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Key definitions for this presentation

What are the key electricity industry objectives?

– Technical: Maintaining the flow of end-use energy
services by maintaining near-continuity of energy flow
through the electricity industry conversion chain

– Economic: Achieving the above in an economically
efficient manner, from the short- to long-term future

– Social & environmental: Achieving the above in a
socially & environmentally acceptable manner

What is (short- & long-term) resource adequacy?

– Acceptably low risks to the future flow of end-use energy
services for individual end users (reliability) & to the
electricity industry overall (security: actively managed)
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Key challenges for resource adequacy

Operation - to one year horizon:
– Managing volatile energy flows through a complex

conversion chain using existing resources

Investment - years to decades:
– Adding new resources & retiring the old:

1. End-use efficiency & responsive demand

2. Near-term low emission options: gas; wind; biomass; solar

3. Long-term low emission options: gas & coal with CCS;
advanced nuclear; hot-rock geothermal

– Network investment to accommodate the above

Perception
– Forward-looking; population & individual
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Energy conversion chain uncertainties & risks
(location-specific issues in blue)

Generation
Sector:-

large
generators

Transmission
Sector

ElecEgy
flow

Distribution
sector

ElecEgy 
flow

End-use
sector

(including
distributed
resources)

ElecEgy 
flow

Primary 
energy

flow

• Availability of fossil & nuclear fuels
• Variable renewable energy fluxes
• Climate change impacts

• Generator decisions

• Generator forced outages • TNSP decisions
• Transmission forced outages

• DNSP decisions
• Distribution network outages

• End-user decisions
• End-use equipment outages
• Reliability of supply

End-users could play 
a greater role in managing 
future uncertainty

Kinetic energy
Geographically dispersed

end-use energy services
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Contributions to unavailability of supply
for small end-users (USA data, AEMC, 2006)
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Decision-making framework for a
restructured electricity industry

To coordinate decentralised decision-
making according to commercial criteria

Includes formally designed markets

Commercial
regime

To allow connected industry components to
function as industry-wide machine

Technical
regime

Responsible for core integrity on local or
industry-wide basis, with power to override

Security
regime

Formal institutions, legislation & policies

Informal social context including politics

Governance
regime
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Decision-making framework for a
restructured electricity industry

Underlying societal decision-making

Governance
decision-makers

Competitive
industry participants

Regulators

Regulated
industry participants

System & market
operator(s)
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Australia’s
National

Electricity

Market
(NEMMCO SOO, 2006)

2000 km
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State owned Gen & Tx (ERIG DPs 0611)

Privately owned

Gen & Tx
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NEM
transmission
level
reliability
target, spot
market
mechanisms
& intervention
to meet it
(AEMC
Reliability
Review, 2006)
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NEM security assessment processes

5 min predisp.

30 min predispatch

5 minnow 1 hour

5 min

disp.

40 hours

5 min dispatch &

pricing

(4 sec AGC, online

security processes)

1 hr ahead, 5 min res.

5 min update

Short Term (ST) PASA

upto 40 hr ahead, 30

min res. 30 min

update

8 days

1 wk ahead, 30 min

res., 2 hr update

Medium Term (MT) PASA

Statement of

Opportunities

upto 2 yr ahead, 1 day

(MD) res.,  1 wk

update

10 yr ahead, 1 yr

update

2 years

time

Source: NEMMCO

“short-term”
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SOO & ANTS (to 10 years)
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Future state space managed
by decentralised decisions

Security & commercial regimes (global & local)

Present
state

Growing uncertainty

Time

5 min

Unreachable or
unacceptable

futures

Emergency control

Secure 
operating limits
(probabilistic)

Commercial 
regime 

Possible futures
managed by
decentralised

decisions

Security 
regime 
Possible 
futures

managed by
centralised
decisions
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Managing supply-demand balance in NEM

Spot market,
Pre-dispatch

&
Derivative markets

Frequency control
ancillary service

markets for period t
Supply/demand

projections, security
& FCAS

derivative markets

FCAS markets
for period t+1

Spot market
for period t

Spot market
for period t+1

time

spot
period t

spot
period t+1

increasing uncertainty

Physical issues

Commercial issues
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Simplified generator offer for a
particular dispatch interval (NEMMCO, 2005)
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Distribution of NEM spot prices & revenues
 (Federal Government: Securing Australia’s Energy Future, 2004)

Price cap = 

10,000 $/MWh
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Quarterly spot energy price & peak-period price
volatility index since market start (AER long term analysis)

