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EXECUTIVBRIEFING

This studyis intended to explore transmission congestion in the Australian National Electricity
Market (NEM), and particularly the relevance of transmission congestion to the development of
renewable generation under the 20% by 2020 Renewable Energy T@gdt). Half hourly
dispatch modelling was undertaken for a range of scenarios, each of which had wind farms
distributed around the NEM in a different manner by 2&(®

The location in which new wind capacity is installed is found to be critical grrdating the
amount of transmission congestion experienced in 2809 Very significant transmission
congestion was observed when a large proportion of wind capacity was installed in South
Australia without significant transmission augmentation. By @stfralternative scenarios that
featured a distributed arrangement of wind farms around the NEMels of transmission
congestionsimilar to those experienced in the present market

Even with very substantial interconnector augmentation from Adelaide ¢étbburne (2000 MW),

if significant quantities of wind are installed in South Australia (506000 MW), these wind
farms are likely to remain heavily constrained. This is due to limitations on the ability of Victoria
to absorb excess generationlo allav such a large quantity of South Australian wind farms to
operate with minimal curtailment, additional significant augmentations are likely to be required
for other major interconnectors throughout other parts of the NEM (for example, from Victoria to
New South Walesr South Australia directly to New South Wales

Scenarios with highly concentrated wind development in South Australia are also found to be
more costly to consumers, due to the additional wind capacity required to compensate for energy
lost due to transmission congestion. These results suggest tigilyh concentrated wind
development with substantial transmissicaugmentation to allow expordf generation to the
NEMis notthe lowest cost way of meeting the RET.

This studysuggess that the lowest cost way of meeting the REST through adistributed
arrangement of wind farms around the NEM witicrementalmaintenance of the existing high

voltage transmission backbone. The costs of significant expansion to extend the high voltage
transmh AaaA 2y 3INRR (G2 LRIOSYyGAlLftfte WwWdzyt201Q NBY2GS
benefitsin the context of the RETWhilst significant transmission augmentation is likely to be
necessary to achieve renewable penetration levels in excess GfQ¥RET, his study suggests

that there is sufficient renewable resource sufficiently close to the existing grid that major
augmentation is not required to meet the RET

Furthermore,this studysuggess$ that the existing market provides an effective prisignal to
drive wind development irdistributed locations. Wind farm revenues are adversely affected by
transmission congestiomnd excessive penetration in a single region of the NENing a

! An exhaustive analysis of land that is available for wind farm development has not been made as a part of
this study. It is podisle that while there is sufficient wind resource close to the transmission network to
meet the RET, this land is not available for development due to competing land uses. This may drive wind
farm development to more remote locations which could then re=ifate significant transmission
augmentation.
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moderate approach to wind farm placement that accepts somagmission congestion whilst
responding to the limitations of the transmission network.

If highly concentrated windenerationdevelopment does occur (perhaps due to factors not taken
into account in this modelling), significant transmission augmemntasdikely to be justified on a
cost minimisation basis to allow efficient export of the renewable generation.

Significant installed wind capacity in a region acts to depress the regional pool price. Tasmania
and South Australia appear to be highly \arlible to this effect, whereas New South Wales is
relatively robust. This means thatevenues ofnvind farms vary significantly depending upon how
wind farms are distributedln general, vind farms tend to maximise revenue by seeking the best
capacity fators availablewithin regions with robust pool pricesn conjunction with limiting
development to the best available resources in the regions which are more susceptible to pool
price suppression

Distribution of wind generation capacitifroughout theNEMgenerallyresults in

1 Balancing market pool priceevenues for wind generatiothroughout the NEN

1 Increasing the achieved capacity factors for wind generators on average;

1 Decreasing thdotal installed capacity of wind generation necessary to meetRET;

1 Reducing the expected REC price requirement to support wind generation investment;

and a a result of the above, reducing the total cost to consumers to meet the RET.
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EXECUTIVBUMMARY

This study wa intended to explore transmission congestiorthie Australian National Electricity
Market (NEM), and particularly the relevance of transmission congestion tddhelopment of
renewable generation under th20% by 202®Renewable Energy Target (RET).

Transmission congestion is prevalent in the exgstietwork, and a normal part of the operation

of the National Electricity Market. Alleviation of congestion (through transmission augmentation)
must be justified on the basis that it reduces costs to consumers, meaning that some level of
congestion is caseffective.

Half hourly dispatch modelling was undertaken for a range of scenarios, each of which has wind
farms distributed around the NEM in a different manner by 2Q09 These scenarios included:

1. Wind 1- Maximising Expected Capacity Factowind farms were located to maximise
"expected" capacity factord.€. as if they werainaffected by transmission congestion).
Minimal consideration was taken of the limitatis of the transmission network (refer to
Figure6.1 for distribution of wind farmy

2. Wind 2 - Minimising congestion- Wind farms were located to mimise transmission
congestion through an iterative approadhrefer to Figure6.4 for distribution of wind
farmg)

3. Wind 3- Moderate Congestion Wind farms were allowed to experience low levels of
congestion if the local wind resource was sufficiently highfer to Figure 6.7 for
distribution of wind farm}

4. Wind 4 - Maximising Revenue- Wind farms were locatedo maximise wind project
revenuesthrough an iterative approacifrefer to Figure 6.10 for distribution of wind
farmg)

The locationin which rew wind capacity is installed isudnd to becritical in determining the
amount of transmission congestion experienced in 2009 Figurel.1 illustrates for the four

wind planting scenarios the capacity factors of wind farms that were expected based upon the
avdlable wind resource (solid lines), and the capacity factors that were actually achieved after
transmission congestion was taken into account. In the Wind 1 scenario wind farms experience a
very significat reduction in capacity factadue to very high leels of transmission congestion. By
contrast, the different placement of wind in the Wing8 and Wind4 scenaris reduces
transmission congestion to a minimal level, significantly increasing the achieved capacity factor of
wind farms. The Wind 1 scenarfeatures a very large quantity of wind installed in South
Australia, whereas the Win#8 and4 scenarig havewind located in a more distributed manner
around the NEM (with significant quantities of wind located in New South Wales).
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Figurel.1 ¢ Wind capacity factors (scenario comparison)
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The impact of transmission congestion on the achieved capacity factors of wind farms is
illustrated inFigurel.2. Wind farms in Tasmania arfSbuth Australia are significantly affected
even at low capacities of installed win&ince capacity factors strongly impact the revenues and
long run marginal costs of wind farmshig highlights the high importance of a good
understanding of the transmsgon network and its limitations by wind farm developers.
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Figurel.2 ¢ Impact of congestion on wind farm capacity factors (2020)
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The total scenario coster the year 20120 are shown inFigurel.3 below, broken down into

fixed costs (capital repayments and fixed operation and maintenance (FOM) costs), fuel and
variable operation and maintenance (VOM) costs and the cost of carbon emissions pefnits

this scale, all scedah 28 KI @S AAYAf I NI O0z2ada GKIG | NB R2YA
scenarios: the large capacity of new plant required to meet demand growth, a minimum level of

new wind capacity to meet the LRET, and the operating costs (including cost of cartssioas

permits) of thermal plant whose operations are lagganchanged between scenarios.

