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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
= |nvestment - 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)

» End-user decisions
T « End-use equipment outages
« Reliability of supply

« Availability of fossil & nuclear fuels
« Variable renewable energy fluxes « DNSP decisions

+ Climate change impacts « Distribution network outages

* Generator decisions

« Generator forced outages * TNSP decisions

« Transmission forced outages

Generation Ao End-use
" Sector:- Transmission Distribution [E/E¢EgY: (iﬁgﬁgi’;g
large Sector |+ sector 2] | distributed
generators /
N

A Geographically dispersed
| Kinetic (=13 =10 )Y ian National Electricity Market end-use energy services
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Contributions to unavailability of supply
for small end-users (usa data, AEMC, 2006)

Average unavailability per customer year
Contributor

(minutes) (%)
Generation/transmission 0.5 0.5
132 kV 23 24
66kV and 33kV 8.0 8.3
11kV and 6.6kV 58.8 60.7
Low voltage 11.5 119
Arranged shutdowns 157 16.2
Total 96.8 minutes 100.0

Decision-making framework for a
restructured electricity industry

Governance
regime

= Formal institutions, legislation & policies
= Informal social context including politics

Security
regime

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

Technical
regime

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

Commercial
regime

= To coordinate decentralised decision-
making according to commercial criteria

= Includes formally designed markets
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Decision-making framework for a
restructured electricity industry

Governance
.. ]
decision-makers
A 4 A

System & market
operator(s)

—

[ Regulators

Regulated Competitive
industry participants industry participants

A )
Australla S Queensland
National
>~ South Pine
Electricity *Suswaao
M k \ ‘ (Terranora)
NSW-QLD (QNI) v ]
ar et ALSS:::T - & /(Directlink)
(NEMMCO SO0, 2006) New South Wales
Torrens Island Sydney Weste
VIC-SA
\(Murraylink)
2000 km ; SnOWY. , SNOWY-NSW
< > < VIC-SNOWY 71 gﬂtu;(ay Switching
ation
\vmorm -

VIC-SA (Heywood).

Thomastown
® Regional
Reference Node
e Regulated
Interconnector

TAS-VIC (Basslink)
¢ »

George Town

—e Market Network
Service Provider

Tasmania
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I State owned Gen & TX (ERIG DPs 0611) I

... 14. Generation and transmission cross-ownership

5,244MW govt owned +
2,672MW under contract +
1,283MW public/private+
100% of intra-regional
transmission

11,909 MW govt owned +
100% of intra-regional
transmission

3,676 MW owned by NSW,
Cwith and Vic Govts

100% of intra-regional
transmission Govt owned

Privately owned < 2246MWgortouned+
Gen & Tx 100% of intra-regional

transmission

I Source: Firecone report to ERIG 2006

STANDARD

NEM o T
transmission
level
reliability
target, spot
market
mechanisms
& intervention

to meet it
(AEMC e
Reliability

Review, 2006)

Administered Price

(price cap)

J/  $100/MWh (peak)
$50/MWh (off-peak)

MECHANISMS

INTERVENTION
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A ahead, 5 min res. 10°yr.ahead, 1 yr
’ 5 min update update | . “short-term”
e Statement of
-, Opportunities
5 min-dispatch &
#pricing Medium Term (MT) PASA
(4 séc AGC, online
secirity processes) Short Term (ST) PASA

30 min predispatch

5 min predisp.
upto 40 hr ahead, 30 1 wk ahéad, 30 min upto 2 yr ahead, 1 day
1 5 min min res. 30 min res.2 hr update (MD) res., 1wk
“disp. update e — update

R time
now 5min 1 hour 40 hours 8 days 2 years

Source: NEMMCO

NEMMCO Forecasting Timeframes
NEM Forecasting Timeframes
Now
SO0 & ANTS (to 10 years) >
/ Dispatch
/ 5 Min Pre-dispatch
Pre-dispatch
/ STPASA
MTPASA
| | P Time
0 5 1 40 hrs 8 days 2 Years
Mins Hr
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- Security & commercial regimes (global & local)

Commercial
regime
Possible futures
managed by
decentralised
decisions

Unreachable or
unacceptable
futures

Emergency control

Security
regime
Possible
futures
managed by
centralised
decisions

Secure
operating limits
probabilistic)
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Managing supply-demand balance in NEM

Spot market, D D \ increasing uncertainty >

Pre-dispatch
&
Derivative markets

i

>

Commercial issues el L SR
1 period t p period t+1 1
I Y I Y —
Physical issues \ / \ /
_I\} F:Egﬁf ncyszl?\rllitgzl FCAS markets
i : for period t+1
markets for period t
Supply/demand
projections, security] T T ,
& FCAS

00| derivative markets |-l = e e
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Simplified generator offer for a
particular dispatch interval nemmco, 2005)

