of f

business sirategy for continual improvemant

management of potential

and quol

ol Reporting Index

a Requiremants

®  ClityPawer Risk Assuronce ane
ferms of Refers

City Power - The core business

ity Power Johannesburg (SOC) Lid is the

energy distribufion service provider fo the

wrify, Johannesburg Councll

The care competency of the business is to

hase, distibute and sell lectricity within

s geographical foorprint of business. The
City of Johannesburg is the sole shoregwner

The council, by means of a sen

eement, regulo

{such os tariffs ond copitol

of financial

expenditure), human resurce Issues fsuch

devalopment), delivary targats

[ enance of assets and oddres:

ords of cust

Power confribules over R14

o Comply effectively an ently with ol

logislafive and ather ro srafocols

and prepx = Identily, evo elop, manifor
Mandate vise mana

sch o the bu

by the board/Fxco expacts the

3 group to:

garding fhe
e on SHEQ relate

o Align o tho Mamorandum of Asso
and the Articles of Association (the

perates as stipulated in the
Compony’s Act 2008
P

es (charfer] .

* Human error =88%
* Engineering factors = 10%
* Acts of Providence = 2%

Damage

]
5
g

2
o}

L




%

P76 C D) ' pcbpower.co.za
. RA DR |

We manufacture Distribution Transformers which carry the SANS 780
Mark & Mini-Sub Stations with Oil or SF6 RMU's.

- [ I8
we | e e 1 5

mers Johannesburg
:fa :;:wsz‘;:a;lg;gf | 19 Bunsen Street, Industria, Gauteng nchbpowe
el +

Fax: +27 11 474 8353 | desiree@pcbpower.co.za
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Minumises harmiol sflects cavaed by risks.

Ensures thot the. v
1ol o sy el anwinan el " i
% | ‘oecaptoble intsmasanally, parormance.
rtemanond
Enucins thot e orgonisaton run | 9001000 qualty anc R : e
b and i | ompetiivanecs with international lagtimately. Algns risks 1o

componies.

shtegic operations.

Uses ks o adaniages fe achieva coctives.

Fig. 3: The rigk m

e 1: Compotibifty of the systems

igement proce:

Governance

ane

idelines regarding governanc

sponsibilifies and outhorifies
of personnel who manage, perform
ond verify activities which effect the
occupational health ard solely risks of
the octivities, laciliies and processes
of the ergonisation, shall ba defined,
documented and communicated 1o
litate OHA&S manogement.

o Visible ond felt teodership,

.
o Lead by example.

« Participation in audils.

¢ Opan-door palicy.

o Prowision of the required roso
«  Consistency in disclpline

® Sustoinabily

o Continuous improvement

Responsibility/accountability

Detoils on responsibilty/accountability are
4 os follows:

o The SHEQ dopariment is the custedian
of the Integrated SHEG Management
System,

o The Risk, Assuronce and Compliancs
Commifies oversees specific developmen,
approval and review of fhe fromewor:

The framewark is subject 1o fhe mandate
and commitment of Exco and the board

Al stoff must carry risk manogement
activity consistent with the appraved
SHEQ framework, Stafl sholl generolly
idartify, communicate and respend i
expected or emerging risks within their
areas of responsibiy.

anagers and supervisors ore responsible
for implemantation of the framework
within thelr individual business units

SHEQ hybrid model

& SHEQ hybeid mode! is outlined in Fig, 1

Loss causation medel

The philosophy for SHEG: manogement is

on the Safety, Hoalth and Environmetal
risk policy of City Power which siotes: “We
beliave thot the sofely, presarvation and
secunty of City Power assets, i.0. employees,
customers, supplers, plon! equipment and

the quality of the environment in which
wa operate, should be protected and
conserved. We underioke lo sofeguard them
5 far os reasonably procticable, from injury,
degradation or damage rsing from any of
fhe company's oporations (see Fig. 2)."

Risk management process (strategic
alignment)

Enterprise risk menagement Is o process
ted by the City Power Exco, board
ctors and management, opplied in
strategy sefting and across the business
g potential events that
ihe company and managa risk
fo be within the opproved risk appefite and
%o provide reasonoble assurance. regarding
the achievement of City Power's objectives

{see Fig. 3).

Principle 11 - King V

The gaverning body should gaver risks in o
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cotegories A ond C os per the Municipol
Struclures A, and includes all MOEs liks
City Powor 1HB)

City Power risk management confext
The City Power risk manog

sutlined in Fig. 4,

il context i

Risk maturity

Stakehokder Ve

Factors relafing fo risk maturity are outlined
in Fig. 5
Systems compatibility

Detoils on the compatibility of the systems are
outhned in Toble |

Risk management journey map

The risk managemant journey is mopped in
Fig. &,

Benefits

The benefits. are

o Intograted process 1o allow for IS0
systerns to oparate in one
methodical manner.

kil
8550 "W‘mwm'w'%l gl lirdlacd - The orgonisafion can be run eptimall,

» Oppontunity for quality and continuous
S h It S48 150 14001.2004 on 160012007 o s | imprcvement in he monagement systemn.
SABS cemibcaton 15O 90012008 (2009/2010) | Compliant with laws and regalofiors.
11:2008 survedllonca cudit by SABS
Szr-i"'“‘“’m | o Introduction of risk and apportunity
irormantol Geoen | monagement,
SABS Prdori s Ao consecutia peory Customer and employes safisloction
e B * Creates o swonger {ramework and
G i ; idrsy governance 1o achiava the dosired
. ouicomes.
o ; ; | - Bocumented processes
bl tlecical Forum mamberabin Documents can be easily accessod and
< effectively manoged,
wm""" . o Standordised processes with builtin risk
DIFR < 1 sincn 2002/2003 | measurements
to1 ‘_‘ = ~ Ensures awareness of whot is fo

Toble 2: The ochievements of fhe model. «come and will be able to deal with all
situations.