> A-5% by 2020 carbon price trajectory (from year 2000 levels) has been assumed in all scenarios.
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Figurel.3 ¢ Scenario total cost breakdown&01920)
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Network augmentations from South Australia to Victosiere considered, at sizes of 400 MW and
2000 MW. Figurel.4 shows the total scenario co$br the year 20120 (including the cost of
interconnectors where they are installed) for each of the four wind planting scenaribe
highest cost scenario is Wind (Maximising Expected Capacity Fagtatithout augmentation

This scenario features a very large quantity of wind installed in South Australia, which becomes
heavily constrained by export limitations out of South Australidis Teads to the somewhat
perverse outcome whera larger quantity of windjenerationmust be installed in this scenario to
meet the RET, increasing co@gspite the expectation of a higher quality wind resource)

Both the 400 MW and 2000 MW interconriec augmentationappear to reduce costs sufficiently

to justify their installation in the Wind 1 scenario. Cost reductions when the interconnectors are
introduced include a reduction in the amount of wind capacity required to meet the RET (if
generation fom installedwind farns is increasedbecause of reduced inteegional constraintg

as well as reduced fuel, operations and maintenance costs, and reduced carbon costs.

The lowest cost scenario is Wind(Maximising RevenQe This scenario features asttibuted

wind installation, with a large proportion of wincapacitylocated in New South Wales. This
serves to minimise transmission congestion and maximise achieved capacity factors, minimising
the quantity of wind that must be installed to meet th&R (and therefore minimising scenario
costs). In this scenario the 400 MW and 2000 MW interconnectors do not appear to realise
sufficient benefisto justify their cost.

® Other interconnectors and transmission augmentations may be justified on a cost minimisation basis.
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Figurel.4 ¢ Cost/benefit of SAVICinterconnector upgrade201920)
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These results suggest that moderate approachio wind farm placementhat accepts some
transmission congestion whilst responding to the limitations of the transmission network is likely
to produce thelowest cost outome for consumers.It also appears thatthe existing market
provides an effective price signal to drive wind development in locations where tresismis
congestion will be low, and tal system costs will be minimised

Highly concentrated wind developme with substantial transmissio augmentation to allow
export of generation to the NEM does not appear to be the lowest cost way of meeting the RET.
However, if highly concentrated wind development does occur (perhaps due to factors not taken
into accountin this modelling), significant transmission augmentation is likely to be justified on a
cost minimisation basis to allow efficient export of the renewable generation.

If significant quantities of wind are installed in South Australia (506000 MW), hese wind
farms are likely to remain heavily constrained even with a very substantial interconnector
augmentation from South Australia to Victoria (2000 MW) due to limitations on the ability of
Victoria to absorb excess generatiofigurel.5 showsthe change in average capacity factor of
wind farms in the NEM with various levels of interconnector augmentation. Even if a 2000 MW
interconnector from Adelaide to Melbourne is installed, and all kmggional transmgsion
constraints are alleviated, South Australian wind farms remain heavily constrained.

To allow such a large quantity of South Australian wind farms to operate with minimal
curtailment, additional significant augmentations are likely to be required ditver major
interconnectors throughout other parts of the NEMAlIternatively, a distributed wind farm
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placement approach appears to allow wind farms to operate with minimal curtailment, and
requiresrelativelyminimal transmission augmentation.

Figurel.5 ¢ Wind 1(Max Exp. CF) Wind farm capacity factors with S¥IC augmentation
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Significant installed wind capacity in a region acts to depress the regional poglgwitiistrated
in Figurel.6. Tasmania and South Australia appear to be highly vulnerable to this effect, whereas
New South Wales is relatively robust.

The revenues ofvind farms vary significantly depending upon how wind farms are distributed.
Whilst wind fams succeed in meeting long run marginal costs in the Wind 4 scefilargtrated

in Figurel.7), wind farms in the Wind 1 scenario have highly variable outcomes depending upon
which region they are located in (illustrated ifigure9.6 in the body of the report) In this
scenario wind farms in South Australia have particularly low revenues due to the very low South
Australian pool price (depressed by the large quantity of wind installed in South Aajsteadd

the impacts of transmission congestion reducing achieved capacity factors. In gemedaianns

tend to maximise revenue by seeking the best capacity factors avaieibidén regions with
robust pool pricegsuch as New South Wales)

., -
e

ROAM Consulting Pty Ltd ROAM EXECUTIVBUMMARY

C8N ULTING

www.roamconsulting.com.au ENERGY MODELLING EXPERTISE PageViof VIl




Reporto: o

Clean Energy Council

Transmission Congestion and Renewable Generat

CEC00004
4 November 2010

h

Figurel.6 ¢ Impact of wind capacity on pool prices (202D)
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Figurel.7 ¢ Wind 4(Max Revenug- Pool Revenues (20120), with capacity factors
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1) BACKGROUND

The enhanced Renewable Energy Target (eRET) legislation passed through the federal Parliament
on 24 June 2010. The basic design of the enhanced RET remains very similar to that outlined in
legislation published in May.

The enhanced Renewabledtgy Target establishes two separate markets beginning on 1 January
2011. The Large Scale Renewable Energy Target (LRET) will operate in the same way as the
previous RET with a 41,000 GWh target by ®0Phe Small scale Renewable Energy Scheme
(SRES) will be uncapped and offer RECs initially at a fixed pricé.of $40

Given the renewed confidence in the RECs market that this enhanced policy brings, it is now
important to consider other potential barrie or issues that may be faced by the renewable
energy sector. Once any potential barriers are identified, understood and quantified, they can be
addressed in a timely fashion to facilitate the competitive entry of renewable generation in
Australia.

One potential barrierwhich may beof consequences transmission congestion. Transmission
congestion occurs when the transmission network has insufficient capacity to support the optimal
dispatch based upon generator bids. Generators are then dispatchedafonterit order to
maintain transmission operation within the required limits. These limits (or constraints) may be
thermal (the transmission line cannot carry a larger quantity of power without exceeding
temperature limits), related to system stabilityr related to maintaining voltage stability.

Renewable generation is likely to impact on transmission congestion in the National Electricity
Market (NEM) in the following ways:

1 Renewable generation is typically located in different places to fossildaelrces. Since
the existing network has been developed to support fossil-finetl generation, it is often
relatively "weak" in locations where renewable energy is abundant. This may mean that
significant transmission augmentations may be requiredacilitate the entry of large
quantities of renewable generation.

1 Many types of renewable generation are intermittent, in particular wind generation
(which is expected to fulfil the majority of the requirements of the RET). Intermittent
generation cannot ke scheduled likehermal generation,and will exhibit a different
operational profile by time of day. Thidaces different demands upon the transmission
network. Therefore, even in the case of a direct replacement of thermal generation by an
equivalent quantity (in energy terms) of renewable generation at the same location,
significant transmission congestion may result.

o For example, D00 MW ofbaseloadgeneration may supplground 7,900 GWh of
energy, based on a 90% capacity factor. In contrast, DOof intermittent
generation with a capacity factor in the order of 30% would be required to
provide the same energy supply. It may be seen that the network would need to
support up to three times the capacity for periods of time, in order for the
intermittent generation to provide the equivalent energy supply.

* CleanEnergy Council, Renewable Energy Target Legiskfiommary. 30th June 2010.
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Transmission congestion is likely to result in renewable generation being unable to transport the
full quantity of their available generation to the pool, meaning lost revenue through lost shles
"black" electricity, and also through lost sales of RECs. Under certain circumstances this effect can
be extreme, with wind generators losing several percent on tleipected annual capacity
factors. This is sufficient to change a highly competitviad farm developmentrito an
uncompetitive project.

