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The key question for design of region boundaries is how much of the cost
differences that may occur will be reflected explicitly in the wholesale energy
price. The NEM is a regional wholesale market that currently posts a separate
price for each region in each half hour. The boundaries of the NEM regions
currently correspond to jurisdictional boundaries (with the exception of the Snowy
Region and that the ACT which is wholly within the NSW Region). At the launch
of the NEM these also corresponded well with major points of network congestion
and indeed in the main still do.

A consequence of the regional design of the NEM is that only “inter-regional”
network congestion is explicitly priced. As a result the effect of “intra-regional”
regional congestion is not reflected in the price and hence the spot market does not
contribute directly to commercial incentives for generators and loads to relieve the
congestion. To date there is no evidence of manifestly poor decisions as a result,
although some pricing outcomes have been perverse in the short term. In the
longer term, however, poor pricing of congestion is likely to reduce the certainty
that investors can have in the integrity of the NEM pricing and contribute to ill-
timed or inappropriately located investments. Consequently it is important that
the region boundaries do not undermine the basic rational for creating them, that is
to create incentives for production and investment activity in more efficient
locations.

The NEM design envisages dynamic review and potentially annual change to the
boundaries as the network evolves. But a moratorium on NEM boundary changes
remains in place, pending the outcome of the MCE’s review of the overall
regulatory framework for transmission, including revised processes and criteria
for regional boundaries, reported here. The MCE has noted that the current criteria
for regional boundaries are too rigid, and fail sufficiently to address economic and
commercial considerations. Revised criteria will allow the boundaries of the
pricing regions to remain aligned with the location of network congestion.

In the early stages of the review we assessed a number of options with different
levels of “granularity” or fineness of pricing, ranging from a separate price for
each transmission point through to broadly defined regions. In the first instance
we conducted a broad empirical analysis of likely intra-regional congestion in the
NEM and found that:

o A change to the design of the NEM to more finely price congestion as a
matter of course is not warranted at this time; and

o Current arrangements would see regular changes that would result in
insufficient economic benefits, but would:

. Cause commercial dislocation to market participants; and

. Impact on the jurisdictions’ existing retail market arrangements.
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This conclusion is highly dependant on the regulatory framework for network
investment and is consistent with the majority of network investment across the
NEM to date being to meet reliability criteria within the framework.

For each of the options we also assessed how they would function in practice as
part of a coordinated spot market and risk management package. This is
important because market participants would be expected to seek risk
management instruments and these can have a crucial impact on their behaviour in
the market.

Where granular pricing is used in international markets, risk management is
generally provided by financial transmission rights (FTRs). A major question
with granular arrangements is the ownership of FTRs over time, as incumbents
generally seek a degree of protection from changes to the network. This also
applies to aggregated pricing regimes where the boundaries may change regularly.
The initial and on-going allocation of FTRs is thus a major factor in the
functioning of a pricing regime with granular prices. Alternatively FTRs may be
auctioned, but this raises a range of questions about market power and level of
risk management that can be achieved in practice.

Where the pricing and risk management regime is the dominant incentive for
development of the network these can be important drivers for economic
efficiency and should be resolved. In the NEM, however, the regulatory regime is
central to network investment and overall efficiency, competition and reliability
are the key factors. It is also notable that the regulatory arrangements are being
reviewed in parallel with this review.

On the basis of the analysis that showed limited benefit in adopting granular
pricing and the operation of the regulatory arrangements for network investment,
we have concluded as follows. On balance a regime that closely integrates the
regulatory and competitive arrangements in the NEM, with an evolutionary
regional boundary framework in conjunction with selective contracting and
pricing incentives (to manage network congestion and enhance market efficiency
as and when it occurs), will best suit the NEM at this stage of its development.
This would see:

o A Dbroadening of the criteria for changing boundaries. It would involve
longer periods between reviews of boundaries and substantial notice period
of change to minimise the dislocation to market trading activities;

o Criteria to amend boundaries should be forward looking (rather than
backward looking as they are at present); and

o Selective introduction of contracting and pricing of network congestion
within and between the resultant regions where there are economic benefits
that would otherwise be lost, and in particular, to create contract incentives
for more efficient responses by market participants in particular cases, for
example where network capability is dependant on particular generation or
ancillary service configurations.
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Contract arrangements already operate in a limited form in the NEM, for
example network support contracts. A broader arrangement integrated with
the spot market would be new to the NEM and need to be crafted to suit the
unique characteristics of it. Any arrangement for pricing of congestion has the
potential to create commercial risk for market participants and will be of vital
interest to them.

The objective of a contracting and pricing arrangement in this context is to
supplement the pricing of congestion provided by the region boundaries and to
create additional incentives for economically beneficial behaviour. We also
note the potential for such a regime to be employed to manage what may be
regarded as inappropriate bidding behaviour when congestion is present. This
would clearly be contentious. Accordingly, we recommend an in-principle
decision to adopt a selective congestion management regime, be taken now.
But that as the remainder of the recommendations in this report can be
implemented without such a regime, the process for detailed implementation
can be developed in a cautious and evolutionary manner with a high level of
involvement of market participants in the detailed design. Detail of a
Constraint Support Pricing and Contracting regime for this purpose is
described in the report. The regime could be selectively trialled and initial
contracts, by design, be commercially benign.

The role of the region boundary and commercial congestion management proposal
within an integrated regulatory and investment regime for the NEM would then
involve:

o Generation and large scale demand side investment in the competitive
market (which may create or relieve congestion). A key information
threshold point here is acceptance as a committed project under the
Statement of Opportunities issued by NEMMCO;

o Network investment under the regulatory regime or announcements of
planned augmentation within the Annual National Transmission Statement
(ANTS). In the same way as the regulatory requires that the potential for
generation and demand side investments be considered, the test should also
take into account the potential for economic benefits from contracting that
alters behaviours in ways that increase efficiency of network utilisation.
This would be consistent

with the intent of the framework to facilitate an efficient network as the
contracting would be the means to create incentives for efficient behaviour;

o Implicit absorption within the energy market of the costs of minor levels of
congestion;
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o Explicit contracting and pricing where congestion passes an impact
threshold, contractual arrangements or CSPs/CSCs would be put in place;
and

o Region boundary change for sustained and material congestion in
accordance with the principles presented by this review.

Within the overall regulatory framework a region boundary change would occur
late in the cycle of regulatory and competitive mechanisms deployed to manage
new points of congestion, as investment in both competitive and regulated assets
would occur earlier.

Maximum opportunity should be allowed for responses from the competitive
sector at all stages. The current arrangements already include this principle, as the
Code requires that generation and demand side alternatives to network investment
should be considered as part of the regulatory test. In the same way, the
opportunity to employ specific energy market contract arrangements should be
added to this list to ensure that the existing network is being utilised to the full. In
order to facilitate the processes for regulatory approvals for contracting, network
investment and ultimately region boundary change should be as transparent as
possible. The following figure illustrates the resultant role of congestion pricing
and region boundaries in the overall investment framework.

Generic Constraint Management Process for Intra-Regional Constraints

Effect of constraint is not Constraint is significant but not Constraint is significant and
significant persistent persistent

Ignore the constraint “Fx’ the constraint

Intra regional

constraint ! ; pricing region

appears

No intra regional constraint
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Separately, there is disagreement in the market about the form in which the
National Electricity Market Management Company (NEMMCO) should represent
the physical characteristics of the power system in order to manage congestion
within the dispatch process, and thus maintain system security. Debate about the
form of representation of the physical characteristics has at times been linked to
the form of pricing. In our view, a consistent and direct physical representation,
as recommended here, allows decisions about the physical representation to be
substantially decoupled from the design of pricing. This point is discussed in
detail in the supporting papers. The disagreement about the form focuses on the
purpose of the dispatch representation as to whether it should:

o Lead to disincentives for certain types of bidding behaviour deemed to be
detrimental to the longer term efficiency of the NEM; or

o Ensure consistency with economic (least-cost) objectives for dispatch in the
short term, and rely on other processes to manage any adverse effects of
bidding behaviour that might impact longer-term efficiency.

Under a temporary derogation to the market rules, the dispatch representation
currently achieves the first of these objectives using a mechanism to limit
interconnector flows under certain conditions. But as a result, also reduces short-
term efficiency when adverse bidding behaviour is not present. NEMMCO has
argued that this approach unnecessarily complicates management of the power
system, and is ultimately inefficient. We concur, but note that this is not accepted
by all parties. We also note that future development of the network is likely to
lead to more occasions when this approach will reduce efficiency of dispatch,
especially as more and larger loops are created in the network due to normal
expansion.

We consider that within the objectives for dispatch in the Code as it stands, it
would be difficult for NEMMCO to reach a conclusion other than the one it has.
That is, to adopt a form of constraint representation that most directly represents
the physical characteristics of the network — a Direct Physical Representation. For
a single dispatch calculation, within the physical network and for a given set of
prices there can be only one optimum economic answer. A direct physical
representation of the network is the only representation capable of consistently
delivering economically optimal results within the current framework.

This underpins design of all of the spot market dispatch processes including for
ancillary services, network losses and the principle of energy only payments
within the NEM. It is also consistent with market design principles in the Code
that call for NEMMCO decision making to be minimised. It is based on well-
established design principles for real time marginal cost markets. We also note
that whereas existing market rules are designed to create incentives for efficient
behaviour, for example through the form and timing of bids/offers, in all cases
they retain the current basic economic objective of the dispatch process.
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A change would thus have wider implications than the impact of dispatch
outcomes during times of congestion on certain network elements.

There is, however, clearly scope to amend the current framework or the detailed
rules if they are not delivering efficient outcomes in the longer-term as this should
be a key market objective. Any changes should, however, be assessed broadly as
to whether a general change to the overall dispatch process (which includes the
form of network constraints, bidding procedures and the dispatch algorithm) that
reduces its efficiency is the optimum response to a concern about inappropriate
bidding. Continuation of the current derogation to limit flows on inter-connectors
is practicable in the short term, but as noted, likely to become very difficult and ad
hoc in the presence of network loops in the future. The impact of alternative
forms of network representation may be effective in some cases, but unpredictable
in general, and this also would be less effective in the presence additional network
loops.

The opportunity for inappropriate bidding that is the cause of concern arises
because of approximations and inconsistencies in the current regional structure.
Changes to the form of constraints and the structure of regions will likely change
the current position. But in general, network congestion will open up
opportunities for different bidding behaviour regardless of the market design
because congestion reduces the number of competitors able to exert market
discipline in the congested area.

