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Comments: Hugh Outhred
Focus: the NEG reliability objective
How did we let it get to this and what are we going to do about it?
Professor Ian Chubb, former Chief Scientist, ABC AM, 26/3/18

Outline
§ Focus of these comments - the NEG reliability objective:
– [ensure that] there is a minimum amount of dispatchable energy
available to meet consumers’ needs and keep the system reliable
§ Why not let consumers decide on their needs?
– What does “keep the system reliable” mean?
§ The SA blackout on 28/9/16, which led to the Finkel inquiry and the
ESB was caused by network failure in extreme weather conditions
– the closure of Liddell represents exactly “the type of challenge the
National Energy Guarantee is intended to solve” Frydenberg media
release 23/3/18 http://www.joshfrydenberg.com.au/guest/mediaReleasesDetails.aspx?id=542

§ What do we mean by dispatchable energy, reliability, security
& resilience and what does practical experience tell us?
§ How does NEG relate to AEMO’s Integrated System Plan?
http://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2017/Integrated-System-Plan-Consultation.pdf

– AEMO appears to be taking on a more formal planning role:
§ if so the quality of its work will be crucial – how will that be audited?

§ Could we
do better?
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Almost 70% (over 2.5 GW) of new generation projects registered in the NEM since 2012.
About 82% (representing about 19 GW of capacity) of new generation projects in development (the remainder is
mostly GPG projects)18.
Whereas emissions reduction policies have driven new generation development in recent years, the relative costs of
wind and PV generation are now expected to drive new development to add generation capacity as aging plants
are decommissioned.
The majority of new generation projects are likely to be remote from the locations where coal generation will retire.
This means new transmission development will be required to connect the new projects to the NEM, and the
transmission grid will be re-engineered over time to manage new flows of electricity.
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One aspect to resource adequacy is to provide sufficient generation when it is required. The system needs a portfolio
of controllable, firm, and flexible resources to effectively deliver a reliable energy supply. This is the basic concept of
the reliability obligation in the National Energy Guarantee.
Locating new generation to capture diverse weather patterns, and connecting these sources with transmission
development, could reduce the amount of local reserves required to deliver a reliable energy supply and reduce the
overall system cost to consumers. This demonstrates how new generation and transmission developments are expected
to be interlinked in future.

2.1.2

Aging coal generation fleet

AEMO, 22/12/17: Integrated System Plan Consultation

About 70% (16 GW) of existing coal generation (totalling 23 GW) will exceed 50 years from full operation by
2040,
indicating that a large proportion of the fleet is approaching the end of its intended operating life 19.
http://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/ISP/2017/Integrated-System-Plan-Consultation.pdf
Figure 4

NEM coal generation fleet operating life to 2050, by 50th year from full operation or announced retirement

Western Victoria, where AEMO is undertaking a
Renewable Integration Regulatory Investment Test for
Transmission (RIT-T)11.

Figure 1

Range of potential REZs

Eyre Peninsula in South Australia, where ElectraNet is
undertaking a RIT-T.
The intersection of South Australia, Victoria and New South
Wales state boundaries, currently being assessed in
ElectraNet’s South Australia Energy Transformation RIT-T.
Tasmania’s Battery of the Nation Project12.
Central Queensland and northern South Australia also appear to
be prospective areas for REZs, but do not currently have related
transmission development projects underway.
Each of these developments is currently proceeding on an
individual basis. Consideration of all opportunities under an
integrated, strategic plan for the nation may achieve improved
outcomes for all consumers.