A good understanding of present and future transmission congestion is therefore essential for the
locational decisions of renewable generators. It is also essential for understanding the likely
development of the renewable generation industry in Australia.

Of particular relevance is the "Green Grid" propdsakcently released, which outlines a
feasibility assessment of transmission and generation potential for 2000 MW of wind generation
in the Eyre Bninsula, South Australia. This study demonssatee technical feasibility of
significant grid augmentatiawithin South Australiaand a possible Stage 2 HMohe to New
South Wales from Davenport (SA). In the context of an ambitious proposal suitlisait is
important to fully understand the issue of transmission congestion, and to consider the spectrum
of possibilities for meeting the RET.

2) SCOPE

ROAM has been engaged by the Clean Energy Council to conduct an exploratory modelling study
to detemine how renewable generation is likely to affect transmission congestion in the NEM,
and how transmission congestion will impact those renewable generators involved. ROAM has
sought to answer the following questions:

1 Existing congestionr Where in the gid are there transmission congestion problems
already? What are they caused by, and at what times do they typically occur?

1 Congestion in 2020 Where will there be significant transmission congestion problems in
2020, with the full RET implemented? Whall it be caused by?

1 Locational decisions of renewables How may the build decisions of renewable
generators be changed or impacted by transmission congestion? Is transmission
congestion likely to be a significant driver of locational decisions for wabhke
generators?

9 Operational impacts- How could the operation of renewable generators be changed or
impacted by transmission congestion?

I Transmission augmentation- What significant transmission augmentations may be
justified to facilitate the entry ofenewable generation on a least cost basis? How often
and in what manner would these augmentations be utilised?

® Green Grid, Unlocking renewable energy resources in South Australia. Baker & McKenzie, Worley Parsons,
Macquarie, 2010.
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3) METHODOLOGMIDSCENARIOS

3.1) Srerl-CONGESTION IN THEEXNG NETWORK

Firstly, ROAM identifiedongestion issues in the existing network (2am). A full dispatch
model of the NEMwas performed for 201611, with the full set of AEMO's publicly available
NTNDP (National Transmission Network Development Plan) constraint equations. The most
significant binding constraintsere identified, to iderify the location and cause of transmission
congestion in the existing system.

The dispatchwas repeated without transmission constraints for comparison to identify the
impacts that constraints have on the operation of generators in the NEM.

3.2) Srer2-CONSTRUCT ALTERNWIED DEVELOPMERUTURES
(201011702019-20)

ROAMhas constructed fouscenarios of thaistribution of wind h the year2019-20:

1. Wind 1- Maximise Expected Capacity Factowind farms were distributed according to
the theoretical capeity factors available, as dictated by the wind resource. Wind farms
were only installed in areas where there is access to transmission, buikéigood of
transmission congestion was not taken into account. This planting schedule represents a
possibé future if wind farm developers seek the best wind resources without
consideration of possible transmission limitations.

2. Wind 2 - Minimise Congestionr Wind farms were distributed to minimise transmission
congestion.

3. Wind 3- Moderate Congestion Windfarms were distributedillowing some transmission
congestion,to increaseachieved capacity facter This means that some development
will occur in areas with the highest quality wind resource, but wind developratsa
occurs atless favourable wind resmcesto prevent transmission congestion becomiag
significant problem.

4. Wind 4- Maximise Wind Farm RevenudVNind farms were distributed to maximise wind
farm revenues. Since wind farms tend to bid at a low value (due to low short run
marginal costs),ignificant wind penetration in a region tends to lower the pool price.
Regions with smaller loads (such as Tasmania and South Australia) are more vulnerable to
the effect. This drives wind development in areas with less favourable capacity factors,
but more robust pool prices.

In all scenarios, in the near term (201@, 201112) wind farms were installed on the basis of
project advancement.Actual announced projects were used for the years following (ZRBL.B
201516), and in the later years of theusty hypothetical wind farms were used to allow
investigation of a wide range of wind planting outcomes.

In each scenario the RET requirements was met as a minimum. Each scenario has been developed
via an iterative process following steps 3 and 4 (oudibelow).

q\
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3.3) Srer3-(ONGESTION IN THE MBEIRK INNO20(NTNDRCONSTRAINTS

ROAM hasised 2-4-Cdispatch modelling to identify transmission congestion ir12@0 in each
of the scenarios. A fuldispatch model of the NEM wae performed, with the full sedf publicly
available NTNDP constraint equations. The mostifgignt binding constraints weralentified,
to identify the location and cause of transmission congestion in the existing system.

The dispatchwas repeated without transmission constraint®r comparison to identify the
impacts that constraints have on the operation of generators in the NEM, with a particular focus
on determining the impacts of congestion on renewable generators.

For each of these wind distribution scenarios, a numberriof gugmentation scenarios were also
modelled. The full set of simulations for each wind planting includes:

1. Base case- The simulation was conducted with the full set of NTNDP constraint
equations, with no significant grid augmentation.

2. 400 MW SA to VIC ugmentation - A duplicate of the Heywood interconnector was
installed (nominal limit 400 MW), and the full set of NTNDP constraint equations were
applied.

3. 2000 MW SA to VIC AugmentationA duplicate of the Heywood interconnector was
installed (nominal lirt 2000 MW), and the full set of NTNDP constraint equations were
applied.

4. No Constraints The simulation was conducted without any constraint equations except
for the existingnominal limits oninterregional interconnectors.

5. 400 MW SA to VIC AugmentatioNo Constraints- A duplicate of the Heywood
interconnector was installed (nominal limit 400 MW), aié simulation was conducted
without any constraint equations excepar the existingnominal limits oninterregional
interconnectors.

6. 2000 MW SA to VIC ugmentation, No Constraints A duplicate of the Heywood
interconnector was installed (nominal limit 2000 MVahdthe simulation was conducted
without any constraint equations excepar the existingnominal limits oninterregional
interconnectors.

The tdal systemcost of each simulation wasalculated to allow identification of the feasibility of
the various transmission augmentation alternatives in each wind development scenario

Modelling of Interconnector Augmentations

SAVIC interconnector augmertians were modelled as a direct link from the regional reference
node in South Australia (Adelaide) to the regional reference node in Victoria (Melbourne) with
nominal limits at the appropriate size (400 MW or 2000 MWhere used, the NTNDP constraint
equations continued to apply to the existing interconnectors (Murraylink and Heywood), but
flows on the augmentation were not incorporated into the constraint equations.

3.4) Sre4- ACPOWERFLOWNALYSIS

The NTNDP constraints are indicated by AEMO to be "viida ten year period, including
committed network augmentations. However, in reality many important augmentations are only
planned several years in advance, meaning that the NTNDP constraint equation set becomes a

q\
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relatively poor indicator of likely fure constraints after several years. In addition, load growth
over a ten year period is likely to be substantial, and this also affects constraint equations.

To address thilROAMhas conduced AC Powerflow modelling to determine where the NTNDP
consraints may be inaccurate or insufficient. This allows further refinement of insight into
transmission congestion in 2020, on a robust baft©AM Consulting has licensed PowerWorld
Simulator as the core software package for R@werflow analysis. Thisoftware uses the
YySGig2N] RFEGEF SyOlFLladzAg FGSR Ay | WAyl LBAK20Qd ¢ KS
parameters, line connection points, substations and loads. New lines can be added to the
simulator to determine the impact they have on lirlevs.

