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- = Challenges In the electricity industry
= Generation investment and planning decision making
= Australian National Electricity Market (NEM)

= A modelling study of generation investment in the NEM
In 2030

— Results
— Implications for policy decision making
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- CEEM's Vision

The Centre for Energy and Environmental Markets
Inspires and informs the transition to a more sustainable
energy future nationally and internationally through
objective interdisciplinary research.
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Key interdisciplinary perspectives & tools required
to address challenges — CEEM's key strength
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¢ Research: undertake
C E E M S CO re taS kS interdisciplinary research in
the design, analysis and
R ES EARC H performance of energy and
environmental markets and
their associated policy

frameworks.

Education: conduct
workshops, public seminars
and train postgraduate and
undergraduate students in
energy and environmental
markets

Technological
Innovation

51"; Policy Impact: provide
T o Drivers: > expert input and leadership
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CEEM's emerging research priorities

= Sustainable Energy Transformation

— Development of better electricity industry operational and investment models including high
renewables penetrations, modelling studies of possible new market designs.

— Analysis of integrated resource planning opportunities and challenges for low-carbon transition
particularly looking at future grids.

= Energy & Environmental Market Design, related policies
— Energy and environmental market designs for emerging operational and investment challenges,
Empirical analysis of existing designs.
— Extension into market integrity and distributional impacts.

— Analysis of China’s pilot emissions trading schemes and potential impacts on electricity sector.
Investment modelling for Chinese electricity with a particular focus on State owned enterprises.
Accounting implications of a carbon price in China

— Analysis of reporting and disclosure of significant carbon inventory of fossil fuel companies,
particularly how climate change risks are integrated in asset valuation, implications for markets

= Energy-related decision making for distributed energy

— Better economic and commercial assessment tools for different options such as PV, electric vehicles
and distributed storage integrated into distribution network

— Retail market design to facilitate distributed energy opportunities. Empirical analysis of current
market performance, models for testing possible new market designs.

— Frameworks for greater community engagement in energy decision making.
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Challenges in the electricity industry

= |ncreasing challenges for electricity industries around the world
» Rapid and highly uncertain demand growth
> Energy security concerns — Aging infrastructure, high dependence on
fossil-fuels.

» Environmental sustainability — the electricity sector is the largest single
contributor to global GHG emissions (IEA, 2012).
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Challenges in the electricity industry

= $17 trillion of global investment is required over the next 20 years to
expand infrastructure and meet demand growth (IEA 2012)

> 60% In generation capacity, 40% in network.

s 20000 oems oo s e TR installed capacity
” B Existing 2010 capacity
B000 |- oo
Capacity additions:
60004 Renewables
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4000 ® 0l generation capacity
B G to increase by
200 W Gl 4,000GW
0
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Global installed generation capacity and additions by
technology type (IEA, 2011)




Generation investment and planning decisions

= One of the most critical and challenging decisions

» Complex nature of generation investment: capital intensive, long-lived
assets, significant lead times, irreversible.

» What, when, where and how much to build
» Must commit large investments ahead of time.

= Different generation investment options with different characteristics
(economic, operating, emissions)

Technology Capital cost Operating cost Emissions

Coal-fired High Low High
CCGT Moderate Moderate Moderate
OCGT Low High Moderate

Nuclear Very high Low Low
Renewables High Very low None
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Multiple objectives in decision making

Coal? gas-fired?

Overall industry Tradeoffs
costs Synergies)

Tradeoffs
(Synergies)

Coal? Energy - Objectives Environmental | Nuclear?
Nuclear?| — security emissions |9as-fired?
/ N / I \
[Physical][ Price ] (CO,] [NO,](SO,]

Supply stability Tradeoffs (Synergies)

Potential conflicts between these objectives in many countries
= Coal plants - cheap to run but high emissions.
= Gas-fired plants - energy security concerns but low emissions.

= Nuclear - expensive to build but zero operating emissions.
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High uncertainty
= Key cost factors are highly uncertain
Key future » Challenges for decision making

uncertainties = Uncertainty leads to Risk

: : > Likelihood of extreme price events
Electric Carbon Capital
deman pricing costs

it
dy > Price stability has economic value
' = Uncertainty drives the need for

— . flexibility
Future electricity price _ _
uncertainties » Flexible generation fleet that can

cope with uncertainty and risk

Broader energy security Risks can be quantified by spread of
challenges possible outcomes (i.e. standard deviation)

| !  24% Coal ? ? . 20% Coal

; 4% CCGT : ; : 3% CCGT

P hysical Price | 12% OCGT meen - $9:5IMWh | ! gzﬁ oceT

supply stability mean = SO To ryaro B [ R s

60 80 100 120 140 160 60 80 100 120 140 160

_ Generation cost i$/IVIWhi Generation cost i$lMWhi I
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The Australian National Electricity Market

= Australian National Electricity Market
(NEM) covers all Eastern States —
90% of electricity demand.