87.5th quartile price - 12-5th quartile price
Median price
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Quarterly base load CFDs, Q1, 2007
(AER long term analysis)
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Premia for call options @ $50/MWH
strike price since 1999 (AER, 05Q2 Stats, 2005)
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Generation commissioned in NEM 98-06
(ESIPC, 2006)



IEEE PES GM June 2007

Resource Adequacy in the Australian National Electricity Market 11

21Resource Adequacy in the Australian National Electricity Market

NEM forecast & actual low reserve hr/yr (gen & tx)
(AEMC Comprehensive Reliability Review, 2006)

Forecast

Actual
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~600MW

 Transgrid CT failure
@ 2142 13/8/04 led
to 3100 MW gen trip.
Frequency fell to
48.9Hz, ~2100 MW
load shed in NSW, Qld,
Vic & SA

~900MW

~600MW
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NEM energy revenue, 13/8/04 (IES)
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NEM FCAS revenue 13/8/04 (IES)
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14:50 – 15:00

14:50 Lack of
reserve
conditions
declared by
NEMMCO

14:50 Market
notified

15:00 Imports
into Vic ~
2700MW demand

8951MW

demand
2737MW

flow 482MW

flow 300MW

flow 1749MW

X
oos

9,585 $/MWh

70 $/MWh

764 $/MWh6,049 $/MWh

Bushfires 
(Benalla)

temperature
39°C

temperature
40°C

(S Thorncraft)
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15:02

Multiple
contingency
event occurs
NEM splits
into 2 islands
LOR3
declared
Initial load
shedding of
~1700MW in
VIC
AGC
reconfigured
to manage
islands

X
oos

low frequency
island

58 $/MWh

X

tx lines 

trip

{QLD, NSW, 
SNOWY}

Island

{SA, VIC, TAS}
Island

4,450 $/MWh

-293 $/MWh

1,654 $/MWh

under-frequency
load shedding

~ 1700MW

negative prices 
in TAS

(S Thorncraft)
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15:03-15:25

Loss of
another ~
900MW in
VIC

AGC
reconfigured

X
oos

{QLD, NSW, 
SNOWY}

Island

X

58 $/MWh

X

SA-VIC 
trip

{VIC, TAS}
Island

{SA}
Island

certain generators
directed 

to provide 
frequency 

control in VIC-TAS 
island

-293 $/MWh

1,654 $/MWh

4,450 $/MWh

more load 

shedding brings
total to about 

~2600MW 
(200,000

customers)

(S Thorncraft)
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15:27-15:40
Work to align VIC & SA for
synchronisation

X
X

oos

{VIC, TAS}
Island

{QLD, NSW, 
SNOWY}

Island

X

7,813 $/MWh

-317 $/MWh

102 $/MWh

certain generators
directed to provide 

frequency 
control

directed plant to 
provide freq. control

NSP directed to 

manually manage 
frequency for 

resynchronisation

{SA}
Island

certain generators
directed to provide 
available capacity

(S Thorncraft)

4,173 $/MWh
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15:42

Reconnected
SA & VIC

AGC
reconfigured

X

X
oos

{QLD, NSW, 
SNOWY}

Island

102 $/MWh

{SA, VIC, TAS}
Island

SA & VIC 
synchronised 

7,813 $/MWh

4,173 $/MWh

-317 $/MWh

(S Thorncraft)
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15:49-16:12

X
oos

load
restoration
(potlines &
some
customer
load)

system
declared
secure

...but
insufficient
reserves to
restore all
load

X

-1000 $/MWh

3,503 $/MWh

311 $/MWh 67 $/MWh

load 
restoration 

commenced

{QLD, NSW, 
SNOWY}

Island

{SA, VIC, TAS}
Island

insufficient 
reserves to 
restore all 

load

(S Thorncraft)
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16:20-16:54

X
oos

load
shedding to
assist
frequency
control

offline
generator
brought
online

VoLL
override
conditions
in place

a little more 
load shedding 

{SA, VIC, TAS}
Island

{QLD, NSW, 
SNOWY}

Island

-1000 $/MWh

10,000 $/MWh

3,827 $/MWh 54 $/MWh

Xoffline 
generator
directed 

to synchronise 
and provide 

available 

capacity

VOLL override

(S Thorncraft)
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17:25-17:55

X
oos

X

-1000 $/MWh

10,000 $/MWh

279 $/MWh 38 $/MWh

{QLD, NSW, 
SNOWY}

Island

{SA, VIC, TAS}
Island

System
stabilised

load
restoration
process

VoLL
override still
in place

load restoration
recommences

(S Thorncraft)
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17:57-18:15

X
oos

-1000 $/MWh

6,500 $/MWh

3,120 $/MWh 35 $/MWh

System
reconnected

Load
restoration

LOR3
withdrawn

reconnected

load 
restoration 
completed

(S Thorncraft)
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16 January 2007 Outcomes

Victoria cabinet met to consider power rationing

Load shedding estimated to cost Melbourne ~$10m

Spot market revenues earned by participants:
– very high in Victoria due to VoLL override

– negative revenue in Tasmania due to negative price – why?