= Confinuaus improvement
Orgonisation and their processes
canstanily improve and monage risk.

*  Customer and employes satislaction

© Creates & well-unclioning organisation
Achievements

The achievements in this regard are dtailed
in Table 2,

Conclusion

The advantages of implementing these
eniies leod 1o well-funciioning businesses
that wil satisly both employees and clerts
ond ensure fhat the organisotion complies
with oll sictutory and legol requiremants. This
results in business excellence and a theiving
orgonisafion.

The sk management joumey.

o sty 1 s ol i s conprs o
el sk s Uniike  and public sector organisations, ond new also ontact Joe Ledile Tefu, Cily Powar,
and acheving % 510D BTN, Code incudes oll meiros ond municpolries (is, 1011 4907131 iefu@citypower.co.za
e King
the provious King Godes, the
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AMEU Utility and Engineer Members

Kan Tupper 034 982.2947 7, Viyhed, 3100 KwaZuly Narol
Oscor Hiaishwaro 036 6376804 | PO Box 29, Lodyemith, 3370 | Kozl el
FESTTT T— s Mosrdk (043682.5016 | P/liog %4002, Stumerheim, 4930 [Eostem Copa
Bo-Pholoborwa Locol Municipolly | Nesis Loviens 0157806415 | Prvorie Bog X 01020, Phalabores, 1390 Limpopa
Beoulort Wes Locol Munscipality Roalof von Staden 023 415-2276 Private Bag 582, Beoutort VWest, 6970 __|Good Hope
Bargrver hmcipaly Neeis Rossoum 022913.6000 | PO fHox 60, Pletberg, 7320 | Good tiope
Bl Lova! Municially, = 044501.3277 | PO Bow, Plettenberg Boy, 6600 Good Hope.
Bva Crane Route Locol Muncipolly 042 235.6042 | PO Bor 21, Somerset Eas, 5050 Enstem Cops
Broeds Volley Municipolity " |023348.800 | Prvote Bog 13048, Worcenter, 6849 Good Hope
[Boltaio Ciy Metogalian Muncipaity 0437059605 | PO Bon 2001, Beocon Boy, 5705 Eosam Code
e el ——
Copo Agulben Municipaity Siova Cooper 026425-5500 | PO Box 51, Bredosdorp, 7260 GoodHope |
Cederberg Municipokteit Joceb von 2yl 027 432-1112 Privote Bog X2, Clarwilliom, 8135 Ghmi Hepe |
[Cencren R Bager 00264 67 30470 | PO fox 560, Offworengo, NAMIBIA Nomibia |
CENTIEC Leon Kritzinger 051 409-2213 Mrivote Bog X14, Brondhol, 9324 Froe State |
CholCopaTown Lndia Ranconire 02) 444:8499 | 3rd Flowy, Civic Cokre, Cope Town, 8000 | GoodHops |
iy of Thwane Mo Municipalty___| Frams Mongonys 0123564213 | PO Box 420, Feicrio, 0001 | Hghed
iy of Windhoek Loken Ko 00264 612 903351 | PO Box 57, Wendhoek Nomiba
City Powar Tiaon Ehlers 011 490-7320 40 Heronmere Rd, Booysans, 2014 Highveld
‘Copperhalt Eneray Carporation Neil Croucher +2602122 4400 | PO Bow 20819, Kitws, Zombie temationol
Dawid Keupar Municipality Hennie Avrat 054 338-7145 Privote Bog ¥6003, Upwgton, 8500 Froe Storo |
oo g Loon Elstean 021 4333154 | Tl Floot Hodert, Bing. BB Coeross | oo e
[ Wi 018 633-3811 PO Bax 7, Lichtenburg, 2740 ‘Highveld
| Drokenaisin Municipalty Wiler Albertrn 021 8074663 | PO Box |, Paaxl, 7622 Good Hope
‘Fharhuloni Metropolton Municipally | Mork Wilkon 011 899-4027___| PO Box 215, Boksburg, 1460 Vighwid
- d 045 932-8194 PO Box 1, Mackeor, 5480 Eastem Cape.
Emeddongen: Manicipaldy Ry B 0343314540 | PO Box 11, Uhechs, 2980 KwaZulo Notol
Embuden Lol Muncipaly Tshabs habalalo 016422:1203 | PO Bon 3, Vondusbilpot, 1930 Fighveid |
- v " 053632-9100 | PO Box 42, De A, 7000 Cope Midiands
Endumani Local Municialdy Neark Donaldhon 342122121 | Pivote Bop X224, Dundee, 3000 KuaZufu Notcl
Enoch h PO Bax 7111, Guesnsiown, 5319 Eostem Cape
Eghvoim Magola Locol Murscipally | Johon Dure 0132618454 | PO Box 2925, Marble Holl, 0450 Lmpopa
i i Flacticy DAMbUr | Gerhord Costa 00264 642 14600 | Prvote Bog XS017, Walvs Bor, 5000 MNomiblo:
ERWAT Jock fogers O11929.7027 | PO Box 13106, Norkom Pk, 1631 Highveld 1
Exkom Holdings SOC Thys Mllar 043 703.2293 | oo SoHe 363, Prhene Bog X22, ygoler, |yt
mrmr——— i 031311:9005__|PO Box 147, Duban, 4000 Keind b Norcl
Gomagoro Municipoly Ioroma Bob 053 723.6000___| PO Bam 1001, Kathu, 446 Frea Slom
wainy Lucas Monysla _ 053712.9372 | Prveve Bog X152, Kururman, 8460 Fron Siats
0 ! P 044 055247 | PO Bon 19, Grorga, 6530
Govan Mbeki Municipolity Sibusso Rowneni 0176204283 | Pivoie Bog XI017, Secundn, 2302+
[ Greoter Givort Munscipallty Dayion Niao 0158122068 | Pivote g X9557, Giyar, 0826
racir Kckaod Marsciplty 5 |PO Bon, Kokaod, et
Graoke Lstoba Muncipolity [ i [ PO B 36, Wodhodiakloct, 0835 agies
Groater Traneen Mumcipality Waswoss Lojops | 015 307-8165__| PO Bw 4239, Taonoen, 0850 Lompopo
Hessauo Locol Municialty Josin Lasch 028 718000 | PO Bon 29, Rl 6470 Good tege
Hibiscus Consl Muncipally Nard Sihial 039 6882000 | PO Box 5, Fort Shegstane, 4260 ¥zl Notch
nkos Langolibalale Muncipalry Cyl Moodley 038 3427800 | PO Ban 15, Eveoun, 3310 [
nusba Yethembo Locol Municipabty | Spunsi Mz 048.881-1515 | PO Bon 24, Crodock, 5660 Eostem Caps
Kail Ganb Locol Municipaliy MW Clarke 0544316300 [POBox 174, Kokamos, 8870 [FroaSole
[Kannaiand Local Municipaliy ol Bon 0265511023 | PO Bax 30, Lodiumeh (KAAR, 6435 Good Hape
[oyana Municpolay Michoa! Rhode 0443021603 | PO Box 21, Keyera, 6570 Good Haps
| 042200-2234 |33 da Gama Rood, Jafiveys Bay, 6330 Eowem Cops
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PO Box 72, Sianger 4450