= |nstalled capacity: 50 GW
= Peak demand: 35GW
= Annual energy: 190 TWh

= Energy only market

» Reliability standards: 0.002% of
unserved energy

: > Price cap: $13,500/MWh (2013-2014)
Jromeun » Price floor: -$1,000/MWh
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Electricity generation in the NEM

= Capacity consists largely of coal with 53232?(;“&?;;‘;;; by fuel types

some gas, hydro and wind

» Around 15% renewables

» Aging generation fleet

» Recent growth in wind and solar PV
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ricity generation in the NEM
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Thermal efficiency vs plant age for coal generators

(Noone, 2012)
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~ Future generation investment in the NEM

= Australia is among the highest emissions per capita countries.
» 35% of national emissions from the electricity sector

= (Generation investment pattern is evolving in respond to energy policies
» Increase in Gas-fired and Wind generation and substantially less coal.
» Significant increase in solar PV and wind.

Annual change in electricity generation, by energy source
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| Interesting times Iin Australian Energy Policy

= Carbon pricing legislation

» Recently repealed on 17 July 2014 (first country to successfully
removed a price on carbon).

» Introduced in July 2012 — price set at $23 - $25/tCO,

" Renewable Energy Target
> Similar to RPS based approach **

» 41 TWh (20% based on 2010
demand) by 2020 n

» RET is currently under review i
by the Government — high -
uncertainty. i I

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

(BNEF, 2014) Worst half-yearly result since H1 2001 1

3,000 1
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odelling generation investment in 2030

Possible Transition _Exammlng dlfferen_t generatlon_
Pathways to low carbon Investment scenarios for 2030 in

the context of high uncertainty.
enewables

» Range from gas only (no new RE) to
some mix of gas & RE through to
iInvesting primarily in RE (minimal
gas)

Gas-fired
generatio

Investment scenario in 2030

20% PV 30% PV
30% Wind g 40% Wind

0% PV
0% Wind

5% PV

10% PV
20% Wind

40% PV

10% Wind 50% Wind

15% total 30% total 40% total 60% total 75% total 85% total
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Modelling investment scenarios for 2030

= Four new generation options.

= Existing generation capacity (in 2013)
Utility PV > Coal, CCGT, OCGT, HydrO, COgen,
(single axis Distillate, Wind

NEY

Generation
Options

tracking)

Wind (on shore)

= No new investment in coal-fired generation
» High emissions and capital investment risk
= Existing brown coal (lignite) plants are retired by 2030
» Relatively old and inefficient
= Consider different retirement plans for coal (from zero to full retirement)
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Probabilistic generation portfolio modelling

GenerationPorftolios Probability distributions
(examples, 51 to 335 combinations) of scenario costs
Probability distributions of ) )
key areas of uncertainty Comparison of expected generation cost
\ and standard deviation of cost
Gas for efficient generation portfolios
price
T L S—
Standard — :fz
Deviation I
e e [
Gas price ($/GJ) ﬁ 114
5112
) B 110
Carbon e —— e O
price Monte : £ 106
v o
_— Carlo . /\ 2 1ot
Sampling a g1
Expected £ 100
0 50 100 150 200 250 cost | — b
Carbon price ($tC02-8) FE7-1E S . T H :
I S e o
Peak sl i N T I I
09 2 4 4 8 1012 14 15 13 20 22 24 29 25 30 32 24 35
demand / 5D of generation cost ($MWWh)
% B 3III 3I2 3Id *F 3
Demand (W)

BO B0 100 120 140 160 160 200
eneration cost fﬁfﬁw’%
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Modeling Inputs

. ore W
= Lognormal dist. are applied to

I .
Hourly demand, future gas and carbon prices.