Contracts that influence the incentives on bidding are an important part of the
NEM and offer an alternative response to this concern. Contracts for network
support and contracts for differences are common instruments that influence
participant behaviours in the market. These are generally entered into freely.
Other contracts, for example some of the Financial Transmission Rights under
forms of pricing considered as part of our assessment of region boundary criteria,
would unavoidably need to be allocated. This is because the contracts would not
be in the commercial interests of all participants but need to be allocated to leave
incumbents indifferent. Where it has had the authority, the ACCC has in the past
imposed restrictions on contracting by certain parties, for example by excluding
them from acquiring units in the settlement residue auctions run by NEMMCO,
but it has only limited ability in this respect. Allocated or negotiated contracts
therefore offer a market oriented means to influence bidding patterns and take the
place of limitations on market dispatch. This would, however, be a major
regulatory development for the NEM and would likely require considerable time
to finalise. They would, however, deal with very similar issues to those that
would arise if any form of allocated contracts were to be considered.

On balance we therefore recommend that:
o NEMMCO should adopt a form of representation that is a Direct Physical

Representation (Option 4 in the terms of previous consultation undertaken
by NEMMCO). The Code should be amended to confirm this;
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Concerns about bidding should be referred to relevant competition
authorities (we note that his would occur as part of the process to change the
Code in any event);

Where appropriate, NEMMCO should, in the short term, be instructed to
place limits on dispatch outcomes in a similar fashion to the current
derogation. It should be recognised, however, that it is likely to be
increasingly difficult to avoid unintended loss of efficiency if network loops
grow in size and number (this would also be the case for alternative forms of
network representations);

The potential for contracting, proposed as part of the region boundary
criteria be assessed as a longer term and more general instrument to
influence bidding in place of general limitations on market dispatch; and

No change should be made to existing dispatch objective to optimise each
dispatch run on the basis of the prices presented at the time.

As part of the enhanced package to manage the effects of network congestion, we
have developed criteria for region boundaries that are based on a pragmatic
implementation of a cost-benefit assessment of the affect of change, in terms of
improved efficiency, and the economic and commercial implications of frequent
boundary changes. The major features of the recommendations provide for:

Improved information for potential investors focusing on the likely
evolution of congestion and possible network augmentations;

Measures to ensure greater consistency between the application of the
regulatory test for network investment and NEM boundary reviews;

A five yearly review cycle for primary region boundaries wherein changes
to boundaries by realignment or creation of a new boundary will occur if:

. Net improvements in the efficiency of dispatch are likely to be in
excess of $1 million per annum; or

. Improvements in the locational price in conjunction with a minimum
size of any new region to ensure economic value exceeds a specified
threshold; and

An in-principle decision to selectively manage intra-regional congestion in
the NEM with the objective of increased operational efficiency; and

Requests to market authorities to develop a program for implementation of a
congestion management contracting and pricing regime using the proposal
for Constraint Support Pricing and Contracting presented as part of this
report as the starting point.
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Our terms of reference require us to identify mechanisms available to the
jurisdictions to manage boundary change impacts on existing retail market
arrangements. The jurisdictions have adopted significantly different approaches
in this respect, and it is likely that existing tariff equalisation mechanisms would
need to be amended in all States to maintain existing tariff equalisation policies.

Alternatively, a single average price for all loads within a jurisdiction could be
declared, regardless of the level of network congestion. This would remove the
need for adjustments between retailers as part of the management of retail
customer prices and be most valuable for jurisdictions that employ averaging in
other charges within the NEM, for example for transmission.

If at the same time, under the criteria for region boundaries, levels of network
congestion in those jurisdictions resulted in different prices being set for
generators, then some form of FTR regime would most likely be required.
Arrangements would need to be established to evolve the FTRs as further network
development and congestion patterns emerged, in the same manner as for granular
pricing arrangements. This would, however, only be necessary following region
boundary reviews or major changes in the network.

Averaging of load prices would however tend to flatten the wholesale price for
loads on occasions when intra-regional congestion occurred, raising low prices
and dampening high prices. This will incrementally reduce incentives for loads to
contract, especially for peak generators and demand side resources and hence have
a flow-on effect on investment.
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INTRODUCTION

The price, reliability and quality of supply of electricity to consumers are the net
result of the arrangements that govern the generation, transmission, distribution
and retailing functions in the supply chain. In the Australian National Electricity
Market (NEM), as in many other electricity systems around the world, the
different functions operate under a broad framework that is a mix of competitive
and regulated regimes. The structure of the framework and the elements in it are a
product of local economic, technical and political characteristics of the industry
and strategic design choices made in the development of governance instruments,
such as the market rules and network investment principles.

The NEM has operated relatively smoothly over the five years since it was
launched, both from the perspective of its day-to-day functioning and in terms of
the nature and location of what has been significant investment in different parts
of the network. However, the criteria for setting and reviewing the boundaries for
pricing of energy within the wholesale market, and the implications of that choice
on the management of power system security in the NEM, have been found to be
wanting in practice.

Accordingly the Ministerial Council on Energy (MCE) has commissioned a
review by Charles River Associates (CRA), in conjunction with Network
Economics Consulting Group (NECG) and Copower to assess those arrangements
and recommend appropriate amendments. This report summarises the results of

that review and is supported by more detailed papers released in conjunction with
this report as follows:

o Modelling Report

o Theoretical Framework

o Constraint Representation in the NEM

o Constraint Orientation: Principles and Pricing Implications

. Dealing with NEM Interconnector Congestion: A Conceptual Framework
o NEM Interconnector Congestion: Dealing with Interconnector Interactions

Appendix B to provides a summary and describes the role of each paper
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3. BACKGROUND AND TERMS OF REFERENCE

3.1. PURPOSE OF THIS STUDY

In its December 2003 report to the Council of Australian Governments (COAG),
the MCE recommended that a new process should be developed for assessing
wholesale market regional boundaries, and that an independent economic study
should be commissioned to develop the criteria and process for boundary
changes.!

The MCE considered that the current criteria for regional boundaries are too rigid,
and fail sufficiently to address economic and commercial considerations. The
Terms of Reference for the study were to:

Review and develop proposed regional boundary criteria and means of managing
network congestion consistent with the policy set by the MCE;

Develop options on a mechanism for changing wholesale regional boundaries or
other means of transparently and consistently managing network congestion in
the NEM;

Recommend a revised mechanism for wholesale regional boundaries and criteria,
having regard to policy objectives; and

Provide a basis to enable the Australian Energy Market Commission (AEMC) to
implement a revised mechanism for wholesale regional boundary changes.

In addition, it was agreed that the study should identify mechanisms available to
jurisdictions to manage any impacts the recommendations may impose on existing
retail market arrangements. A number of potentially competing policy objectives
are highlighted in the terms of reference, viz:

e Managing retail price outcomes;

e Ensuring efficient dispatch of generation;

e Ensuring the maintenance of a secure and reliable power system;

e Transparent and consistent application of the process across the NEM;
e Efficient and predictable basis for investment;

e Mitigating the scope for an exercise of market power:

e Financial market liquidity and risk management; and

1 Ministerial Council on Energy Report to Council of Australian Governments on Reform of Energy Markets —
11 December 2003.
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e Efficient usage of the transmission system.

Under the current arrangements for the NEM, points on the transmission system
are aggregated into regions for the purposes of wholesale energy pricing. A single
reference price is determined for each region at a regional reference node, and the
price at each transmission point is determined by applying a loss factors to the
regional reference price. Generator sales and load purchases are then settled at the
losses-adjusted price determined for their connection point with reference to the
regional price.

The terms of reference for the review noted there are a number of potential
options for changing the wholesale structure of the NEM (and hence, how
wholesale market prices are calculated), including but not limited to:

Extension and refinement of the current regional structure of the NEM, perhaps
in combination with:

Work undertaken by the National Electricity Market Management Company
(NEMMCO), including on constraint formulation;

A previous CRA study which developed a “gatekeeper” proposal; and

A significant change in NEM market design, such as nodal pricing for
generators.

The options have different implications for the design of the NEM. Nodal pricing
involves no direct grouping and prices each point individually, but generally
involves indirect commercial aggregation through contracting mechanisms that
would be sought by market participants to manage the financial risks of trading.
A refinement to the current regional model, such as the “gatekeeper” proposal
employs the current basic regional aggregation, but partially disaggregates pricing
within the region under certain conditions.

The current arrangements for management of power system security have also, we
believe, been unnecessarily entangled with unease about commercial pricing
outcomes and at present there is also no accepted form in which network
characteristics should be represented in the calculation of dispatch. The National
Electricity Market Management Company (NEMMCOQO) has expressed concern
that this is making management of security problematic.

Accordingly we develop conclusions about:
o The appropriate level of disaggregation or “granularity” of prices that is
necessary to achieve economic objectives in a commercially robust, but

market oriented manner, within the industry framework established by the
MCE;
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o The degree to which arrangements directed at maintaining the security of
the power system affect arrangements for pricing; and

o How the competitive market arrangements for generation and demand
interact with regulated mechanisms for networks.

THE ROLE OF LOCATIONAL PRICE DIFFERENCES

4.1.

The design of criteria for energy market region boundaries is concerned with the
extent to which differences in the cost of supplying electricity to different
locations are (or should be) reflected in the wholesale energy price.

A change in the boundary of a NEM region has direct market implications on the
prices that generators are paid and customers are charged. They need not alter
underlying physical generation and consumption patterns. However, in practice
there are circumstances when a boundary change also can affect participants’
production and investment decisions and thus impact wider market efficiency
objectives.

SOURCE OF PRICE DIFFERENCES

The wholesale price of energy is only one component of the overall delivered
price of electricity at specific locations. Differences in the overall price between
locations can be due to a number of factors:

o Network Costs: Network costs are a function of distances, load density and
the level of reliability required at each location.

In the NEM, the structure of regulated network tariffs determines the degree to
which locational differences in network costs are reflected in the overall price.
At present loads and generators pay for their direct, or shallow, network costs.
However, only loads pay for the shared network.

o Losses: The impact of network losses incurred in transferring power is
currently represented through the application of location-specific loss factor
adjustments to price. No change to the basic concept for accounting for
losses is considered necessary.
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Congestion: Network congestion arises when parts of the network become
fully loaded. Given fluctuations in demand, it will in general be
economically efficient for parts of the network to be congested for periods
of time. However, persistent or severe episodes of congestion can be an
indication of the need for greater network capacity, or of appropriately
located generation or demand management capability. Whatever its origin,
network congestion affects which generation (or demand side) resources can
safely operate within the power system, and hence the order in which
resources can be dispatched and the cost of producing electricity.