Frvote Bog X2, Ashton, 6715

PO Box 66, Sanderion, 2430

Kovadukusa Municipaliy | ick Holt

tangaberg Municigoliy U\H)Wﬂ' e
Lekwa Locol Murscipolty | marks s Mobonda_

PG Box 210, Hodoborg, 1441

PO Box 3575, B, 0250,

[ Mewobie Rod #O B 178, Grabamstonn, 6139
*Afn T [051 633.2408 | Privote Bog X101, Alwel Nert, 9750

I 027 201-3402 | PO Box 98, Viedendol, 8150 Good Mopa
0137128805 | PO Box 33, Nelsprut, 1300 Movmolanga
018788.9656 | PO flox 3, Corletonale, 2500 Vighvaid
0169738310 | PO Box 60, Sasolburg, 1947 [
016 360-5810 | PO Box 9, Mayarion, 1980 . )
017 826-2211 | PO Box 73, Pt R, 2380 Mpumolanga
‘arioon Edwords [014717:1284 | Pivate Bog X108, Modmoli, 0510 Cmpopo.
[ M"m“‘l [lohanesfourie |015 4919401 PO Box 34, Mokopane, 0600 | Limpopo
Mogole Gy local Municipalty | A Proiorivs 0119512440 | PO Box 94, Krugarsdorp, 1740 Hghvald
nghal;uf\l‘f;" — [Lovs Greaf 056 21 (»97?4 PO Box 302, Kmansiad, 9500 . | Free Stode
il i ol Moy Chorles Geldentuys 044 606-5083 | PO Box 306, Masselbay, 6500 |Good Hope |
s e [ on Nomagarge 033 392.5000 | PO Box 399, Prowmaritburg, 3200 | Kozl Notl
| Al Diudiu 268 760 24097 | PO Box 13, Luve, Swaalland, M207 | inemational
" | Petrus Jonsen 015 5346100 | Pivate Bag X611, Musing, 1900 Limoapo
[Pt ek 264 61 207 2011 | Privote Bag 13388, Windhook Pombio
o Sooom Vormeulen | 0612052961 | PO Box 2864, Windhok Nomibo |
Ng\\:h’u'@'n Werspaltan Poter haon 041 3924262 PO Box 369, Pod Elizobeth. 5000 Eastam Capa
e Gndu Bt T e L P
o W ’: Frons Pe 065 282.2105 PO Box 639, Ondangwa, Namibio Normbio
:«:Dawwmn'w““""" tocol | jhonvandanBery (0182995352 (PO Box 113, Poschefsroom, 2530
| Municipaldy s

Leon Hanekom 2646 5720229 | PO Box 1594, Oshokat, Namibia
"~ [Corrie Greell 0442033159 | PO Bos 255, Oudsthoorm, 6620 | Good Hope

e

F = Kook du Plassis 028 313-8000 PO Box 20, Hermanus, 7200 Good Hope
i e
| Crantpes i e Tienie Bl 053474.9700 | Prive Bag 13, Hartswases; 8570 Fova St

| Prokueana Mo
Pl Ka Seme Locol M\,MTIM

Copah T 0177346100 |Pivote Gog. 35011, Vobart 2470 ez
Clatsnca Pnoor 0152902113 | PO Box 111, Polohwane, 0700 irpopo

Folakwane Municipali

~[Bension 014 590-3170 | PO Box 550, Rustenburg, 0300 Highveld
il [Jchan db Plesss 0227017086 | Privota Bog «12, Vredenburg, 7380 ‘Good Hope
Ty Mgk 012401-4716 PO Bon 40343, Arcaho, 0007 Highvaid

