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This paper aims to provide a basis for discussion on  
the topic of managing system adequacy in the case  
of a 100% renewable energy market. The paper is not 
advocating 100% renewables, but the conclusions will 
apply when the proportion of renewables becomes high 
compared to non-renewable generation. 

In exploring the operation of an electricity system 
with 100% renewable technologies there will be many 
factors to consider, such as the sufficiency of frequency 
control ancillary services, system inertia, reactive power 
requirements, network stability, and so on. These issues 
are not dealt with in this paper. 

Here we aim to explore specifically the issue of system 
adequacy in a 100% renewables market, by which we mean 
the market mechanisms that manage the quantity  
of installed generating capacity, and the adequacy of  
this installed capacity to meet anticipated demand.  



2AECOM Discussion Paper 

In the NEM, system adequacy is managed 
primarily via a Reliability Standard of 
0.002% unserved energy per annum over 
the long term, which is implemented via 
the determination of the Market Price 
Cap (MPC). A high MPC provides a strong 
incentive for new entrant generation when 
developers expect that periods of scarcity 
may occur. If scarcity is unlikely to occur, 
then the market is adequately supplied 
and further investment in capacity is not 
required.

Renewable generation typically has very 
low short run marginal costs, and at high 
penetrations could act to reduce the 
average wholesale spot market price to 
close to zero in many periods. This could 
be ameliorated somewhat if market 
participants act as price makers rather 
than price takers, which is likely to occur 
in an oligopolistic market with a small 
number of participants.

A 100% renewable energy market is likely 
to feature more volatile spot market 
prices than the present market. With 
less diversity in short run marginal costs 
between technologies, the market supply 
curve could be substantially flattened,  
with a sharp rise when scarcity occurs. 
Market price volatility could be somewhat 
alleviated by facilitating a much increased 
demand response to spot market prices. 

The NEM already features high spot 
market volatility, with a MPC far 
exceeding the short run marginal costs 
of any installed generator. Market 
participants manage this volatility 
through participation in a mature 
contracts (derivatives) market. 

Contracts can be designed to emulate 
insurance products, featuring fixed 
payments that have the economic 
characteristics of a capacity payment and 
underwriting investment in new capacity 
in a volatile market. With an increase in 
market volatility, the derivatives market 
is expected to become increasingly 
important to market participants for 
managing their risks.

In a 100% renewables market, the MPC 
is likely to need to increase. This could 
be driven by two factors: a decreased 
average wholesale price, and increased 
net demand peakiness (if this occurs 
due to increasing penetration of variable 
generation). 

An order of magnitude estimate suggests 
that with the wholesale price falling to 
close to zero for the majority of periods, 
the MPC may need to increase by around 
two to five times to allow generators to 
recover their costs while continuing to 
meet the Reliability Standard. However, 
the increase required could be lower if 
generators can exercise transient market 
power to inflate prices in some periods.

As the proportion of variable renewables 
in the market increases, it is likely to 
become increasingly challenging to 
predict the appropriate level for the MPC. 
The simulation exercises required for 
reliability assessments are complex  
and are sensitive to a wide range of 
assumptions, such as the shape of the 
load profile during the highest demand 
periods. 

An increase in the proportion of variable 
generation will increase the challenge 
inherent in this modelling, with the 
statistical properties of the operation 
of these generation sources needing to 
be very accurately profiled, particularly 
around time of peak demand. With limited 
historical data this will be very difficult to 
perform with confidence.

Increasing the MPC increases risks 
to market participants, and therefore 
increases the costs of hedging 
instruments. It may also increase 
prudential obligations and therefore  
raise barriers to new entrants. These 
factors would need to be carefully 
considered before the MPC was 
increased. 

If it were deemed inappropriate to 
increase the MPC, one option would be to 
relax the Reliability Standard. At present, 
the majority of customer interruptions 
are driven by distribution network 
outages, suggesting that this may have 
a minimal impact upon the incidence of 
load-shedding ultimately experienced by 
customers.

If the MPC could not be increased, and the 
Reliability Standard could not be relaxed, 
then alternative market mechanisms may 
be required to maintain system adequacy  
in a 100% renewables market. This 
could include consideration of a 
capacity market, but should also include 
consideration of the range of other 
alternatives that could be implemented 
with much less disruptive reform. For 
example, a reserve ancillary service could 
be introduced. 

Capacity markets are generally more 
complex than energy-only markets and 
rely on centralised decision making to a 
much greater extent.

Summary
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There is increasing interest in 
understanding how electric power 
systems may function with very high 
penetrations of renewable energy. With 
increasing pressure to reduce greenhouse 
emissions and maintain energy security, 
and continued reductions in the costs of 
renewable technologies, a shift to power 
systems with a higher penetration of 
renewable energy appears inevitable. 

The Australian Energy Market Operator 
(AEMO) is currently conducting detailed 
analysis of the National Electricity Market 
in a scenario with 100% renewable 
energy, focusing on exploring technical 
viability [1]. The CSIRO is also embarking 
on a multi-year study to explore 
Australia’s future grid under various 
scenarios, which will include investigation 
of scenarios with high penetrations of 
renewable energy [2]. 

Most studies to date have focused on 
the technical viability of systems with 
high penetration renewables. The aim 
is usually to determine whether high 
proportions of variable renewable 
technologies such as wind and solar can 
reliably supply electricity in every half 
hour, given that their operation depends 
upon the availability of variable natural 
resources. 

Introduction

Studies have not yet identified any 
technical barriers to high penetration 
renewable systems. For example, the 
National Renewable Energy Laboratory 
(NREL) has recently published  
a comprehensive “Renewable Electricity 
Futures Study”, finding that:

“Renewable electricity generation from 
technologies that are commercially 
available today, in combination with a 
more flexible electric system, is more 
than adequate to supply 80% of total 
U.S. electricity generation in 2050 while 
meeting electricity demand on an hourly 
basis in every region of the country” [3]. 