AN 125MW @
$120/MW

$120
100
80

S0 Minimum operating level

40 200MW @
$25/MW

Price per Megawatt

20
Band 2

0 200 300 400 500 600
-20 Megawatt Output

100MW @

-40 -$20/MW

A simplified representation of bids from a 600 MW generating unit that indicates the capacity
the generator is willing to offer to the NEM at a range of prices.
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Distribution of NEM spot prices & revenues

(Federal Government: Securing Australia’s Energy Future, 2004)

, 0.2%
100% » $3000/MWh

I $100-3000/MWh
0% Il $50-100/MWh

Il < 350/MWh
&0%
40%

Price cap =
- 10,000 $/Mwh
0%

% of half hours Market Value
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Quarterly spot energy price & peak-period price
volatility index since market start (aer long term analysis)

$Wh
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B0 -——

40 ——_- A __—/L_—‘ﬁ://@%
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99@‘@@- $ e g
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Cueensland —— New South Wales —— Victoria South Australia —— Tasmania

* 87.5th quartile price - 12-5th quartile price
Median price

Jan-99
Jul-33
Jan-00
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Jan-03
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Jan-04
Jul-04
Jan-05
Jul-05
Jan-08
Jul-0g

Queensland

Mew South Wales

Wictoria South Australia = Tasmania

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)

$/ MW/ Annum
$250,000

$200,000

$150,000

$100,000 /

$50,000 —

$0 r T T T T T 1
1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005
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(ESIPC, 2006)

6000 —

8

Queendand ~ ———New South Wales  ——\Victoria - South Australia

- Generation commissioned in NEM 98-6

QVvIC OCGT
@SAOCGT
@SACCGT
oaLpoceT

OQLD Conventonal Steam
0QLD CCGT

MW of new capacity installed

ONSW Cenventional Steam

g

1998 1999

g
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NEM forecast & actual low reserve hriyr (gen & tx)
(AEMC Comprehensive Reliability Review, 2006)
Year Qu NSW vIC SA
Forecast | 20042005 175 0 0 6
2003 - 2004 s 45 175 645
f“‘:f:::: below | 20022003 25 35 7 1155
ﬁlf,f.lfif shold 1 2001 - 2002 1 0 0 455
2000 - 2001 188 8 67 716
1999 — 2000 4 3 145 699
Actual 2004 - 2005 0 2 0 0
2003 - 2004 0 I 4 6
Actval dusadon | 2002 - 2003 0 1 0 0
(‘::‘:3;;’1" 2001 = 2002 0 0 0 0
2000 - 2001 0 0 5 24
1999 — 2000 5 4 36 88 I 21

NSW1 5 minute Demand and Price for period 13/08/2004 00:00 to 14/08/2004 14:20

Centre for Energy and w 10,500
Environmental Markets pos 10000
- - 75
Transgrid CT failure "
65
@ 2142 13/8/04 led . 21" ~900MW g
A 8500 &
to 3100 MW gen trip. = 2
Frequency fell to .
30
48.9Hz, ~2100 MW > 70m
. 20
load shed in NSW, QI T 225 cciiiiiccciiiicicEs
. ! $Eer e g sNRE8588388588 888y
Vic & SA
YIC1 & minute Demand and Price for period 13/ QLD1 5 minute Demand and Price for period 13/08/2004 00:00 to 14/08/2004 14:20
:: :2 6,200
65 6,000
80 ;z 5,800
55 60 5500
50 55 5,400 E
e 4 50 ~600MW : %
z 5200 &
22 "'GOOMW :2 5,000 ]
30 35 4,800
25 30 4600
20 25 '
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T LSS icoiicii: Ciiiciitciiiiicecsieccaces
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NEM energy revenue, 13/8/04 (IS)

s 20 Energy Revenue (All Regions)
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NEM FCAS revenue 13/8/04 (IES)
) 32 FCAS Revenue (All Services)
9000
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= 14:50 Lack of
reserve
conditions
declared by
NEMMCO

= 14:50 Market
notified

= 15:00 Imports
into Vic ~
2700MW

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

(S Thorncraft)
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14:50 — 15:00
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low frequency P
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ha
temperature ani\ \Directlink 5
39°C ¥
s
6.049 SMWh_|
demand ‘
Psiiviod flow 1749MW o7