The presence of congestion also may also change market operations when it:

Affords unconstrained market participants short-term market power that
enables them to alter the price in the bids and offers on which dispatch is
based. This may ultimately lead to changes in the dispatch order and
reduced dispatch efficiency, in particular in funds that are available to
support inter-regional trading;

Alters the level and location of spinning reserve and network support
requirements to cater for possible plant breakdowns on either side of the
point of congestion. Arrangements for purchase of these services have been
the source of significant price excursions and whilst some amendments to
the rules have been made to improve the situation, there is still scope for
inefficient price outcomes; and

The level of flow on the network at which congestion occurs can be raised if
generation or load at particular locations operate. This leads to increased
utilisation of the network.

Congestion is thus the primary cause of differences in wholesale prices between
different locations on the transmission network and is the focus of this review.

While region boundaries determine how congestion is reflected in pricing within
the wholesale energy market, where and when network congestion will occur
depends on the capacity of the network, the level and location of generation and
demand and the behaviour of market participants that determine the dispatch at
any time.
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The regulatory framework for transmission that has been agreed by the MCE
places the regulatory arena at the centre of the mechanism that determines
network investment in the NEM. Its primary objective is the development of an
economically efficient network constructed by for profit regulated network
providers. The level and location of generation investment, and demand, is
decided by participants in the competitive energy market, while the transmission
with which it interacts is determined by regulation. This creates risk of sub-
optimising the trade-offs between transmission and generation investment.
Region boundaries can potentially play some part in directing generation
investment, but play no role in transmission investment.

BOUNDARY OBJECTIVES

The purpose in ensuring that differences in the cost of supplying or consuming
electricity at different points in the network are reflected adequately in prices is to
create incentives for economically efficient production and investment decisions.

Region boundaries only affect whether there will be differences between prices for
different transmission connection points. The existing arrangements to set
wholesale prices each half hour will not be affected by choice of region boundary.

Because of its regional design and the structure of the regulatory arrangements,
the wholesale price of energy in the spot market of the NEM reflects network
losses and the cost of congestion between, but not within, regions.2 Hence the
spot price creates no direct incentives for participants to choose a more cost-
effective location over another for investment within a region. This also applies to
existing participants when they determine their operations. However, network
tariffs, representation of losses and the risk of triggering a region boundary change
all create locational incentives in their own right. Benefits from region boundary
change can thus be realised in three ways:

Dispatch: By removing any impediments to NEMMCOQO’s dispatch process
finding the most economically efficient result due to either:

o Deficiencies in the way the technical characteristics of the power system are
reflected in the dispatch algorithm; or

o Settlement prices paid to generators incentivising them to offer capacity for
dispatch at prices that lead to changes in the pattern of dispatch and may
lead to electricity being produced at a higher cost than necessary.

Strictly speaking, only part of the cost of congestion is represented. As noted above, elements of the cost
associated with reserve/ancillary service are not fully reflected as an energy cost.
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Either of these can result in “disorderly” market behaviour where participants
exploit what are in effect loopholes in market rules resulting a less efficient
dispatch order3. The absence of intra-regional pricing means there is no
commercial discipline on this behaviour. To date however, we understand
that the limited occasions where this has been observed has not led to material
changes in the dispatch order, but may eventually lead to uncertainty about
contracting levels and reduced liquidity of contracting, in turn leading to lower
levels of contracting, and increased price volatility.

Short-term decisions: Improvements in the price signal at different transmission
points can encourage generators and loads to take or consume more or less
electricity. In practice, it is likely that generators will be more responsive to
changes in wholesale price signals and, thus, the focus of the current review will
be on the behaviour of generators.

In contrast, for there to be an impact on loads, variations in wholesale prices must
be passed through to consumers via tariffs, and any changes in price due to a
region boundary must make a material difference in their consumption patterns
(not just in the price paid). Partly because the price changes will have a muted
impact on consumers, their demand is not particularly responsive to changes in
wholesale price. Accordingly, we do not propose to explicitly consider consumer
behaviour when developing the proposed criteria for region boundary change. We
simply note that any response that is realised will increase the benefit of a
boundary change that is decided on against other criteria.

Investment: In the longer-term, the lack of a price signal for intra-regional
constraints potentially can lead to inefficient investment because:

o Spot market prices near the constraint are not permitted to rise high enough
to attract, or fall low enough to deter a potential investor; and/or

o Investment does take place, but is located in the “wrong” part of the network
where it might compound an existing network constraint.

The NEM already provides locational signals, for example through the treatment
of losses and network tariffs that, while imperfect, are clearly more granular than
the existing pricing regions. In addition to these effects, investors must consider
the possibility of intra-regional constraints affecting their dispatch volumes in
different locations, as well as the possibility that investment in a particular
location could exacerbate constraints in ways that raise the prospect of a new
region being introduced.

3 For example, to submit data to NEMMCO that results in a higher minimum level of dispatch than is
technically necessary.
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5.1.

Adequate information about future conditions and an understanding of the
regulatory process are key components of these signals and are part of the package
of recommendations from this review.

The location of plant that has been installed to date in the NEM has been broadly
where it was needed and in line with regional market prices. This is evidenced by
the peaking and mid-merit plant has been commissioned in South Australia,
peaking plant has been developed in Victoria and base plant in Queensland. There
has been little additional plant in New South Wales. Regional prices, which
initially diverged significantly, reflecting congestion between the regions, have
now substantially converged, as shown in Table 1 below. At a practical level,
this would suggest that the regional structure of the NEM has not presented an
obstacle to broadly efficient investment. At the same time, this conclusion has to
be tempered with the caution that more subtle adverse effects may not yet have
become apparent.

Table 1: NEM Average Annual Price Differences (Financial Year)

N £t
1999-2000 | 28.88 26.11 45.25 | 60.61 27.79
2000-2001 | 38.36 45.39 4219 | 57.33 37.72
2001-2002 | 34.76 30.97 35.34 | 31.61 31.59
2002-2003 | 32.9 27.54 37.77 | 30.1 29.82
2003-2004 | 32.37 25.38 28.18 | 34.86 30.8

Source: NEMMCO

TRADE-OFFS BETWEEN EFFICIENCIES AND COSTS

In assessing the merits of different boundary change options, we have focused on
the benefits, in terms of improved dispatch and investment efficiency that such a
change could deliver. However, potential efficiency improvements must be
tempered by the trade-offs that invariably arise between increased efficiency,
greater complexity, as well as commercial impacts on participants.
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CONGESTION AND POWER SYSTEM SECURITY

6.1.

Whilst revised criteria and processes for wholesale pricing boundaries in the NEM
are the focus of this review, the management of congestion that causes those price
differences is crucial to maintaining power system security. To date the
arrangements for pricing and management of security have been closely linked, to
the point that the definition of pricing boundaries is, in NEMMCOQO’s view,
impacting the management of power system security. The terms of reference call
for us to recommend a means for NEMMCO to manage power system security
that is consistent with our recommendation for region boundaries.

STATUS QUO

NEMMCO determines dispatch and maintains power system security using a
mathematical model of the power system. The characteristics of the power
system, including of generators and the network, are represented through a series
of “constraint equations” that are designed to allow dispatch to be constrained to
within secure limits of the network. These limits therefore determine the point at
which parts of the network are deemed to be congested for the purposes of pricing
in the spot market.

Currently there is no consistent approach to the development of the constraint
equations, and there is a lack of agreement within the industry about the
appropriate form they should take. This disagreement is founded not on the
engineering requirements for managing security, or on the analytical economics of
dispatch/pricing consistency, but on the role of the market rules in mitigating
opportunities for the exercise of short-term market power through the prices in
bids and offers that may emerge during times of congestion.

The different forms of constraint equation under consideration have different
impacts on how NEMMCO manages security, the economic efficiency of
dispatch, and commercial positions of market participants. This is an example of
the wide range of issues that have complicated consideration of region boundary
design and in effect will require a strategic design decision to be made about
managing bidding behaviour within the market rules in order to reach a resolution.

While there is no agreement about what shape the consistent form should take,
there is, however, a general acceptance within the industry that a consistent
approach to constraint formulation is necessary, and we concur with that. Since
constraint equations should, in any case, be reviewed and updated on a regular
basis, we would not expect the incremental costs of applying a consistent
approach to such reviews to be large no matter what form is adopted.
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There has been extensive debate about the form of constraint representation within
the NEM through consultations undertaken by NEMMCO. A form of constraint
that is a direct physical representation (DPR), labelled as “Options 4 and 5” in
recent debates within the NEM, most directly represents the underlying physical
characteristics of the network.# It therefore supports more direct control of critical
operating parameters on the power system. It is also the only form of constraint
equation that will consistently deliver the most efficient dispatch/pricing outcome,
in terms of short-term market economics, within the current market philosophy for
economic dispatch. That is, each five-minute run of the dispatch software should
aim to dispatch the most economic combination of generators and scheduled
demand side resources presented for dispatch at the prices contained in the bids
and offers, with prices matching that dispatch. The basis for this is presented in
the Theoretical Framework paper released with this report.

Significant argument has been made in support of alternative constraint forms, and
particularly for “Option 1” which effectively sets a priority between generators
and interconnector flows. This option is used because it allows control of network
flows while simultaneously removing the incentive for what is regarded as
inappropriate bidding behaviour by participants who, as a result of their location
in the network and the regional structure, are able to bid in a way that creates
commercial advantage, at the expense of negative settlement residues in the
market.

Settlement residues are the funds that accumulate in the NEMMCO settlement
account when congestion causes the price in adjacent regions to separate. The
funds are used to support (locational) price insurance for participants trading
between the regions. Negative settlement residues draw down these funds and
leave less support for inter-regional trade.

Importantly however, negative residues can arise from economically optimal
dispatch (without distorted bids). Depending on the circumstances, curtailing all
negative residues therefore limits the effect of the “inappropriate” bids, in some
cases, but also distorts “optimal” dispatch and pricing under these circumstances.
We also believe there are other means are available to manage this situation.