Some technical aspects do remain to be 
considered; for example the NREL study 
did not conduct AC power flow modelling 
(meaning that system voltages and 
reactive power flows have been ignored, 
and line losses approximated). They 
also did not conduct transient stability 
analysis or detailed contingency analysis 
(although contingency reserves and other 
types of regulation and load following 
ancillary services were included). 

However, it is reasonable to assume that 
as power systems progress towards 
increasing renewable penetration, issues 
related to these second order aspects 
can be progressively addressed. Thus, 
the question shifts from one of technical 
viability to one of cost. 

Scope of this analysis
In exploring the operation of an 
electricity system with 100% renewable 
technologies there will be a wide 
spectrum of factors to consider, such 
as the sufficiency of frequency control 
ancillary services, system inertia, reactive 
power requirements, network stability, 
and so on. These issues are not dealt with 
in this short paper. 

Here we aim to explore specifically the 
issue of system adequacy in a 100% 
renewables market, by which we mean 
the market mechanisms that manage the 
quantity of installed generating capacity, 
and the adequacy of this installed 
capacity to meet anticipated demand.  

Here we aim to discuss following 
questions:

 - Are the present NEM mechanisms likely 
to remain sufficient for maintaining 
system adequacy in a 100% renewables 
system?

 - Is the Market Price Cap likely to need to 
change in a 100% renewable system?

 - Could a Capacity Market or other 
alternative mechanism  
for supporting investment to meet the 
reliability standard  
be required?

The paper is not advocating 100% 
renewables, but the analysis applies 
when the proportion of renewables 
becomes sufficiently high.
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In the NEM, a Reliability Standard is 
defined, which determines the amount 
of supply interruption to consumers 
that is considered acceptable. In setting 
this reliability standard it is important 
to carefully balance customer desire for 
reliability against the cost of achieving 
that reliability.

In the NEM at present the Reliability 
Standard is defined as 0.002% unserved 
energy per annum, measured over the 
long term. It is defined by the Reliability 
Panel, and is intended to broadly 
reflect the level of reliability valued by 
customers.

The purpose of the Reliability Standard is 
to assess whether sufficient investment 
in generator capacity is occurring to 
meet changes in consumer demand. As 
such the Reliability Standard applies 
primarily to generation, but also includes 
interregional transmission to capture 
the benefits of generation from across 
regional boundaries [4].  

Managing system adequacy

The Reliability Standard excludes 
distribution and those transmission 
components that do not impact on inter-
regional transfer capability, as well as 
power system security incidents and 
exogenous incidents such as industrial 
action and terrorism [4]. 

Reliability and security standards for 
networks are independently defined 
via state-based network planning 
standards, determined and monitored by 
jurisdictional bodies. 

This paper focuses only on the Reliability 
Standard defined for generation1  
(referred to as simply the Reliability 
Standard from this point).

The Reliability Standard is implemented 
in the market via a number of price 
mechanisms:

 - The Market Price Cap (MPC)

 - The Cumulative Price Threshold (CPT) 
(and associated administered prices)

 - The market floor price

The interaction of these mechanisms is 
illustrated in Figure 1. The higher the MPC 
and CPT, the more revenue a new entrant 
can expect to make during periods of 
market scarcity. Thus, the attractiveness 
of investment in new capacity in the 
NEM is affected by these parameters, 
in combination with how often they are 
expected to occur. 

With perfect foresight, these parameters 
could be ‘tuned’ to provide the precise 
level of investment incentives for new 
plant to be installed to exactly meet the 
Reliability Standard. 

Investment in further capacity beyond 
this point would decrease the incidence of 
scarcity (and therefore reduce the periods 
over which plant can capture the benefits 
of receiving the MPC), and investment 
in less capacity would provide an 
opportunity for a new entrant to receive 
sufficient revenue to make a return. 

1. Reserves required to provide sufficient Frequency Control Ancillary Services are included in the assessment of system adequacy, defined by the 
0.002% Reliability Standard.
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Every four years the Reliability Panel 
conducts a comprehensive review of 
the Reliability Standard and Settings. 
Typically, as a part of this process, 
modelling is performed to determine what 
these price mechanisms should be set to 
in order to meet the Reliability Standard. 

A very large number of Monte Carlo 
simulations are run, exploring different 
combinations of plant forced outages 
(based upon an assessment of likely 
forced outage rates) and other relevant 
market parameters. 

Generation is added to the market until 
the 0.002% unserved energy standard 
is just met. The price mechanisms (and 
most significantly the MPC) are then set 
such that the last generator dispatched 
(usually a peaking generator) makes a 
sufficient return to make a return on their 
investment2. 

In a marginal pricing market like the 
NEM, generators rely upon dispatch in 
periods where the price exceeds their 
SRMC in order to recover their fixed 
costs, including their capital investment. 
Simplistically, investors considering the 
installation of a new plant will make a 
judgement as to how frequently this is 
likely to occur, and what the price is likely 
to be in those periods. 

Where they expect the prices to be high 
enough, frequently enough, to cover 
their fixed costs, they should invest. 
In reality, this investment decision will 
also be affected by a wide range of other 
factors, such as the ability to negotiate 
suitable long-term contracts (where 
the willingness of market participants 
to sign contracts will be driven by their 
expectation of the incidence and level of 
future high prices, among other things).

Figure 1 
NEM Reliability Standard and Reliability Settings3

Market Floor Price = -$1,000 /MWh

Source:  Adapted from [5]
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2. In reality, the blocky nature of electricity infrastructure investment may provide incentives for a developer to oversize or delay the installation an asset in 
anticipation of future load growth. 3. The MPC and CPT are subject to indexation. The AEMC calculates the MPC and the CPT to apply on and from 1st July each year. 
These are published on the AEMC website by 28 February each year. Values shown apply until 30 June 2013.
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Figure 2  
Categories of renewable technologies

Renewable generation

Moderate variable costsVariable costs close to zero

Schedulable Schedulable

 - Geothermal

 - Hydro

 - Solar thermal  
(w/storage)

 - Biomass - Wind

 - Solar PV

 - Solar thermal  
(w/o storage)

Variable  
generation

Variable  
generation

Renewable generation technologies can 
be categorised as either variable (meaning 
that their generation varies over time 
depending upon the availability of natural 
resources) or schedulable (indicating that 
they can be scheduled and dispatched  
as required), as illustrated in Figure 2.  
Variable technologies bring new 
challenges that have not yet been dealt 
with in high proportions in any electricity 
market in the world. Designing markets  
to cost effectively manage the 
uncertainty and variability of renewable 
technologies in power systems is dealt 
with in detail elsewhere [3, 6], and is not 
the focus of this paper.