Large-scale
PVanalysis
(solar)
and
wind
generation
Further
needs
to be
completed
before REZsare
and now
any
infrastructure
be prioritised
for development.
among theassociated
cheapest
formscould
of new
bulk energy
This includes assessing factors such as:
generation. Preliminary modelling indicates up to 25-30
total costs of such development relative to other options,
GW of newThe
wind
and large-scale PV could be built in
including the costs of augmenting the existing transmission
the NEM bynetwork
2037or(p
28) new transmission to develop each REZ,
building
© AEMO 2017 | Integrated System Plan Consultation
19
alongmust
with theprepare
costs of anyfor
other
developments
to continue
to
NEM planners
and
manage
a rapid
be able to operate the power system securely once the REZs
transformation
of the power system, currently projected
are developed.
in the 2030sWhich
butlocations
whichbest
could
occur
earlier
or later,
asNEM to most reliably meet projected
capture
generation
diversity
across the
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
demand.
~10 GW of consumer
coal generation
is projected to retire (p 29)
Source: Australian Energy Council, 2016. Submission to the Parliamentary enquiry, Retirement of coal fired power station, available at
https://www.aph.gov.au/Parliamentary_Business/Committees/Senate/Environment_and_Communications/Coal_fired_power_stations/Submissions.
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Bloomberg New Energy Finance, 2017. New Energy Outlook 2017, available at https://about.bnef.com/new-energy-outlook/.
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As listed on AEMO’s generation information page (5 June 2017 update), at https://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-andforecasting/Generation-information.
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Figure 4 shows a 62% reduction in generation capacity by 2040 as, although Loy Yang A will have been operating for more than 50 years by then, it already has
announced an intention to keep operating until 2048.

Transmission development
The need for transmission development, previously driven by load growth, is now predominantly driven by the
changing generation mix and the location of new generation. Transmission networks in the NEM, designed for
transporting energy from coal and gas generation centres, must transform if they are to support large-scale
development of non-synchronous generation in new areas.
At the same time, utilisation of some of the existing infrastructure is falling, and could fall further following large-scale
retirements of existing power stations. Optimising utilisation of existing assets and any new development requirements
will be vital to achieving lower-cost solutions for reliability. Transmission development could deliver benefits including:
More efficiently sharing generation between NEM regions.
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http://www.coagenergycouncil.gov.au/publications/health-national-electricity-market-report
Improving power system resilience through developing a more meshed network.

Sharing system support services such as frequency and voltage support.
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Regulated Investment Test Transmission – the necessary evaluation to justify a proposed upgrade to or new regulated transmission development.

12

Hydro Tasmania, 2017. Battery of the Nation, available at https://www.hydro.com.au/energy/battery-nation.
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AEMO. 2016 NTNDP, available at http://www.aemo.com.au/Electricity/National-Electricity-Market-NEM/Planning-and-forecasting/National-Transmission-NetworkDevelopment-Plan.
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Consultation members (education):
Kerry Schott AO, Independent Chair: Arts, Mathematics
Clare Savage, Independent Deputy Chair: Commerce, Economics
Paula Conboy, AER Chair: Economics
John Pierce, AEMC Chair: Commerce
Audrey Zibelman, AEMO CEO: Law
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Why is there no electrical engineering expertise on the ESB?

AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred

2

AIE Forum on the National Energy Guarantee, Sydney 26/3/18

Definition of dispatchable
§ The NEG consultation paper doesn’t define ‘dispatchable’
– However it appears to rely heavily on the AEMO document, Advice To
Commonwealth Government on Dispatchable Capability,
https://www.aemo.com.au/-/media/Files/Media_Centre/2017/Advice-To-CommonwealthGovernment-On-Dispatchable-Capability.PDF (Sept 2017)

§ Which uses ‘dispatchable’ 47 times but also fails to clearly define it

§ Dispatchable is used 30 times in the ESB paper, eg (quotes):
– dispatchable megawatts or demand response
– dispatchable capacity; dispatchable energy; dispatchable power;
dispatchable electricity; dispatchable resources
– dispatchable coal-fired generation
– “dispatchable” (that is, coal, gas and hydro-electric plants)
– non-dispatchable generators like wind and solar
– non-dispatchable renewables

§ So it appears to mean coal, gas and hydro-electric plants
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred

Relevant terminology in the National Electricity Rules V 106
§ Dispatchable unit identifier (Chapter 10 glossary):
– An unique reference label allocated by AEMO for each scheduled
generating unit, semi-scheduled generating unit, scheduled load,
and scheduled network service

§ Central dispatch (Chapter 10 glossary):
– The process managed by AEMO for the dispatch of scheduled
generating units, semi-scheduled generating units, scheduled loads,
scheduled network services and market ancillary services in
accordance with rule 3.8

§ Semi-scheduled generator (Rule 2.2.7):
– … must be classified as a semi-scheduled generating unit where the
output of the generating unit is intermittent unless…