4)  INTRODUCTION TERANSMISSIORONGESTION

The ability to transfer power from generators to loads is limited by the physical capability of the
transmission network connecting them. To maintain system security, system operators must
safeguard against #rmal overloads, transient and dynamic instability and reactive power
deficiency.

l9ah |TAYad G2 RA&ALI GOK 3ISYSNIG2NRA Ay O0AR YSNAI
prevailing demand in the most ceSt¥ F A O A °SHoiveves, lthés dispatch must beithin the

defined technical limits of the network. AEMO appl@mstraint equationdo ensure that the

RAALI GOK Ay SIFOK FAOS YAydziS RA &L} G OKetwhrk G SNIDI €
congestionresults when transmission constraints prewehe system being dispatched at least

cost.

A constraint equation is an inequality. The purpose of a constraint equation is to ensure that the
power flow on a transmission line (or lines) does not exceed the physical flow limit on that line (or
lines). Figure4.1 gives a pictorial representation of the terms in a constraint equation limiting
flows from node A to node B. A constrainbiadingwhen the power flow (the left hand side of

the inequality) equals the flow limit (théght hand side of the inequality).

1y AYUGNBRdAzOGAZY G2 | dgarketNJulf 2000Qa bl A2yl 9f SOGNROAGE
http://www.aemo.com.au/corporate/00000262.pdf
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Figure4.1 ¢ Representation of a constraint equation

The power flow is calculated from:

¢ generatordispatch

¢ powertransfers from
interconnectors

¢ regionaldemand

The flow limit is a physical limitto
the power flow on a transmission
line (or lines) between two nodes

A constraintequationisan inequality ofthe form Power flow < Flow limit

Congestion is prevalent in the existing network. Many constraints bind frequently under normal
conditions. A costraint can be alleviated by upgradingugmenting the existing network such
that the flow limit is increased. However, for this to be justified under the NEM rules, a
Transmission Network Service PrandTNSP) must show that either:

T the cost of perfornng the upgrade is less than the benefitcalleviating the constraint
(or more specifically, the cost savings from more efficient generator dispatavoided
capital expenditurein the upgraded network must be greater than the cost of the
upgradg; or

1 the upgrade is required to maintain system reliability within the Reliability Standeard
Transmission Network Service Provider service obligations (and there are no generator or
demand side management alternatives).

5) TRANSMISSION CONGERTIN201011

Thee is no simple method for identifying whether the alleviation of a constraint is justified under
NEM rules. ROAM has used two surrogate measures to assess the relative importance of each
constraint. These are:

9 How often does the constraint bind?
ROAMiIng a3 GA3FGSR SIOK O2yaiGNIAyld ¢6KAOK o02dzyR A
simulations of the year 20101.

1 What is the marginal value ascribed to the constraint when it binds?
Thedispatch of generators iepach 5 minute dispatch interval is the sobn to a linear
programming (LP)problem (solved in the real market by the National Electricity Market
5AaL) 6OK 9y3IAySs GKS 2LISNIGAZ2Y 2F. The&KA OK A
objective functionin the linear programsNB Ff SO & ! 9ah @dhedost ¥t (G2 YA
dispatch based on generator bids, subject to the network limitationdgehe constraint
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equations. This objective function contaipenalty violations factorsmany times higher

than the market price capwhich come into play when there i® LP solution which
satisfies all the constraint equations. Technically speakihg, marginal value of a
constraintis the derivative of the objective function with respect to the right hand side of
the constraintequation, and may include penalty vittan factors To remove the skew

that penalty violation factors impose on the marginal value, ROAM has analysed marginal
values less than the market price cap (reflecting actual costs to the system, rather than
numerical artefacts). This definition of timearginal valuedoes not necessarily translate

to marginal system savings realised if the constraint was alleviated. Nevertheless, a high
marginal value gives an indication that the constraint is worthy of further investigation.

Figure5.1 displays the constraints which bound in at least one trading interval in -2Q1

wh! aQa
percentage of the total number of trading intervals is shown EnSt

AAYdZ FGA2yad C2NJ SIOK 27

ﬁKSéS; G§KS ydzy
tSTOG FEAaAD® 91 OK

marginal value as a percentage of the total marginal value across all binding constraints is shown

on the right axis.

Figure5.1 ¢ Constraints binding in 2011
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M Percentage of total marginal value

Some castraints bind frequently but impose relatively low costs on the system (reflected in their
low marginal value). Others bind rarely but have a relatively high marginal value. The top five
most frequently binding and highest marginal value constraints dascribed in more detail

below.
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Q:N_NIL_OSC

This constraint prevents an oscillatory stability issue arising under conditions of high southerly
QNI interconnector power flows (from Queensland to New South Wales). It limits southerly flows
on QNIto be at mos 1078 MWif there are zero or one units online at Millmerran and limits QNI
flow to 950 MWif there are two units online.

In the 2009 National Transmission Statement (NTS), AEMO identified this constraint as the eighth

most frequently binding constrairih the 200809 yeaf. It bound in 139 hours of that year, or

Mdc: 2F GKS GAYS® Ly wh! 41Q#&is thesmosifrdqientl pirding2 F K ¢
constraint, binding in 30.8% of trading intervals. Moreover, it is the constraint with the highest
marginal value, with 22.1% of the total marginal value across all constigirtscribed to this

constraint.

Since 20089, significant new generation has come online in Queensland (including Darling
Downs, Condamine and Yarwun). It is consistent withacRQA SELISOGI GA2ya GKI G
generation will increase the number of periddswhich this constraint binds.

V_T NIL_FCSPS

This constraint relates to the Tasmanian Frequency Control Special Protection Scheme. It limits
Basslink interconnector flowso that in the event of a trip of Basslink, system frequency is
maintained within acceptable levels. It limited Basslink flows almost all of the time inG50B

wh! aQa &A Ydz 11jikig yieisecdril mesmnfrequently binding constraint, bigdin

16.1% of all periods. It is also the constraint with the second highest marginal value (11.9% of
total marginal value eross all binging constraints).

N_NIL_TE_BndN>NNIL_MBDU

These two constraints limit southerly flows on the Terranora intercotore(Queensland to New
South Wales). The bussédue lines)and network(black linespn either side of the Terranora
interconnector are shown iRigureb.2.

" AEMO 2009 NTS page. 8
8 AEMO 2009 NTS paget5
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Figure5.2 ¢ Represemation of the network around Terranora interconnector

New South Wales Queensland

Lismore Dunoon Mullumbimby Terranora Mudgeeraba

Rest of
> Qld
Rest of .
NSW T T

Directlink Terranora
HVdcline interconnector

TheN_NIL_TE_8onstraint avoids overload of the Mudgeba-Terranora 132 kV line in the event

of a trip on the other Mudgeeaba-Terranora 132 kV line. It is the third most frequently binding

consNI Ayid Ay wh! aQad &A Y-tirfahdibhdsihd8% dffradingiGervalsS It ISJ H 1 M J
ascribed with 5.5% of the total marginal value across all binding constraints.

TheN>NNIL_MBDLUWonstraint prevents overload of the MullumbiniBunoon 132 kV lina the

event of a trip of the other Mullumbimbfpunoon 132 kV line. It is the fourth most frequently
OAYRAY3I O2yaildNI Ayd A y-11lwid!biad &.2%dk teddme. (it Asshstdbed2 ¥ H
with only 1.3% of the total marginal value.