Renewable technologies also differ from 
traditional power generation in that 
they have a different cost profile.  Most 
renewable technologies have low variable 
costs, since they do not have to procure 
fuel. This means that their short-run-
marginal-costs (SRMC)4 are typically 
very low (close to $0/MWh).  Biomass 
technologies are a possible exception to 
this, depending upon the cost ascribed to 
fuel procurement.   

Characteristics of renewable generation

4. The variable costs of producing one extra unit of electricity, typically including the cost of fuel, carbon emissions and variable operations and maintenance.
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Market power
The low SRMC of the majority of 
renewable technologies has important 
implications for the operation of 
electricity markets. The NEM is a marginal 
pricing market, which means that all 
generators dispatched in an interval 
are paid the price of the most expensive 
winning bid (the highest bid dispatched).  
In periods where there is significant 
market competition, generators will 
rationally bid the majority of their capacity 
at close to their SRMC. 

Bidding higher than SRMC would risk not 
being dispatched (and therefore earning 
no revenue in periods where a profit could 
be made), while bidding lower risks being 
dispatched at a price that does not cover 
variable costs. 

It is worth considering whether the NEM 
should be viewed as a highly competitive 
market. In periods where only a small 
number of market participants having 
market clearing capacity available, it may 
be more appropriate for the NEM to be 
considered oligopolistic. During these 
periods, bidding at SRMC does not remain 
economically rational, since alternative 
strategies are likely to lead to equilibria 
with all participants achieving higher 
revenues. 

Cournot modelling suggests that the 
dividing line between “few” and “many” 
may occur at around five, with four 
market participants being able to engage 
in cooperative behaviours, but six being 
more likely to behave competitively [7]. 
This could occur relatively frequently in 
the NEM. 

Potential impacts on market prices

There is clear evidence that generators do 
exercise transient market power in some 
regions of the NEM, during some periods. 
As stated by the Australian Energy 
Regulator in 2009 [8]:

“We have seen generators exercising 
market power to drive up prices in 
New South Wales, South Australia and 
Tasmania over the past couple of years. 
Price spikes have become a recurring 
summer event in South Australia. There is 
limited transmission capacity to import 
electricity from Victoria allowing AGL to 
set prices in peak periods around the 
$10,000/MWh cap.”

However, analysis suggests that this 
degree of market power may have 
reduced in recent years due to softening 
demand growth, and significant growth 
in non-scheduled and semi-scheduled 
wind in South Australia since 2009 [9]. The 
AEMC is currently reviewing the potential 
generator market power in the NEM. Their 
draft determination finds that [10]:

“there is insufficient evidence of the 
existence of substantial market power 
to warrant the introduction of a rule that 
restricts the dispatch offers of generators 
in the NEM. 

Supply and demand conditions have 
existed in the NEM in previous years that, 
for short periods, may have supported 
some generators’ ability to increase 
prices significantly above their costs. 
[However,] analysis shows that annual 
average prices have on occasion risen 
above the efficient level but have not 
been sustained for a sufficiently long 
period that would warrant a rule change.”

Figure 3 shows the price duration 
curves for each NEM region in 2010-11, 
illustrating that in this year prices rose 
above $100/MWh less than 1%of the time 
in any region, and above $1000/MWh less 
than 0.2% of the time. 

Over all of the years 2006-07 to 2010-11, 
in every NEM region, prices exceeded 
$100/MWh less than 7% of the time, and 
exceeded $1000/MWh less than 0.4% of 
the time [11]. During periods where the 
price exceeded $1000/MWh generators 
undoubtedly had some transient market 
power, but this data indicates that this 
occurs infrequently. 

It is likely to remain very challenging to 
predict how the market will evolve with 
a move to larger quantities of renewable 
energy, particularly with regards to the 
oligopolistic nature of the NEM. 

It is expected that as the proportion of 
renewable participants in the market 
grows, their bidding strategies will move 
away from acting purely as price takers. 
What new bidding strategies might evolve 
is unclear. However, the AEMC analysis 
suggests that, while generators may 
experience rare periods of transient 
market power, for the most part the NEM 
does operate in a reasonably competitive 
fashion. 

This indicates that, if conditions remain 
similarly competitive in a future 100% 
renewables market, generators may 
have limited ability to set the price much 
above their respective SRMCs in the 
majority of periods. This suggests a future 
market where the electricity price is 
close to zero for the majority of the time 
(when renewable generation available 
exceeds demand), and escalates rapidly 
during periods of scarcity (when minimal 
renewable resource is available).
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Figure 3 
Price duration curve for prices above $100/MWh 2010-11 (log scale)
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The degree of demand response that 
may be achievable remains an open 
question. The Australian Energy Market 
Commission (AEMC) is currently exploring 
potential mechanisms for facilitating 
increased demand response via the 
Power of Choice Review. 

If these mechanisms are implemented 
successfully the AEMC estimates that 
2,100-2,800 MW of demand response 
could be captured from commercial 
and industrial customers in the NEM 
[12]. Further response may eventually 
be available from a wider range of 
consumers with the introduction of 
advanced technologies (such as interval 
metering and tools to facilitate consumer 
engagement). 

The introduction of storage technologies 
(such as large-scale batteries and 
pumped hydro storage) could have a 
similar effect.

For the remainder of the discussion in 
this paper it is assumed that the NEM is 
reasonably well characterised as a fully 
competitive market in the majority of 
periods. Some transient market power is 
anticipated to remain in the market, but 
it is assumed that the periods when this 
occurs will be relatively rare. 