Prob. dist. of fuel

Generator data

of each wind & PV data prices, carbon = A normal distribution for
technology for 2030 price, demand .
: electricity demand.
NTNDP (AEMO)  AEMO 100%  Estimated from
AETA (BREE) RE study - AETA (BREE)
- Australian Treasury
modelling
_ _ Histogram of
Qas price Carbon prfce | gas pnce’
sss |l sotrc02 carbon price
and peak
demand over
0 5 10 15 20 25 30 0 50 100 150 200 250 26 28 30 32 34 36 38 10,000
Gas price ($/GJ) Carbon price ($4C0O2-e) Demand (GW) . H
simulations

= Qverall cost and CO, emission of each generation portfolio is calculated
for 10,000 simulated fuel prices, carbon price, and electricity demand.
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Generation dispatch

= Merit order dispatch in each period of the Load Duration Curve.
= Priority dispatch for PV and wind — treat as negative demand.

B
o

Yearg 2030:

I:l PV & Wlnd I
[Hydro
I Fossil fuels ||

Demand (GVY)
= = NN W W
oo o wmo Ga ;

| 15% RE (0% new PV & 0% new wind)

men| —— 15% SIC gen. |

i 1 i 1 i i 1
0 10 20 30 40 50 60 70

i i
80 a0

- [C__JPvawind
[ IHydro

2| M Fossil fuels
— 15% S/C gen.

Demand (GW)
o

60% RE (20%new PV & 30% newwind) |

i I i ] 1 i I
10 20 30 40 50 60 70

Percentage of time (%)

80

Demand (GW)

““o 10 20 30

: Year 2030_

I:I PV & Wlnd I
[ Hydro 1
I Fossil fuels

| —— 15% SIC gen. [|

| 30% RE (5% new PV & 10% new wind)

1 i i 1
40 50 60 70

i
a0 100

[ 1PV &Wind

[ IHydro I
0| M Fossil fuels ]
— 15% S/C gen.

] I i 1
40 50 60 70
Percentage of time (%)

10 20 30

SYDNEY « AUSTRALIA

= Minimum synchronous generation of 15% in any one hour period.

UC and operating
constraints are not
considered

Some spilled
energy at high
RE penetrations
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[__Iwin . .
I = PV and wind can displace
ydro . .
— e fossil fuel generation (although

80 -

lower capacity value).

= |C of fossil fuel (coal & gas) is
| ﬂ determined based on NEM

N e | O ) reliability standard (0.002% of

........................... unserved energy)

60 -

40 -

Generaticn capacity (GW)

20+

16% 15%
0

15% RE 30% RE 40% RE 60% RE 75% RE 85% RE

For each different investment scenario (each RE penetration)

= Analyse different possible permutation of ‘fossil-fuel’ generation mixes
» Vary the share of coal, CCGT and OCGT in 10% intervals (0% to 100%)
» Max capacity of black coal in 2030 is capped at existing capacity (~20GW)
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Generation cost ($/MWh)

= A full spectrum of possible cost outcomes
= Additional RE would reduce overall cost risk

| — =
120 140 160 180 200 220

UNSW
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omparing least-cost portfolios
| I I I I —I15% RE plenetration
Medium carbon price —— 30% RE penetration
——40% RE penetration
—— 60% RE penetration N
—mwRrepenenaion| | (GE@NErALION COSt
......................................................................................................... ——B85% RE penetration |- . . .
distribution of the
Q05 ‘Least cost, portfolio
0.08 - for each RE
______________________________________________________________________________________________________________________________ penetration
0.01} /4 A \
&

» Less cost spread (i.e. ‘cost risk) with greater RE penetration
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Cumulative
probability of
generation cost
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0.3t L] : ....................................................................... [— S — _
1 : : —— 15% RE penetration
02 i SRR | ................... TSP SUSR — 30% RE penetration -
o —— 40% RE penetration
0.1 1 5 : ——60% RE penetration | |
' 1 —— 75% RE penetration
S : : : : — 85% RE penetration
0 | | | i I I
40 60 80 100 120 140 160 180 200 220

Generation cost ($/MWh)

= For the 75% RE portfolio -> 90% chance that costs > $110/MWh
= For the 15% RE portfolio -> 10% chance that costs < $150/MWh
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- The risk between different portfolios
1 ) . .
| Risk associated
L T T T O SO S-SR | . .
o | with choosing
-E;‘ DB I ...................... i ....................................................................................... ] between genera‘tion
E D?'_ .......... ...... o ......... I ........................................................................................ ] portf0|los
2 gelL. Pofoliowith /£ o _
o 15% RE has :
3 05| lowercost. . .. . Lo f. SO e e, PR e e, -
2 than75%RE | /1
E 04F * i e i| ......... ........... ........... ........... ........... ........... .......... . 15% RE VS 75% RE
S 03F ........... S i POI‘l‘fOlIOWIth15%RE ........... e e -
0.2 _—————— —— S has hlgherCUStthan .......... ........... L ......... i
é 5 ! ™% RE f i é
01k ........... ......... { : : .., ........... ........... ........... ......... _
: 5 I : : : : § : :
PSD -40 -20 EIJ 20 40 60 80 100 120 140 180

Difference in generation cost (3/MVWh)

= 80% probability that costs of thel5% RE portfolio will have higher
costs than the 75% RE portfolio.