§ Intermittent (Chapter 10 glossary):
– A description of a generating unit whose output is not readily
predictable, including, without limitation, solar generators, wave
turbine generators, wind turbine generators and hydrogenerators without any material storage capability
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
Hence the NER
says solar, wave & wind generators are dispatchable
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AEMO, 29/11/17: Summer operations 2017 - 18
https://www.aemo.com.au/-/media/Files/Media_Centre/2017/AEMO_Summer-operations-2017-18-report_FINAL.pdf

Figure 2

Trends in Australian heatwaves

PRELIMINARY REPORT –BLACK SYSTEM EVENT IN SOUTH AUSTRALIA ON 28 SEPTEMBER 2016

3.1

Line trips

A number of transmission line faults occurred before separation. These included those outlined below.

3.1.1

Brinkworth – Templers West 275 kV transmission line

At 16:17:33, Brinkworth – Templers West 275 kV line tripped due to a two phase to ground fault. No
automatic reclose was attempted on this line. AEMO has been advised that it is ElectraNet operating
procedure to conduct a patrol before reclosing line when such a fault occurs. No reduction in generation
was identified in response to this fault.

3.1.2

Davenport – Belalie 275 kV transmission line

The faults on the Davenport – Belalie line were estimated to be 42 km from Davenport.
At 16:17:59, there was a single phase to ground fault on the Davenport – Belalie 275 kV line. The
faulted phase tripped out of service. The other two phases remained in service. At 16:18:00, one
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1.4

Some historical context on demand and supply

At 16:18:08, there was a second single phase to ground fault on this line. As this fault occurred within
30 seconds of the previous fault, all three phases of the line are tripped and no automatic reclose is
attempted. The line remained out of service.
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tested when temperatures in Victoria exceed 35ºC and
occurred
when south-eastern Australia experienced
http://www.aemo.com.au/Media-Centre/Media-Statement-South-Australia-Interim-Report
Victorian demand exceeds 8,000 MW.
heatwaves.
3.2sustained
Network
damage resulting from the storm (proximate cause)
Following the SA Black System, ElectraNet advised AEMO of network damage resulting from the storm.
This included:
• Davenport to Mt Lock and Davenport to Belalie 275 kV line – 5 double circuit towers damaged.
• ©Brinkworth
AEMO 2017to Templers West 275 kV line (East circuit) – 2 towers damaged.

8

• Davenport to Brinkworth 275 kV line (East circuit) – 14 towers damaged.
• Port Lincoln to Yadnarie 132kV line – 1 tower damaged.

(22 towers damaged in total)

Data currently available to AEMO indicates that the damage to the Davenport – Brinkworth 275 kV or
the Port Lincoln – Yadnarie 132 kV lines occurred following the SA Black System.

H. Brian White, Wind Design Loads, T&D World Magazine, 1/1/08
•
•
•
•

http://tdworld.com/print/overhead-transmission/wind-design-loads
“… every wind-based trigger event evolved from intense thermal actions, including tornados,
microbursts and downbursts
… design criteria based on synoptic winds are not appropriately based on wind-based damage
to our structures
… suggested increase in design wind speed [to] 250 km/h (70 m/s) … the upper range for F2
(Fujita scale) tornados in the United States
… the penalty associated with reinforcing the structural components to meet higher design wind
loads may well be insignificant in comparison to overall maintenance and construction
expenditures”
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
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3 LINE FAILURES
IN
AIE Forum on the National Energy Guarantee,
Sydney(STRUCTURAL)
26/3/18
ELECTRANET
3.1 HISTORY
Similar to many other electricity utilities, ElectraNet has
experienced structure failures of its overhead
transmission line network.

Kulkarni & McCormack (2014), “Forensic
Engineering for a Transmission Line Failure”
http://www.asec2014.org.nz/Presentations/PDFs/Paper%20089%20Foren
sic%20engineering%20for%20a%20Transmission%20line%20Failure.pdf

(a well-known risk for South Australia)
• “...more than 80% of transmission line failures in
Australia are attributed to extreme weather
conditions - High Intensity Wind phenomenon” Photograph 1: Typical failure scenario
(p 3)
Table 1: Failure statistics for ElectraNet
• “The code of practice for calculating wind effects
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Downdrafts”
(pThese
9) AIEresponses
3.2 TYPICAL
CAUSES OF
FAILURE lines (p 2)
overhead
& underground
transmission
minimised.
have been incorporated in
an Emergency Management Plan to govern ElectraNet’s
actions in responding to and managing the real or
potential impact of a declared emergency. Specific
features of the plan include defining responsibilities and
accountabilities for incident control and communication,
provision of engineering services, management of
insurance spares, and preparation of generic designs and
logistics management processes. A key item
incorporated into the plan has been recognition of the
importance for a systematic and structured forensic
investigation process capable of withstanding scrutiny by
external parties and provides feedback into the design
process through “lessons learnt”.