Under this assumption, an increase in the 
proportion of very low SRMC generation 
in the market would increase the number 
of periods with market prices at or close 
to $0/MWh. We explore the potential 
implications of this for system adequacy 
and market reliability settings.

Supply-demand curves
Figure 4 provides an illustrative 
framework for thinking about prices in 
markets with varying compositions of 
technology types. Hypothetical supply-
demand curves are provided for three 
possible markets.

In a fully competitive market, the supply 
curve is dictated by the variable costs 
(SRMC) and capacities of the generation 
installed in the system. In a typical 
electricity system at present, generators 
with a range of SRMCs will be installed 
(associated with base-load, intermediate 
and peaking operation), leading to 
a relatively smooth supply curve as 
illustrated in Figure 4a). 

Electricity demand is typically considered 
to be relatively inelastic (at least, in the 
short term at present), leading to a steep 
demand curve for any particular dispatch 
interval. System demand varies by season 
and time of day, moving the demand curve 
such that it intersects the supply curve 
at different points, leading to different 
market prices. Prices in this market are 
anticipated to vary relatively smoothly, 
due to the smooth shape of the supply 
curve.

Now consider a hypothetical future 
market with 100% renewable 
technologies. This market is likely to 
consist predominantly of low SRMC 
generation such that the supply curve will 
be zero for the majority of the installed 
capacity, as illustrated in Figure 4b). 

At a certain point some market 
participants will have their assets fully 
dispatched such that the remaining 
market could be considered oligopolistic. 
At this point, market participants are 
expected to exercise market power and 
elevate the price rapidly to the MPC. The 
point at which this occurs will depend 
upon the quantity of variable generation 
operating in that dispatch interval. 
In Figure 4b) this is indicated by two 
supply curves relating to high and low 
wind operation (where wind is used as 
representative of any variable technology 
for ease of explanation). 

The market illustrated in Figure 4b) is 
likely to be more volatile than the fossil 
fuel market illustrated in Figure 4a). 
Due to the steepness of the supply 
and demand curves, small changes in 
either will lead to large changes in price. 
Furthermore, this market will feature 
electricity prices close to zero for the 
majority of the time5. Generators in this 
market will need to recover all of their 
fixed costs during rare high priced periods 
which are likely to be challenging to 
predict.

Figure 4c) illustrates another potential 
scenario, where in addition to a shift to 
100% renewable generation an increased 
demand response is elicited from the 
market. In this scenario, the flattening 
and smoothing of the demand curve 
would act to reduce market volatility. 

5. This analysis is conducted in a future year where the Large-scale Renewable Energy Target (LRET) scheme ceases to apply, such that renewable generators do not 
receive additional income from the sale of Large-scale Generation Certificates (LGCs). This could occur if the carbon price is sufficiently high beyond the 2020-2030 
decade. If renewable generation did continue to be supported by LGC revenue they may be incentivised to bid at negative the LGC price, which could reduce market prices 
to below zero in the majority of periods.
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Managing price volatility
Market participants already manage 
significant price volatility in the present 
market via contractual arrangements 
or via vertical integration. Generators 
contract with retailers to manage energy 
price risk under various arrangements. 

This mitigates the risk to retailers of 
extreme high prices, and provides 
generators with confidence that fixed 
costs will be recovered even if high priced 
periods do not occur as frequently as 
anticipated. The NEM now features a 
relatively mature derivatives market, with 
few market participants accepting full 
exposure to spot market prices [14].

In a 100% renewable market it is likely 
that price volatility will increase from 
present levels. With an increasing 
proportion of variable generation scarcity 
events will occur at different times in 
the year, and are likely to become more 
challenging to predict. However, allowing 
extreme prices to occur is an inherent 
part of the NEM’s design. As stated by the 
AEMC [10]:

“occasional spot prices above cost are 
an inherent feature of an energy-only 
market such as the NEM and provide a 
mechanism for generators to recover 
their efficient fixed costs, particularly 
given that wholesale prices may be very 
low or negative at other times.”

Supply curves in the NEM
Supply curves for the NEM based upon 
estimated SRMCs for each market 
scheduled generator are illustrated in 
Figure 5. 

As discussed in section 4.1, the NEM 
cannot be considered to be fully 
competitive in all periods, so SRMCs 
provide only a limited indication of the 
supply curve that will be offered by 
generators in their bids. In particular, 
the supply curve is likely to deviate from 
SRMC during high demand periods when 
the market becomes oligopolistic.

Figure 5a) illustrates NEM (cost-based) 
supply curves at less than $100/MWh. 
Over this range, the supply curve is 
relatively smooth, and similar to the 
hypothetical market illustrated in Figure 
4a). However, when higher cost peaking 
generation is included the curve rises 
sharply at the highest capacities as 
illustrated in Figure 5b). 

Furthermore, when the Market Price 
Cap (MPC) of $12,900/MWh is included, 
the supply curve appears similar to that 
illustrated in Figure 4b). If market power 
effects during high demand periods were 
included, the slope of the curve would 
be softened somewhat. However, this 
does serve to indicate that relative to the 
MPC, all generation installed in the NEM 
can be considered low SRMC. Thus, the 
NEM could be described as already being 
somewhat similar to the market depicted 
in Figure 4b). 

Seen in this light, a shift to a 100% 
renewable market may not necessarily 
cause dramatic changes in the way the 
NEM operates. 

Most agree that the NEM has functioned 
effectively to date. Indeed, the NEM is 
often held up as a “successful model” for 
other markets to aspire to [15]. 

It is anticipated that, with an increase in 
price volatility, the derivatives market will 
become increasingly important. Analysis 
of the Sydney Futures Exchange-traded 
NEM hedging instruments over the past 
4-5 years suggests that the now relatively 
mature market for hedging instruments 
should be able to respond quickly to 
changes in market participants’ hedging 
needs [14].

It is difficult to predict the degree to 
which price volatility may increase, and 
also difficult to predict the ability of the 
NEM design to accommodate increased 
volatility. However, this preliminary 
analysis does not find evidence that 
NEM design will need to change in 
order to function effectively with 100% 
renewables.