Technically these constraint formulation options both allow all relevant variables to be “fully optimised” by
the NEM dispatch engine, and will produce physically equivalent outcomes assuming the same physical
network representation. Option 4 was the label given to the constraint form if a regional model was to be
used for dispatch, with varying constraint orientations yielding prices corresponding to different regional
reference node, and Option 5 if a full network model was to be employed. Subsequent analysis, reported in
the context of this review, has shown that this equivalence only holds with respect to nodal energy (NEO)
terms, but that more general (non-NEQ) terms can also be accommodated.
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In our view it is unlikely that NEMMCO could reach a different conclusion within
the current strategic framework of the Code, viz. to employ the DPR constraint
formulations which represent the underlying physical situation as directly as
possible, while maximising the value of market trade in accordance with
participant offers and bids, as it is consistent with:

o A key design feature of the NEM, relies on market participants to ensure
their bids and offers account for inter-temporal issues or constraints, such as
dispatch limitations, and deliver longer term dynamic efficiency by
providing incentives for future investment (within the limits of the level of
granularity determined by region boundaries); and

o A clear separation between market operations, as reflected in the application
of the market rules by NEMMCO, and responsibility for enforcing trade
practices provisions, which are a matter for the Australian Competition and
Consumer Commission (ACCC) as the body responsible for administering
the Trade Practices Act. This was previously a key issue in considering
arrangements for “rebidding” and led to the introduction of the good faith
rebidding provisions in the Code. In that instance, scrutiny of the bidding
was tightened, but the underlying short-term economic efficiency objective
of the dispatch process was affirmed.

To alter either of these positions, whilst feasible, implies changing the strategic
framework on which all dispatch is based and has far wider ramifications than
management of the limited number of occasions where negative residues occur.>
We believe it is beyond the scope of our terms of reference to suggest change to
such a fundamental matter, especially as we conclude below that there is a simpler
and more direct approach to achieve the same end.

Where it is determined that market power should be mitigated, our preference is to
maintain the separation that currently exists between operational and regulatory
responsibilities, in order of priority therefore to:

o Mitigate the impact of market power without compromising the exisiting
short-term basic economic objective of efficient dispatch. This may be
achieved within the design of the spot market. The proposal for Constraint
Support Contracts discussed later also provides a direct and targeted
mechanism to create incentives on bidding on individual parties; or

o Employ a more direct mechanism to limit the power flows causing the
negative residues, which are being taken as an expression of the existence of
market power. Under a derogation that expires at the end of 2004
NEMMCO is limiting negative residues as they occur — although to date it
has only been invoked on a few occasions..

Nor is it clear how an “Option 1” approach, for example, could be extended to form a consistent general
framework for the wide variety of constraint situations encountered in the NEM.
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Previously residues were being limited by employing Option 1 form of
network constraint but this is now being done by imposing an additional
constraint on network limits in dispatch run.

This is most direct approach and allows a DPR form of constraint overlaid
with a simple limit and thus does not compromise the form of constraint at
other times nor NEMMCO’s management of security.6 It is likely that
negative residues will, however, occur far more frequently in the presence of
network loops. It is important to note that negative residues will, in general,
be part of economically optimal solutions to dispatch, around a network loop.
Expansion of the network over time is likely to result in more loops between
regions — for example the proposed SNI between New South Wales and South
Australia would have created potential for significant loop flow between South
Australia, Victoria and New South Wales and negative residues will be
inevitable with any form of constraint. Use of a simple form of constraint to
limit residues will then be problematic and other mechanisms will be
necessary.

A more subtle but related issue, that also has been the focus of considerable
debate amongst participants, relates to the nature of any interactions between the
underlying dispatch model used by NEMMCO, and the eventual pricing approach
that would be adopted as a result of this boundary review.

Early in the debate, the use of a full network model was, we believe, unnecessarily
linked with the full nodal approach to pricing. In the analytical papers issued as
companion documents to this report we demonstrate that where the DPR form of
constraint equation is employed, questions of dispatch and pricing arrangements
can be largely “decoupled” from one another. As a result, a DPR form of
constraint can be employed with regional or nodal dispatch and the current
regional pricing arrangement can be retained in either case.

The DPR form of constraints in conjunction with a full network model for
dispatch will be the most favourable form of dispatch from NEMMCO’s
perspective. Furthermore, the decoupling of pricing and dispatch facilitated by
use of the DPR form of constraint means that the decision about the form of
dispatch model can be made primarily on the basis of the impact on security
management. This should then be a matter that NEMMCO must argue on its
merits, noting that it is NEMMCO that has the statutory responsibility for security.

A comprehensive review of the options for constraints is provided in Charles River Associates, “Network
Constraint Formulation: Impact on Market Efficiency”, Report to NEMMCO, 8 January 2003; “Constraint
Orientation: Principles and Pricing Implications”, Report to NEMMCO, 18 March 2003.
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6.4.

RECOMMENDATIONS

Accordingly our recommendations in relation to management of network
congestion and dispatch are:

1. On the basis that no change to the current economic objective of the
five-minute spot market dispatch process is made, NEMMCO should
apply the Direct Physical Representation (DPR, or “fully optimised™)
form of constraints (Option 4/5) to all network constraints. The Code
should be amended to confirm this.

2. Following resolution of the form of constraint equation NEMMCO
should review if it believes a full network model is necessary in order
to meets its obligations for system security.

3. Concerns about inappropriate bidding behaviour should be referred
to the relevant authorities. If it is deemed necessary:

3.1 NEMMCO should, after due account is taken of the impact on
efficiency in the short and long term, when the existing
derogation to the Code expires in December 2004, be instructed
to continue to impose a simple constraint on network transfers
as a function of settlement residues in the short term in
preference to altering the form of network constraint; and

3.2 If and when new network elements that will create major
network loops emerge are planned a mechanism external to the
operation of the dispatch process should be investigated - intra-
regional pricing and contracting mechanisms provide a ready
mechanism for this.

REGION BOUNDARY PRINCIPLES

Earlier (Section 5) we highlighted that improvements in economic efficiency
should be the basis for adopting a NEM boundary change. The granularity with
which locational energy prices are set within the wholesale market is the key
question in this context for this review.

We have examined three generic implementations for pricing. In each case we
have looked at a practical implementation of a spot market pricing arrangement
and integrally linked risk management regime that would be expected to
accompany each. The three are:

o Nodal pricing with Financial Transmission Rights;
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o Dynamic Regional structure with Inter-regional hedging: and
o Evolutionary Region structure with intra-regional contracting and pricing.

There are a number of variations possible for each, including different groupings
of prices for generators and loads, and in the case of the Evolutionary Region
structure, different levels of intra-regional contracting.

As a first step in the comparison we investigated the impact of granularity of spot
market prices to communicate locational differences through an indicative
assessment of the difference between nodal, the most granular arrangement, and
the current broad region design. The results are presented in a companion paper
entitled Modelling Analysis. The results are subject to some provisos, but in
summary, apart from a relatively few instances where the constraints meant that
prices would temporarily spike, pricing outcomes from a full nodal model are not
significantly different to those resulting from the current regional concept.
Accordingly, there is not a prima facie case to argue that greater variability in
price differentials between nodes would result in substantially different and better
pricing signals. This conclusion is however highly sensitive to the level of
network investment for market efficiency and reliability (and potentially for
competition) arising from the regulatory framework in the NEM.

By itself the assessment of spot prices is not sufficient to reach a definitive
conclusion about the optimum level of granularity in pricing. This is because
most likely all spot pricing arrangements we have reviewed would be part of a
combined spot market-risk management regime that allows market participants to
manage financial risks caused by volatility in spot prices. Inthe NEM volatility is
a significant factor due to the energy only market and relatively high price cap,
viz. VoLL at $10,000/MWh.

Nodal pricing is the most granular pricing approach possible in electricity
wholesale markets, since a separate price is calculated for each transmission
location. Nodal prices meet short-term efficiency objectives, since they reflect the
marginal cost of electricity at any time and location by incorporating the effect of
network constraints, as well as the cost of generating electricity at each location.
However, the offer prices on which dispatch is calculated may not be efficient
when market power is being exploited.

CONSULTATION DRAFT Page 23



NEM - Transmission Region Boundary Structure Charles
River
September 2004 Associates

In the case of a nodal pricing regime, price hedges commonly termed Financial
Transmission Rights (FTRs) are the typical means to manage risk. FTRs provide
price insurance between specified points and thus give a participant at one
location effective commercial access to the other. The cause of the price
difference does not affect the operation of the FTR.

Many variants of FTRs have been developed in nodal pricing markets
internationally, and these instruments are relatively well understood. They are
effective in hedging price risks over the period and quantity over which they are
defined, but FTR-based regimes have limitations:

o FTRs are less than “firm” and generally do not fully compensate the holder
for price variations;

o Trading liquidity is often problematic, limiting the ability of market
participants to effectively hedge locational price risks;

o FTRs can typically only be obtained by sale to cover a relatively short time
period corresponding to the current configuration of the network;

o FTRs can confer a right, but also an obligation where the holder is required
to make payments; and

o Depending on the circumstances, FTRs can mitigate, but also reinforce
market power, for example a participant with market power in the spot
market may be able to strategically manipulate spot prices to increase FTR
revenues.

Allocation, rather than sale, of FTRs to protect the financial positions of (existing)
participants following the introduction of nodal pricing would theoretically be
possible, but difficult to implement. We are aware that this is of vital concern to
incumbent generators in particular and is seen as a matter of significant regulatory
risk.

For any granular pricing system a fundamental question will thus be whether
incumbents are to be allocated rights or will be required to purchase them in the
market. If FTR allocations are to be designed to cover the positions of
incumbents adversely affected by the introduction of nodal pricing they can be
financially self-contained only if they are held by market participants whose price
would have fallen as well as those who would have seen a rise in price. This
suggests a sale process will provide only partial cover and thus forces
consideration of a central allocation to incumbents if they are to be indifferent.
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Where incumbents are allocated existing capacity, new entrants might then be
required to purchase new rights. But in the NEM regulatory regime any new
rights will only be physically supported by additional capacity (once any existing
over-capacity has been exhausted) that is approved under the regulatory regime.
Although new capacity and new rights may be correlated, they are not directly
linked. Indeed, nodal/FTR regimes are often premised on new network capacity
being participant funded for this reason — but this is unlikely unless funding is tied
to contractual rights, and would represent a significant change in the regulatory
regime of the NEM and is not anticipated in the medium term. It is also a matter
that has not yet been addressed for the proposed “beneficiary pays” regime for
network pricing where generators will be required to pay a share of the cost of
new investment in return for a regulated rather than contracted level of
performance by the network.

The methodology for initial allocation of FTRs would thus be contentious, as
would any subsequent transition following major changes in the network
configuration. We have concluded that, even had there been a case on economic
grounds for a nodal, or other highly granular market design, it would have been
unsafe to recommend such a change until the matters of policy raised here had
been resolved.”