Structural failures are attributed to various causes,
typically due to overloading, sabotage, theft of
component parts, and vehicle accidents.
3.2.1 Weather induced
As per Cigre document CIGRE SC B2 WG 06 TF 09
HIW, more than 80% of transmission line failures in
Australia are attributed to extreme weather conditions High Intensity Wind phenomenon.

Aircraft analogy to clarify Reliability & Security

§ Reliability: Design, manufacture, operate & maintain a plane
in a manner that ensures its continuing ability to fly safely:
– Unlike a plane, an electricity industry is geographically dispersed

§ Security: Ability to fly safely in all plausible conditions:
– Observability, predictability & controllability of a plane under all
plausible conditions & pilot skills to fly it safely (people & equipment):
§ These conditions are not met in the NEM for distributed resources

§ The plane analogy to the electricity industry is incomplete:
– A plane is a closed complex system with well-defined & stable scope
– An electricity industry is an open complex system based on T&D
networks & includes end-users & their equipment:
§ Many items of end-use equipment are now flexible and
controllable in their electricity demand
§ Nearly 25% of Australian households now have rooftop PV and an
increasing number have batteries
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
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Definition of energy security
§ Long-term (decadal):
– Energy supply security: Long-term access to sufficient primary energy
resources at acceptable economic, environmental & social cost
– Energy service delivery: Prudent & efficient (e.g. https://2xep.org.au)

§ Short-term (intra-year) electricity industry security:
– Energy supply security: The safe scheduling, operation and control of
the power system on a continuous basis (NER Ch 10 & Clause 4.2.6)
§ System-level issues, exogenous phenomena
– Energy service delivery: Cost-effectiveness
(Energy Consumers Australia Survey, December 2017):
§ Confidence in the energy market is at an all-time low nationally, with
falls in every state and territory, and consumer confidence that the
overall market is working in their interests averaging 21% nationally
§ Across each state and territory, at least 64% and as much as 83%
of consumers say that they would be prepared to reduce their
energy usage in times of very hot weather (security-cost trade-off)
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred

Definition of electricity industry resilience
• US Federal Energy Regulatory Commission, 8 January 2018:
https://www.ferc.gov/CalendarFiles/20180108161614-RM18-1-000.pdf, p 18

– The ability to withstand & reduce the magnitude and/or duration of
disruptive events, which includes the capability to anticipate, absorb,
adapt to, and/or rapidly recover from such an event
– Resilience could encompass a range of attributes, characteristics, and
services that allow the grid to withstand, adapt to, and recover from
both naturally occurring and man- made disruptive events. At the most
basic level, ensuring resilience requires that we both (1) determine
which risks to the grid we are going to protect against, and (2) identify
the steps, if any, needed to ensure those risks are addressed

§ See also: https://www.greentechmedia.com/articles/read/resilience-in-a-clean-energy-future
§ Reliability, security & resilience all have interpretations at both
the system-level and the individual end-user level, where
industry value is determined

AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
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A battery near load can reduce the impact of network outages:
Golden Valley Electric Association, http://www.gvea.com/energy/bess?tmpl=component&print=1
27MW for 15min, max 46MW for 5min, NiCAD, 1500ton, 20-30 year life, cradle-to-grave
Video at https://youtu.be/kL_2rLyNPsI

Year

No. of outages
prevented, OP

Average OP per
customer meter

2003

3

<1

2004

56

7

2005

34

5.6

2006

82

7.5

2007

65

9

2008

25

2.3

2009

28

2.6

2010

40

3.9

2011

18

1.7

2012

43

2.6

2013

60

6.9

2014

78

6.1

2015

52

7.1

2016

69

6.3

Battery

Intertie

Outages prevented include those due to local
generation & transmission outages & those due
to loss of power from Anchorage via the Intertie.
Value of battery depends on context