Adhor John Addinall 051 933.9302 PO Bon 116, Fickshurg, 9730 Free Sicle
CEE — Soction, Prite Bag » 5030, Kimber
# Coore osymaoescz | S oy

Seisoto Loo

Copa Midionds
Sol Plaatia Municipal

— W—— — ;mm Tt 021 808.8770 E;‘o‘?' Bulding, Plein Sroet, Sialenbosch, [ Hogh
s o B 00 T T Ty S e
St Whwete MO e [022487:5400 [P Bog 152, Makvasbury 7300 Good Hope

ot 0285148500 | PO Bax 20, Swallendiom, 6740 Gaod Hope
| Swellend Gopokng Boorsen___|014 7771525 | PO Bax 90, Thabamb, 0362 Hghvold
Thabozimbi Local M 028 214- 3385 PO Bax 24, Caledon, 7230 Good Hope
Theswoperslool Mies Gobaticloa Moleboge _[053 948-0900 | PO 8w 207, Dlareyie, 2770 Cope Maands
Towaing Muricipally ﬂw{g,.,‘.,, 035 473-3410 PO Box 37, Eshowe, 3815 KowaZulu Natal
Mok M 15l 0334159119 | PO Bax 71, Greyiown, 3250 WeaZula Notal |
Tordsbels ___|013665:5754 | PO Bax , Dalmas, 2210 [re

Paro von don Haever [023316.8540 [ PO Box 44, Ceres, 6835 Good Hope




B 6 6thAMEUConvention2017 —

AMEU Affiliate Members

ABB South Alrca | Avnemaria Johvscn | 011 579.8256 | Privoto Bag X10004, Edenvals, 1610
Aberdare Cables Sam Kgowra 011 4564200 | PO Box 5093, Johonnesburg, 2000

‘Accoaturs Sauth Alrca Melon: Maposa 011 208.3000 | PO Box 1567, Kelv, 2054
\CTOM Electrical Products Ellct Meswans. PO Box 678, Germeston , Johonnesburg, | 400