demand
8951MW

~~~~~

temperature
40°C

Bushfires
Benalla

{QLD, NSW,
SNOWY}
Island

{SA, VIC, TAS}
Island

4,450 SMWh [, -

under-frequency
load shedding
~ 1700MW

0 ¢ tx lines
1,654 $/MWh 3 ) trip

.
in TA
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15:03-15:25

{QLD, NSW,
SNOWY}
Island

{SA}
Island

= Loss of

savic | .~
another ~ trip 1 4as0smwn |
900MW in J
vIC |
= AGC more load N e i I

reconfigured | shedding brings
total to about
~2600MW
(200,000
customers)

certain generators

directed
to provide {VIC, TAS}
frequency Island
control in VIC-TAS
(S Thorncraft) S

Resource Adequacy in the Australian National Electrici
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{QLD, NSW,
SNOWY}
Island

15:27-15:40

= Work to align VIC & SA for
synchronisation

{SA}
Island

{ 78138mMwn | %

directed plant to
provide freq. control
NSP directed to
manually manage
frequency for
resynchronisation

certain generators
directed to provide
frequency
control

certain generators
directed to provide
available capacity

{VIC, TAS}
Island

(S Thorncraft)
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{QLD, NSW,
SNOWY}

W\ )

Island \R %

15:42
. {SA, VIC, TAS} B!
Island Directlink \\,‘)"-:

= Reconnected ?
SA&VIC 5 E '/

= AGC : | /
reconfigured 4

SA & VIC

(S Thorncraft)

Resource Adequacy in the Australian National Electrici
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Environmental Markets {QLD, NSW, 2y,
SNOWY} Lo
Island ) T
15:49-16:12 AV
o o {SA, VIC, TAS} S
Island Directlink \\,,)-‘-.
* load oo f
restoration m { i
(potlines & :
some | /i
customer /
load) ;
= system load 8
declared restoration }/
secure commenced f .
= _.but -
insufficient  [Finsufficient
reserves to reserves to
restore all restore all
load load Y
(S Thorncraft)

Resource Adequacy in the Australian National Electrici

——
‘_ Centre for Energy and

Environmental Markets Resource Adequacy in the Australian National Electricity Market 15



THE UNIVERSITY OF NEW SOUTH WALES « SYDNEY « AUSTRALIA
I[EEE PES GM June 2007

f Centre for Energy and

Environmental Markets

{QLD, NSW,

SNOWY}
Island
16:20-16:54  [ooc o
Island
= |oad N S
shedding to :
-
frequency VOLL override E '
control /
= offline
generator a little more
brought load shedding
online
= \oLL offline
override generator
conditions to s?tlgiﬁtr%iise
in place and provide
available
(S Thorncraft) —eapactt

Resource Adequacy in the Australian National Electrici
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{QLD, NSW,
SNOWY}
Island

17:25-17:55

= System
stabilised

= |oad
restoration
process

= VolLL load restoration , ;
override still |_recommences 2 %\ \ % &7
in place : L,

{SA, VIC, TAS}
Island

279 $/MWh [

(S Thorncraft)
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17:57-18:15 \

Directlink

= System
reconnected
* Load [eizo s ]
restoration )
= LOR3 J
withdrawn
load VIC-SA Murraylink
restoration
completed
'
reconnected
(S Thorncraft)

-1000 $/MWh

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
— hegative 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

&= Centre for Energy and

Environmental Markets
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Example of swing down for 5 wind farms

5 wind farms outputs & their sum for 01/07/06
80 T T T T T 240

70 ¢

o) :
= 50 S
g 8
3 40 °
g :
6 904 3 Classify as a
20 3 contingency?
& Wi ‘ .. (need raise
2 services)
0 ‘ ' ] 100 L
00:00 04:00 08:00 12:00 16:00 20:00 00:00
Date/Time
Faom1 ——  Fam3 ——  Farm5 —~  The sum of wind farms is assuming

Farm2 —— Farm4 Wind Sum

no significant network constraints
Resoatica AtldqeikzyyrSheyideaditalicet\atidrzabElActicityt vzrVénd Energy 35

—
{ Centre for Energy and
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contingency? 60 |
50 §,
= 3
g awf 1
= e}
5 30 + g
3 S
20 ftg | e
120 MW —
contingency? 1 .; 3
e go~oo 04:00 08:00 12-.00 16:00 20 .oo 00 oo2 2
services) ) ) ) ) ) ) )
Date/Time
The sum of wind farms is assuming Farm 1 ——— Farm 3 Farm5 — -
no significant network constraints Farm 2 Farm4 —— Wind Sum
Resoatica AtldqeikzyyrStheyideaditalicetNatidrzabElActicitytvzrVénd Energy 36
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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
i Ramping Capability of NUM 20006 (Total) in 5 min

95% of the time, gen'n
can ramp down
2000MW in 5 min

ﬁ

= network effects
not accounted for

= energy price
implications need
to be assessed

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