The Real Electricity Reliability Crisis (USA), Houser et al, The Rhodium
Group, 3/10/17, http://rhg.com/notes/the-real-electricity-reliability-crisis

“Of all the major power disruptions, nation-wide over the past five years, only
0.00007% were due to fuel supply problems. The vast majority were the result
of severe weather knocking down power lines, like in Puerto Rico where
Hurricane Maria caused more customer-hours of electricity delivery to be lost
over the past 12 days than in last year in the rest of the country combined”

AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
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Power system operating incident reports – Australian Energy Market Operator

Date of
Incident

19/3/18, 3(23 pm

Incident

Report
Publication
Date

Trip of Mudgeeraba 2/4 110kV busbars

13 Feb 2018
Network

Offloading of ROTS-SMTS-KTS 500kV lines

Network
2017

31/07/2017

Simultaneous trip of South East No.1 and No.2 s75 kV SVCs

Network
20 Sep 2017

27/07/2017

Trip of 330kV Main busbar at Vales Point

26 Sep 2017
Network

28/06/2017

Capital A & C 330kV busbar tripped on 3 May 2017 and 28 June 2017

01 Sep 2017
Network

Trip of Brunswick No2 220kV busbar

Network
2017

24/10/2017

AEMO Power System Incident
Reports, 2017
https://www.aemo.com.au/Electricity/NationalElectricity-Market-NEM/Market-notices-andevents/Power-System-Operating-IncidentReports

01/09/2017

06/06/2017

03/06/2017
31/05/2017

Table
3
‘These

events are known as
“reviewable operating incidents”
and are generally not considered as
“credible contingency events”. As
such, these events are not normally
taken into account in the operation
of the NEM’

18/05/2017

08/05/2017
07/05/2017

03 Aug

Trip of Vales Point 330kV GEN busbar

26 July 2017

Generation
30 Aug

Loy Yang 1/3 500kV busbar tripped

2017
Generation
01 Sep

Keilor No3 220kV busbar tripped

Network
2017
21 Sep 2017
Generation

Trip of Loy Yang A1 & A2 generating units within 30 minutes

10 Aug

Trip of both Colongra-Munmorah 330kV lines

Network
2017

30/03/2017

29/03/2017

12/03/2017

03/03/2017

Note: Distribution system events
aren't included

20 Nov

19/02/2017

13/02/2017

18 May

Outage of Lismore SVC on 30 March 2017

Network
2017

Trip of Mudgeeraba 110kV busbar

Network
2017

Trip of Baslink and UFLS in Tasmania

Network
2017

12 July

14 Jun

Generation
10 Mar 2017

Fault at Torrens Island switchyard

25 Mar

Trip of Eildon 220kV busbar in Victoria

Network
2017
03 Aug

Multiple line outages in the Mt England-Tarong area

Network
2017

13/02/2017

Multiple 275kV transmission line trips at Mt England in QLD

26 July 2017
Network

11/02/2017

Trip of multiple transmission elements in the southern NSW area

Network

10/02/2017

08/02/2017

15 Sep 2017
22 Feb

System event report NSW

Heatwave
2017

System event report SA

15 Feb 2017
Heatwave

Power System Incident Reports 2016

Power System Incident Reports 2015

Interruptions caused by shortfalls in the reliability of the wholesale market are a relatively
https://www.aemo.com.au/Electricity/National-Electricity-Market-NE…Market-notices-and-events/Power-System-Operating-Incident-Reports
small component of customers’
total interruptions to supply as shown in Figure 3. The
predominant cause of actual interruption is localised events in the distribution network. Of
those caused
by otherSubmission
reasons, it is predominantly
network security.
settings
and
AEMO
(27/2/17),
to the Independent
ReviewMarket
into the
Future
capacity rewards
can onlyof
actthe
upon
reliabilityElectricity
matters, which
are caused
Security
National
Market,
p 25by generation
inadequacy.
https://www.aemo.com.au/Media-Centre/Submission-to-Independent-Review-into-the-FutureFigure 3
Security-of-the-National-Electricity-Market

Page 2 of 3

How does NEG address
transmission &
distribution unreliability?