= The cost difference could be as high as $100/MWh




——
€ Centre for Energy and UNSW

Environmental Markets

THE UNIVERSITY OF NEW SOUTH WALES
SYDNEY © AUSTRALIA

Comparing least-cost portfolios

100 ................................ _140 _40 _250
I PV
) R — . Ewmd | ‘Least cost’
OCGT n120 — .

a0 e Cccet || £ | _ bood portfolios for each
— N Coal _ Q .
z 4 s | e o2 °2 S RE penetration
= I Cogen = & =
Z | P BN Distilate | & ?‘2;’_150 2
s 180 ¢ 3 G .
S 5ol 0 e T 2 os| 2 * Technology mix
c T B [
§ Expected_;eo s 571008 . expec_ted cost
E +costs 8 % 8 C COSt ”Sk

30 | = B~ . .
8 SD of cost 40 czj_ —10 8 % C C02 emISSIOnS

20 {cost risk) L|>j W _5p %

Ll
ol L _gcoz
emIssions
0

Lan]
[an]
o

15% RE 30% RE 40% RE 60% RE 75% RE 85% RE

= System installed capacity increases considerably with higher RE.

= Capacity of coal and OCGT changes only very slightly.

= Significant decline in cost risk and emissions as RE increases.

= The overall cost is minimised at around 60% - 75% RE penetration.
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Security of Supply — fuel diversity

Expect cost VS fuel diversity (SWI)

1221 . :
; 6% PV, 6% Wind (3GW), 16% Hydro (7.7GW), |
Year 2030 N ; 77% Fossil (36GW) '
5 31%Coat
118+
116_ .............. ............... .................. 8% PV (5GW)
: ; : 16% Wind gGW) B
15% Hydro (7.76\) B :
114+ 61% Fossil (34GW) AR
112_ ..............
110_ R 13PV(8G\N) R i T . ..... R
24% Wind (15GW) 5 o o ' :
(LT TN 12 Hydro (7.7GVY) [ESISSRRNSN. " T T

51% Fossil (326W)

1061'5'%60'5'[ 20%CC15%0C ............ B Tt : ".353/'c°a|”1'2/:cc'12'/'0(;”” s

104 |20%Coal, 25%C¢, 5%0¢ |47c0al, BRCE, $%0C
‘iZ%CoaI,

102k e 28%cC. A&

0%0¢

0%Coal, 5/CC 15/0C

Expected Generation Cost ($/MVWh)

100+ 5

12coa 20/cc /Coal 7%GC, 20%0¢ | 5 5

98 18%0¢ - -* e -.—15% RE penetration |

; : —@—30%RE penetration |:

S O s T O NS FPPE OO —&@— 40% RE penetration |

20%Coal, 12/CC 3/0C +60% RE penetration

g4k "'24/Coal .......... - —@— 75% RE penetration

210/ P\_f (166w) a%cc, ’ ; =@ 85% RE penetration |

g2 ?g;:ﬂ;:?ﬁ;?gﬂm e 2% o7, i VTR SR Porifolios t?hat also |
K : : : appear on the

A Fosu (B1GW) - i cggl_risk EF |

9 | | | |
q.? 1.6 1.5 1.4 1.3 1.2 1.1 1 0.9 0.8

= Using Shannon Wiener

Index (SWI) to measure fuel
diversity (i.e. physical supply
risk)

Reductions in both expected
cost and fuel diversity (SWI) as
RE increases from 15% to 60%

(Downward movement of EF)

Cost risk (price stability) and
fuel diversity (physical supply)
are highly correlated
indicators

| SWI Diversity Index _
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Security of Supply — fuel diversity