These constrais are not identified as significant in the 2009 NTS. However, southerly flows on
both QNI and Terranora are expected to increase due to the increase in low bidding Queensland
generation. Consequently, these two constraints (and the Q:N_NIL_OSC condesinibed
above) are expected to bind more frequently in 2aiDthan they did in 20089.

S>>V _NIL_SETX_SETX

This constraint limits flows from South Australia to Victoria along the Heywood interconnector. It
prevents overloading of one South East 275/132 transformer following a trip of the other.

AEMO identified this as the sixth most frequently binding constraint in 288t bound for 164

K2dzZNE Ay GKFIG @SENE 2N moy:: 2F GKS GAYSe® LG A&
simulations of 201611, binding in 4.4% of trading intervals. It is ascribed with 2.8% of the total
marginal valuecross all binding constraints

N>NNIL_LSDU

This constraint limits northerly flows on the Terranora interconnector to prevent overload of the
Lismoe-Dunoon 132 kV line on trip of the other Lismddenoon 132 kV line (refer tBigure5.2
showing the network around Terranora). AEMO identified this constraint as the third most

® AEMO 2009 NTS, pagd.8
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L
frequently binding constraint in 20089'. It boundin 199 hours, or 2.3% of the tinie that year

LY wh! aQ& aA Y-tfitbinds 2.496 of tReftimes butnitis the constraint with the third
highest marginal valuacross all binding constraints

Q>Q_SWQ

This constraint sets the notional souites Queensland (SWQ) export limit. It constrains down
generation in SWQ and imports from New South Wales along QNI. In the 2009 NTS, it is identified

by Powerlink as an emerging problEsd L i o0AyR&a 2yfé wmodmM: 2F GKS GA
201011 but itis ascribed with 7.7% of the total marginal value (the fourth highest marginal value

across all binding constraints).

Reporto: o Transmission Congestion and Renewable Generat

V>>SML NIL 1 WIND

This consaint limits Murraylink and VIBISW interconnector flows to prevent overloading the
BallaratMoorabool 220 K line in the event of a trip of the other Ballafiglioorabool 220 kV line.

LG o0AYyRa AYFTNBldsSyiadte Ay wh! aQad aiavdzlidAzya on
total marginal value, the fifth highest across all binding constraints. It igifteehby AEMO as an

emerging problem in the 2009 N'fS

Transmission congestion is prevalent in the existing network, and a normal part
operation of the National Electricity Market. Alleviation of congestion (thrq
transmission augmentation) mude justified on the basis that it reduces costs
consumersmeaning that some level of congestion is cost effective

5.1) (GOSTS OF CONSTRAIRGLO11)

For the year 20101, ROAM performed dispatch simulations with and without imggional
constraints,to assess the impact that these constraints have on the dispatch and total system
costs. Nominal import and export limits on intexgional lines were maintained.

Simulations showed that the cost saving achieved by removing theregianal constrairg is $8
million per annum.corresponding to $0.04/MWh across the NEBY contrast, e impacts of
constraints ormpool price outcomes arkarger, asshown inTable5.1. Pool prices in all regions are
increased by the effect of caeiraints due to less efficient dispatch of generatioQueensland,
South Australia and Tasmania are particularly affected due to the weaker grids in these regions.

1 AEMO 2009 NTS, pagd 8
! AEMO 2009 NTS, page6
2 AEMO 2009 NTS, page24525
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Table5.1 ¢ 201011 Pool price outcomes ($4Wh) with and without intra-regional constraints

New South Waled Queensland South Australig Tasmanig Victoria

With intra-regional constraints 33.11 26.95 32.09 30.55 | 30.68

Without intra-regional constraints 32,51 24.72 30.68 28.34 | 29.78
Effect of consaints (difference) 0.6 2.23 141 221 0.9

6) WIND DEVELOPMENSCENARIOR01920)

ROAM has developed a range of scenarios, each with a different distribution of wind farms
installed to meet the RETT he distribution of wind in each is illustrated in thgures below.

The pattern of congestion in the NEM in 2e4® will be affected by the distribution of all
generators. However, in this study the planting of new thermal and-wial renewable
generation and retirement of existing generation is consis@ross all scenarios. Differences in
congestion patterns are attributable solely to the distribution of new wind generation.

Minimal retirement of existing thermal generation has been assumed in all scenarios. The
committed retirement of Munmorah, Swéank B and Callide A has been included, with the
additional retirement of Playford B included. Further retirements may occur under the
application of a carbon price (for example) but have not been assumed in this study.

6.1) WIND1- MAXIMISINGEXPECTEGAPACTYFACTOR

In this scenario, wind farms were distributed according to the theoretical capacity factors
available, as dictated by the wind resource. Wind farms were only installed in areas where there
is access to transmission, but the possibility of traission congestion was not taken into
account. This planting schedule represents a possible future if wind farm developers seek the
best wind resources without consideration of possible transmission limitations.

The distribution of wind capacity in thegr 201920 in this scenario is illustrated Figure6.1. In

this scenario, a large quantity of widn(relativeto the local load) is installedhiSouth Australia
(almost ®00 MW). A significant quantity is also installed innTasia to take advantage of the
excellent wind resource there. Very little wind capacity is installed in Queensland and New South
Wales, since the wind resource in these areas is generally of lower quality.

q\

ROAM Constihg Pty Ltd R8 AM MAINREPOR
www.roamconsulting.com.au ECNERGYN)DELJJNG E!!E\Jﬂq Pagellof 58



Reporto: o Transmission Congestion and Renewable Generat

! CEC00004
Clean Energy Council 4 November 2010

h
Figure6.1 ¢ Wind 1 (Max Exp. CF - Installed wind capacity by regioim 201920
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The increase in wind capacity installed over time is illustrateignire6.2 (right axis) with the
corresponding impacts owind farm capacity factors (results of dispatch modelliteft axig.

Wind farms in South Australia los8% off their capacity factors in 202 (this corresponds to a
reduction in capacity factor from 35% to 22% due to transmission congestibrgnsnission
congestion exporting from South Australia appears to increase rapidly as wind capacity in South
Australia increases beyond 2000 MW.

Wind farms in Tasmania are also heavilyeadely affected, losing almose® off their capacity
factors. Minimal @wngestion is observed for wind farms in Victoria, despite the large quantity of
wind installed in this state (almost 5000 MW). Powerflow modelling (discuss&edtion12)
indicates that the NTNDP constraint equations mayhb®tdequate to sufficiently limit flows on

the Victorian 220kV network, so these results may not include the full impact on Victorian wind
farms.

¥ Wind bubble names anlbcations are summarised in Appendix B.