Very high ancillary service prices due to local sourcing of
ancillary service providers

…But market proceeded and core system returned to
normal in around 3 hours

Market incentives seem to be aligned with what was
needed physically
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Example of swing down for 5 wind farms

The sum of wind farms is assuming 

no significant network constraints

Classify as a
contingency?
(need raise
services)

36Resource Adequacy in the Australian National Electricity Market 36Operation of Ancillary Service Markets for Large Amounts of Wind Energy

Example of swing up for 5 wind farms

The sum of wind farms is assuming 

no significant network constraints

120 MW
contingency?
(need lower

services)

Individual
farm ~ 60MW
contingency?
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5-min ramp up/down MW capability duration
curves for NEM in 2006 95% of the time, gen’n

can ramp up 4000MW
in 5 min

95% of the time, gen’n
can ramp down

2000MW in 5 min

total ramp up & down duration curves, 
adjusted for plant availability for year 2006

network effects
not accounted for

energy price
implications need
to be assessed
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Drought & electricity gen’n (coal & hydro)

(www.bom.gov.au)
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“The Snowy Scheme dams have reached their lowest level for the

month of April since the scheme was built more than 30 years ago…

and could reach minimum operating level as early as the middle of

May” (ABC, 23/4/07)

“Other power generators are understood to be furious about the

parlous state of the system, claiming that the government-owned

company “ran itself into the ground” last year winning renewable

energy certificates and is now asking for concessions” (SMH, 29/3/07)

(www.snowyhydro.com.au)
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Drought influencing CFD price? (D-Cypha)
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(NEMMCO SOO, 2006)

Notes:
1. Also ~700 MW demand actively

responding to spot price
2. Climate change implications for

hydro & coal
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(NEMMCO SOO, 2006)
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Projected NEM-wide reserve margin:
(installed gen - peak demand)/(installed gen)
(NEMMCO SOO, 2005)
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Energy Reform Implementation Group
Review, 2007 (www.erig.gov.au)

Proposed overarching goal for the NEM:

– Economic efficiency (productive, allocative, dynamic)

– Note: difficult to define under uncertainty

Proposed government role:

– Adopt a nationally consistent approach

– Set supply standards, including reliability

– Design governance regime to deliver overarching goal

– Eliminate barriers to entry in competitive industry sectors

– Emulate competitive market outcomes in regulation

– End direct government participation in the industry
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Energy Reform Implementation Group
Review, continued

Market structure:
– Prefer private ownership; not concerned about vertical

re-integration; retain energy-only market

– Fully remove retail price caps & expose end-users to
volatile spot prices

Transmission:
– Don’t over-invest to remove all flow constraints

– Introduce a formal national network development plan

– Integrate reliability & economic investment tests

Energy financial market concerns:
– Retail price caps; govt. ownership; lack of carbon price
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Transmission planning options
(ERIG discussion papers)

Note: 
These options may not overcome
the high level of uncertainty
inherent in network planning
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Commercial
Physical

Commercial
Physical

Enhanced NEM structure with
active end-user participation

Generation
Sector:-

large
generators

Transmission
Sector

Energy flow

Derivative trading

Distribution
sectorEnergy flow

Multi-region
five-minute 

energy 
& FCAS
markets

Intentions,
offers &

payments

Intentions,
bids &

payments

End-use
sector

(including DR)

Energy flow

End-users

DR 

providers

Generation
Sector:-

large
generators

market & system operator
(eg NEMMCO)

cash flow

Kinetic energy

cash flow

A
c
c
e
s
s

c
o
n
tr

a
c
ts

ESCO’s
cash flow

Services

ESCOs: the missing players in the 
restructured electricity industry

AMI: the missing interface in 
the restructured electricity industry
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Conclusions

Broad approach needed to achieve a coherent
approach to resource adequacy:
– Governance, security, technical & commercial regimes

Strengths of the Australian NEM approach:
– Consistent & effective security, technical & commercial

regimes (governance imperfect but not bad)

Weaknesses of the Australian NEM approach:
– Government-owned businesses remain contentious

– End-users still not participating fully

– Network investment remains contentious

– Incoherent & ineffective climate change policy

Weaknesses can be addressed
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Email: h.outhred@unsw.edu.au

Many of our publications are available at:

www.ceem.unsw.edu.au