Johy Wikoms PO Box 13024, Knights , Boksburg, 1413
Trevor Rody 0113978168 | PO Box 1363, Edenvale, 1609
;'I"d Jointy Johnny Coertzn 012 661-3677 | Sube 383, Private Bag X 132, Canturion, 0046 Highveld
Hestash Pama 011306-7512__ | PO bor 930, Olitantsiontein, 1665 Highveld |
Tory Hamiton {011 357.8900 éﬁi‘?&kﬁlﬁ R 2 P e ok 2. imermaional
Ao do at |11 794:6040 | PO ow 4332, Honeydew 2040 [Fighwid |
~[ingrd Baimel [021 7590.1485 | PO Box 26120, Hew Bay, 7672 Highueid
Alang Flachicol Enginasrs Guy-Guy Poimi [011805-0391 | Ui 11, Lodigem Office Posk, Halhway Fiowse, 1685 Highveld
o ‘Guiotin lomprecht 011 B94:8341 | PO Bor 5699, Dengwart, | =
Altach Alcorn Malome No#l Watermeyer 011 235-7678 7 Autuma Rd, Rivonio, 2128 e
'ARR Elociicol Whalesclers Sco thorisan 031 910-0200 | 10 Donel Rood, Bervose, 2094
[Ballanden & Robb SA Hendrin Gesmiahuys | 041581.2262 | PO Box 955, Port Elucbeth, 8000
Locos Oberholrer 087 700-8332 | PO Box 782090, Sondion, 2144 Fiighvaid
Doniel de Vries 0448019700 | PO Bor 1562, George, 8530 | Good Hope
Gordon Aram 011 238:0021 | PO Bor 120, Oliantsiontei, 1683, Highwid |
[ igen Alrice Sevca Johon Peters 012 BAZ-8700__| PO oz 29, Inncwotion Fiab, Proforio, 0087 Highwid__
V1 Conmiting Enginaers = Chrs Botho 054 3376600 | PO B 115, Upinglon, 8800 Cope Midionds
Carta Gonsuling Enginsers Lithoya Nionki 0413929898 [ 70,00 38071, Nawtonn Pk, P Eizobsihy | oy Cope
[CaiBlacvic Aicon Coblee | Jornie Bodechorst__|016 430.6000 | PO Box 172, Vermeriging, 1930 Fighwid
CCG Coble Terminafions 011 384.3020 | PO Box 192, Kampion o, 1617 Highueid
5] B Obics_| Dome Eterhuizen {011 314.8869 | PO Box 870, Midstwam Excte, 1692 iy jbm»d
Chopger W Dsan Rossouw 0110219414 | PO Box 1222, Lansaria, 1748
Clinkscoles Moughon-Brown (South) Pemre Convadia 044 6741511 | PO Box 2551, Gearpe, 6530
| Coctvone Stoet Products posocder®ichord 10113941788 |125 Piter Rood, Sporkan, Kempton Perk, 1419 | ighveld
Coriog Vi Trbanche [031 268,111 | PO Box 2957, Durbo, 4000 ~wazos il |
;‘:“;:‘"‘"’ S for.Shand | Amit Rombissoon O11 8054281 | Privae Bog X42, Holiway Houss, Midrond, 1685 | Highveld |
Cantour Tachnology | Sogie Moodiey 081 2669746 ___| PO Bos 37730, Overpert, 4067 Mo
T Wil von Wik 021 880-9915 | PO Box 697, Stellenbeach, 7597 Good Hops |
CTC Global % Wynand de Langs 0733442449 | PO Box 14059, Zuurdonten, Vonderbyipork, 1912 | Easlern Cope |
| €U AL Enginearing Andraw Wolsh 031 569-1242 | PO Box 202079, Durban Narth, 4016 Highveid |
Culln Alica rsh Chary O11 8481400 [FOBox 7 Fighwid |
O Villiers & Moors e Adrian Sdberbauer 021 976-3087 PO Box 472, Durborwile, Cope Town, 7551 {Good Hope |
Delto Energy & Communications. __{Tamanyn Tassaloar 0212761251 First Floos, 71 Woterkant Street, Cape Town, 8000 ‘Gnndhp;- |
[Diiose Consuling Enginears Siephan Ngomlane | 051 447-1636 | Sute 258, Prvato Bag %01, Branchal, %324 Fres S
DIPRO Consuling ica Dabelkanic: ony T | 0o 13T it Vi Ieharomsbonn |y
|Dveine Geowth Selusions | 1olonda Ngalwono- 051 524.9048 [P Bax 2100, Bethite, 7535 Gasd Hope
Doble Engrearing Anca Lowsodron Moodity | 031 266:2020 | PO Box 1150, Wondsback, Durbon, 3631 KwaZuh Natol
D56 Carusa G _|misedn |eati7saaose DSGC"”“""“‘;%"V"::I:::‘E;M 7G| memotondt |
Eoion Elactric SA Nontuthuko Miize 011 824.7400 | PO Bow 019, Wedoulle, 9302 Hig |
Ebarherds Martin Gerard Conrally PO Box 56363, Pos Poit Delecoy, Newlords, 2114 | Highweld |
A [5A Cacll Lancaster PO Box 12011, Hoffeid, 0028 Highveld |
Edge Line Engineering Gory Shear {011 6805492 | PO Box 2053, Mondee, Johamresburg, 7110 | ighwid
EE Publishens Foger ilay 011543.7000 | PO Bo 458, Mudansari, 1747 Fighwid |
Elaci Inductvs industies 3 0219809600 | PO Box 1454, Brockantel, Cape Town, 7561 | Gaod Hope |
Aok Enginesring 0123492200 | PO Box 70577, Tha Willows, 0041 Highveld
larmont Comafting Enginsers 0219751718 | PO Box 1142, Durbomie, 7551 Good Hops
lasgert 011 787.7566 | 166 Ook ave, Femdole, Rondbug, 2125 Highveld
Solutions 0116990420 | PO Bon 1603, Fermdole, 2160 Highveld
E Grid Solutons. 062 665-5090 | PO Box 787122, Sandban, 2146 Highveld