Notes:
1. Distribution networks are more extensive than transmission networks and, if above ground,
more exposed to external risks (weather, vegetation, lightning, vehicles, etc.)
2. NEM governance & design still focused on transmission-level issues & NEG reinforces that
AEMO SUBMISSION TO FINKEL
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Consistent with the various elements of a reliable power system described above, there
are a number of causes of supply interruptions to customers: reliability (e.g. having
insufficient generation to meet demand); security (e.g. load being shed to manage
frequency across the system); or network (e.g. a particular line being out driving a
network outage). This Review is concerned with reliability related supply
interruptions, which as shown in the brown area of the graph below only account for a
small fraction of supply interruptions to consumers in the NEM.

AIE Forum on the National Energy Guarantee, Sydney 26/3/18
Consumers who experience an interruption do not distinguish, nor are they likely to be
concerned with the “type” of supply interruption: whether an outage is driven by a
security event, a reliability event, or a network event. From a consumer’s perspective,
the lights are either on or they are not. However, while the consumer may not be
concerned with what is driving their interruption at a particular point in time,
AEMC,about
Reliability
Frameworks
InteriminReport,
19/12/17
knowledge
what is driving
the outages mayReview,
affect their expectation
the
long-term.
For example, if a customer is aware that the outage is driven by a lack of
https://www.aemc.gov.au/sites/default/files/content/888511f5-9f89-4af2-8803reliability it may
result in a higher expectation that there will be more outages in the
6302b53636f4/EPR0060-Interim-report-For-publication.pdf
future, rather than if it was a one-off security-related event.
Figure 3.1

Sources of supply interruptions in the NEM: 2007-08 to 2015-16

Source: AEMC analysis and estimates based on publicly available information from: AEMO's extreme
weather event and incident reports and the AER's RIN economic benchmarking spreadsheets.

Distribution unreliability dominates supply interruptions even more than before
Figure 3.1 shows an indicative analysis of sources of supply interruptions in the NEM
despite
increasing
network
(See
Grattan
Institute,
over
the period 2007-08
to 2015-16.charges
This shows that
supply
interruptions
that stem Down to the Wire,
from reliability issues (not having enough supply to meet demand), are relatively
https://grattan.edu.au/wp-content/uploads/2018/03/903-Down-to-the-wire.pdf
)
limited in number. Over the period, only about 0.24 per cent of total supply
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AER (2017), State of the Energy Market & Grattan (2018), Down to the Wire
Figure 3.15
System reliability—unplanned SAIDI
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Figure 4.4: Reliability has improved in Queensland and regional NSW but
not much in other networks
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Figure 4.5: Reliability improvements came at a big cost
Cost of excessive growth per customer per annum
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Notes: The left axis and solid lines illustrate change in the System Average Interruption
Duration Index (SAIDI), which is measured in minutes per customer. The right axis and
dashed lines illustrate change in the System Average Interruption Frequency Index
(SAIFI), which is measured in outages per customer.
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Notes: Reliability improvement is the change in System Average Interruption D
Index (SAIDI) between 2006 and 2016. The cost is estimated based on the rev
reduction for each network had excessive growth not occurred.
Source: Grattan analysis of AER (ibid.) and AER (2018d).

Source: Grattan analysis of AER (2017a).

0
2006–07

2007–08

2008–09

2009–10

NSW

Queensland

2010–11

Victoria

2011–12

2012–13

2013–14

Tasmania

South Australia

2014–15
ACT

2015–16
NEM average

NEM wholesale-level target EUE ≤0.002% x ~200 TWH ~ 4 GWH
NEM retail level actual UE far exceeds wholesale level target EUE

300

Grattan Institute 2018

250

200

60 GWH/year ~ .03% average actual UE

2

150
1

100

50
0

0

2006–07

2006–07

2007–08
Queensland
2007–08

Notes (figures 3.15 and 3.16):

2008–09

2009–10

2010–11

2011–12

2012–13

2013–14

2014–15

2015–16

CHAPTER 3 REGULATED
ENERGY
NETWORKS

Gigawatt
hours per customer
Average number
of outages

Figure 3.16
Figure 3.17
System reliability—unplanned SAIFI
Total energy
unsupplied
Unplanned
SAIFI
3

ACT2014–15 NEM
average
Tasmania2013–14Comments
Victoria
South2011–12
Australia
AIE Forum
on the
National
Energy
Guarantee:
by
Hugh Outhred
2009–10
2010–11
2012–13
2015–16

NSW
2008–09

Queensland

NSW

South Australia

Tasmania

ACT

Victoria

The data
total energy
outagesunsupplied
experienced
byincludes
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including
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Source (figures 3.15 and 3.16): AER economic benchmarking RINs.