The current Code provisions involve calculation of prices for defined regions.
Boundaries are intended to be adjusted dynamically to reflect changing constraint
conditions, accompanied by inter-regional hedging in the form of Settlement
Reside Auction (SRA) units - a Dynamic Regionalisation and Inter-regional
Hedging regime (DR/IRH).

Any NEM boundary change, including one to a nodal pricing regime, has financial implications for
participants’ commercial positions, and the jurisdictions’ customer protection and tariff equalisation
arrangements. That is, structural changes to NEM prices will create “winners” and “losers”, depending on
whether the relevant parties are net sellers or buyers, and on their location(s) in the network. From an
economic perspective, these are distributional effects that are not strictly speaking relevant to establishing
whether a boundary change is net beneficial. However, these clearly represent material commercial risks to
participants and have been identified as such in the terms of reference.
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The Code currently requires annual review of regional NEM boundaries and an
amendment when (intra-regional) network constraints influence optimal dispatch
in the order of 50 hours or more in the year — i.e. where a network constraint binds
for more than 50 hours. This criterion has not been applied, because of the
moratorium on boundary changes requested by jurisdictions, but in principle it
implies frequent boundary changes and is an example of the Dynamic
Regionalisation concept described above. For instance, if it were applied to 2003
NEMMCO data on the frequency of binding intra-regional constraints, four
boundary changes would have been necessary.8

Under the current arrangement market participants have an implicit but non-firm
price hedge to their regional reference node, as no matter whether there is
congestion or not, the price at the generator and load nodes varies only be their
loss factor. But a generator’s level of dispatch may by constrained by network
congestion, and it is this that means the implicit hedge is for a non-firm amount.

For trading between the current regions, market participants can purchase units in
the SRA run by NEMMCO and noted earlier. The amount of funds depends on
the price difference and the amount of flow between the regions and is thus also
non-firm.?

In principle, SRAs and non-firm FTRs are very similar in their ability to provide
risk management for trading between regions. But, in practice SRAS in the NEM
are very much less firm than typical FTRs because effective interconnector
capacity does not just depend on available transmission elements, but on the
capacity of those elements due to the actions of intra-regional generation.

Our modelling and analysis indicates that in practice the “optimal” location of
boundaries of regions may be unstable, that is it they may move depending on the
conditions. This will be more likely as the network becomes more meshed and
relatively small changes in the distribution of load and generation changes the
location of congestion in a meshed part of the network. This potentially leads to
frequent realignment of boundaries.

Frequent boundary changes, envisaged under a DR/IRH regime however, raise
similar concerns for participants concerned about access to markets as those
arising under a nodal regime, and this is compounded the more granular the region
definition is. The current arrangement simultaneously sets the frequency of
change (potentially every 12 months) and the advance notice provided to
participants (12 months).

National Electricity Market Management Company Limited, “List of Regional Boundaries and Marginal Loss
Factors for the 2004/05 Financial Year”, 6 August 2004, Version 3.2.

For example no residue accumulates when there is no flow as a result of an outage of the interconnector, but
the energy contract between the market participants will be unaffected creating a risk for one of the parties.
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This framework is also consistent with the broader regulatory structure of the
NEM and MCE policies, which highlight the role of network investment to
support competitive market outcomes. Nevertheless we consider that further
integration is necessary, for instance in relation to the process of regulated
network investment and information provision requirements.

Recommendation

4.

Within the regulatory framework for transmission established for the
NEM, on balance, an evolutionary region structure, reviewed at
relatively lengthy intervals in parallel with a flexible congestion
contracting/pricing regime is recommended.

The process leading up to a region boundary change under the Evolutionary
Boundary Regime tracks the “life-cycle” of network congestion and can be
integrated into the current regulatory framework as follows:

Generation and large scale demand side investment in the competitive
market (which may create or relieve congestion). A key threshold point
here is acceptance as a committed project under the Statement of
Opportunities issued by NEMMCO;

Network investment under the regulatory regime or announcements of
planned augmentation within the Annual National Transmission Statement
(ANTS). In the same way as the regulatory requires that the potential for
generation and demand side investments be considered, the test should also
take into account the potential for economic benefits from contracting that
alters behaviours in ways that increase efficiency of network utilisation.
This would be consistent with the intent of the framework to facilitate an
efficient network as the contracting would be the means to create incentives
for efficient behaviour;

Implicit absorption within the energy market of the costs of minor levels of
congestion;

Explicit contracting and pricing — through network support contracts (which
are already in place, for instance for the Far North Queensland/Ross
constraint) and energy contracting through the suggested CSP/CSC regime
or similar. Where congestion passes an impact threshold, contractual
arrangements or CSPs/CSCs would be put in place. Specifically where
CSPs/CSCs are concerned, such arrangements could be proposed by
NEMMCO or by participants, but the benefit of such a mechanism would
need to be demonstrated on a case-by-case basis. This would be another
point of difference with region boundaries which would be very general and
inherently not able to take into account specific cases; and
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o Region boundary change for sustained and material congestion in
accordance with the principles presented by this review.

Accordingly, within the overall regulatory framework a region boundary change
would be the last regulatory or competitive mechanism deployed to manage new
points of congestion as competitive and regulated investment would have occurred
earlier in the cycle. Figure 3 illustrates the cycle described above.

Maximum opportunity should be allowed for responses from the competitive
sector at all stages. At present the Code requires that generation and demand side
alternatives to network investment should be considered as part of the regulatory
test. In the same way, the opportunity to employ specific energy market contract
arrangements should be added to this list to ensure that the existing network is
being utilised to the full. In order to facilitate the processes for regulatory
approvals for contracting, network investment and ultimately region boundary
change should be as transparent as possible.

The processes described here are premised on the objectives for the regulatory
framework for transmission in the NEM agreed by the MCE, in particular that:

. Transmission is to be predominantly regulated; and

. The framework is intended to ensure an efficient network evolves that
supports competition.

The process proposed here would not necessarily be applicable if, for example,
networks were to be in active competition with generation, or network
augmentation was to be primarily driven from market price outcomes. Changes
would also be needed to facilitate any significant self-funded augmentations of the
shared network where the funding parties were to receive contracted entitlements
as part of the funding agreement, as would be the case if network providers were
to commercially underwrite market based FTRs. Under the proposed MCE
framework the primary driver for network performance is instead regulatory, even
though there may be incentives derived from market outcomes and this will also
apply if generators pay a share of shared network costs under the beneficiaries
pays concept noted earlier.

At least temporarily, a stable regional structure restricts the locational dimension
of price information in the NEM. Efficient decisions by current and future market
participants requires that they be well informed. As part of the package that forms
a stable boundary regime we would therefore see a need for existing information
regimes to be strengthened.
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In particular, information about the effect that particular projects may have on
congestion and the potential to trigger either a new region or intra-regional
contracting/pricing mechanisms should be accessible to relevant parties. This
should be provided under similar terms to the information available to intending
participants under the Code now. The ANTS currently focuses on the main
transmission flow paths, but could be augmented to incorporate more information
of relevance to investors.

Information about shadow prices at relevant nodes in the network should also be
published as a matter of course in the same way that 5-minute dispatch prices are
published now. Shadow prices reflect the impact of un-priced congestion and
hence on the potential for future boundary changes or for an intra-regional pricing
or contracting regime to be introduced. The prices will be “raw” in that any
distortions caused by market power, metering faults, market power, network
outages will all appear, but this is no different to the current 5-minute prices.

A prime example of the interaction between the regulated and market sectors can
be seen in the treatment of potentially small regions. At the distribution network
level it has generally been accepted that measures taken to relieve congestion in
order to supply load form part of the normal costs of the network business and fall
under the regulated arrangements.

As a matter of policy small sections of the network that might potentially become
congested and for which constrained dispatch would likely prove to be a less
expensive option than network investment (and hence the potential network
investment is not able to pass the regulatory test), might be candidates for a new
region, and should be taken into the regulatory arena. This would be a relatively
simple means to provide an option to overcome concern about market power in
small regions and resort to market intervention in the energy market. In the case
where a contract with existing generation is the least cost (taking into account how
sustained the congestion will be) then the form of the contract could be consistent
with the form that would be used for a constraint support contract within the
energy market in the same circumstance. This would facilitate as seamless a
transition as possible for growing (or reducing regions).

The minimum size of a region will also form a part of the formation of a robust
but pragmatic test for new regions in the following section.
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Funding Through the Network Service Providers

Cross-payments at the network service provider level or at NEMMCO level are in
many ways suited to levying payments for equalisation across all retailers within a
jurisdiction:

. All retailers use the NEMMCO and network services, so all retailers can be
subject to the scheme; and

o Retailers’ costs of network service provision are generally recoverable in
regulated pricing regimes, and in this sense no major regulatory changes
would be required.

Funding Through Government Agencies

This approach mirrors existing schemes in Queensland and NSW, and solves
confidentiality and auditing issues. Because it involves the extension/amendment
of existing schemes in those states, it is also likely to be the simplest and least
costly implementation approach in those states.
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10.

BOUNDARY CHANGE CRITERIA

10.1.

CRITERIA FOR REGION BOUNDARY CHANGE

The Code currently requires a review of regional NEM boundaries when (intra-
regional) network constraints influence optimal dispatch in the order of 50 hours
or more in the year — i.e. where a network constraint binds for more than 50 hours.
This criterion has not been applied, because of the present moratorium on
boundary changes. This criterion would imply frequent boundary changes in
response to congestion that may only be of a transient nature.

We have proposed a widening of the criteria for boundary change in parallel with
an arrangement for flexible intra-regional pricing/contracting through the use of
CSPs/CSCs. The criteria for boundary change should broadly ensure that the
costs that will be incurred will be outweighed by benefits.

10.1.1.The trade-offs

There will be two broad types of cost within the industry arising from a boundary
change:

o One-off transition costs, for example to amend existing contractual
arrangements or modify settlement systems; and

o Ongoing additional trading costs, for instance, as a result of changes in
liquidity and market risks, that may eventually also lead to higher cost of
capital for market participants.

The magnitude of costs is likely to be less if the change is a minor realignment to
existing boundaries, rather than if the number of regions is changed. But in either
case, the components of these costs can only be estimated in a very approximate
manner.

Provided that dispatch remains efficient, the benefits of a boundary change take
the form of improved pricing efficiency. The greater the “pricing error” and the
volumes of electricity involved, the bigger this benefit.l6 Theoretically, greater
pricing efficiency should translate into longer-term cost reductions flowing from
more efficient investment decisions; that is, decisions that result in savings of
capital or operating resources. The implication for developing boundary criteria is
that these should incorporate short- and a longer-term efficiency criteria.