1o Ban Prolessianal Semvices 043 726:2726 | PO Box 19803, Tocoma, Eont London, 5241 Easiem Cape
ac 011 726.4090 | PO Box 31220, Broomiontein, 2017, Highwid |
Flo Specialized Product Solutions Fabian Ocstendorp 021 982.7551 PO Box 5101, Keooifontein Norih, 7572 Good Hope |
Genlur o dwsion of Acom Sallo Tioas 0118253144 | PO 6ox 1183, Germiston, 1400 Hghwd | |
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g Jayesh Ranch 011417.8687 | PO Box 59, Broma, 2026
roce Innovative Solutions eon Rayneke 07) 606-7951 PO Box 555, Stittontein, 2551
Gubela Troding nele Njovo PO Box 389, New Germany, 3610 KwaZuly Natal
H Test [P0 Bor 651267, Boomome, 2010 | Fighved
Hallarmorn Tyton loude Middieton 011 8796500 | Privote Bog x 158, Rivanio, 2128 Fighvold
Hesing Electical A Desmond Shorgue (011 078.0400 |2 Seckdio Rond Woodrmaod Offce Pork, Highvold
[ L8 Mcirtym & G Master Lock Grogory Slater 021 508-1250__| PO Box 342, Matiand. 740+ Good Hago
D2 Phillip Loots 012 470-2200 PO Box 72614, lyrwood Ridge, Pretoria, 0040 | Highveld
dube Bectrcal Kot i 011 397:8281 | PO Bor 15474. Lombion, 1414 [ Fgheld
igoda Projects TC Madiane 031 536.7300 | PO BOX 1907, Durbun, 4000 [ Kool Notal
Imvuselelo Consulnts Francois van Wik 031 2662707 | PO for 695, Weshibe, 3630 [ KwaZuls Notol
oot (A Businss Urit of Aveng Aica__| Charlens Sovpen PO oa 365, Brokpan, 1540 [Fighveid
Ingetoam PO Box 543, Holbway Howse, 1685 [Fighveid
lInspived Intedoces Tor Phillips PO BOX 967, Hillerest, 3650 | KwoZuly Natal
a0 Toch Systems o Wogner 011 4663701 | PO Box 13442, Yoma Vally, 168 Hghveld
¥ Enginoars ur Fiers 031 912.9000 | PO s 39, Balbvlle, 7535 Good Hope
lzmbe Tachnologies ho Mihemiby 012 667-1530 PO Bex 10514, Centurion, 7181 Haghveld
liingodia Engineering 031 7017552 | PO Bow 2651, Pinstown, 3600 KwaZuly Natal
JoCastra ki de Costro 0215771602 __| PO Bon 1548, Dassenberg, 7350 Good Hopa
KEX Power Solutions rad Forers 031762:1329__| PO Box 133, Cato Ridgn, 3680 KuoZuly Notal
Kickwall Holdings SA Peter Hom Highveld
KoCos Meosurement & Canral Hein Ervin PO Box 3585, Durbonyl, 7551 — |GoodHope
Kopars Uiy Services PedovenSomt [021 9145686 bt i Good Hape
Landis + Gyc Nisho Chefty 0126453117 PO Box 4052, The Raeds, Pretoria, 0185 Highveld
1H Marthiusen (o division of ACTOM | David Sullivan PO Box 27440, Benrose, 2011 Fighveld
Ughing Smuctures o Baogh PO Box 1572, Nigel, 1490 [ Fighveid
Lowloot Inc. Philip Playloit 4165643144 | 585 Dundas SUE, Toronlo, ON MSA 287 International
Lucy Electrc South Alica Fichard St. John 0110257490 | PO Bax 1078, Honeydew, Johnnasburg, 2040 | Highvold
Lyners. Theo Poigieter 021 914-0300 PO Box 4901, Trgervalley, 7535 Good Hape
Lyon & Vannoto Miyon 016 981-6270 | Posbus 3925, Yanderbijport. 1900 Highveld
Machine Assssmant & Relicbity Tachnslogy | Kim Dore 011 Bug-grag: |5 Wioue, The Wiows Excte, Windeon Vel |1y
Mafeseln Taihan Electric Coble Eurika de lange 164508200 | PO Bon 1643, Verseniging, 1990 Highveld
Manelac Sarvices Daln Lisbenbery 041 581 2262 | PO Bow 955, For Ehabeth, 6000 Eoster Cape
Mofiolo Soluions Docowon Greve 114531177 | PO Bou 75223, Behord Gardlens, 2047 Fighveld |
Matlsng Energy Solufions Nelisiwe Magobone | 0100350230 | PO Box 1444, Galla Manor, 2052 Fighveld
| McWode Productions Marc Hindie 0113152262 PO Bow 142, Chfontsfariein, 1645 Highveld
Medupe Distributors. \emas Motoung 011397-2913 | PO Box 966, sanda, 1600 Highveld
[Mogger limaed Mathanial Folschar 011 3913632 | PO BOK 6910, Biechlowgh, 1618 Fighveld
Metindustrial 1/a Finst National Batery | Desagon Gomndsamy | 031 5024227 | PO Box 5015, Benoa, 1500 KuaZuly Natal
ters Prepaid imen Tiopet 021 593-8224 | Unit 7.8, Thw Ol Tambor Yord, Moiand, 7405 | Good Hape
hotla Consubing Enginears | George Lotier 184745000 | PO Bax 30, Robertaon, 6705 Good Hops
Mot MocDonald Al = Josan Rower 011 519:0000 | 359 Rivaning Bowlavard, Rivorso, 2128 Fighveld
Musco Lighting Derak Fiald 031 569:2129 | PO Bow 201145, Dueban Morh, 1490 [
Netelok 012804.7815 PO Bax 73130, Lynowaodridge, 0046
Nordlond 116624300 | PO Bow 522, Muldersdel, 1747