100

140 40 -1.7 250

. - ‘Least cost’
B OCGT [|120 1 portfolios for each
8O @ |[CJccet | 100 . .
[ Coal £ls0 . 'S G RE penetration
g FOE- N . l:IHYdI'O 0100 = é 8
3 I Cogen &| = 414 £
._é‘\ 60_ ...................................... -DIStIIIate _80 -.g % § _150 E
9 180 2 8 13 g -
T X o —e—Bxpected | £ 1o < ‘§ g ° Technology mix
5 loo &| E 123 o * expected cost
® 4000 MSNN L 5D of cost - 2 = g {100 8 .
% (costrisk) ° o 110 = * cost r|Sk
° o | i) 5 g
a 30! |-A | | e i —— 440 §_1Oa E.J_ ° COZ emISS|OnS
e & BB B - _ co2 . 1 dso @ e Fuel diversity
I emissions {20
10 R R _ -0.9
0 6 = s8—0

15%RE 30%RE 40%RE 60%RE 75%RE  85%RE

= Generation portfolios are well diversified at 60%-75% Renewables
» Note this is in addition to low cost, associated cost risk and emissions
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Different carbon pricing scenarios

100_ ....................................................................................................................................................... _140 _40 _250
Year 2030 EPV ‘Least cost’

90_ .............................................................................................................................. Wlnd A

Y1 ESSSS TR [S— 58881 _—120§ ﬁ—zoog portfolios for
= I Coal 4 0O i
% 70 B Eg;’:ro _1005 30% % dlf.fe-rent Carboln
= ogen 4 &+ —
.‘é\ B0 T e OEEERe T ] -Dis?illate_ § E—150 2 prICIng Scenarlos
§ -80 c 3 .%
8 gQ L. [ SRR Mwe L | 3BR | -E 120 5 g . ZeI’O
S {s0 2 © o
g« mpes | 5| 28 Very low ($201CO,)
(055 < 1] e N ... PP e PP SDofCOSt740 % 1o s % ® LOW ($54/tC02)

200 +(costrisk) . L% UD) 4150 g{ * M.edlum ($91/tCOZ)

oL coz 1% i e High ($115/tCO,)

emissions
0 8 8 0

No Very low Low Medium High
carbon price  carbon price carbonprice  carbon price  carbon price

= Coal and gas capacity remain the same for all carbon prices (existing
capacity) - No new CCGT installed for any carbon prices

= RE still provide effective cost risk mitigation at low carbon prices

= Portfolio cost is heavili driven bi the different carbon irices
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Options for achieving emissions targets

120_ ........................................................................................................................................ _140 _140 _220
Year 2030 —@— Expected costs (zero carbon price) I PV
=@ Expected costs (med. carbon price) [ Iwind —-200
JO0 oo o . e I OCGT 1120 — 120 o
[JcceT {180 §
_ - [ Coal g S § .
S | e TThee Cwao 1003 10272 | east cost portfolios
L BOE N PR T T TN ) A . -Cogen . :w’ a 140 =
-2 @ | o - . . .
g WMmose] 8, B| & Inachieving certain
- = O4120 '®
& o [0 - 0 .
1| e ) g -é £ emission targets N
_5 SDofcost |go 2L 60 ©100 x
& ——eocmn | 5 0 2] 8 the near term (2030)
[4F] 40 - et YT N - o
o QO i
& SDofcost |40 T 740 Olgo
0.3% ==+ {med. carbon S UD-) L
L. TS price) [ 40 X
20 20 20 =
co2 —20
emissions
1] & & 0

140-180  100-140 \ 60-1007 40-60 20-40 0-20
MtCO2 MtCO2 \MtCO;’ MICO2 MtCO2 MICO2
N’

= Role of base-load CCGT is minimal (except for very low emission targets)

= Emissions targets in 2030 is 40%-60% from the 2000 levels (i.e. need to
reduce the emissions to around 60-100 MtCO,, by 2030)

» Large amount of RE, minimal CCGT, some existing coal (as peaking gen.)
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Optimal transition pathways for the NEM

200_ .................... ...................... P fr ...................... SRR e . 120
0 5 Riesz et al. (2014) 80%RE
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= Considerable investment in renewables and continue using existing
coal plants but as peaking capacity (i.e. in 2030).




What do these imply for policy decisions?

= RE can help address energy security concerns

= |nvestment in RE is preferable to gas-fired generation due to
high gas and carbon price uncertainty

» An expansion of RE target appears as a suitable policy response
= Needs policy intervention since RE can’t compete at present
» Long-lead time nature of generation investment
» Need to act immediately to achieve a high RE target in 2030
= Existing coal plants still play a role as peaking capacity

= Policy to promote retirement of coal plants may not be a
desirable policy

= Flexibility from the perspective of short term operation will
need to be considered
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Thank you,
and
Questions?

peerapat@unsw.edu.au

Many of our publications are available at: www.ceem.unsw.edu.au
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