12AECOM Discussion Paper 

Cumulative Capacity (MW)

14,000

12,000

10,000

8,000

6,000

4,000

2,000

500

450

400

350

300

250

200

150

100

50

No carbon price
With carbon price ($23/tCO2-e)

No carbon price
With carbon price ($23/tCO2-e)

No carbon price
With carbon price ($23/tCO2-e)

Figure 5 
Supply curve for the NEM (2012), on various scales 
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As discussed in Managing system 
adequacy, in the NEM the MPC is the main 
tool used to adjust investment signals to 
ensure that there is sufficient installed 
capacity to meet the Reliability Standard. 
This section explores whether the MPC 
may need to change in a market with 
100% renewable energy.

Potential impacts on the Market Price Cap

Reduction in average prices
We have constructed a simple model  
to explore the potential scale of the 
impact of a reduction in average prices  
on the MPC. 

Consider two power systems each 
containing a single type of generation – 
one containing entirely coal-fired 
generation, and the other containing 
entirely geothermal generation. 

We assume that these power systems 
are identical in every way, except that 
the coal-fired generation has an SRMC 
of $30/MWh, while the geothermal 
generation has an SRMC of $0/MWh. 

Both are assumed to have an LRMC 
(including capital cost) of $60/MWh6.  
This includes an implicit assumption that 
all generators in the system operate with 
similar annual capacity factors, either 
due to a flat demand profile, or via pain-
sharing in the market dispatch. Thus, 
this model does not take into account 
the varying market roles of base-load, 
intermediate and peaking plant.

We identify two possible ways that the 
MPC could be affected by a shift to a 
100% renewable market:

 - Reduction in average prices  
With a reduction in average market 
prices all generators will need to recover 
an increasing proportion of fixed costs 
during scarcity events. Assuming that 
the occurrence of oligopolistic periods 
(and hence their ability to exercise 
market power) remains unchanged, this 
would necessitate an increase in the 
MPC to ensure that sufficient capacity 
remains economically viable to meet 
the Reliability Standard.

 - Changing shape of demand profile in 
peak periods  
With increasing penetration of variable 
generation technologies the effective 
net demand profile in peak periods 
could change. If this affects the highest 
demand periods (changes the shape 
of the highest part of the load duration 
curve), it could mean that the number of 
hours a peaking generator can operate 
and recover its capital cost is changed 
for a given level of the USE Reliability 
Standard [5]. Therefore, the level of the 
MPC would need to change.

6. Geothermal generation costs are much higher than this at present; the assumption of LRMC=$60/MWh is for illustrative purposes only.
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This will be given by:Furthermore, we assume that each 
market is fully competitive for the 
majority of the time such that average 
market prices for the majority of the time 
are close to the SRMC of the installed 
generation (refer to Market Power 
for discussion on the validity of this 
assumption).

Based upon these assumptions we can 
calculate the MPC that would need to 
be allowed to occur in the market for 
all installed generators in the market 
to make a return on their investment, 
assuming each market has the correct 
level of installed plant to meet the 
prescribed Reliability Standard.  

Table 1  
Simple model assumed properties of 
generation installed in each system

100%  
coal power  
system

100%  
geothermal  
power 
system

Long-run  
Marginal  
Cost  
(LRMC)

$60/MWh $60/MWh

Short-run  
Marginal  
Cost  
(SRMC)

$30/MWh $0/MWh

MPC=365×24× +SRMC 
(LRMC-SRMC)

Number of hours 
of scarcity 
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This is plotted in Figure 6 for the specific 
example considered here, as a function 
of the number of hours of scarcity. This 
simple model analysis suggests that if 
the difference between the LRMC and 
SRMC of the installed generation doubles, 
then the MPC needs to slightly more than 
double for installed generators to make 
the same annual revenues.

This simple model makes large 
approximations and cannot replace 
detailed reliability modelling for 
determination of the MPC. However, 
it does provide an indication that, 
even if the MPC may need to increase 
to accommodate larger quantities of 
renewable generation, it may not need  
to increase by very much. 

Figure 6  
Simple model for impacts of renewable generation on the MPC
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Certainly, it does not need to be 
infinitely high. In fact, even in a perfectly 
competitive 100% renewable energy 
market with market prices at $0/MWh 
the majority of the time, this analysis 
provides an order of magnitude estimate 
that the MPC would only need to change 
by the order of a factor of two to five. If the 
oligopolistic nature of the market were 
considered it is likely that the increase in 
the MPC could be even smaller.

All generators in the NEM already 
make a significant proportion of their 
revenue during scarcity periods. Figure 7 
illustrates the proportion of spot market 
revenue that would have been earned by a 
hypothetical wind or solar plant operating 
in the NEM in recent historical years, on 
the highest 20 revenue days of the year. 

Based upon spot market revenues alone, 
on the highest 20 days wind generators 
can expect to earn 15-55% of annual 
revenues, and solar plants can expect to 
receive 15-70% of annual revenues. This 
is a high proportion, again emphasising 
that the NEM already manages significant 
market volatility. 

Furthermore, the proportion varies 
significantly year to year, highlighting the 
importance of hedging instruments for 
the management of risk in the present 
NEM.
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Figure 7  
Proportion of revenue earned in the highest 20 revenue days in the NEM (historical)
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Changing shape of demand profile in 
peak periods 
As illustrated in Figure 6, the MPC 
required for generators to make a return 
depends upon the occurrence of periods 
of scarcity. This is because the revenue 
earned by a generator is given by the 
product of the number of periods they are 
operating, and the average price when 
they operate:

The MPC must be sufficient for the last 
peaking generator dispatched to make an 
adequate contribution to their fixed costs 
(assuming that generator is required to 
meet the reliability standard). Assuming 
that the price is equal to the MPC when 
this final peaker is dispatched, the 
equation above can be expressed as:

Thus, if scarcity periods are relatively 
frequent, peaking generators can expect 
to be dispatched relatively frequently at 
close to the MPC, and the MPC required 
for them to make a return can be lower.  
By contrast, if scarcity occurs 
infrequently, the MPC will need to be 
higher for the final peaking generator to 
make an adequate contribution to their 
fixed costs. 