“ These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS),
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (30 MW, VIC) and Windy
Hill (12 MW, QLD). &bke nonscheduled wind farms are not included explicitly in the NTNDP constraint
equations, and are therefore not modelled explicitly by ROAM.

e —e—
ROAM Constihg Pty Ltd ROAM MAINREPOR
C8NSULTING

www.roamconsulting.com.au ENERGY MODELLING EXPERTISE Pagel? of 58



Reporto: o Transmission Congestion and Renewable Generat

CEC00004

Clean Energy Council 4 November 2010
I

Figure6.2 ¢ Wind 1(Max Exp. CF)Reduction in wind farm apacity factors
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6.1.1) Capacity Factor Trends

Figure 6.3 illustrates the average capacity factors achieved by wind farms in each region
(calculated as the total energy sent out by wind farms in the region (GWh), divided by the total
installed capacity in the region (MW) multiplied by 8.76). The "expected" capacity factors are also
illustrated, where these show the total energy available from wind fainma region(unaffected

by transmission congestion)The dramatic reductions inapacity factors in South Australia and
Tasmania are clearly apparent. Other trends of note include:

1 The expected capacity factor of Tasmanian wind farms increases dramatically i%2014
This is due to the installation of a single large wind farm (¥BW) with an expected
capacity factor of 42%. Due to the small installed capacity prior to this date, this single
wind farm has a strong impact on the average of Tasmanian wind farms.

1 The expected capacity factor of Queensland wind farms increases drattyainc201617.

This is due to the installation of a single large wind farm (130 MW) in North Queensland
with an expected capacity factor of 39%. Due to the small installed capacity prior to this
date, this single wind farm has a strong impact on therage of Queensland wind farms.

The expected capacity factor in New South Wales and Southmafiagrends upwards over time.

This is becauseewly commissioned wind farms appear to generally have higher capacity factors
than many of the older generatioaf existing wind farms which use older technologies. These
older existing wind farms in some cases achieve lower capacity factors which tends to reduce the
average regional capacity factor in the earlier years of the study. As a larger quantity of new
generation wind farms are installed, the average capacity factor gradually increases. ROAM's data
suggests that there is a large quantity of high quality wind sites available in some regions (such as
South Australia), such that expected capacity factorsest installed wind farms remain relatively
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constant over time. It is possible that some of these sites may not be available for wind farm
development, forcing wind development to lower quality resource sites. However, over time
increases in turbine effiency are expected, and may allow increased capacity factor outcomes

from lower wind speed sites to compensate for this effect.

In Victoria the capacity factor trends downwards slightly over time. Whilst it experiences the
same effects as other statgas described above), slightly lower quality sites appeared to be

available for new wind development, gradually decreasing the capacity factor over time.

Figure6.3 ¢ Wind 1(Max Exp. CRH)Wind farm capady factors
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These results suggest that wind development occurs without consideration
transmission network limitations, significant transmission congestion is likely to occ
the absence of network augmentation this will have significantidetntal impacts ol
wind farm capacity factors (and therefore reventies

This highlights the high importance of a good understanding of the transmission ne
and its limitations by wind farm developers.

'*Impacts on wind farm revenues are discussed further later in this report (S&tion
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6.2) WIND2- MINIMISING CONGESTION

In this secondscenario, wind farms were distributed to minimise transmission congestidris

was optimised through an iterative process ushadf hourlydispatch modelling witlthe NTNDP
constraint equations The resulting distribution of wind capacity in the ye201920 in this
scenario is illustrated iRigure6.4. The quantity of wind installed in South Austraianuch lower
than in the Wind 1 scenarjownith a large quantity of additional wind capacity installed in New
South Wales.Very little wind cpacity is installed in Tasmania, since Tasmanian wind farms were
found to become congested even at very low levels of wind capacity.

Figure6.4 ¢ Wind 2 (Min congesy™ - Installed wind capcity by regionin 201920

6,000
HQLDSWQ

QLDSEQ
mQaLbNQ

u

5,000 atbea
B TAS NET
B NSW WEN
B NSW SEN

NSW OtherNSW
= NSW NEN
| NSW MUN
B NSW MRN
B NSWHUN
B NSWFWN
W SACS

SAYPS
W SAWCS
B SA OtherSA

W SAMNS
- W SAFLS
m SAEPS

4,000 -

3,000 -+

2,000 -

Installed wind capacity 2019-20 (MW)

1,000 -

HVICSWV

VIC SEV
W VIC OtherVIC
mVICNWV

viC SA NSW TAS QLb mVICCS

The amount of transmission congestion experienced by wind farms in each region is illustrated in
Figure6.5 and Figure6.6. Wind farms in all regions achieve very clogelteir expected capacity
factors (cespite very large quantities of wind installed New South Wak and Victoria in
particular).

®*Wind bubble names and locations are summarised in Appendix B.

Y These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS),
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (30 MW, WiGgnd

Hill (12 MW, QLD). These necheduled wind farms are not included explicitly in the NTNDP constraint
equations, and are therefore not modelled explicitly by ROAM.
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Figure6.5 ¢ Wind 2(Min Conges}- Reduction in wind farm capacity factors
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Figure 6.6 further illustrates the very minimal

each region refer tdSection6.1.1)

reduction in wind farm capacity factors due to
transmission congestionFor a discussion of the general trends in capacity factor over time in
In this scenario the average capacity factor in New South
Wales peaks in 20145 due to the installation of a large wind farm (200 MW) with a higher than

average capacity factor (35.5%). In the following year a 300 M\ faim with a lower capacity

factor (28.5%) enters, decreasing the average. Capacity factor trends in Queensland are similarly

driven by the entry of individual wind farms with varying capacity factors.
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Figure6.6 ¢ Wind 2 (Min Conges)- Wind farm capacity factors
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In contrast withthe first scenario (Wind 1 Maximising Expected Capacity Fagtdahis second
scenario has a much lower "expected" NEM average capacity factong ifunaffected by
congestion) of 30.1% (compared with 342in the first scenario) Lower quality wind resource

sites have been selected (to minimise transmission congestion), giving a lower expected capacity
However, due to the very limited transmission congestionentesl in this second

factor.

scenario the achieved capacity factfr29.7% is higher than the 2P4NEM average achieved in

the first scenario.

achieved®.

This study suggests it is possible to arrange a sufficient quantity of wind farms tc
the 20% Renewable Energy detr by 2020 with minimal transmission congesti
Significant transmission augmentation is unlikely toelssential to meet the 20% targ
but it mayreduce the cost to consumers (this is explored furtheBétctionll).

Rerewablegenerationpenetration beyond 20% has not been analysed under this s
and may require additional significant transmission augmentationorder to be

'®|n addition, this study has assumed the quantities of wind installed in each zdicated inFigure6.4. It

is possible that this quantity of wind cannot be installed in these zones due to limitations on land

availability, dispute with the local public, or other limitations that were not taken into accoutisrstudy.
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6.3) WIND3- MODERATEONGESTION

In this €enario, wind farms were distributed t@llow some transmission congestioallowing an
increase in the achieved capacity factohis means that some development will occur in areas
with the highest quality wind resource, but wind developmaitgo occurs aless favourable wind
resourcedo prevent transmission congestion becomiagsignificant problem.

The distribution of wind capacity installed in 2620 in this scenario is illustrated Figure6.7. A
moderate quantity of wind is installed in South Australia andniania (relative to the local
loads), to take advantage of the favourable wind resources in these atdawever, unlike the
first scenario (Wind 1 Maximising Expected Capacity Fagtoo preventtransmission congestion
from becoming significantly prdématic large quantities of wind are alsimstalled in Victoria,
New South Wales and Queensland in the highest quality wind resource sites available.

Figure6.7 ¢ Wind 3 (Mod Congest? - Installed wind capaity by regionin 2019207
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Figure 6.8 shows the transmission congestion impacts on wind farms in this scen&with
moderate quantities of wind installed in South Australia and Tasmania, significant transmission
congestions experienced in these regions. By 2@09 2700 MW of wind capacity is installed in
South Australia, causing a reduction in South Australian wind capacity factors of 3.0%.