16

In economic terms, this is the reduction in the “dead-weight loss” that comes about under the regional
structure, because neither generators nor customers receive “accurate” price signals, and hence produce or
consume “too much” or “too little” electricity. The size of the dead-weight loss is a function of the elasticity
of demand, the elasticity of supply, the size of the pricing error and the volume of electricity involved.
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Particularly assessing the benefits of more efficient investment decisions arising
as a result of a boundary change is difficult, because the nature of the additional
benefit, or value, of more accurate locational prices can vary considerably and
could encompass a range of scenarios, e.g.:

o Creating an incentive for an investment, that was already planned, to move
from one location to another; or

o Encouraging investment into a particular location that was not otherwise
likely at the time, hence deferring other investment elsewhere.

Furthermore, for a given form of response — say, investment in peaking capacity —
a range of technical options could deliver a similar outcome, including one or
more new gas turbine plant, enhancement to existing plant or demand side
management.

Both conceptually and in practice, determining a threshold to decide when it is
appropriate to amend region boundaries is thus difficult, because it would need to
ensure that:

o The change in price due to the amendment will realise a minimum economic
value; which, in turn; and

o Would need to exceed the costs to participants.

One possibility is that a decision to change boundaries should be made on a case-
by-case basis in the light of the type of response that will deliver the greatest
benefit and likelihood that a satisfactory response will emerge. This effectively
defaults to a least-cost expansion plan solution, which would not be consistent
with the role of the regulatory authorities within a decentralised market such as
the NEM. We have therefore not considered this option further, although it would
enable targeted realignments to be made at the expense of discretion on the part of
the relevant body.

The challenge then is to determine criteria that are general enough to ensure
economic value across a wide range of circumstances and strike a balance
between simplicity, transparency and consistency with the overall regulatory
framework adopted by the MCE.

Potential benefits include reductions in cost flowing from more efficient
investment decisions, that is, decisions that result in savings of capital or operating
resources. These are likely to vary markedly also.
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The alternative to changing a boundary is to leave the prices that would have
emerged unchanged. Hence the benefit of a boundary change is the economic
value of the response to the change and will be related to both the price and
volume of response that it achieves. Creating an incentive for an investment, that
was already planned, to move from one location to another will not save capital,
but may save high cost fuel or possibly network costs (the regulatory test for
networks is intended to identify this type of opportunity if market participants do
not). Creating a separate price that encourages investment into a particular
location that was not otherwise likely at the time, may defer other investment
elsewhere.  For a given form of response — say investment in peaking capacity
this might be delivered by new gas turbine plant, enhancement to existing plant or
demand side management. It might also be from a single plant or from a number.
Thus the nature of the economic benefit of more accurate locational prices can
vary considerably.

Setting a threshold to decide when it is appropriate to amend region boundaries to
ensure that the change in price due to the amendment will realise a minimum
economic value is thus difficult.

One possibility is that a decision to change boundaries should be made on a case-
by-case basis in the light of the type of response that will give the most benefit
and likelihood that a satisfactory response will emerge. However, one of the
attributes of a market is that regulatory authorities should not make such
assessments and we have not considered this further for this reason (but it would
enable targeted realignments to be made at the expense of discretion on the part of
the relevant authority).

The challenge then is to determine criteria that are general enough to ensure
economic value across a wide range of circumstances and strike a balance
between simplicity, transparency and consistency within the overall regulatory
framework adopted by the MCE.

Recognising that any single approach will be approximate, we have opted for a
regime that:

o Seeks to minimise transition costs by the choice of the length of the review
and notice periods;

o Employs a minimum size of region and price change that together imply a
minimum value from the change. In the case of a simple boundary
realignment, there will be little change in the size of the affected regions. If
an additional region is to be considered, the minimum region size will
establish a minimum economic value. The minimum region size was
initially discussed in terms of allocating responsibility for managing
congestion in small sections of the network, but also serves to anchor the
minimum value of change; and
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o Employs minimum price thresholds, that have been selected as likely to be
significant to the deliberations of a single investor considering an
appropriate location for a new facility. The use of indicative investments is
designed to recognise different requirements in different regions and sub-
regions, for example base plant in one region and peaking in another. The
thresholds would be different and the potential return would reflect the
different duty of the indicative plant types. The particular threshold chosen
was broadly benchmarked against a) the contract premium for one-way
hedge contracts (“caps”) over the last three years, where the price for a
$300/MWh cap varied from well under $1/MW for regions with excess
peaking capacity to around $15/MW and typically $5-$10, b) a scenario
analysis that an investor might perform with different rates of return on
investment. Each of these, whilst very approximate were in the range or
slightly less than of our suggested materiality threshold would deliver to
influence an investor and provide economic benefit from the smallest
region.

We considered, but rejected, a sliding scale for boundary changes involving
different amounts of load, as changes affecting a larger area may deliver a similar
economic return for a lesser price change. In our view this would unreasonably
compromise the simplicity and predictability for investors that we believe is an
important characteristic.

Behavioural gains We have noted also that there may be improvements in the
efficiency of dispatch due to a region boundary change where the change alters the
incentives on market participants bidding. This is the same benefit that the ACCC
IS seeking to use as a measure of benefit of a network investment under the
“competition test” and is just as relevant in considering a new region or an intra-
regional contracting option. It would be counterproductive to develop a different
approach to test for the same basic benefit. We therefore recommend that benefit
to dispatch efficiency due to a possible region boundary change be incorporated in
the criteria where a clear value in excess of demonstrable costs can be shown.
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Treatment of Losses Network losses are accounted in the NEM through static
factors set for 12 months network elements within regions and dynamically
calculated factors for losses between regions. The most significant reason for
employing dynamic factors between regions is that inter-regional networks often
carry “tidal flows”, that is, flows that regularly change direction. When this
occurs losses can also change significantly. When a change of direction is the
result of an economic choice within the dispatch process the accuracy of the
factors can be an important factor determining the direction of flow, and if
incorrect, result in loss of dispatch efficiency. At other times flow on network
elements can change direction as a result of changes in availability of generation
at different parts of the network during the day, for example hydro plant may only
generate for part of the day and network flows in the area may then reverse but
this would not be the result of a selection within the dispatch process as there
would be no alternative.

Accordingly, dispatch efficiency also may be improved by locating (or retaining)
transmission points in different regions and determining associated factors
dynamically rather than statically, where this is the case this will contribute to the
basis for region boundary allocation.

A benefit in excess of cost by $1M p.a. has been proposed to ensure a clear benefit
is obtained. But the level of benefit is a matter of judgement about by how much
dispatch benefit should exceed cost.

Recommendation:

5. At each review a transmission connection point should be become part
of region where it can be demonstrated that compared to the next best
alternative there is expected to be:

. An increase in economic efficiency of dispatch (including as a
result of the treatment of inter-regional loss factors) within the
NEM determined in accordance with an endorsed methodology,
less demonstrable costs, exceeding $1Mp.a; or

. A change in locational price indicators sustained over the review
cycle in excess of levels to be published annually that would
provide indicative investments in generation plant an increase in
annual revenue of 25% of reasonable new entrant cost for each

Provided that:

. No region shall have a maximum demand of less than 200MW;
and

. A separate region shall not be created where in the reasonable
opinion of the relevant authority there is little prospect of market
based investment within the review period.
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Lower thresholds would be warranted in the absence of a mechanism to explicitly
manage intra-regional congestion.

Criteria to introduce specific contracting and pricing for a point of congestion
should be on a case-by-case basis with the details determined in the operational
review proposed in a following recommendation. In general these arrangements
will be directed more at shorter-term efficiency gains and both costs and benefits
will be lower. The criteria can be more flexible than for region boundaries but be
firmly based on achieving economic efficiency within the network.

The Code at present calls for annual reviews by NEMMCO with a lag time of at
least 12 months from the date of approval by NECA before a change can be
implemented. It also allows for ad hoc changes if circumstances change more
frequently. Allowing time for NEMMCO to undertake a study and consultation
means any changes would be based on information in the order of 18 to 24 months
old.

A regional market structure has an obvious need for regular boundary reviews.
The less refined the pricing structure, the more important it is that boundaries
track the changes in the market outcomes in order to avoid poor pricing signals.
However, congestion is often only temporary, and a balance must be struck
between efficacy and market disruption. Frequent boundary reviews are also a
source of risk to new and incumbent investors. Higher risk will in the end
translate to higher cost of capital and hence higher prices.

Our recommendation for broad regions coupled with selective congestion pricing
leads us to conclude that the timetable for changes to the primary region
boundaries can be relaxed from the current arrangement, but we note that this is
again a matter of judgement.

We consider that between 2 and 3 years notice of a boundary change should be
sufficient for commercial players to adjust the majority of contract positions. In
our experience parties renewing and establishing contract portfolios will usually
have incomplete trading books 3 and 4 years ahead and with firm notice of
change, can adjust their position readily in this time. Any party entering a long
retail or wholesale contracts, say for 10 years should be seen to have implicitly
accepted regulatory risk more generally, and the risk of a boundary change is not
new as it is in the Code now.
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10.3.

Assuming a minimum of 12 months for full review and avoiding the prospect of
the next review commencing before the previous one has been implemented
(which occurs under the current arrangement), leads us to suggest that reviews
should occur every 4 or 5 years based on a notice period of 2 or 3 years. The
shorter review cycle would be more important in the absence of intra-regional
pricing. No other form of protection against change should be provided.

For the purposes of consultation we propose that a 5-year review cycle with a 3-
year notice period.

Recommendation:

6 NEM boundaries should be established for a 5 year period
commencing no earlier than 3 years after the date of the final
determination.

INFORMATION AND INTERACTION WITH THE REGULATORY REGIME

Our recommendations in this context reflect the greater need for accurate network
and other information to be available to investors and market participants in a
context where a number of spot market outcomes are not explicitly priced.

Recommendation:
7. Improved information available for potential investors concerning:

7.1  The likely evolution of congestion as part of information
available to intending participants;

7.2 Broad indications of possible network augmentations that
would pass the regulatory test or that will be required to meet
reliability or security standards; and

7.3 Routine reporting of shadow prices at relevant nodes to inform
the market of emerging constraints;’

We also consider that closer integration is required between the regulatory test and
Code provisions for regional boundaries and intra-regional pricing, and that the
existence of each should be recognised in the provisions of the other.