Outcomes are rewarded or penalised via the AER’s annual
tariff reviews of each network. While the scheme aims to
be nationally consistent, it has flexibility to deal with the
circumstances and operating environment of each network.

Victoria’s distribution ‘f factor’ scheme
The Victorian distribution businesses are subject to an
incentive scheme aiming to reduce the risk of fire starts
originating from a network or caused by something coming
into contact with the network. This ‘f factor’ scheme
rewards or penalises the businesses $25 000 per fire that
occurs under or over their targets. All Victorian distributors
outperformed their respective targets in 2015.
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The reliability component of the scheme sets targets
for the average duration and frequency of outages for
each distribution business. The targets are based on
the business’s outcomes over the previous five years,
STATE OF THE ENERGY MARKET MAY 2017
normalised to exclude interruptions beyond the network’s
reasonable control. In 2014–15 all distribution businesses
except United Energy and CitiPower exceeded their overall
benchmark. The scheme did not apply to NSW or ACT
network businesses.

AusNet Services and CitiPower both reported significant
reductions in fire starts (36 per cent and 11 per cent below
their respective targets) since the scheme commenced.
Powercor and United Energy reported slightly more fire
starts than their respective targets over the same period,
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meet demand
undertoplausible
extreme weather conditions
the changing
nature
our
AEMO, 16/3/18,
Advice
the Commonwealth
relatingreflects
to AGL’s
proposal
toofreplace
Liddell
Australia’s weather patterns and energy usage. Changes in the make-up and operating
http://www.aemo.com.au/-/media/Files/Media_Centre/2018/Liddell-Advice_Final_.pdf
complexity of the NEM, including a growing proportion of variable renewable energy
generation, behind-the-meter and on grid, are contributing to a growing difference in the

Note: Fig 2 only
applies
AGL
fails to
implement
theofinvestment
program
has publicly
committed to
expected
levelif of
statistically
averaged
incidences
resource insufficiency
anditexposure
to
potential supply shortfalls at times of peak demand.
Figure 2: Distribution of annual unserved energy showing probability that standard will be breached,
2024-254

Why should consumers pay to
increase EUE at generation level?

One reason why the statistical analysis shows low expected USE despite a high probability
Actual end-user
of outages over peak, is the changing load profile. The installation of high levels of
average
actual UE
embedded solar PV generation across the NEM is leading to a later and shorter
peak in the
‘operational demand’ (i.e. net demand on the system).
AIE the
Forum
onmeasure
the National
Energy Guarantee:
Comments
by Hugh Outhred
Concurrently,
USE
is becoming
more sensitive
to weather-driven
variations in
input assumptions more generally. With increasing growth in variable renewable energy
resources, both demand and supply are now exposed to the vagaries of weather, such as
wind and solar availability, impacting AEMO’s ability to meet demand on extreme peak days.
As shown in Figure 3 on the next page, under extreme maximum demand conditions, even
with all firm generation (excluding wind and solar) fully available in NSW, AEMO would still
expect to rely on:
Maximum interconnector support into NSW (primarily from Queensland), totaling
around 1,500 MW;

4

Not shown are the 65% of simulations where no USE was observed, typically under milder summer

temperatures.
AEMO, 16/3/18,
Advice to the Commonwealth relating to AGL’s proposal to replace Liddell
http://www.aemo.com.au/-/media/Files/Media_Centre/2018/Liddell-Advice_Final_.pdf
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§ For Scenario 1, there is a risk of load shedding every 4
years, resulting in approximately 174,000 households
without power for 3.6 hours:
– On average, 174,000 households without power for 0.9 hours/yr
– On average for 2.77 m households, without power for 0.06 hours/yr
(https://profile.id.com.au/australia/household-size?WebID=100)

§ For Scenario 2, this risk of load shedding reduces to 1-in-20
years, resulting in approximately 172,000 households
without power for 2.2 hours:
– On average, 172,000 households without power for 0.22 hours/yr
– On average for 2.77 m households, without power for 0.01 hours/yr