0 005 01 01% 02 05 03 035 04 O0A% 08 055 06 065 07 075 08 085 039 095 1

Drought & electricity gen’n (coal & hydro)

.
4 4 DARWIN'Z. %, Gov
S 573
Australian Government * Kathering *

Bureau of Meteorology

Mackay  Rainfall Percentile Ranking
Rockhampton 19 Seddous

5 Deficiency

9 Severe
Deficiency
BRISBANE on

Record

«/Grafion
SYDNEY
Wollongong

Rainfall Deficiencies: 12 months
1 June 2006 to 31 May 2007
Distribution Based on Gridded Data

Product of the National Climate Centre

(www.bom.gov.au)

™ of Australia 2007 Australizn B of

—
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% Full

10000

8300 |

Lake Eucumbene Levels - 2006 & 2007 (www.snowyhydro.com.au)

“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)

== Demand + Reserve

Key:
“Other power generators are understood to be furious about the : ;gé’g
8600 | 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)
50.00
3300 |
16.00
1Jdan 1Feb 1Mar 1Apr 1May fdun 1Jul 1Aug 1Sep 10at 1Nov 1Dec
Month
— VIC/SA Supply Outiook - MTPASA results 10/04/2007
17,
16,000
15,000
£ 14,000
£ 13000
k=
S 12,000
§ 11,000
3 10,000
4
& 9000
$ 8000
& 7000
L0
o 6,000
[
>, 5000
§ 4,000
@ 3000
2,000 100
1,000 l 50
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ w w =] o o =] w
£ 8 8 8888 8828828288828 882282882 g 8
g4 g o g 0 g 4 o 8 @ g o 8 4 4 g o 4 o84 4 o 9
- w w @©o w -~ ~ =] w =] o o o -— -— o~ o~ - - o o~ © “© -
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S 8 85858 &5 88882232 2g=gdgcegeg
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Drought influencing CFD price? (D-Cypha)
Price ($/MWh)

80 - Australian Calendar
75 -

70 -
65
60
55
50
45
40
35
30

Power Strip
(average price NSW, VIC, SA & QLD)

Mar-03
Jun-03 4
Jun-04 4

Sep-03 A
Dec-03
Mar-04 -
Sep-04 -
Dec-04 -
Mar-05 -
Jun-05 -
Sep-05 A
Dec-05 -
Mar-06 -
Jun-086
Sep-06
Dec-06 -
Mar-07 -
Jun-07 -

Figure 2.10 ANTS Verification Studies, Unaugmented Market Simulation Case, Generation
Expansion by Technology (NEMMCO SOO, 2006)

9,000

Notes: /
2001 1. Also ~700 MW demand actively e
. responding to spot price /

2. Climate change implications for
6000 hydro & coal

5,000

4,000

Capacity (MW)

3,000

2,000

1,000

0

2006/07 2007/08 2008/09 2009/10 201011 2011112 2012/13 2013/14 2014115 2015/16

[1Open-Cycle Gas Turbine [ Combined-Cycle Gas Turbine M Coal-Fired Steam Turbine
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Figure 2.9 ANTS Verification Studies, Unaugmented Market Simulation Case, Generation
Expansion by Region (NEMMCO SOO, 2006)

9,000 -
8,000 1

7,000 4

o
8
=]

Capacity (MW)

2,000

2006/07 2007/08 2008/09 2009/10 2010111 2011712 201213 2013/14 2014/15 2015/16

[ Queensland m New South Wales ™ Snowy [ Victoria 1 South Australia ™ Tasmania

f Centre for Energy and

Environmental Markets

Projected NEM-wide reserve margin:

ginstalled gen - peak demand)/(installed gen)
NEMMCO SO0, 2005)

20.0%

15.0%

10.0%

5.0%

Reserve Margin (%)

0.0%
200p/06  2006/07 2007/08  2008/09  2009/10 2010/11 201112  2012/13 13/14  2014/15
-5.0%

-10.0%

—@— Capacity for Reliability —0— Existing and Committed —0— Simulated Expansion m
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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

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)

*  Weak information « National planning o National planning
co-ordination ¢ Information co-ord * Information co-ordination
e Decentralised o Decentralised decisior o Central decisionrmaking
decision-making making
Decentralised
information provision
and decision-making

I I Centralised

information provision
and decision-making

Note:
These options may not overcome
C NEM 1 1
aangements the high level of uncertainty
fall here inherent in network planning
Requures stronger: All points need transparent, Can manage weaker:
e E ic regulatory fi k detailed information provisi * E ic regulatory fr: !
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active end-user participation UNSW
ESCOs: the missing players in the
restructured electricity industry
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AMI: the missing interface in
Sl AL e Bae =ad the restructured electricity industry

Resource Adequacy in the Australian National Electricity Market

24



THE UNIVERSITY OF NEW SOUTH WALES » SYDNEY « AUSTRALIA
IEEE PES GM June 2007
st

Environmental Markets

S
{ Centre for Energy and

>onclusions

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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