oo Technalogies 0841 268:266 | 23 Chosewoler Shoct, Now Sedrh, Albedton, 1449
0116751774 e Bag X09, Wetiewreden Pork, 1715
011 764.0170__| PO Bow 650187, Bermors, 2010
021 928.1700 PO Bow 4059, Tygarvalley, 7536
0126834500 | PO Box 7911, Camwion, 0048
021 9060600 PO Bow 5123, Tyger Volley, 7532

Ompetha Powes Profect
Ontec Sysems

Opton

Pich Indusrial Supplies & Cor

PEC Uity Management 021 948.0225 | PO Bon 3157, Durborvile, 7551

Penda Energy Solufions 0100350232 | PO Bon 1484, Galle Monar, 2052

Pr darketing 011867 6767 | PO Boa 1925, Mtbarton, 2059 _

Pt South Africa Hox SB068, Nawville, Johonnesburg, 2114

Planoor & Erwes Engineers B 1831, Brootlyn Squors, 0075

G11047.1681 | 13 Tomansk Steer, Ormonde Exf1, Johomnesburg,

Fofly Supply On Demand S Fighvold
Poly Box P Willers 021 3665777 | PO Box 51578, Waserdront, 8002 Geod Hops
Power Matla Innalumis Francois von Tander | D11 234-0008 | Poanel Suite 148, Fivate Bog K75, Bryoraion, 2021 | Highveld
Fower Megsurnmant & Dismuton Johon de Kerk 044 873.0762 | PO Bow 4700, Geonge Easl, 6539 | Goed Hope
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Fowe Process Syvems Bonjamin Roode 086 1777769 | PO Box 4172, Scuthgote; 2082 [ Highvold
Powertech Translormers osonn I 012318.9735 | PO Bax 691, Pratorsa, 0001 Fighveld
I T Derck Botle 011268-6735 | 301 ard Floor The Frs, Rosabonk, 2196 [Highveid
 Ainca Nanetis van Rensburg | 011 BAB-6940 | PO Bex 3971, Tygervolley, 7536 Good Hope
[ Frogressive Energy | Grog Schowfoluhl | 021511.5580 | PO ox 495, Poarden Blond, 7420 Good Hops |
PSW Consulting Engineers Juan. Dik Veigt 0123492253 | PO Box 1146, Persagour Pk, Pretoria, 0020 Fighveld
Pure Enargy Lighting Consuhans Doy Mohoka 011 728-124¢ | Highveld
Pure ight Consartm Falciy Borker ons1 saaan |3 CokdSwem Norhoore Busoms Pk Cops. |5 g
‘Qaphela Risk e Jannie Thompson 011 4531177 PO Box 752231, Bedlord Gordens, 2047 Highveld
Misriom Rampopo 072 3369562 PO B 522, Muldarsdrift, 1747 Highesld
Rondol Vol 011 474:0226 | PO Box 58176, Newil, Jobormesburg 2114 | Moin
|Kobus do Villers | 011 8352077 | PO Bow 1395, Southdole, 2135 Foghveid
|Froncois Conrodia | 012.001-3600 | PO B 110, Porseauer Park, Pretoria, 0020 Highveld
TP Charmalngum
Bavivn Eloctical Trarstormers o [ vl 011 413,1508 | PO Box 83334, Souh ik, Johonmesburg, 2138 gtk
Fodo K West —[011670.7600 | PO Bax 92, Raodspoon, 1725 [
RPS langoii g Masulua 031 2669505 | PO Box 1670, Weshills, 3630 Kool Mool
Rurol Maintenonca Josan Moodley 086 187-8725 99 Fascia Straet, Silvartondols, Pretoria, 0008
RWW Engingering Kyle Lass. 011:433-8003 PO Box 2042, Southdale, 2135 Highveid
SABS Commerciol [ Ao Mo 0112382308 | 13 Byron Pace, Tulso Park, Johamashurg, 2197 _| Highveld
SABS Siandords Division Mogomatsi Motaung | 0124286613 | Private Bo X191, Preteria, 0001 Highvald
Schneidar Bactic Bighion Mnsrowa (0112506400 | | Riverview Office Pk, Junadel fvarue, Midrand, |10y, gy
Sactinol Poles Mome von 2yl 012 3486660 | PO Box | 7026, Gromnklool, 0027 lighvald
Siemers Radnay Swarz 08z 0799909, | Semema Hausm, 165 Un Kege Didve, Cope Toum, | 00 aop
Sryophambil Elecirical & indusmal dor 021 9816556 | Linit 825, icon Business Pork, Brackariell, 7560 | Good Hopo
SMEC South Africa Andre van der \Wall 012 481-3800 PO Bor 72927, Lyrwood Ridge, 0040 Highveld
Specialar Syvers Engneerng Gort Bamvidenhout __|012 6634331 | PO o 7170, Centurion, 0046 Highveld
Spactrum Communications Kevin Clack 021 551-5800 PO Box 36900, Champet, 7442 Good Hope
rum Uiy Management Gulluv Kritzinger 012991-3122 PO Box 38525, Fotie Glan, 0043 Highveld
Spunsoligant Rickydsher |01 700.3500 | FO Box 321, Seanbarg, 7947 Good Hope
Shtic Powe [0 dv of Actom] w:hm.,ru.w 011397-5316__| PO Bow 13424, Witie, 1467 Highveld
Switchboord Manufaciurers Shave O Reilly 031 508.1520 | PO Box 40086, Red Hil, 4071 KwaZulu Notal
Syetal Mo Willomson 021 710.3044 | PO Bon 30298, Toke, 7966 Gocd Hopa
SZZT Sauh Aiicn ol Korb 343757130 __| PO Box 2597, Newcasle, 7740 KeaZuly Notol
Tank Indusiias @ Diviion of ATC ‘Adrigon Theron 021 700-4380 | PO Box 9, Stoenberg, 7947 Gocd Hops
Towrida Flecwic Aica Ao St |07 9341pp. || Roske Sale 218, Pk Po B 24, SvieM,. |ty
{Terroginn Courney Harty 0115164017 Privats Bag x 65, Bryanston, 2021 Highveld
1GOOD Alica Kokus Coator R i Mamogeds oror Sorden,[,1.
The Eleckical Controcting Boord of SA__| Tony MeDonald 012 604.9652 | PO Box 912479, Sherton, 0127 Highveld
= | Corporate Rk Nerh, 181 Roan Crescart,
TS fvast Slowiaa smas Motoung | 011 0498682 | PSR ! Highueld
Troos Alncs Proecs Gustar-von dor Merwe | 011207:7734 ;7| PO Bon 6383, Holiwoy Hovse, 1685 Highveld
Tridonic SA e Trevor Milne 011 923-9694 PO BOK 30542, Jetpark, 1489 Goad Hope
Trec Erengy SA Jo Daan 082 322.8918__| PO Bon 803, Nonhlonds, 2116 [ Fighwetd
Ulingani Consoling _ Gonla Breed | 035 792:1026 | PO Box 1521, Empangeni, 3880 | KvZulu Nl
Universal Cablex [ 69.1394 PO Box 21335, Heldederuin, 1733 H
Suie 701, 7 Floox Svovss Daly Bulding, Ridgeside
}MuM! World 031 833.0100 Office Pork, 4319 KwoZulu Natal
e 071 62,5000 | PG Box 145802, Bckpen Gardars, 1457 Tighwid
011 605-8322 | PO Box 50559, Randjiesionieln, 1683 Highveld
[ Bouka Spockio 0123484617 __| PO BOX 39178, Fomsie Glan, 0043 Figheid
rep o0 oo7Bs szt | o S 29, P Bog KIO7, ton, [y
Valtox /0 Volex Cape Shown Roets 021 530.3460 | PO Box 291, Mathond, 7404 Good Hops
Wegati Power Holdings Lindokuhle Massko 012 386-2490/1 | PO Box 8402, Preloria Wesr, 0001 Highveld
‘Waodbeam Bloun Mogee 088 196-6323 | PO Box 526, Modderiontsin, 645 Highvald
[wbolch _ Grort Martin 021 7137260 | PO Bor 30761, Tokai, 7966 Good fope
Yom Yem Technologios Thomaos Bond. 011 258-8968 | Building 2, Counsey Club Estate, Woodmead, 2052 | Highveld.
Zamari Engineering Services Charies Marthir 012 5433487 | 349 Anclin Wesl, Preioria, 0182 _| Highveld
Zowt Vg Group Arica Dilon Govender 011 723.6000__| Pivle Bog X1001 1, Sandion, 2146 [Highveid
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AMEU Past Presidents