Wind bubble names and locations are summarised in Appendix B.

? These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS),
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (8CCV&vid Windy

Hill (12 MW, QLD). These necheduled wind farms are not included explicitly in the NTNDP constraint
equations, and are therefore not modelled explicitly by ROAM.
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Figure6.8 ¢ Wind 3(Mod Congest- Reduction in wind farm capacity factors
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Expected and achieved capacity factors in each region in this scenario are illustrbigdra®.9.

By 201920 the capacity factors achieved by wind farms in each region are siilar, with
transmission congestion decreasing the capacity factors achieved in South Australia and
Tasmania. Victorian capacity factors have also been reduced through a small amount of
transmission congestion to the level of Queensland and New Soulks\Wénd farms.
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Figure6.9 ¢ Wind 3(Mod Congest- Wind farm capacity factors
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In this scenario the NEM average "expected" capacity factor of 32.8% (not affected by
transmission congestion) is reducea 30.9% by transmission congestion. This is higher than the
NEM average capacity factor achieved in either Scenarigdximising Expected Capacity Factor
(27.1%), or Scenario 2Minimising Congestio29.®4). This allows a smaller quantity of wind
capacity to be installed to meet the RET, decreasing the cost of meeting tié RET

A moderate approach that accepts some transmission congestion whilst respon
the limitations of the transmission network is likely to produce the highest wind cay
factors, and therefore minimise the amount of installed wind capacity required to
the Renewable Energy Target requirement of 41,000 GWh by 2020.

6.4) WIND4- MAXIMISEDWWIND FARMREVENUE

In thisfourth scenario, wind farms were distributed to maximise @viarm revenues. Since wind
farms tend to bid at a low value (due to low short run marginal costs), significant wind
penetration in a region tends to lower the pool price. Regions with smaller loads (such as
Tasmania and South Australia) are more vulbkrdo the effect. This drives wind development in
areas with less favourable capacity factors, but more robust pool prices.

The distribution of wind capacity installed in 2020 in this scenario is illustrated Figure6.10.
The distribution of wind farms by regionganilar to that in the Wind 2Minimising congestion

L This is discussed further in Sectipn
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scenario, but is different within regions. Wind farm developers seeking higher revenues install
capacity primarily in New South Wales to take advantag@ethigher pool price. In addition, due

to the high regional demand anetlatively betterinterconnected transmission network in New
South Wales the pool price remains relatively robust as the quantity of wind installed increases
(unlike South Australia whe it falls rapidly). Within regions, the location of wind farms is driven
by the wind resource, with wind farms seeking to maximise capacity factors (to maximise
revenue). By contrast, in the Wind Minimising congestionscenario wind farm placement
within a region continued to be driven by the goal of minimising congestion, which caused a
different placement of wind farms within regions.

Figure6.10 ¢ Wind 4(Max Revenuéy - Installed wind capacity byegionin 2019207
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The transmission congestion experienced by wind farms in this fourth scenario is illustrated in
Figure6.11 and Figure6.12. Very little congestion is observed in any regidRevaue outcomes
are outlined further inSection9).

2\Wind bubble names and locations are summarised in Appendix B.

* These capacities include existing wind farms, with the exception of Woolnorth (136 MW, TAS),
Codrington (18 MW, VIC), Toora (21 MW, VIC), Wonthaggi (12 MW, VIC), Yambuk (30 MW, VIC) and Windy
Hill (12 MW, QLD). These nesoheduled wind farms are not included explicitly in the NTNDP constraint
equations, and are therefore not modelled explicitly by ROAM.
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Figure6.11 ¢ Wind 4(Max Revenue) Reduction in wind farm capacity factors
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This modelling suggests thd@twind farm developers seek to maximise revenui®s
existing marketis likelyto drive wind development in locations where transnnisg
congestion wi be minimal.

7) IMPACT OF CONGEST@MWWIND FARM CAPAEIFACTORS

The "expected" (unaffected by transmission congestion) capacity factors and achieved capacity
factors for each scenario are illustratedrigure7.1. The folloving features are apparent:

1 Whilst Scenario 1(Maximising Expected Capacity Facttigs the highest expected
capacity factor, very significant transmission congestion causes the achieved capacity
factor in this scenario to be far below that achieved in thiher scenarios. This
necessitates the installation of a larger capacity of wind to meet thé*RET

I Scenario AMinimising congestion3hows very low levels of congestion, illustrating that
careful wind farm placement can reduce transmission congestionely low levels.
However, this scenario has a very low expected capacity factor due to the placement of
wind farms in less favourable wind resource locations. This produces a relatively low
achieved capacity factor, increasing the capacity of wind thastnbe installed to meet
the RET (increasing capital expenditure timatst ultimately be paid for by consumers).

1 Scenarios 3(Moderate Congestionand Scenario 4Maximising Revenuedre more
moderate scenarios where some congestion is observed, but vaimd placement is also
driven by the local wind resource. These two scenarios show the highest achieved
capacity factorswhich means that less wind capacity is required to meet the RET
requirement of 41,000 GWh in 2020.

?* Transmission augmentation is addressed in Sectijn
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Figure7.1 ¢ Wind capacity factors (scenario comparison)
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Through the iterative search procesdaage number of scenarios were modelled (in addition to

the four described in this report) with various distributions of wind. The achieagdcity factor
outcomes for wind farms in each region are illustratedFigure 7.2. It is clear that whilst
Tasmania and South Australia have the highest achieved capacity factors with very low levels of
wind installed, the impcts of transmission congestion rapidly become problematic, reducing
achieved capacity factors below those available in other regions. Capacity factors in Queensland
and New South Wales are far more robust, the larger demand of those regions ancetaiely

higher interconnecedness(particulaty New South Wals) being able to accommodate larger
capacities of installed wind without significant transmission congestion.

q\

ROAM Constihg Pty Ltd ROAM MAINREPOR
NSU

www.roamconsulting.com.au ENERGY MODELLING EXPERTISE Page?4 of 58



Reporto: o Transmission Congestion and Renewable Generat
h CEC00004
Clean Energy Council 4 November 2010
I
e
Figure7.2 ¢ Impact of congestion o wind farm capacity factors (20120)
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Achieved capacity factors of wind farms in Tasmania and South Australia decrease
as the capacity of installed wind in those regions increases. By contrast, capacity
of wind farms in Queensland,eM South Wales and Victoria are relatively robusthe

8)

CONSTRAINTISI 201920

Table8.1 lists the top five most frequently binding constraints in 2&I®for each of the four

scenarios. Each constay (i Q a

N} y{Ay3

66 A0K

M

0SAy3

GKS YvYzal

included for comparison across scenarios. A description of each constraint follows.
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Table8.1 ¢ Binding constraints in 20120

Percentage of time binding

Ranking

Corstraint name

Wind1 | Wind 2 | Wind 3 | Wind 4 || Wind 1 | Wind 2 | Wind 3 | Wind 4

Q:N_NIL_OSC 15.0% | 18.3% | 25.5% | 21.6% 5

V_T_NIL_FCSPS 1.5% 16.7% | 2.0% 11.6% 2 19 3
N>>N_MRN_132_WINI 8.9% 11.6% | 8.8% 11.7% 9 3 5 2
Q:N_NILN4 8.1% 8.6% 11.9% | 9.7% 10 4 4 4
N>NNIL_LSDU 6.9% 7.3% 5.6% 6.9% 5 9 5
V>>V_NIL1A R 17.5% | 1.1% 13.5% | 1.6% 2 19
S>>S NIL_74 WIND_| 28.5% | 1.3% | 13.3% | 3.4% 3 10
N>>N_SEN_132 WINL 20.9% | 0.0% | 0.0% | 0.0% 2 - - -
S>V_NIL_NIL_RBNW | 16.2% | 2.0% | 8.0% | 4.1% 4 16 7 8