Because the Reliability Standard is 
expressed as a quantity of unserved 
energy (0.002% per annum over the 
long term), the occurrence of scarcity 
periods will depend upon the shape of the 
demand profile in the highest demand 
hours. The 0.002% unserved energy could 
occur in a single short event where the 
demand far exceeds the ability of the 
system to supply it. 

MPC =
Annual fixed costsFinal peaker

Number of periods of scarcity

Number of 
periods of 
scarcity

× MPC =

Figure 8  
Illustration of the significance of the shape of the load profile
The Reliability Standard allows for 0.002% unserved energy (USE) per annum, 
measured over the long term.  Assuming USE is most likely to occur in the highest  
net-demand periods, the shape of the load duration curve during those periods  
dictates the number of hours of scarcity, over which load shedding (and therefore  
the MPC) could occur whilst still meeting the Reliability Standard.

0.002% of  
annual energy

Permissible periods of USE

Annual 
Revenue = ×

Number of 
periods of 
operation

Price when 
operating 

Annual  
fixed  
costs Final  

peaker 
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Alternatively, it could occur over a 
long period (or many events) where 
the demand only slightly exceeds the 
generation capacity. In the first case, 
the MPC would need to be much higher 
to incentivise new entrant generation, 
because the unserved energy occurs 
over a short period (small number of 
hours of scarcity). By contrast, in the 
second case (where the unserved energy 
occurs in a series of smaller events where 
the demand only slightly exceeds the 
generation capacity), the load duration 
curve would be shallow at the highest 
demands and the MPC could be lower. 
Generators would expect to receive 
the MPC for a larger number of hours, 
allowing a lower price to incentivise the 
same level of investment. This effect is 
illustrated in Figure 8.

For the sake of analysis, variable 
generation, such as wind and solar 
photovoltaics, can be considered as an 
adjustment to the demand profile. The 
demand profile7 can be replaced with the 
‘net demand’, where this is the demand 
in each period net of variable generation 
operating in that period. 

It is unclear how variable generation 
would affect the net demand profile. 
If variable generation technologies are 
uncorrelated with demand, the shape 
of the demand duration curve may be 
relatively unchanged, meaning that the 
MPC can remain relatively unchanged. 
Alternatively, variable generation could 
affect the peak demand profile such that 
the permissible 0.002% unserved energy 
is concentrated into a smaller number 
of hours. If this were the case, the MPC 
may need to be increased in line with 
the reduction in the number of hours of 
scarcity, as illustrated in Figure 6.

Possible issues with increasing the MPC
At a certain level, it may not be feasible to 
further increase the MPC. The following 
potential impacts would need to be 
carefully considered [14]:

Increased costs of hedging

With an increase in the MPC, the risks 
to market participants of operating in 
the NEM would increase, particularly 
for retailers. With a deep and liquid 
derivatives market, suitable hedging 
instruments are likely to be available, 
but the premiums on these instruments 
are likely to increase. At present, swap 
premiums in the NEM are consistently 
around $2/MWh above spot prices [4],  
and $300 cap contracts are trading at  
$9-$13/MW in Quarter 1, and at $2 $7 in 
other Quarters [17] (varying by region). 
These prices would be likely to increase 
if the MPC increased substantially. 
This cost would ultimately be borne by 
consumers through retailer premiums. 

Possible impacts on hedge market 
liquidity

Increasing risks and hedging premiums 
could have other implications for 
derivatives markets, particularly relating 
to hedge market liquidity and duration. 
However, analysis by Frontier Economics 
suggests that these impacts could be 
minimal [14]:

“We see no reason to expect a large 
drop-off in liquidity given the increase 
in Sydney Futures Exchange-traded 
NEM hedging instruments over the past 
4-5 years. We expect the now relatively 
mature market for hedging instruments 
will be able to quickly respond to changes 
in market participants’ hedging needs 
due to an increased MPC. In our view, this 
suggests no need for policy interventions 
in hedging markets due to an increase in 
the MPC.”

Increased prudential obligations

AEMO is exposed to the risk of market 
participants defaulting, and this risk is 
managed via prudential requirements 
in the National Electricity Rules. The 
requirements are intended to cover 
AEMO’s worst case exposure, taking 
into account the potential for spot price 
volatility in the NEM. With an increase in 
market volatility and an increase in the 
MPC, this worst case exposure would be 
likely to increase, which would then need 
to increase the prudential obligations 
for market participants. This has the 
potential to raise barriers to entry [14].

Discouragement of inter-regional 
contracting

With an increase in the MPC, the potential 
for large inter-regional price differences 
increases. Given that Inter-Regional 
Settlement Residues do not offer a 
perfect hedge, this would increase the 
risks of inter-regional contracting. This 
could ultimately interfere with locational 
signals, driving new entrants to locate in 
the same region as their intended load, 
despite potentially more economically 
efficient locations being available [14].

Market uncertainty

Any increase in the MPC would need to be 
managed gradually, in a stepped fashion, 
to limit regulatory shock to the market. 
This gradual transition would need to be 
carefully managed to ensure that market 
participants have adequate certainty over 
the future MPC, and can appropriately 
take it into account in determining the 
terms of forward contracts that may cover 
that period.

7. Note that this is only economically appropriate when variable generation acts primarily as a price taker in the market. 
Refer to section Market Power for further discussion.
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Adjustment to the Reliability Standard
Thus far it has been assumed that the 
Reliability Standard is maintained at 
0.002% unserved energy per annum over 
the long term. However, it has been noted 
by the AEMC that changes to the unserved 
energy requirement in the Reliability 
Standard [4]:

“would have only a minor impact on the 
reliability experienced by customers 
because the reliability of the generation 
sector currently makes only a small 
contribution to supply reliability 
experienced at the consumer connection 
point”.