§ For comparison, NEM average SAIDI for distribution
networks is about 250 minutes/yr or ~4 hours/yr
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
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Conclusions & recommendations
§ Long-term energy supply security & energy service delivery:
– NEG emissions requirement: poor design & inadequate scope
§ A cruel hoax in terms of making a reasonable contribution to
avoiding dangerous climate change, we must do better
– NEG reliability requirement:
§ Should be deferred until AEMO Integrated System 1st Plan is
completed because it is a more coherent approach:
– However, AEMO ISP scope should be extended to distribution
networks & end-users & it should be rigorously externally audited

§ Short-term (intra-year) electricity industry security:
– NEG reliability requirement: poor design & inadequate scope
§ End-users should be assisted to assess their own needs &
manage their procurement:
– Energy Service Companies have never been more important

AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
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where addressed
Resource adequacy and capability
• There is a sufficient overall
portfolio of energy resources to
continuously achieve the real-time
balancing of supply and demand.
(See Section 3.1)

Provision of sufficient supply to match demand
from consumers

Bulk energy

Capability to respond to large continuing
changes in energy requirements

Operating reserves

Frequency management
• Ability to set and maintain system
frequency within acceptable limits.
(See Section 3.2)

Ability to set frequency

Grid formation

Frequency within limits

Inertial response
Primary frequency control
Secondary frequency control
Tertiary frequency control

Voltage management
• Ability to maintain voltages on the
network within acceptable limits.
(See Section 3.3)

Voltage within limits

Slow response voltage control
Fast response voltage control

Strategic reserves

Network transport capability
Transmission and distribution services
AIE Forum on the
National Energy Guarantee,
Sydney 26/3/18

Power system requirements, AEMO, 6/3/18
System strength

System
restoration
Ability to restore the system
System restart services
https://www.aemo.com.au/Media-Centre/AEMO-publishes-Power-System-Requirements-paper
• Ability to restart and restore the
system in the unlikely event of a
Replace with:
major supply disruption.
(See Section 3.4)
Management of short-

term dynamic behaviour
Figure 1 Operation timescales for services needed
Bulk energy

Resource
adequacy and
capability

Frequency
management
Voltage
management

Strategic reserves
Operating reserves
Grid formation
Inertial
response

Primary frequency
control

Secondary frequency
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Fast response voltage control
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System
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System restart services,
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While the services are detailed separately, it is important to note that there are many interrelationships between
these services, and a deficiency in one service can lead to issues in several system attributes. This chapter provides an
overview of each service and
how it on
is currently
sourced
the NEM. Comments
In some cases,
there
is no current framework for
AIE Forum
the National
EnergyinGuarantee:
by Hugh
Outhred
procuring the relevant service, as historically these services have been provided as a by-product of sufficient size of
in-service synchronous generators.

© AEMO 2018 | Power system requirements
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What is a grid-scale battery energy storage system (BESS)
best used for in SA?, presentation for the EESA 16/8/17

Ancillary services needs
Ancillary services required in an “energy only” market for a viable electricity system
• Steady operation during
normal operation and
during disturbances
• Limits rapid rate of
change of system
frequency (RoCoF)

• Balancing load and
generation
• Following a frequency
disturbance, control
required in different
timescales (<1 sec, up to
60 sec,1 to 5 min, >5 min)

Inertia

System
Strength

Frequency
Control

Voltage
Control

• Associated with fault
levels and short
circuit ratios
• To operate the
system securely and
ensure safe
protection systems
• Required for fault
ride through and
recovery from faults

• Stable operation during
normal conditions
• Assist in fault ride
through and recovery
during disturbances
Security
Classification
& Distribution
Security
Classification:
Public
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Unfortunately, these four Ancillary Service “needs” aren’t well specified and cannot be decoupled
during periods of large,
rapid change. They become subsumed within consideration of short-term
AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred
dynamic behaviour, which may place more complex requirements on individual resources.
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https://www.roymorgan.com/findings/7262-solar-energy-electric-panels-march-2017-201707061419

Household PV ownership in March 2017
It appears likely that battery ownership
will now also grow

AIE Forum on the National Energy Guarantee: Comments by Hugh Outhred

13