17

These prices will be affected by bidding incentives and may therefore not be indicative of future conditions,
but this also applies to other prices, including the regional reference price.
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Recommendation:

8. To ensure consistency between the application of the regulatory test
and NEM boundary reviews, these processes should be augmented as
follows:

8.1 In assessing the benefits of network investment, the regulatory
test should consider whether boundary change or specific
contracting/pricing of congestion would bring benefits either to
dispatch or to alleviation of congestion; and similarly

8.2 At each review of region boundaries the potential for new
network not already declared as part of the planning process
should be explored as part of consultation on a proposed
boundary change.

Separately, we recommend that as part of the package that would see the primary
region boundary arrangements become broader and thus less able to respond to
changes in the pattern of congestion, an in-principle decision to selectively price
intra-regional congestion be taken. This would be a major step in the evolution of
the NEM and should be progressed cautiously:

For this reason we believe it is appropriate that a combined investigation by
regulatory and competitive market authorities be undertaken to assess
implementation, under the current arrangements these bodies would be NEMMCO
and ACCC (and possibly NECA). Under the proposed changes to the governance
structure NEMMCO, AER and AEMC would be the relevant parties.

For this reason we believe it is appropriate that a combined investigation by
regulatory and competitive market authorities be undertaken to assess the scope
for implementation of intra-regional pricing. Under the current arrangements
these bodies would be NEMMCO and the ACCC (and possibly NECA). Under
the proposed changes to the governance structure NEMMCO, the Australian
Energy Regulator (AER), and the Australian Energy Market Commission
(AEMC) would be the relevant parties.

Recommendation:

9. Subject to a development of details for implementation within the
market, inter-regional pricing/contracting should be adopted as part
of the package for a Stable Boundary approach.

10.  The MCE should request market authorities to develop proposals for
implementation of intra-regional contracting/pricing mechanisms.
The broad design of CSP/CSC regime presented in this report should
be used as the basis for this development.
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APPENDIX A: GLOSSARY
ACCC Australian Competition and Consumer Council
AEMC Australian Energy Market Commission
AER Australian Energy Regulator
ANTS Annual National Transmission Statement
BCSC Bundled Constraint Support Contract
COAG Council of Australian Governments
CRA Charles River Associates
CSC Constraint Support Contract
CSP Constraint Support Price
DR/IRH Dynamic Regionalisation & Inter-regional Hedging
DPR Direct Physical Representation
ETEF Electricity Tariff Equalisation Fund
FRC Full Retail Contestability
FTR Financial Transmission Rights
MCE Ministerial Council on Energy
NEM National Electricity Market
NECA National Electricity Code Administrator
NEMMCO National Electricity Market Management Company
NTR Network Tariff Rebate
SO0 Statement of Opportunities
SRA Settlement Residue Auction
TNSP Transmission Network Service Provider
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APPENDIX B : CONSTRAINT SUPPORT PRICING AND

CONTRACTS - OVERVIEW

Under the framework developed within this review, network congestion can be
priced in the wholesale energy market through one of two mechanisms. The
primary mechanism is for congestion to define the boundary between market
regions. We have proposed arrangements that will mean a region boundary is
relatively stable and may vary only infrequently and with three years notice of
change, hence congestion may occur within regions between reviews or be
transitory in nature but still warrant explicit treatment. This is consistent with our
assessment of the likely level of congestion under the proposed regulatory
framework agreed by the Ministerial Council on Energy (MCE). In addition, the
efficiency of the network and firmness of the existing instrument used to hedge
inter-regional trade may be improved if incentives for performance by particular
generators to relieve congestion are present. The second mechanism is through a
constraint support and contracting regime provides for pricing of congestion and
incentives in this regard.

During the development of the report it was understood that market participants
needed time to assess the operation of any mechanism for pricing of congestion
other than by region boundary. As a result we have recommended that an in-
principle decision be taken to develop a regime to deal commercially with
network congestion as and when it occurs within the broader regions. We have
also provided a design for a Constraint Pricing and Constraint Support
Contracting (CSP/CSC) regime that will achieve this and can be developed in an
evolutionary manner. We have noted that the regime is unavoidably unique to the
NEM and that detailed implementation should be the subject of significant
operational consultation with market participants, for example about timing,
allocation of contract levels and selection of constraints to which it is applied.
This is entirely consistent with the expected role of CSP/CSCs for selective
management of what in the NEM are expected to be a limited number of
significant points of congestion (and the basis for concluding that a broad region
boundary structure would be satisfactory). Companion papers to the report
develop the underlying basis for the mechanism and this appendix provides an
introduction and illustrative examples of its operation.

The CSP/CSC regime is conceptually similar to the existing settlement residue
process in the NEM and also has parallels with Financial Transmission Right
(FTR) regimes. CSP/CSCs create incentives for performance to manage the
effects of network congestion, whereas an FTRs are primarily risk instruments.
The CSP/CSC regime is highly flexible and is intended to be applied case-by-case
to points of congestion within a network. For those parts of the network where the
regime is applied, when congestion occurs funds are accumulated in a congestion
account and holders of contract rights to use the congested network are paid from
that fund.
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The Constraint Support Contracts are the key element in the CSP/CSC regime.
They provide for certainty about the revenue for performance of each generator
participating in the management of a particular constraint and together with the
CSP for the constraint, create performance incentives for the participating
generators, loads and network elements.

Where a particular network constraint involves an interconnector, funds also flow
between the existing inter-regional settlement fund and the congestion fund.
Where this is the result of incentives for performance that enhance the
interconnector capability this will have the effect of firming up the inter-regional
fund and hence improve inter-regional trade.

Figure Al illustrates the primary interactions between participants, the existing
spot market, settlement residue fund and the new congestion fund that would be
needed for a CSP/CSC regime.

NEMMCO is envisaged to be the counterparty to CSCs in the first instance,
backed by the congestion fund in a similar manner to its existing role in the sale of
Settlement Residue Auction Rights. The regime also allows for contracts to create
incentives for ancillary services and would be applicable in managing
regionalisation of frequency control ancillary services. It is also compatible with
the issue of contracts directly by TNSPs and would create market-based incentives
for investment and operation of networks. Involvement of TNSPs would,
however, be a significant regulatory development and is not expected in the short
term, but would be necessary to create fully firm risk instrument.

The cost of implementation of each case will be low. No changes are needed to
dispatch. The output from the dispatch algorithm will however need to include
pricing data to allow the CSP calculations. Changes will be needed to settlement
and trading calculations to reflect the effect of additional contracts. Situations
where the mechanism will provide benefit will be highly dependant on local
conditions and behaviours and thus difficult to predict in advance but will be
assessable at the time.

Assignment of contracts and thus level of participation in the regime will be a key
matter to be established and highlights the similarity between CSP/CSC and FTR
regimes discussed in the report. The primary difference being the degree to which
CSP/CSCs are employed compared with the need for an FTR regime across say a
nodal market. Under the arrangement proposed for the NEM, region boundaries
are the primary instrument for managing persistent and material points of
congestion and CSP/CSCs supplement that on a case-by-case basis (although it
could be more widely employed if desired). This allows evolutionary
development and introduction as opportunities arise.
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A feature of the regime is that implicitly allows for rebalancing of payments
between a number of generators facing a constraint, each with a certain “right” or
contract to use the network. It also provides for Generators that increase
efficiency by offloading a constraint to receive a benefit. In these cases contracts
could in principle be purchased. The main report and companion papers discuss
technical and policy limitations associated with sales of this nature.

However in cases where the design of the market rules or shape of the network
and region boundaries creates incentives for inefficient behaviour by market
participants then contracts would need to be allocated. There is precedent for this
in the undertakings required by the ACCC when considering changes in
ownership and also in limitations which have been imposed on entitlement to bid
in Settlement Residue Auctions. These are matters beyond the scope of the design
of the instrument but must be addressed in one form or another.

Looking in detail at figure Al, under the CSP/CSC regime the spot market and
inter regional settlement process would continue as now. Generators will continue
to receive payments from the spot market settlement for all dispatched output at
the regional reference price (adjusted for losses). Loads will pay for metered
consumption also at the regional reference price. Flows between regions will
result in payments into the inter-regional residue fund whenever there is a
difference in the price between the regions. These cash flows are illustrated on
the figure.

For each generator or interconnector participating in a CSP/CSC arrangement, for
a particular occurrence of congestion on the network, these entities will:

1. Make a payment to the Congestion Fund = CSPp
Level of dispatch * Contribution Coefficient * price of constraint.

2. Receive a payment from the Congestion Fund = CSCp
Contracted Access entitlement *Contribution Coefficient * price of constraint =
Level of contract * price of constraint.

The Contribution Coefficient will reflect the contribution each generator makes to
the congestion and will be determined in advance from analysis of the physical
properties of the network and be known to the parties. Without contract rights
generators facing congested elements of the network face a volume risk
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For consistency contract levels will be expressed as amounts on the congested
network section. Holding a contract for use of the congested link implies the
generator has access to the regional reference node (Contracted Access
Entitlement) equal to the Contract Level / Contribution Coefficient. For example
a generator with a Contract Level of 50 MW on the congested line and a
contribution coefficient of 0.25 will have access to the reference node for 200MW
(= 50/0.25) and can thus dispatch 200MW within its share of the network and
receive the (existing regional price). Dispatch beyond that level will add to
congestion and be paid at the effective marginal price at the node.

Where an interconnector is involved this can also be allocated a coefficient and
treated in the same manner except that payments are to and from the existing
interregional settlement fund.

The companion papers demonstrate how the approach can be generalised to cater
for multiple constraints, using Bundled Constraint Support Contracts (BSCSs)
across multiple regions as occurs at times in the NEM. Employed uniformly
across all constraints under all conditions the result is very similar to an FTR
regime. However, the intent is that the arrangement would be employed
selectively where there is merit in assigning rights to limited network capability,
firming up network capability and hence inter-regional trade and providing a
consistent framework for progressive contracting for ancillary service and
potentially TNSP accountability.

Scenarios A,B and C illustrate three applications for the CSP/CSC regime.

Scenario A describes a simple intra-regional constraint affecting G1 and G2 only.
Each are participants in a CSP/CSC regime. G2 however holds contract for only
part of its current dispatch and at the prices bid is effectively paying G1 for use of
part of its contract capacity through the congestion fund.

Scenario B is a ore complicated example whereby G1 also participates but due to
its location in the network offloads the constraint facing G1 and G2. G3 over
performs relative to its dispatch and accordingly receives higher recompense but
at the expense of the congestion fund.