They find that supply interruptions 
originating in the generation or 
transmission sectors account for 
less than 10% of the duration of all 
interruptions to end-user supply, with 
supply interruptions originating in the 
distribution sector accounting for the 
remainder. Furthermore, of the supply 
interruptions originating in the generation 
or transmission sectors from 2005 
onwards, only around 12% were due to 
reliability events (the remaining 88% 
were due to security events, which are 
unrelated to the Reliability Standard) 
[4]. This implies that less than 1.2% of 
interruptions to end-user supply are 
related to generation adequacy.

This suggests that the Reliability 
Standard could be reduced with a minimal 
impact upon consumers. With a reduction 
in the Reliability Standard the MPC 
could be reduced (or maintained at the 
same level, if other factors are driving it 
to increase). This may be an appropriate 
solution if there is not a consensus for 
increasing the MPC.

Challenges in determining the MPC
As discussed in section 2.0, at present 
the MPC is determined via a detailed 
modelling exercise, determining the total 
installed system capacity that leads to 
0.002% unserved energy per annum over 
the long term (and over many iterations 
involving Monte Carlo simulation of forced 
outages at each plant). 

The MPC required to allow the last 
dispatched peaking unit to make a 
positive return is then determined.

This modelling exercise is already 
challenging. Many assumptions must be 
made, and as discussed in section 5.5, 
the modelling outcomes are particularly 
sensitive to assumptions around the 
shape of the demand profile during the 
highest demand periods. 

This varies significantly year to year and 
is difficult to predict since it depends 
upon a wide range of variables such as 
weather, changing consumer choices 
and the installation and operation of 
embedded generation (such as rooftop 
photovoltaics).

With an increase in variable generation 
in the system, this modelling exercise is 
likely to become even more challenging. 
The statistical properties of the operation 
of variable generators in the system 
would need to be predicted and simulated 
over many iterations, in conjunction with 
thermal plant forced outages. 

The manner in which these profiles 
correlate with high demand periods will 
be particularly important to capture 
accurately. This is notoriously difficult; 
these periods by definition occur rarely 
(since only the highest demand periods 
each year are relevant), meaning that 
limited historical data is available for 
statistical analysis.

These factors could mean that 
the MPC required to incentivise 
sufficient investment to meet the 
reliability standard becomes far more 
challenging to predict. This also affects 
the investment certainty of market 
participants, since their choice to invest 
(or not) depends upon their assessment 
of future periods of scarcity, in addition 
the level of the MPC. 
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If it is deemed to be inappropriate to 
increase the MPC, it may be necessary 
to explore alternative market models to 
support system adequacy in the NEM. 
Various alternative mechanisms are 
available, as discussed briefly here.

Overview of a possible capacity 
mechanism
Many markets around the world utilise 
an explicit capacity mechanism, where 
the provision of capacity to the market 
is considered to be a separate service to 
the provision of energy, and is priced in 
a separate market. Some have called for 
the introduction of a capacity mechanism 
in the NEM.

There is a range of ways to implement a 
capacity mechanism. Most commonly 
some sort of capacity market is applied. 
A capacity market could be implemented 
in the NEM as follows. The total required 
volume of capacity required to be 
installed in the NEM in each year would 
be determined by a central body (such as 
AEMO). This central body would conduct 
an auction to procure this amount 
of capacity from the market, issuing 
capacity credits to successful bidders. 
Retailers would assume a capacity 
liability proportional to their anticipated 
peak demands (and summing to the total 
system capacity required), and would 
need to procure sufficient capacity 
credits to meet their respective liabilities.

Since generators would source a 
significant proportion of their revenue 
from the capacity market, the spot 
market price cap could be significantly 
reduced, limiting spot market volatility. 
This reduces generator risk and therefore 
reduces their cost of capital. 

In a well-designed market, this reduction 
in generator costs could translate into a 
reduced cost to customers (all else being 
equal).

Capacity markets

Contracts
Significantly, appropriately designed 
contracts available in the NEM at present 
provide a fixed premium to generators 
that has the economic characteristics of a 
capacity payment.  For example, consider 
the one way hedge contracts typically 
sold by peaking plants, which have the 
characteristics of an insurance product 
(illustrated in Figure 9). 

Retailers make a fixed payment to a 
peaking generator in return for a capped 
market price (usually at a strike price of 
$300/MWh). The peaking generator then 
operates during these high priced periods 
and pays the retailer the difference 
between the contract strike price and the 
spot market price. 

This provides the peaking generator with 
a fixed revenue stream sufficient to cover 
their annual costs (as would a capacity 
payment), and provides the retailer with a 
guarantee of prices capped at the strike 
price. 

When contracted, generators have a 
very strong incentive to ensure operation 
during high priced periods; if they 
experience a forced outage during a high 
priced period they will need to make a 
substantial payout to the retailer while 
not receiving a correspondingly high 
income from the spot market. Provided 
the MPC is priced at close to the value of 
customer reliability, it can be argued that 
this incentive is economically appropriate 
(since the cost to customers of an outage 
is very high). 

Figure 9  
Illustration of a cap contract between a generator and a retailer

Fixed payment

If X > $300 /MWh
$X/MWh – $300/MWh

$X/MWh$X/MWh

Pool

Pool Price = $X/MWh

Retailer Generator
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Where generators do not have confidence 
that they will be available at high priced 
times, they thus have a strong incentive 
to avoid contracting their capacity. 
In capacity markets this mechanism 
is usually emulated by penalties if 
generators are not available when 
required.

Thus, in many ways, a deep and liquids 
contracts market provides many of the 
benefits of a capacity mechanism, but 
allows market participants flexibility in 
determining the level and nature of risk 
they are prepared to accept. Furthermore, 
provided the MPC is close to the value 
of customer reliability, the NEM design 
naturally aligns generator penalties for 
lack of availability at time of peak with 
the costs faced by customers if an outage 
occurs.