The Q:N_NIL_OS@nd Q:N_NIL_N4constraints f A Y A {
simulations,Q:N_NIL_OSI€ the most significant binding constraint in 2010 (refer to Sectio®)

and in the Wind 2, Wind 8nd Wind 4 scenarios in 2028. These three scenarios have around
1700 MW of wind installed in Queensland, compared to only 430 MW in Queensland in the Wind

a2dz0 KSNI & TFft20a

1 scenario. The capacity of wind installed in each region, in each scenario is sheigure8.1

for reference. TheQ:N_NIL_N4#onstraint also limits flows more heavily in the Wind 2, Wind 3

and Wind 4 cases, but it is less sensitive to the capacity of wind in Queenslar@:taNIL_OSC
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Figure8.1 ¢ Installed capacities of wind by region and scenario
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The V_T_NIL_FCSES8nstraint limits southerly Basslink flows and is a significant constraint in
201011 (refer toSection5). This constrains laily in the Wind 2 and Wind 4 cases, where there

is relatively little wind development in Tasmania. In the Wind 1 and Wind 3 scenarios, there is
over 1000 MW of new wind installed in Tasmania and this coms$toénds in far fewer periods.

The N>NNIL_LBU constraint limits northerly flows on the Terranora interconnector. It
constraints roughly the same amount of time in all cases, but is relatively more important in
scenario Wind 2 and Wind 4, when there is a large amount of wind installed in New Saleth W

The V>>V_NIL1A Ronstraint decreasesVictorian exports along Murraylink and the \ZNSW
interconnector, and constrairgenerationon in northern Victoria. This avoids thermal overload of
the South Morang to Dederang 330 kV line in the event oifpedtirthe parallel lineThis constraint
binds heavily in the Wind 1 and Wind 3 cases where there is relatively little wind generation in
New South Wales and significant amosiimt Victoriaand South Australiags it limitsthe exportof

low costwind powe from Victoriainto New SouthNales.

The S>>S NIL_74 WIND &hd S>V_NIL_NIL_RBNW denstraints limit easterly flows on
Murraylink. They constrains very heavily in the Wind 1 case with very significant amounts of wind
in South Australia. They also binditgufrequently in the Wind 3 case, which has the next highest
level of installed South Australian wind. The number of binding periods drops off dramatically
between the Wind 3 case (with 2644 MW in SA) and the Wind 4 case (with 2124 MW in SA),
indicating hat a threshold on South Australian exports exists between these two levels of
installation.

q\

ROAM Constihg Pty Ltd ROAM MAINREPOR

ULTING

www.roamconsulting.com.au ENERGY MODELLING EXPERTISE Page?7 of 58



Reporto: o Transmission Congestion and Renewable Generat

] CEC00004
Clean Energy Council 4 November 2010
I
|

The N>>N_SEN_132 WINfnstraint limits the export of wind from the SEN 132 bubble to
180 MW. In the Wind 1 case, there is 332 MW installed in the SEN 132 bréfldeting its good
capacity factor) and consequently this constraint binds regularly. In all other cases, there is less
than 180 MW of wind installed in this bubkded the constraint never binds.

The N>>N_MRN_132 WINE&bnstraint limits the export of with generation from the MRN 132
wind bubble. In scenarios Wind 1 and Wind 3, where there is little wind installedsitabible, it
rarely constrains.

9) IMPACT OF WIND CAPARZION POOL PRICE®AREVENUES

9.1) WIND FARM COSTS

These observed impacts of congestimmwind farm capacity factors are likely to be significantly
detrimental to wind farm revenues. Although wind farms haeey lowshortrun (operational)

costs, they have significant capital costs which must be successfully covered by wind farm
revenues o ensure a profitable project. Reduction in the capacity factor means that this
significant upfront cost must be earned back over a smaller amount of energy, necessitating
higher revenue per MWh (either from sales of wholesale electricity into the podtom sales of
Renewable Energy Certificates). This is illustrated by the long run marginal cost chigerin

9.1. This chart indicates that a reduction in capacity factor from 35% to 22% (as observed for the
South Austraiin wind farms in this scenario) correspondstoincrease in requiretevenuefrom
$113/MWh to $176/MWh in order to cover long run costs.

Figure9.1 ¢ Wind technology longrun marginal cost curve
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9.2) IMPACTS OF WIND CAPACDN POOL PRICES

A factor that compounds the impacts on wind farm revenues is that a large installed wind capacity
in a region tends to depress the regional pool price. Wind farms have very low variable costs, and
are therefore expectd to bid a very low price into the market (to maximise their dispatch). They
may even bid as low as negative tREC pricesince they will increase renae by dispatch at that

level.

Clean Energy Council

.

In addition, wind power is considered to contribute a very low amafntapacity for reliability

(in AEMO's reliability analysis). The contribution varies by region, but currently ranges from 0% to
8% of wind farm capacity. Modelling suggests that the actual contribution of wind farms to
reliability is likely to be highahan this (some studies suggest that the contribution is close to the
achieved capacity factor of the wind fafinand ROAM's modelling indicates that for some wind
farms it may be even high®). This suggests that an excess of capacity will be insialledier

to meet excessive reliability requirements, which is likely to depress the pool price.

These factors mean that a large quantity of wind installed in a region will put downwards pressure
on the pool price, and hence on wind farm revenues. Thd pooe outcomes modelled for the
Wind 1 Maximising Expected Capacity Fag&menarioare illustrated inFigure9.2. The following
trends are apparent:

9 Pool prices in all regions increase dramatically in 2DA.3n response tdhe entry of a
carbon price 6% by 2020 trajectory).

1 Prices in New South Wales and Queensland continue to grow as the carbon price
increases, due to the relatively small quantity of wind installed in these regions in this
scenario

9 Prices in Victoria, Tamnia and South Australia decrease over time from 2043n
response to the large quantity of wind installed in these regions. By-2019rices in
South Australia are exceptionally low compared with New South Wales.

By contrast, the pool prices calatéd for Scenario 4Maximising Revengeare illustrated in
Figure9.3. In this case, due to the more distributed nature of the wind developiantes are
maintained at relatively high levels in all regions, despite the laugatify of wind installed.

% valuhg the Capacity of Intermittent Generation in the Sowmtast Interconnected System of Western
Australia, Report to the Independent Market Operator Western Australia by MclLennan Magasanic
Associates, 29 January 201ttp://www.imowa.com.au/f139,628386/04. WP_2_Initial_Report.pdf

* ROAM's modelling suggests that in some particular cases the generation of wind farms can act to alleviate
constraints, increasing their contribution &ystem reliability.
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Figure9.2 ¢ Wind 1(Max Exp CR)Pool prices
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Figure9.3 ¢ Wind 4(Max Revenue) Pool prices

As described previously, large number of scenarios were modelled (in addition to the four
described in this report) with various distributions of wind. The price outcomes in-2010
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