Scenario C introduces an interconnector, feeding into a similar constraint and
illustrates the involvement of the existing Inter-regional Settlement Residue fund..
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Constraint Pricing and Contracting: Overview

CSP payment CSC payment to
from participating participating
generator =CSPp generator = CSCp
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Scenario A: 2 Generators, Intra regional constraint
Scenario conditions
Constraint equation = 0.2GEN1 + 0.1GEN2 < 100
G1 holds CSC for 250 MW access = 50MW constrained line flow @ 0.2 contribution coefficient
G2 holds CSC for 500 MW access = 50MW constrained line flow @ 0.1 contribution coefficient
G2 is assumed to be at its maximum output of 800MW
G3is marginal at RRN with RRP = $40/MW
G1is also marginal with an offer price = pseudo-nodal price = $35/MW
CSP = (RRP - PNP,)/Coefficient,,
CSP = ($40/MW - $35/MW)/0.2 = $25/MW of line flow
PNP, = RRP — Coefficientg, * CSP = $40/MW - 0.1 * $25/MW = $37.50/MW
LOAD
$40,000
( 2000MW 1,000 MW
X $40/MW)
$4,000
( 1200MW
X $40/MW)
RRN =
$40/MW
$32,000
( 8ooMW
X $40/MW)
$4,000
( 200MW
X $40/MW)
2|
T =
al o
3 8
g 2
NEE
*
Y
Existing Spot Congestion Fund
Market
Settlement
Nett position G1 Nett position G2 Nett position Congestion Fund
$4,000 for 100 MW at RRP of $40/MW $32,000 for 800MW energy at RRP of + $750 credit to G1 for use of 30 MW
- $500 CSP penalty on 100MW transfer $a0/Mw CSC capacity @ $25/MW
(20MW congestion @$25/MW) - $2,000 CSP penalty on 800 MW transfer - $750 penalty to G2 for use of 30MW
+$1,250 CSC credit on 500MW transfer (80MW congestion @$25/MW) CSC capacity @ $25/MW
(50MW congestion @$25/MW) + $1,250 CSC credit on 500MW transfer =30
= $4.750 (50MW congestion @ $25/MW)
= $31,250
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Scenario B: Intra regional constraint, 2 generators contribute to constraint, 1
generator alleviates constraint

Scenario conditions

Constraint equation = 0.2GEN1 + 0.1GEN2 — 0.5GEN3 < 100

G1 holds CSC for 250 MW access = 50MW constrained line flow @ 0.2 contribution coefficient

G2 holds CSC for 500 MW access = 50MW constrained line flow @ 0.1 contribution coefficient

G3 holds CSC for 80MW transfer = (-)40MW constrained (supported) line flow @(-)0.5 contribution coefficient
G2 is assumed to be at its maximum output of 800MW

G3 is marginal at RRN with RRP = $40/MW

G1 is also marginal with an offer price = pseudo-nodal price = $35/MW

CSP = $25/MW of line flow (as previously)

9,000 LOAD
000 1,000 MW
$40
$4,000 $40
00
$40
2
50/14[4/
fy&%
22 RRN =
$40/MW
720!
RS
: S
800 O—"\;\Q‘z’
80Mmyy
N
@é
$4,000 ¢ @N\\N
00
$40
2 =
S| 5 2| o
al @ 2 5 o ©
0 O al o O
o &l 9 a| 0
3/ 8 ©]© a9
& 3 ol o © 3
23 58 g¢=
o RO 1R 4l 5
Nett position G1 Nett position G2 Nett position G3 Nett position Congestion
Fund
$4,000 for 100 MW at RRP of $32,000 for 800MW energy at $4,000 for 100 MW at RRP of Nett deficit = $250 is paid to G3.
$a0/Mw RRP of $40/MW $a0/Mw G3is “over” performing relative to
- $500 CSP penalty on 100MW - $2,000 CSP penalty on 800 MW - (-) $1,250 CSP “penalty” on CSC, i.e. G3 generates 100MW
transfer (20MW congestion transfer (BOMW congestion 100MW transfer (alleviating instead of 80MW.
@$25/MW) @$25/MW) 50MW congestion @$25/MW)
+$1,250 CSC credit on 500MW + $1,250 CSC credit on 500MW  + (-)$1,000 “credit” on CSC for
transfer (50MW congestion transfer (50MW congestion @ 80MW transfer (A0MW
@%$25/MW) $25/MW) congestion alleviation @$25/MW)
=$4,750 =$31,250 =$4,250
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Scenario C. Inter/Intra regional constraint, 2 generators contribute to
constraint

Scenario conditions

Constraint equation = ICF + 0.2GEN1 + 0.1GEN2 < 100

Interconnector (ICF) holds CSC for 150MW transfer = 150MW constrained line flow @ 1 contribution coefficient
G1 holds CSC for 125 MW access = 25MW constrained line flow @ 0.2 contribution coefficient

G2 holds CSC for 250 MW access = 25MW constrained line flow @ 0.1 contribution coefficient

G2 is assumed to be at its maximum output of 800MW

G3 is marginal at RRN with RRP = $40/MW

G1 is also marginal with an offer price = pseudo-nodal price = $35/MW

CSP = $25/MW of line flow (as previously)

LOAD
1,100 MW

RRN1=
$40/MW
Interconnector rent = $2,500
(= 100MW x ($40/MW-$15/MW)
> .
s 9% 12
g 5 5 =8
5 2 ol @ .
Ol O 21 IRs .
(6]
Q| v | L]
8 g 8 g :
ARz ol -t n
& @ .
A $3,750 :
csc -
credit ) n
5 ion Eund Inter-regional H
Existing Gy 500 Settlement Fund .
5 .
Spot csp H
Market penalty .
Settlement B RN
$15/MW
Nett position G1 Nett position G3 Nett position ICF Nett position Congestion
Fund

$4,000 for 100 MW @ $40/MW $4,000 for 100MW @ $40/MW $2,500 for 100MW transfer at Nett payment to G1 = $125
RRP difference $(40-15)/MW

- $500 CSP penalty (100MW) Nett payment to G2 = (-) $1,375
; . - -$2,500 CSP penalty on 100MW
+ $625 CSC credit (125MW) Nett position generation in transfer causigg 10thW Nett payment to ICF = (-) $1,250
=$4,125 exporting region (RR2) congestion @ $25/MW
Nett position G2 $1,500 for 100MW energy at + $3,750 credit on CSC for

exporting region RRP of $15/MW  150MW transfer

$32,000 for 800MW @ $40/MW
= $3,750 for 150MW @RRP

- $2,000 CSP penalty (800 MW) difference of $(40-15)/MW
* $625 CSC credit (250MW) = Revenues required to support
=$30,625 inter-regional hedges of 150MW
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APPENDIX C: SUPPORTING DOCUMENTS (LIST)

The background papers provided in support of our main summary paper consist
of:

e Two new papers prepared in the course of this review, with supporting
appendices; and

e Four papers prepared previously for NEMMCO, which describe the basic
theory from which our analyses have been developed.

The two new papers are:
NEM - Transmission Region Boundary Structure

Describes analytical approaches, and numerical results, designed to determine the
likely impact of constraint pricing effects in the NEM, and the potential for
economic benefits to be derived by increasing regionalisation, and/or specific
constraint pricing initiatives. Two broad approaches are covered:

o Projections using a generic constraint set in PLEXOS, with illustrative
analysis of Queensland; and

o Analysis of the nodal prices implied by historical generic constraint shadow
prices, in accordance with the equivalence theory developed in the
Theoretical Framework report described below.

NEM - Transmission Region Boundary Structure

This is the key background document, summarising the underlying theory on
which our recommendations are based. In addition to a general introduction the
key sections cover:

1.  Constraint representation and orientation, building on the theory developed
in [1] and [2] below;

2. Alternative approaches to constraint pricing, and equivalences between
nodal, zonal and “constraint support” prices, building on the theory
developed in [3] and [4] below;

3. Contractual mechanisms for hedging, constrained on/off compensation and
“constraint support”, building on the theory developed in [1] and [2] below;

4.  Allocation of hedging and/or constraint support instruments; and

5.  Management of boundary change.
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Some sections of this Theoretical Framework report summarise analyses which have
been developed specifically for this review, and some of these results are
discussed more extensively in various Appendices. Specifically:

Appendix A: Generalisation of Constraint Orientation Theory

Extends the theory previously developed in [2] below to provide a
complete theoretical framework in support of Section 2 above.

Appendix B: Impact of Non-NEO Constraint Coefficients

Complements Appendix A by discussing an illustrative example of the
pricing impact of various types of constraint term, in accordance with the
theory developed in Section 3 above.

Appendix C: Nodal/zonal Equivalence: Examples

Illustrates the equivalence theory put forward in Section 3 above, using
simple numerical examples, and thus provides a basis for the historical
analysis in the Modelling report, above.

Appendix D: Hedging for Interacting Interconnectors

Extends the theory previously developed in [4] below to complete the
theoretical framework underpinning Section 4 above.

Appendix E: Feasibility of FTR Allocation

Provides a more detailed discussion of some of the issues discussed in
Sections 4 and 5 above.

To minimise repetition from previous work, other sections of the Theoretical
Framework report summarise the earlier work, and explain its significance for this
review. Specifically, this paper draws on, and summarises, results from the
following CRA papers, previously prepared for NEMMCO?8:

[1] Constraint Representation in the NEM, CRA report to NEMMCO, January
2003

Discusses various options for constraint representation in the NEM,
recommending a “fully optimised” form, and incidentally considers the
implications of adopting a “weighted average” hub for regional pricing,
rather than the regional reference node approach used now.

18 Apart from [4] these have been discussed in public forums, and are available on the NEMMCo web-site.
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[2] Constraint Orientation: Principles and Pricing Implications, CRA report to
NEMMCO, March 2003

Complements [1] by explaining the significance of constraint orientation
as a means of providing regional reference prices corresponding to the
marginal cost of delivery to a regional reference node. This theory is
extended in Appendix A, above.

[3] Dealing with NEM Interconnector Congestion: A Conceptual Framework,
CRA report to NEMMCO, March 2003

Complements [1] by developing a basic theory for “interconnector
support” pricing and contracting, which has subsequently been developed
into the general theoretical framework described in Sections 3 and 4 of
Theoretical Framework report above.

[4] NEM Interconnector Congestion: Dealing with Interconnector Interactions,
CRA report to NEMMCO, June 2003

Previously unpublished report, expanding on [3] to deal with more
complex cases involving interactions between multiple interconnectors.
Provides analyses of three key constraints affecting the NEM at that time.
Published with permission of NEMMCO.
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