Centralisation of decision making
In general, capacity markets do not 
remove the challenges and risks 
encountered in an energy-only market, 
but rather shift responsibility for the 
management of risks from market 
participants to a central authority, and 
shift the risks and associated costs from 
market participants to consumers. As 
stated by the AEMC [4]:

“Greater emphasis may be placed on 
regulatory decision-making, for example 
on what level of capacity market 
participants should be obligated to buy 
and how the quality of different forms of 
capacity should be accredited, and thus 
there is likely to be a reduced role for 
decision-making by market participants.”

In a capacity market, a central body must 
make a wide range of determinations, 
including:

 - Total volume of capacity required to 
be installed to meet the Reliability 
Standard. This involves simulations not 
dissimilar to those for calculating the 
MPC, and is likely to be exposed to the 
same challenges outlined in section 
5.5. With a shift to a 100% renewables 
market these challenges are likely to 
increase. 

 - Permissible contribution of capacity 
for each generator type. For thermal 
plant this is typically equal to their 
capacity, but for variable generation 
this assessment can be complex, 
and can vary significantly year to 
year in unpredictable ways. In the 
present NEM, market participants 
make their own assessments about 
the anticipated operation of variable 
generation, and contract as they see 
fit based upon that assessment. As 
the entities exposed to spot market 
prices, market participants are suitably 
incentivised to conduct this analysis 
rigorously and manage associated risks 
appropriately. 

 - Forecast load of each retailer, which 
determines how many capacity 
credits each retailer must surrender. 
In the present NEM model the retailer 
themselves are incentivised to predict 
this accurately and contract for it 
appropriately.

 - Geographical zones within which 
capacity credits must be created 
and surrendered, ensuring that 
transmission congestion at time of 
peak is accounted for.

 - Penalties for poor performance for 
generators (and demand side providers) 
that are not available at time of peak. 

All of these determinations are likely to 
be highly contentious, since they involve a 
wide range of assumptions and complex 
assessments, and will dictate large 
proportions of generator revenues. Under 
the present NEM design these decisions 
are made by market participants 
themselves, during the agreement of 
contracts. As outlined by the AEMC [4]:

“The entity that is responsible for setting 
the overall capacity requirement is not 
itself exposed to the costs of contracting 
for this capacity. Although the planning 
process should ideally involve all 
stakeholders, this creates a potential risk 
of erring on the side of excess capacity.”

Alternative mechanisms
Importantly, capacity markets are not 
the only mechanism for supporting 
system adequacy. A range of alternative 
mechanisms have been considered by 
the AEMC, but were not deemed to be 
necessary at this time [4]. Several of these 
mechanisms provide many of the benefits 
of a capacity market, but involve a less 
comprehensive market restructuring.

For example, an explicit ancillary service 
for system adequacy reserve could 
be added to the NEM. This would be 
procured via a market, offering real 
time pricing of reserve and payment to 
any resource that can provide reserve 
capability at that time. The amount of 
reserve required to meet the Reliability 
Standard would be determined by a 
centralised body such as AEMO. 

If it is determined that the MPC cannot be 
increased to sufficient levels to support 
system adequacy, then the full range 
of alternative mechanisms should be 
considered in addition to options such as 
a capacity market.
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This paper provides a basis for 
discussion on the topic of managing 
system adequacy in the case of a 100% 
renewable energy market.  The following 
conclusions can be drawn:

 - Renewable generation typically has 
very low short run marginal costs, and 
at high penetrations could act to reduce 
the average wholesale spot market 
price to close to zero in many periods.  
This could be ameliorated somewhat if 
market participants act as price makers 
rather than price takers, which is likely 
to occur in an oligopolistic market with 
five or fewer participants (or in periods 
where fewer than six participants have 
available capacity).

 - A 100% renewable energy market is 
likely to feature more volatile spot 
market prices than the present market.  
This could be somewhat alleviated by 
facilitating a much increased demand 
response to spot market prices.  The 
technologies that would enable an 
increased demand response might also 
allow consumers more choice in the 
level of reliability they are prepared to 
accept and pay for.

 - The NEM already features high spot 
market volatility, with a Market 
Price Cap far exceeding the short 
run marginal costs of any installed 
generator.  Market participants manage 
this volatility through participation 
in a mature derivatives market, or via 
vertical integration.  Contracts can 
be designed to emulate insurance 
products, featuring fixed payments that 
have the economic characteristics of 
a capacity payment and underwriting 
investment in new capacity in a volatile 
market.

 - With an increase in market volatility, 
the derivatives market is expected 
to become increasingly important to 
market participants for managing their 
risks.

 - In a 100% renewables market, the 
Market Price Cap is likely to need to 
increase.  This could be driven by two 
factors:  a decreased average wholesale 
price, and increased net demand 
peakiness (if this occurs due to variable 
generation).  

 - An order of magnitude estimate 
suggests that with the wholesale price 
falling to close to zero for the majority of 
periods, the MPC may need to double to 
allow generators to recover their costs.  
However, the increase required could 
be lower if generators can exercise 
transient market power to inflate prices 
in some periods.

 - As the proportion of variable 
renewables in the market increases, 
it is likely to become increasingly 
challenging to predict the appropriate 
level for the MPC.

 - Increasing the MPC increases risks 
to market participants, and therefore 
increases the costs of hedging 
instruments.  It may also increase 
prudential obligations and therefore 
raise barriers to new entrants.  These 
factors would need to be carefully 
considered before the MPC was 
increased.

 - If it were deemed inappropriate to 
increase the MPC, one option would 
be to relax the (generation) Reliability 
Standard.  Since at present the majority 
of customer interruptions are driven 
by distribution network outages, this 
could have a minimal impact upon the 
incidence of load-shedding events 
ultimately experienced by customers.

 - If the MPC could not be increased, 
and the Reliability Standard could not 
be relaxed, then alternative market 
mechanisms may be required to 
maintain system adequacy in a 100% 
renewables market.  This could include 
consideration of a capacity market, 
but should also include consideration 
of the range of other alternatives that 
could be implemented with a much 
less disruptive reform.  For example, 
a reserve ancillary service could be 
introduced.

 - Capacity markets are generally more 
complex than energy-only markets 
and rely to a much greater extent on 
centralised decision making.

Conclusions
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