[ Nome City Date Name City City
(19151917 [iDobmon | ohancesbury | |1948-194% | Afoden o London 1975 - 1977 « | Dubor
19171919 | 1Robers Do [1948 1950 | oBode 1977 Eont Landor
(19191920 [ 5ankey 1950 1951 | CRralle 19791981 f—
1920 1922 | ToW Dadd 1981 1957 |IC Domney ) Durbon
1922_1924_| GASuingler 952 1953 | At Seon - 1985 pE—
|1924-1926 | 1953 - 1954 985 - 1987 Benon
B Sankay 9871989 | At Formorn | Cape Town
51 Hugo 9891991 Copa Towe
¥ Nachell 1991 1993 fon Elaobe
19571958 | I v dov Wl 19931995 Dwban
19561959 | GG Downe 19951997 Kamgton Pork
T 19591960 |1 Ko Toharmbor | (19971999 o Londan
GG Eww | Pamorizbuy | [1960- 1961 | %MD Singaon | Duaben 9593001 | AJvon dac Macws | Bosmlooisin
Afadwal iorannesbirg 11962 | C lombord Uringslons 2001 - 2063 _| s Envie froton
H Gles Durbon 1963 | A Gier EontLondon | [2003-2004__| PE Foes Pioermortbirg
HAgauron | Capa Town. 1763 1964 | IC Domaey Horgare 20042006 | D Porgirer [—
Utlichohon | Urvsta 19641965 | W Baron 20062007 |V Fodopaches | Johonnesburg
A Rodwal icbaesburg | [1965 1987 | D Muri Knohts 2007 2008 | $ Maghomole | Dusbon
1945 5 Ol Salisbury 1567 GC Tharon |5 Gauman st Loadon
19451946 | W PRl | Buloweyo 1969 1971 | HT Yorrr 4 Rhoda Sralonbedh
1946 - 1947 | GI Mol Gocmicaion | [ 19711973 | X von b i foos Bourhulsni
1947 1948 | CRinguran | Duiton 15751975 |IC Vddy [5xly Johometur
AMEU Honorary Members
Name Period
; i) Daniel
D M v s Bl . et
1915 - 1936 IRoters s
Efocle 1995
ey i Rishmon I E
—e————| IO Singaon '
Gt Swiogler A 202
W Roser
A Rodvall
 Saphens
1950 e H Doteor
e A P F Lategon 2663
[ros1 wiman | [0 4G Ewing
W ober-Elis i ST | 2008
1985 1C Froser
€ tomi
Kirsmon 1975 E
i =1 0E Plowdn
W ilon i
e |OWowbey
Abscrion Jafvey 7= De B Sroseacker i
fawss e
Hojor S Rediman s 4 Middlecoin
[ 5 I
G CEK Young | € Tharen e
|esz D4 Bradlen e | v, SEEE
e W Badoe
Col. 6 Ever || veze 201
| i i Mg
1958 Afoden o e S Coopeoh |
i o
= | SRR 1981 0c 38 Andanon i
Foul Jhmsion |
Cie F) Gy
1960 = e O 05 Lo Sto
1 17 Dovies 8 |
1962 A% Smpron =
€6 Bl = | G Rotmon
| 1985
1963 1C Doy, | | a4
W Kare | 4 =
1985 G ater 2015
10 Mora 1987 |
1987
Tl 2007
s W Beesler Sicalo Xuly |
=™
1969 1989 2017
O Murrar Mot Pt ers 2017
EL s s Jan Molan
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The Association of Municipal Electricity Utilities
(Southern Africa)

LEADING THE ELECTRICITY DISTRIBUTION INDUSTRY
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SUBSTATION AUXILIARY RELAYS

AUTOMATION, e FOREVERY
METERING& SCADA | iz LG
: Hey' I've got \

news about a new
SOLKOR relay

SOLKOR
(7SR18)

eeder differential relay

et
M
Communications to
remote refay
*_gaquence of avents recerder
- Faultracordr Auto-reclase
mcmsonzcvwo«n OModbus
d Meteoring
Line ¥ - Coment Voltage, Pover,anergy metering

1982

Tel +27 (11) 457-1600 (0861 966 323)
Fax: +27 (11) 608-1016
email: info@woodbeam.co.za



Powerful. Flexible. EASERGY.

Face the challenges of modern electrical protection and distribution network management with the power
and flexibility of Easergy

Easergy Connected Products : Connected, smart technelogy can automatically measure, monitor and con-
trol energy consumption and demand. Easergy is an example of how we innovale at every level.

Easergy P3

« Unparalleled efficiency
+ Belter connectivity

+ Enhanced safely

Energy distribution
with Easergy

Easergy T300 Easergy Micom

» Poweriul series 30 and 40

- Simple « Maximise your network availability

» Flexible + Latest communication protocols &

« Secure Ethernet Redundancy

* Connected * Major enhancement to
Cybersecurity

o More connected products

Unparalieled Better Enhanced
Efficiency Connectivity Safety

!

LifelsOn | Schneider
LElectric



